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When we started a revolution 
in Valley Forge, 
a part of it was to build a new 
customs house I 

A customs house-manned, equipped , ready to serve! 

You ' ll find it at MOS Technology where we've put together 

some of the best brains in the business along with the most 

sophisticated equipment to get your job done! You've got 

specs, need custom LS l's? We've got the personnel and the 

computerized design and computer-controlled testing to 

give you the arrays you want-quality, reliability and 

economy included! After all, if we, at MOS, could start a 

revolution , and turn a technology into a company, you can 

be sure we'd build ourselves an exceptional customs house 

from which to conduct the whole business! 

A Proud Affiliate 
of Allen-Bradley Co. 
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14 NEW Lowes~ Cost 
Spec~rum Analyzers 

From Sub-Audio to Microwave 

Nelson Ross, the specialist in Spectrum Analyzers, has 
the Biggest Selection, Most Versatile Specifications and 
Proven Reliability ..• All This For The Lowest Prices. 
Now you can select a Spectrum Analyzer from 0.5 Hz to 6.5 
GHz which is just right for your application. And, with Nelson 
Ross you ' ll save 50% or more by not paying for unnecessary 
extras that you'll probably never use. 
The versatile Spectrum Analyzers illustrated here are typical 
of 14 complete analyzers and more than 30 plug-in analyzers 
available . from Nelson Ross. 
The complete instruments include the new MF-9 Calibrated 
Display Main Frame which provides bright, long persistence 

Nelson Ross Spectrum 
Analyzer Model 531 
10 MHz to 4.5 GHz 
Dispersion 0-1 GHz 
Phase locked 1 KHz 

resolution 
Price : $3,000 

8x1 Ocm readouts, adjustable scale illumination and camera 
mount facility . 

Our plug-in analyzers come in 3 complete series: • for the 
Tektronix " 540 / 550 letter" series scopes • for the Tektronix 
560 series scopes• for the HP 140/ 141 series scopes and the 
Nelson Ross MF-9 Display Main Frame. 
Compare specifications, quality, ease of use and price. We're 
sure you 'll join the thousands who have been selecting Nelson 
Ross Spectrum Analyzers for more than a decade. 
Call , write or circle the Reader Service Number to get your 
new 44-page Nelson Ross Spectrum Analyzer Catalog. Then 
you can compare and save. 

Typical Plug-In Spectrum Analyzers for Nelson Ross MF-9 Display Main Frame or HP 140/141 series scopes. 

"• . ' ~-· 
Sub-Audio: Model PSA-036 
0.5 Hz - 2 KHz 
0.5 Hz Resolution 
Plug-In: $1,100 
With MF-9 : $2,100 

. 0 
" ' - ' ••• 't . •• , 

~ o .~t!. • o~ 

Broadband : Model PSA-235 
1 KHz - 25 MHz 
200 Hz Resolution 
Plug-In : $1 ,600 
With MF-9 : $2,600 

Typical of more than 25 Plug-In Analyzers for use 
with Tektronix scopes. 

• • • • • • • • For " 540/550 letter" series .. ... For 560 Series 

Ultrasonic 

<, • • '· 
v ~1.:-• ·' • e • ' 

' •• . . 
NR I . --~ .. -- 0 

Audio: Model PSA-031 
10 Hz - 20 KHz 
10 Hz Resolution 
Plug-In : $ 800 
With MF-9 : $1 ,800 

-e 
I • • . . 

NR 

RF-TV: Model CATV 
1 MHz - 300 MHz 
Plug-In : $1 ,500 
With MF-9 : $2,500 

nelson • ross 
electronics 

• 

: SSB Narrow-Band RF 
_ __ : · • Model PSA-201 e ._ •.• 0.6- 36 MHz 

Model PSA-023 
0.15- 500 KHz 
150 Hz Resolution 
$800 

A DIVISION OF POLARAD ELECTRONICS CORP. 

5 Delaware Drive 

• •·· •""- 10 Hz Resolution i . $1 ,600 

See us at the IEEE Booth #2215 . 

Lake Success, New York 11040 
516 - 328-1100 • TWX: 510- 223-0414 
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NOW -- a 12-digit, 4-f unction calculator with memory ... on 2 CHIPS I 
MOSTEK, the company that gave you the 
first single-chip electronic calculator, has 
done it again! Now we're offering the 
MK5013/ 5014 P, thefirst two-chip 
calculator with memory. And look at the 
other features: 

Four functions ( + - x _,_ ); 12 digits; four 
registers including memory and constant 
(allowing for automatic constant); selectable 
5/ 4 roundoff or truncate; full floating decimal 
on intermediate multiply/divide calculations 
and fi xed point selectable to any of 12 places 
on final results; indicators for overflow, memory 
usage and negative sign, giving true credit 
balance. 

All this-in just two economical, easy to use 
MOS packages. In addition, of course, the 
5013/ 5014 offers leading-zero blanking, chain 
calculations and fully decoded seven or 

eight-segment outputs with multiplexing 
circuitry provided. 

What's more, the new pair will give you 
interconnection with a third chip for direct 
interfacing with a printer (to be available soon); 
power-up clearing of all registers including 
memory; double-zero input key and a register 
exchange function . 

Take a close look at the overflow protection 
feature. The 5013/5014 maintains last stored 
data in ail registers and locks out further 
keyboard entries except clear or clear entry. 
And there are other advantages: our automatic 
constant allows chain calculations to be 
intermixed with fixed constant calculations. 
And our memory register provides storage of 
12-digits with decimal point. It may be 
displayed, added to, subtracted from or erased 
(cleared) on command of the appropriate 
key inputs. 

If you don 't need memory, then consider 
our single chips: the MK 5010 P (low 
vo ltage, 1 O digits); or the MK 5012 P (low 
voltage, 12 digits). Whether you need 
single or two-chip calculators, MOSTEK 
is your logical choice. After all , we 
started it all! For information and 
immediate delivery call your nearest 
MOSTEK representative or distributor 
listed below. 

mOSTEK 
CORPORATIOn 

1400 Upfield Drive 
Carrollton , Texas 75006 

Regional Sales Offices: West: 12870 Panama Street. Los Angeles. Cahf 90066 (213) 391-2746 East: 60 Turner Streel , Waltham . Mass. 02154 (617) 899-9107 . Midwest / Southeast: 515 
S W Avenue. Jackson. M1ch1gan 49203 (517) 787-0508 
Representatives: HMR Inc., M1nneapol1s, Minn. (612) 920-8200 , W. J . Purdy Co., Burl ingame, Gahl. (415) 347-7701 , Littleton, Colo. (303) 794-4225 ; KCE Corp., San Diego, Calif . 
(7 14) 278-7640: Los Angeles , Calif (213) 391-0586;Sherldan Aasoclates, lnc.,C1nc1nnat1, Ohio (513) 761-5432 ; Florissant, Missouri (314) 837-5200; Cleveland, Ohio (216) 524-8120: 
Dayton. Ohio (513) 277-8911 . Lathrup Village, Mich. (313) 358-3333 , Pittsburgh, Pa. (412) 243-6655; FM Associates Lid., Greensboro. N. Carolina (919) 294-2754 ; Huntsville, Ala. 
(205) 536-9990. Orlando. r la (305) 851-571 O: Sprague Electric Co., Wayne . New Jersey (201) 696-8200; Schiller Park, 111 (3 12) 678-2262; Richardson . Texas (2 14) 235-1256: Temoe. 
Arizona (602) 966-7233 . N. Seattle, Wash . (206) 632-7761 , Precision Electronics, lnc.,Glens1de. Pa (215) Ml6-8383: The Addem Group, Hunfington Station. N .Y. (516) 567-5900 . 
Distributors: Cramer Electronlcs lnc.- Alabama: Huntsville (205) 539-5772, Arizona: Phoenix (602) 263- t 112; California: San Diego (714) 279-6300 ; Colorado: Denver (303) 758-2100; 
Connecticut: North Haven (203) 239-5641 ; Florida: Hollywood (305) 923-8 181 , Orlando (305) 841-1550; Georgia: Allanta (404) 451-5421 : Illinois: Mt. Prospect (312) 593-0230; 
Maryland: Bal11more (301) 354-0100 ; Gaithersburg (301) 354-0100; Massachusetts: Newton (617) 969-7700; Minnesota: Bloomington (612) 881-8678; New Jersey: Union, (201) 
687-7870 ; Pennsauken (215) 923-5950 ; New Mexico: Albuquerque (515) 265-5767; New York: Hauppauge, L.I. (516) 231-5600; Endwell (607) 754-6661 ; Rochester (716) 275-0300; 
East Syracuse (315) 437-6671 : North Carolina: Raleigh (919) 876-2371 ; Wins1on-Salem (919) 725-8711 : Ohio: Cleveland (216) 248-7740; C1ncinnat1 (513) 771-6441; Oklahoma: Tulsa 
(918) 836-3371 : Texas: Dallas (214) 350-1355 ; Utah: Sall Lake City (801) 487-3681 : Wisconsin: Milwaukee (414) 462-8300: Canada: Ontario (416) R30-5023 . Brill Electronics. 
Oakland. Calif. (415) 834-5888 ; Elmar Electronlc1,Mt. View . Gahl (415) 961-3611 : Liberty Electronics, Inglewood, Calif (213) 776-6252 : W&1co Electronic•, Los Angeles. Calif. 
(2 13) 685-9533; Merquip Electronics. Skokie . Ill . (312) 965-7500; Stark Electronics Supply, Minneapolis, Minn . (612) 333-3361; Sheridan Sales Co .. Cincinnati , Ohio (513) 761-5432 . 
International: MOSTEK GmbH. 7 Stultgart 80. Waldburgstrasse 79, Wesl Germany 0711-731305; System Marketing Inc .. Center News Bldg ., 1-3-11 Sotokanda, Ch1yoda-ku, Tokyo, Japan; 
w G Booth Pty . Ltd . 39 C:hurrh Street Hawthorn. Victoria 3122, Australia . 
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The new Nixon budget for fi sca l 
1973, delivered to the 92nd Con

gress last Monday, se ts a new record 
for proposed Federal spending, as 
usual. "As the economy expands 
throu gh a combination of infl a tion 
and true growth , the budgets are 
guaranteed to be bigge r every yea r," 
exp lains our Washington bureau 
chief, Ray Connolly. Ray directed 
the six-m an editorial task force that 
put together Electronics ' analys is o f 
Administration spending pla ns a nd 
their impact on U.S. industry (see 
page 75). 

A record of another sort- speed
was set by the team that wrote, 
edi ted, checked and double-checked 
that story. The team spent three 
grue lling days in the capita l, pulling 
together the numbers meaningful to 
Electro nics readers a nd pinning 
down Government executi ves a nd 
program manage rs on their spend
ing plans. And the team did it in 
time to make thi s issue, getting the 
in-depth story to yo u while it's hot. 

Although the budget was deliv
ered officially to Congress on Mon
d ay, adva nce copies were avai lable 
to the press late on the preceding 
Frid ay. That meant long hours of 
study between Friday night and 
Saturday morn ing, when the Gov
ernment agencies began a series of 
briefings for the press. These brief
ings, of course, start out by present
ing the agencies' point of view. Re
port e r s had to d o a lot of 
homework- fast- to ask the right 
ques tions at the briefings. 

Then industry and Government 
sources had to be contacted after the 
briefings to uncover the details of 
just wha t impact the announced 
spending pl a ns will have. Then 
ca me the actual writing and edit-
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Publisher's letter 

ing- done und er the gun to get the 
copy to New York by Mond ay 
morning to meet press deadlines. 

" Most of th e Federal number jug
glers are eit her accounta nts or econ
orn i sts a nd therefor e a re not 
equipped to talk knowledgeably 
about what their figures mea n for a 
given industry ," says Connolly. 
" Dollars for electronics are rarely 
broken ou t precisely, so it takes a lot 
o f digging to get the detai ls." 

Of course, the budget books are 
heavy on how much new funding 
Government age ncies want a nd , if 
they get it, how much they will have 
when funds unspent in prio r yea rs 
are added in. But these are indica
tors a t best. It 's the actu a l plans for 
expenditures in the coming year 
that interest indu stry m a nage rs . 
And it's those plans that Electron ics 
has sifted from the stack of docu
rnen ts the White House delivered to 
Capito l Hill on January 24. 

Q ne move leads to another. With 
Larry C urran corning east to 

take over as managing editor, news, 
we were left with a hole to fill in Los 
Ange les, where Larry has been bu
reau chief. So we decided to move 
Pa ul Franson, th e packet of energy 
who has been running our Dalla s 
news bureau for over a year now, 
in to that spot. And just as with hole
electron pairs, reporters move one 
way and the vacancy moves th e 
other. So we've sent Larry Arm
strong , who moved into our Wash
ing ton office about the time Paul 
went to Texas, ou t to Dallas. 

Ot!1cers of the McGraw-Hill Publications Company John A Emery. 
President J Elton Tuoh1g, Senior Vice President-Services: Donald B 
Gridley. Group Vice Pres1den1, Vice Presidents Ralph Blackburn, Ctr· 
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mg. Robert M Wilhelmy, Finance 
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one month for change to become effective 
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Thefiher 
that stands by itself. 

Model 3550 multifunction filter has no competition . 
For just $590, this instrument provides band-pass, 

band-reject, low-pass or high-pass operation -
instantly selected by a single front panel switch. The 

3550 minimizes ci rcui~ loading with high input 
impedance and overcomes load sensitivity with low 

output impedance. Cut-off frequency is continuously 
adjustable from 2Hz to 200kHz - covering the entire 

audio range and well beyond. Model 3550 also offers 
a choice of Butterworth response or Low Q for 
transient-free performance. It's features like these 
that leave all other filters without a leg to stand on. 

Electronics / January 31, 1972 

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

LILI KROHN-HITE 
~ C CJRPCJRA TICJr--..J 
OVERSEAS SALES OFFICES: AUSTRIA. Universal Elektronik Import; AUSTRALIA , Warburton 
O'Donnell Limited; BELGIUM , C. N. Rood s. a.; DENMARK, SC Metric A/ S; ENGLAND , 
Allied International Limited; FINLAND, INTO WY; FRANCE, Antares ; GERMANY, Nucletron 
Vertriebs-G MBH ; HOLLAND, C. N. Rood n. v.; INDIA , Bali International Agencies ; ISRAEL , 
R.D.T. Electronics Engineering, Ltd .; ITALY, Vianello S.P.A.; JAPAN , Shoshin Shoji Kaisha , 
Ltd .; NEW ZEALAND , H.M.Z. Ltd .; SOUTH AFRICA , Protea Physical; SPAIN , Rema Leo 
Haag, S.A. ; SWEDEN , Teleinstru ment ; SWITZERLAND, Megax Zurich GMBH . 
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It does 
everything a 

$2500 
rack-mount does. 

Only it does 
it for $2000. 

NEW R-1062 

Dumont's new 5%-inch, 60MHz scope 
costs about $2000. Or about $500 less 
than everybody else's. 
The reason? It comes without plug-in 
drawers, saving you the cost of all that 
hardware. 
So while you do sacrifice a little versa
ti lity (how often do you change the capa
bility of the rack-mounted scope in your 
system , really?) , you gain a lot monetarily 
(our racks start at $1845) . 
Not that we've compromised performance. 
Far from it. The full bandwidth triggering 
system is completely new. With new trig
ger level control circuits. As well as a 
new variable hold-off feature that provides 
synchronous triggering for digital words. 
All th is, plus our exclusive trigger inde
pendence that lets you re-position the 
traces without re-adjusting the trigger 
level. 

There are other advantages. Like full 
60MHz bandwidth at 5 mV per division . 
Exceptional reliability. Off-the-shelf com
ponents. And simplified service . 
Find out all about it. · Write for our litera
ture. 
DUMONT OSCILLOSCOPE 
LABORATORIES, INC. 
40 Fairfield Pl ., West Caldwell , N.J. 07006 
(201) 575-8666; TWX (710) 734-4308 

DUMONT 
OaCILLOSCOPE LA80RATOAIES INC 
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Readers comment 

Union vs status quo 

To the Editor: I fo und th e 
union / assoc ia tion poll reported in 
the Septe mber 27 issue quite inter
es ting. In parti cul ar your conclusion 
tha t "radicalism" peaks out in the 
3 1- 40 age bracket seems anomalous 
a t fi rst blush. One pro blem is the 
straw poll technique. Wha t young 
engineer a ffords the " I uxury" of a 
subscripti on to Electronics ra ther 
tha n reading a libra ry or fr iend 's 
co py? The rugged indi vidu a li s t. 
Once maturity sets in a nd the need 
fo r b readth becomes a pparent, your 
readership becomes more di verse. 
Anothe r fac tor is the outflow of EE's 
with ma rginal capabili ty, and the 
greatest need for " un ion security," 
into other endeavors. 

The only surprise to me was the 
one stud ent sa mple a t Illinois. A 
po ll o f IEEE student cha pter mem
bers I recently conducted a t a n ur
ba n unive rsity wi th a ra ther sma ll 
EE de partment showed eleven for 
union , eight fo r association, a nd two 
fo r sta tus quo. The th ree fac ulty re
sponding were all for a new associ
a tion. Is there a real push fo r union-

Si ngle chip calcu lato r: high· VT 
p-channel enhancement 

Single chip calculator: low· VT 
p·channel enhancement 

MK 5002 Counter/Display 
• (Standard product) : low-VT 

p-channel depletion 

4 Custom ra ndom logic chip: low-VT 
p·channel dep letion 

MK 4007 (11 01-type RAM): low· VT 
p-chan nel depletion 

• T hese five cir cuits are in product ion . 

ism a mong student engineers? Some 
more po lling is ca lled for. 

Anthony D . Robbi 
RCA 

D av id Sarnoff Research Center 
Prin ceton, N.J. 

P/MOS vs C/MOS 

To the Editor: After having studied 
the article "C! MOS unites wi th sili
con gate to y ield micropower tech
nology" by R. R. Burgess a nd R. G. 
Danie ls [Electronics, Aug. 30, 197 1], 
I was a ppal led a t the sla nted com
parison be twee n comp lement a ry 
and sta ndard p-cha nnel MOS per
forma nce. T he a rticle grossly mis
sta tes the ab ility of P/ MOS to opera te 
effectively a t low power leve ls. 

My ma in concern is with the fi rst 
fig ure (shown a t left with bipola r 
portions removed) in the a rticl e, 
which shows the speed / power per
for ma nce curves for P/ MOS, C/ MOS, 
and o ther logic fo rms. T he power 
fo r the entire range of "standard " 
P/ MOS technologies is shown to be 3 
mW / gate and ind epend ent of fre
q uency up to approxi ma te ly 1.5 
MHz maximum freq uency. 

W hile it is true that a sta ti c- type 
ga te designed for a give n speed will 
diss ipa te roughly the same power at 
lower freq uencies- assuming a con
sta nt duty cycle- I feel that thi s is a n 
unrea li sti c ana ly ti ca l scheme that 
was used to make compl ementa ry 
technology look good . It is a bsurd to 
des ign a 1.5-MHz P/ MOS ga te, oper
ate it a t IO kHz, a nd th en compare 
its power to complementary at IO 
kHz. 

T he a nalysis real ly required is to 
des ign a gate to operate a t a fre
quency of interes t a nd compa re its 

430 mW 660 20 kHz 650 µW/gate 

120mW 660 20 kHz 182 µW/gate 

10 mW 330 250 kHz 30 µW/gate 

2.5 mW 163 200 kHz 15.3 µW/gate 

170mW 612 1 MHz 280 µW/gate 

• • A ll five circui ts are stat ic, i.e. capable of operat ing down to de. 
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performance with complementary at 
that specific frequency. Those data 
points which are summarized in the 
accompanying table represent cur
rently produced high-threshold cir
cuits, low-threshold· circuits, and de
pletion-load circuits. Points l and 2 
indicate the performance of 
Mostek's single-chip calculator. At 
20 kHz this straightforward p-chan
n el - technology circuit is sig
nificantly better in performance 
than the article's P/ MOS curve would 
indicate- by a good factor of 10 for 
a low-threshold version. These 
points represent what can realis
tically be done with designs tailored 
to a specific job and using today's 
P/ MOS technology. Significant im
provements in the speed / power fig
ure of merit can be achieved 
through the use of depletion loads 
as shown by points 3, 4, and 5. 

There are many applications 
where the display or peripheral elec
tronics dissipates significantly more 
power than the MOS chips. There, 
battery performance is not appre
ciably improved even if the MOS 
power were to go to zero ; microwatt 
complementary circuits would be of 
no advantage. However, the sig
nificantly lower processing cost and 
the higher functional densities of 
simple P/ MOS depletion-mode cir
cuits would offer a much more cost 
effective system. 

R. H . Crawford 
Manager of engineering 

Mostek Corp. 
Carrollton , Texas 

• The authors reply: We hope that 
Mr. Crawford will appreciate the dif
ference in comparing custom-de
signed and off-the-shelf standard 
!Cs- produced with different tech
nologies. These comparisons made in 
our article were for truly static oper
ation, as opposed to the clocked 
"static-dy namic" f amily of circuits. 
We are not, however, unfamiliar with 
this type of design; M otorola also has 
several custom !Cs with performance 
comparable to those cited. 

1971 index available 

The index of articles published in 
Electronics in 197 1 is now avail abl e. 
For a copy, circle number 340 on 
the reader service card . 
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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, althoug h 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 

5296 

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 pe r
formance is for us to implant a few 
of your wafers. Which we 'll be glad to 
do. Or, if you prefe r, 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, 11 O 
Midland Road, Oak Ridge, Tenn. 
37830. In Europe: Ortec Ltd., Dallow 
Road, Luton, Bedfordshire, England. 
Phone: LUton 27557. Ortec GmbH, 8 
Munchen 13, Frankfurter Ring 81, 
West Germany. Phone: (0811) 359-
1001. In Japan: Toyo Trading Co., 
Tokyo. Phone: 279-0771. 

AN -:,,~ EGc.G CCJf'v1PANY 
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VOICE 
YOUR 
CHOICE 
... Sprague makes three! 

SMALL ALUMINUM 'LYTIC CAPACITORS 

TYPE 300 FOR TYPE 5000 FOR TYPE WH11D FOR 
INDUSTRIAL APPLICATIONS MODERATE·COST APPLICATIONS ECONOMY APPLICATIONS 
Will withstand 2000 hr. life Good operating life charac- Welded construction, similar 
test at 85C. Excellent stabil· teristics, including stability, to higher-priced capac itors . 
ity, dissipation factor, leak· ESR, leakage current. Will Widely used in solid-state 
age current. Designed for withstand 1000 hr. life test equipment where cost is of 
business machines, instru- at 85 C. Ideal for rad io, TV, prime importance. Made by 
mentation equipment, etc . and other entertainment ap- Sprague World Trade Corp. in 
Write for Engineering Bulle- plications . Write for Engineer- Hong Kong. Write for Engi· 
tin 3150A or; ing Bulletin 3149 or; neering Bulletin 3148C or; 
CIRCLE 157 ON SERVICE CARD. CIRCLE 158 ON SERVICE CARD. CIRCLE 159 ON SERVICE CARD. 

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

• 
HALL EFFECT SWITCH ICs. Actuated 
magnetically, not mechan ically or op
tically. Hall generator tri gger circuit and 
signal ampl ification circuit on single si li · 
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 160 ON READER SERVICE CARD. 

TYPE 360 POWERL YTIC® CAPACITORS. 
For use in computer power supplies, 
control equipment, energy storage, etc . 
Low impedance construction . Up to 
650,000 µF at 3 V. Ratings from 3 to 
450 V. Can be operated 
at 85 C. Tapped 10-32 

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 161 ON READER SERVICE CARD. 

BLUE JACKET® RESISTORS. Vitreous· 
enamel power wirewound . Unique all
welded end -cap construction elim inates 
moisture paths along leads, anchors 
leads securely to resistor body. Expan

sion coefficients of vit· 

terminals simplify filter 
bank assembly. Write 
for Engineering Bulle· 
tin 3431C or; SPRAGUE' 

THE MARK OF RELIABlllTY CIRCLE 163 ON 
READER SERVICE CARD. 

CIRCLE 162 ON 
READER SERVICE CARD. I 

reous enamel, ceramic 
body, and end caps 
are closely matched. 
Write for Engineering 
Bullet in 7410E or; 

--~~~~~~~~~ ..... 
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, January 1932 

The year 1931 start ed off with I 0 or 
more manu facturers having a line of 
16-mm . film projecto rs with sound 
on accompanying disk. The problem 
of fi lm distribution and cos t to the 
ultim ate consum er has not, how
ever, been sa ti sfactorily worked out, 
such as to crea te a la rge marke t for 
thi s equipm ent. Some progress in 
the esta blishment of film libraries is 
bei ng made with better coordina tion 
promised among the va rious ma nu
fac turers. Sound-on-1 6-mm. film 
has no t ye t be en co mmercially 
la unched, a lthough several public 
d emonstra ti ons have been made. 

T he industry has been awa iting 
th e 16-mm . equipm ent developed 
by RCA Victor, which is expected to 
be placed on the ma rket early in 
1932. Initia l efforts in ma rketing 
RCA's equipment will probably be 
concent rated in the adve rtising and 
educationa l fie lds with introduction 
into the home looked into later. 

In the application of thermionic 
tubes to contro l purposes, the pas t 
year has recorded gra tifying· prog
ress. Steel mill s, shee t pl ants, wire 
mills, rubber. fac tories, paper ma
chin es , che mi ca l processes, a nd 
ma ny othe r industri al opera tions 
are making wider use of tubes. 

With its decision to equip th e u ss 
Utah so tha t it ca n be complete ly 
opera ted by remote cont rol radio 
fo r handling its course and speed in 
bombing and gunfire tes ts, the U.S. 

avy w ill have two radio-controlled 
ships. T he destroyer Stodde rt is al
ready bei ng used fo r th at purpose. 
T he Uta h will be refitted a t Hamp
ton Roads fo r opera tions on the At
la ntic. The Navy a lso pla ns to equip 
two o the r des troyers. 

T he radi o control of crewless ves
se ls was firs t tried o ff Pa nama in 
1923 when the o ld ba ttl es hip Iowa 
was used as a ta rge t. 

A new hot cat hod e, ind irec tl y 
hea ted , ha lf-wave, hi gh-cu rrent 
d ensity mercury vapor rectifi er· has 
bee n a nnounced. The rectifier . is 
ra ted at 35 amperes peak anod e cur
rent a nd 500 vo lts in ve rse peak a n
ode EMF. 
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New Technology Provides Improved System Relia1 
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• M OV'METAL OXIDE VARISTORS 
Are you an electronic equipment designer or manufacturer? 

You probably have a voltage transient problem .. . and we have the 
answer - MOV™ varistors which will protect your equipment and 
absorb dangerous transients. MOV™ varistors provide tight clamping 
and high energy absorption overcoming many of the limitations of 
other solutions. 
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PEAK INSTANTANEOUS CURRENT (AMPERES) 
GE-MOV VARISTORS PROVIOE T IGHT CLAMPING 

FREE EVALUATION KIT! 

10 

MOV™ metal oxide varistors may provide you with a 
competitive edge. To better evaluate this new answer to greater 
system reliability, clip and mail the coupon below. 

For FREE SAMPLE and Eval uation Kit return th is 
coupon to: 

IF YOUR 
HI-LINE 
AC (RMS) 
VOLTAGE IS 

130V 
250V 
420V* 
460V* 

480V 

General Electric Semiconductor 
Electronics Park 
Syracuse, N.Y. 13201 

MAX. PEAK MAX. 
CURRENT ENERGY 
AMPS WATT·SEC MODEL 

1000 10 VPJ30Al0 
1000 20 VP250A20 
1000 40 VP420B40 
1000 40 VP460B40 

1000 40 VP480B40 

' Designed for European applicat ions. 

CHECK 
ONE 

0 
0 
o· 
Q * 

D 

Company _ __________ _____ _______ _ 

Stree'--------------------------

Ci ty·----------- State. ______ Zip•-----

Applications·-----------------------

100 

GENERAL. ELECTRIC 
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Conway: semiconductors 

and politics in 1972 

American semiconductor manufac
turers, still strong and positive con
tributors to a national trade balance 
that turned negative last year, face 
increasing competition in world 
markets in 1972. Thus Jim Conway, 
the industry's official spokesman in 
Washington, is driving hard to enlist 
the kind of Federal support that will 
permit American producers to 
maintain their competitive advan-

Conway: His sport is named politics. 

tage. That advantage permitted 
manufacturers to raise their export 
surp lus to $250 million in 1970- a 
770% increase during the last seven 
years. 

Conway took charge of the Elec
tronic Industries Association 's Solid 
State Products division in 1970 
when it was formed out of separate 
semiconductor and microelectronics 
operations. He says his division's 
1972 goals include an effort to per
suade the Treasury Department to 
allow import tariff exemptions, un
der Item 807 of the Tariff Schedules, 
for epox y-enca psula ted sem icon
d uctors assembled offshore from ex
ported U.S. parts . 

Jaycee prize. The EIA has been his 
sole employer since Conway joined 
the organization's marketing ser
vices statistical section a decade ago. 
Nevertheless, his life style fits neatly 
the semiconductor industry's image 
of aggressive youth . Tagged in 1968 
by the Jaycees of America as one of 
Maryland's Outstanding Young 
Men, he went on the following year 

to be elected to the Bowie, Md .. City 
Council. 

Father of three. Conway is now in 
his second term on a council that 
has attracted national attention by 
banning the sale of soft drinks in 
nonreturnable containers- an ordi
nance that is now running the 
gamut of court tests and appea ls by 
the bottling industry and local mer
chant groups. While his big frame 
and modish dress suggest a profes
sional athlete rather than an ac
countant, Jim Conway's favorite 
sport is clearly politics. 

A recent payoff at EIA came for 
Conway when he was ab le to tell 
semiconductor manufacturers just 
after Christmas that the Treasury 
Department had approved use of 
low-level X rays to identify U.S. 
components contained in imported 
semiconductors that would qualify 
them for duty-free entry. 

Big saving. That ruling, Conway 
contends, means an annua l saving 
of some $5 million in duties on im
ports of integrated circuits and other 
devices assembled abroad from ex
ported U.S. parts . Moreover, it may 
have saved as many as 15.000 of th e 
industry's more than 100.000 do
mestic jobs that could have been 
lost by transfer of more opera ti ons 
abroad. 

Fougere and AOL find 

branching out fruitful 

Six years ago, half the work of the 
electronics R&D section of Arthur D. 
Little Inc. was Government-sup
ported . Now, the Cambridge, Mass., 
consu lting firm gets just a quarter of 
that, yet has maintained an annual 
growth rate of 17% through the re-

Fougere: Giving advice-and doing it. 
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DATUM MODEL 9310 TIM E CODE CENERATOR/ TRA SLATOR 
-.. Major integrated Range Timing Systems are mon uments to For Time Code Equipment of any type, DATUM is your best 

man's ingenuity and skills ; to the user for his concept ion and bet. Find out for yourself: ca ll us, or send for our comp lete 
uti l ization and to the builder for hi s design experi ence. cata log today. 

Whether you r timing need be fo r a mod ule or a monument- ·1·11 
a d igital c loc k o r a computer-integrated range ti ming system 
- it has been designed by DATUM Instrumentation Special-
i st s. Eve ry instrument , from the simpl est to the most TIMING DIVISION 
sophist ica ted, is a m onument to engineer ing excell ence and 170 E. Liberty• Anaheim, Calif. 92801 
is performance engin eered . Telephone (714) 879-3070 • TWX (910) 592-1289 
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Soyou1re 
looking for 
bandpass filters ... 

better check 
Vernitron. .. (the ceramic tilters people) 

Miniature, lightweight, stable, fixed -tuned-that's ceramic 

filters for you . And Vernitron, innovator in piezoelectric 
technology, has varieties for almost any kind of communi 

cations equipment-consumer, commercial, military. If you're 

looking for size-reduction, cost-reduction-and high per
formance where it counts-it will pay you to check with 

Vernitron . A few examples: 

FM-4 

CV 

rrr 
10.7 MHz monolithic 
miniature fo r qual ity 
FM's. Only 0.016 cu . in . 
- replaces four tun ed 
ci rcu its 20 times its size. 
Bandwidt h : 235 kH z @ 
3 d B ; 825 kH z @ 40 dB . 
Less tha n Y,% distort ion. 
Th e fil ter for th e best in 
home entertainment, au 
to, or commercial FM 's. 
Data sheet 94033. 

®v•mltron 
CERAMIC FILTER 

TCF SERIES 
Low-cost 455 kH z fil ter 
w ith fi xed -tuned LC in 
put, for 2-way, land mo
bi le, aircraft, navigat ion 
or CB. Choice of stan
dard bandwidths-6, 12, 
18, 30 and 35 kHz. 
H igh est se lect iv ity at 
lowest cost. 
Data sheet 94026. 

11-DISC LADDER FILTER 
Rugged little 455 kHz 
lump-filter for MIL or 
comm ercial. Rej ection 
above 60 dB in less than 
0.1 cu. in . Six standard 
models, 6 to 40 kHz @ 
6 dB . Great for hand 
helds, mobi le or airborn e. 
Data sheet 94029. 

I g 
'if j,j 

LOW FREQUENCY 
(LF) SERIES 
9 to 50 kHz. High-per
formance miniature for 
LF communications or 
Omega systems, se lec
tive call ing, U / W sound, 
command -destruct. Re
jection to 40 dB . Can be 
cascaded for higher re 
jections. Cascaded as
semblies available ; also 
shock / vibration un its to 
MIL specs. 
Data Sheet 94030. 

17-DISC LADDER FILTER 
455 kHz. Ultimate in 
se lectivity, stability and 
ruggedness for MIL
quality AM 's or FM's. 
Ten standard mod els. 
shape factors 2.5 : 1 to 
1.4 :1. Rejection to above 
80 dB . Highest shock 
and vibration resistance. 
Data Sheet 94017. 

TO TF 

TRANSFILTERS® 
Low-cost replacements 
for inductive or capaci
t ive elements in IF stages 
or discrim inators. TF's 
contain single resonator, 
2 terminals ; TO 's are 
compl ete filters with 3 
terminals. Excellent in
terstage co upl ers for 
transistor circuitry. 
Data Sheets 94018-20. 

NEED DESIGN HELP? Computer-design facilities give us an edge 

in designing specials for special needs. If it's bandpass filters 
you're looking for, get in touch . 

~ Vernitron Piezoelectric Division 
~ 232 Forbes Road I Bedford , Ohio 44146 I (216) 232 -8600 
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cess io n- a nd even. has continued to 
hi re personne l. The reason is tha t 
the sectio n has been concentratin g 
o n building its industria l a nd com
merci a l base; insiders a ttribute a 
good dea l o f the success of th at ef
fo rt to Guy L. Fougere. 49, vice 
p res iden t fo r electro ni cs R&O. 

Fouge re more modestly asc ribes 
AOL's success to it s a bil ity to give 
clients broad inte rdisciplin a ry sup
port fo r a proj ec t, and to produce 
ha rd wa re. " It 's o ne thing to give ad 
vice and ano th er thing to do it," 
says Fo uge re. " W e will continue to 
give thrust to develo pme nt a nd de
livery o f sma ll qu a ntiti es of hard 
ware as the ultima te com bina ti o n of 
what AOL can offe r a c li ent. " 

Out looking. But as compa nies 
become more ca utio us a bout spe nd 
ing th e ir R&O mo ney. AOL has 
started to take a more ac ti ve ro le in 
finding clients a nd assuming risk. 
" We used to sit like a doctor in hi s 
o ffi ce waiting fo r someone to be 
s ic k," says Fo uge re. "b ut mo re 
recently we have ta ken an entrepre
neur ia l role. We have soug ht to a n
ti cipate w ho mi ght need wha t kind 
of new product, a nd taken on devel
o pment until we can mee t with a 
p ros pec ti ve cli ent a nd say, ' Here's a 
new product, Je t's insure it reaches 
the ma rketplace by sha ring the pro 
ceeds.' " For insta nce, AOL is now 
do ing resea rch in the memory fie ld . 

Interest in reducing ri sk is re
fl ected in othe r as pec ts of AOL's o p
eratio n as well . C lie nts a re looking 
fo r a n ide ntifi abl e return o n inves t
me nt in a short time. " Prev iously. 
six mo nths was a reasonab le tim e to 
develop a prod uct p rototype ; three 
mo nths is dema nded now. And o ne 
year fro m product conceptio n to 
ma nu fac turin g is c harac ter is ti c. 
whereas it was two years in th e 
'60s," he says. 

Fougere thinks a nother impo rtant 
development will be th e " p rogres
sive in vas ion of elect ran ic circuit ry 
into new areas tha t a re the stro ng
hold of th e mecha nica l do main . I'm 
willing to be t th a t a signi fica nt p ro
po rtion o f typewrite rs tha t get into 
o ffices in the '70s will have the likes 
o f magnetic tapes a nd cards." 

An other good growth a rea will be 
e lectro-o ptics, thinks Fouge re. 
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The under $20,000 Computer-Controlled 
Logic-Circuit Tester is here 

Electronics /January 31, 1972 

You can 't buy one for less. You 
can 't build one for less. And Gen
eral Radio hasn 't compromised 
capability for the sake of a low price 
tag . With this new system you can 
perform high-speed functional GO/ 
NO-GO and diagnostic tests even on 
big boards with more than 100 IC's. 

GR 's new 1793 Log ic-Circuit 
Tester is a fuil-blown computer-con
trolled system with a 4k memory 
minicomputer, paper-tape input, and 
teleprinter output. Test program
ming is done in a simplified high
level language. Personnel with little 
or no previous programming experi
ence can write test programs after 
only a few hour 's train ing. What's 

more, the system design, hardware, 
and software have been field-proven 
over the past two years in GR's 
highly successful 1790 system. 

The basic 1793 gives you 96-pin 
capability. We can furnish more if 
you need it. 

This new system from GR brings 
high-speed log ic-circuit testing into 
the price range of almost every com
pany. We'd like to tell you the full 
story on the 1793. Write or call the 
GR office nearest you or GR in Con
cord , Mass., (617) 369-4400, for com
plete information on the low-cost 
1793. In Europe write Postfach 124, 
CH 8034, Zurich , Switzerland . 
Photo courtesy of lncot erm Corporation 

I General Radio 
NEW YORK (N.Y.) 212 964-2722 (N.J.) 201 791-8990 • BOSTON 617 646-0550 

CHICAGO 312 992-0SOO •WASHI NGTON , D.C. 301'881-5333 •LOS ANG ELES 714 540-9830 
TORONTO 416 252-3395 • ZORICH (01) 55 24 20 

GRASON-STADLER 617 369-3787 •TIME/DATA 415 327-8322 
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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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Meetings 

International Convention & Exhibi
tion: IEEE, Coliseum and N.Y. Hil 
ton, New York, March 20-23. 

International Electronic Compo
nents Exhibition: FN IE, Pare des Ex
positions, Porte de Versai lles, Paris, 
April 6-11 . 

International Geoscience Electron
ics Symposium: IEEE, Marriott Twin 

• 

Bridges Motor Hotel, Washington, • 
D.C., April 9-14. 

International Conf. on Magnetics 
( INT ERMAG ) : IEE , K yo to I n ter
national Confe rence Hall, Kyo to, 
Ja pan, April 19-21. 

International Symposium on Circuit 
Theory: IEEE, Sheraton-University 
Hotel, Universal Ci ty, Calif. , April 
19-21. 

Southwestern IEEE Conf. & Exhibi
tion (SWIEEECO): IEEE, Baker Hotel 
& Dallas Mem. Aud., Dall as , Texas, 
April 19-2 1. 

Conf. on Computer Aided Design: 
IEEE, IEE , Un iversity of Sout h
ampton, Southampton, England , 
April 25-28. 

National Telemetering Conf. : IEEE, 
Houston Shamrock Hilton Hote l, 
Houston, Texas, May l -5. 

Electrochemical Society Spring 
Meeting: Elec trochem. Soc., Sham
rock Hilton, Houston, Texas, May 
5- 12. 

Quantum Electronics: IEEE, AIP, 
OSA, APA, Queen Elizabeth Hotel, 
Mon treal, Canada, May 7-11. 

International Semiconductor Power 
Converter Conf.: IEEE, Balti more 
Hilton Hotel, Baltimore, Md ., May 
7-1 0. 

Spring Joint Computer Conf.: IEEE, 
Convention Center, Atlant ic City, 
N .J., May 15-1 8. 

Aerospace Electronics Conf.: IEEE, 
Shera ton Dayton Hotel, Day ton, 
Ohio, May 15-1 7. 
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Wired-city study 

in second phase 

Warranty timer 

market opening? 

Pay TV system 

uses laser, 

microwave links 

RCA computers 

for defense to bow 

Electronics/ January 31, 1972 

Electronics Newsletter 
January 31 , 1972 

Arthur D. Little Inc. has entered Phase 2 of its wired-city study. In the first 
phase [Electronics , July 19, 1971, p. 17], the Cambridge, Mass., consultant did 
technically oriented market research for an experimental broadband tele
communications system for a city of 10,000 to 20,000. Phase 2 will lay out 
ground rules for a prototype operating company. 

The prototype company, funded at $2 million to $3 million, would use chan
nels on cable TV nets to bring a variety of services into the home, such as al
phanumeric interactive CRT displays for real-time classified advertising, news, 
encyclopedia services, and education. One of four types of terminal hardware 
envisioned, the CRT console would access an SO-million-character data bank. 

"The aim is to prove that these services can be provided by private industry 
at a profit," says John P. Thompson, a senior research associate. "There is 
some bias in favor of Government-owned utilities for this, and we hope to over
come it." 

Bankrolling the $180,000 study are the Bank of America, the Bell System of 
Canada, Burlington Industries, Encyclopaedia Britannica, IBM, Magnavox, 
Million Market Newspapers, Scripps-Howard Newspapers, Westinghouse, 
Zenith, and Southam Press. 

Phase 2 could end by May, says Thompson, who would like to begin buying 
hardware for Phase 3-the prototype subscriber net-by late autumn. 

Counting on the growing militancy of consumer groups, Sanyo Electric Co. of 
Japan will soon introduce to the U.S. market an inexpensive timer that would 
keep track of the hours-in-use of color TV sets, refrigerators, washing ma
chines, and other household appliances to monitor warranty periods. The larg
est model will sell for $1 in quantities of 1,000. With an electrochemical cell as 
the basic component, the timer is similar in principle to the Coulombeter of 
Curtis Instruments, Mt. Kisco, N.Y., which uses a mercury cell. 

A New York firm has developed a pay TV system for hotels and hospitals that 
it hopes will avoid the cost and delay of installing special cables. The system, 
to be demonstrated within a few weeks by Telebeam Corp., uses both point-to
point microwave and laser beam communications. Holobeam Inc., Paramus, 
N.J., is developing the laser links as well as multiplexing and central station 
equipment. 

A patron merely needs to dial the central station on his telephone. Once 
sent to a customer location, the program will be distributed over the usual 
wired TV distribution system. Billing and distribution will be controlled by a 
minicomputer. Special decoders will be connected to each TV set. 

Also contemplated, especially for hotels, is a room-access control system, 
also developed by Holobeam. This uses a randomly coded card in conjunction 
with the mechanical key to unlock a hotel-room door. The card's code is set 
when a guest registers and can be changed when he checks out. 

RCA, which withdrew last September from the general-purpose computer 
business, has developed two new computers for aerospace and defense systems. 

The model 195, from RCA's Aerospace Systems division, Burlington, Mass., 
is designed for tactical command-and-control systems such as the Air Force's 
485L and the Advanced Airborne National Command Post. With a central 
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processor about the size of an office desk, the machine has a million-byte main 
memory with a cycle time of 1.5 microseconds, and a read-only-memory access 
time of 300 nanoseconds. It is the first machine, despite its numerical designa
tion, in RCA's new line of series 200 militarized computers. 

The other machine, the R-100, was developed by the Communications Sys
tems division, Camden, N.J ., for large military communications networks. The 
R-100 can be used both for message and circuit switching,-functions generally 
performed by separate processors. Up to 2,500 voice and data circuits can be 
controlled simultaneously with messages routed directly to their destinations 
or stored and forwarded later. In addition, the R-100 can interconnect and 
control multiple voice circuits and provide services for voice communications, 
including automatic call forwarding. 

The latest technique to make calculator production faster, more efficient, and 
less expensive is a computer-directed final inspection system for keyboards 
being built by the Micro Switch division of Honeywell in Freeport, Ill. The 
goal is a 100% check of all function switches and circuitry. 

Among parameters to be checked for each key are proper code, rise and fall 
times, and output levels of voltage and current when the key is depressed or 
not depressed. Inspection commands and related acceptable parameter values 
will be stored in a high-speed disk pack storing several million words. At the 
test station the inspector keys in the keyboard model number, and the system 
automatically exercises each key 10 times. Information for several hundred 
keyboard models, with an average of 55 keys, is retained in the system, called 
CAKE for computer Assisted Keyboard Evaluator. 

Edward C. Leibig, product/market manager for keyboards, says CAKE will 
service several inspection stations simultaneously. A complete test should take 
only "a few minutes." CAKE is based on a Honeywell DDP 516 computer with 
16,384 words of core. Initial operation is slated for late February. 

The Garrett Corp. of Los Angeles, which essentially got out of the MOS / LSI 
business when it sold its Rancho Bernardo, Calif., production facility to Bur
roughs Corp., isn' t abandoning microelectronics completely. The firm bas de
cided to add 20,000 square feet to Garrett Manufacturing Ltd., in Rexdale, 
Ont., Canada, to make thin- and thick-film hybrid microelectronic devices. 
Production is expected to start at the new facility by April. 

Some $ 1.5 million in new equipment is earmarked for hybrid microcircuit 
production over the next three years. The Canadian government has helped un
derwrite a portion of the R&D and production equipment costs. 

Although sales this year are expected to be less than $1 million, Garrett 
Manufacturing officials are projecting volume topping $7 million by 1975. 

MOS / LSI is beginning to edge into automobiles-in that widely publicized 
Phystester ignition interlock system developed by the Delco Electronics divi
sion of General Motors Corp. The experimental device includes a keyboard 
and display, with MOS/LSI logic and memory array supplied by North Ameri
can Rockwell Microelectronics Co. . . . To encourage use of its calculator on a 
chip for scales, meters, cash registers, and other applications, Texas Instru
ments is reported to have cut the price in half-to the $12-to-$14 range. The 
230-by-230-mil chip is MOS/LSI, and it is programable (Electronics, Sept. 27, 
1971, p. 24]. 
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Counter intelligence 
for demanding buyers 
These HP counters have so many 
well-planned features and options that 
you get out-of-this-world performance 
at down-to-earth prices. 

Select the electronic counter/ timer 
capability that you need without 
paying for unwanted extras. HP 5300 
and 5326/5327 counters fill the bill 
at bare-bones prices, $520 to $2150. 
That includes capability to 550 MHz 
and many features you could never 
get before. 

Take the 5300A six-digit main
frame, snap-on any of four 
function-determining modules in 
less than 15 seconds, and you have a 
10 MHz or 500 MHz counter, 
10 MHz/100 ns cou nter/timer, or 
50 MHz multifunction counter. 
Snap-on a battery pack for portable 
use with any module. You can hold 
any 5300A in one hand ; it's that 
compact. 

(Continued on next page) 
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High-performance signal generator: 
small in size, small in price 

Looking for a small, solid-state 
ca l ibrated signal generator? One 
as easy on the budget as it is to 
operate? The 8654A VHF Signal 
Generator 3ives leveled and 
calibrated output over a 10 to 512 
MHz frequency range. Stability is 
20 ppm and residual FM is 
5 x 10-1

. 

The power level is variable from 
+ 3 dBm to -120dBm, calibrated, 
and is leveled automatically over the 
who le frequency range. Modulate it 
externally or internally: continuously 
variable amplitude modulation, 
0 to 80% (metered) ; and FM peak 
deviation 0 to 0.1%. 

Its compactness fits the 8654A 
easily into production, mobile, 

(con tinued from page 1) 

For more capability, step up to 
the 5326/5327 Series. Select seven 
or eight-digit readout, total remote 
programming, economical computer 
interface, time-interval averaging 
down to 150 picoseconds, a built-in 
DVM for de voltage, or max
accuracy time interval measurement 
via digital trigger level setting, new 
ultrastable time bases or 10-25 
mV sensitivity. 

It's a six counter family: 
5326 A/ B/C (50 MHz) and 5327 
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HP's easy-to-use 10-512 MHz signal 
generator is versatile enough fo r 
almost every job. 

airborne, and shipboard test 
locations. Its rugged solid-state 
construction reco mmends the 
8654A for field maintenance and 
service applications . And i ts 
economy commends it for use 
everywhere-testing receivers, 
amplifiers, antennas, filter 
networks, etc. 

The price? Only $1,135. 
Perhaps you could use a high per

formance "economy" generator. For 
more information, return the HP Re
ply Card. 

A/ B/ C (550 MHz). The A and B 
models are universal timer-counters ; 
the B models have a bui lt-in DVM. 
The C models measure frequency, 
period, ratio, and totalize input. 

For the /east costly counters that 
will serve a// your needs, discover 
the 5300 and 5326/5327 line of 
electronic counters. 

Need more details? Just send the 
HP Reply Card. 

True RMS goes digital 
at a reasonable price 

Only 41/2 by 73/4 by 9V2 inches, the 
Model 3403A / B fits in any corner of 
your laboratory. Attach it to a calibration 
microphone or a semiconductor test 
system with equal ease. 

The new digital 3403A/B True RMS 
Vo ltmeters offer combined capa
bilities never before available 
in one instrument: 
• Wide voltage range-measures ac 
voltage from 10 mV to 1000 V 
full scale. 
• Wide frequency range- from 1 Hz 
to 100 MHz. 
• True rms accuracy-measures 
both simple and complex signals 
± 0.2 % reading -+-0.2% of range. 
• Versatility-measures ac, de, ac 
and de, low frequency, RF levels, 
and complex signals. 
• LED display-three digits with 
fourth digit for overrange. 
• Volt or decibel readout-an 
option automatically converts 
measurements to decibels and reads 
dBV from -48 to + 60 with a 
resolution of 0.1 dB . 
• Economy-an eight-decade band
width and six-decade ac voltage 
range in one instrument, not two or 
three. 

The 3403A True RMS Voltmeter 
sells for $1400 plus options; the 
3403B (ac only) version starts at 
$1150. Six options, including BCD 
output, are available. 

Interested? For more information, 
check the HP Reply Card. 
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Do IC troubleshooting 
ten times faster 

,;. 

,. 

.,. The new 5010A Logic Trouble
shooting Kit saves time, aggravation , 
and money. Use the Probe separate ly 

r for pulse activity problems ; the 
Clip, for logic state; and the Com-

• parator, for logic fault. They ana lyze 
~ digital IC probl ems ten tim es faster 

than conventional techniques . 
In design applications, the Probe 

can be a repla cement for expensive 
oscilloscopes; it indicates logic 

states or pulses as narrow as 25 ns . 
The Cl ip monitors logic states on all 
16 IC pins at a time. With the 
Comparator, the designer can be 
confident that all ICs are working 
even if his circuit is not. 

These pieces may be purchased 
separate ly, or as a comp lete kit 
for $495. 

Th ere's more. Just check the HP 
Reply Card. 

The 10529A Logic Compara-
~ tor finds the faulty pin in 

5-1 O seconds per IC; 
tests !Cs dynamically in the 
circuit. Price : $295. 

The 10525A Logic Probe 
detects static logic highs 
and lows, the presence or 
absence of pulse activity. 
Price: $95. 

The 10528A Logic Clip 
"looks inside" the suspect 
IC. LEDs on the clip corre
spond to 16 IC pins so 
that each one is monitored . 
Price : $125. 

) 

_ Microwave power meter 
j for automatic systems 

The 432C inputs and outputs are full y 
-' compatible with HP computers and 

d ig ital re corders. 
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Now the HP 432 Power Meter 
fam il y has a programmab le member. 
The new 432C is a systems-oriented 
precision power meter with 1 1, W 
to 10 mW range. Frequency coverage 
is 1 MHz to 40 GHz using HP's 
temperature-compensated 
th ermistor mounts. 

The 432C features include digital 
readout, autorangin g and auto
zeroing (these can be accompli shed 
with remote programming) , BCD 
and analog outputs of measured 
power, and 0.5% f .s. accura cy. 
Pri ce o f th e 432C is $1375. 

Check the Repl y Ca rd for full in fo r
mation about all th e 432 se ries power 
meters. 

A digital multimeter 
with multi-features 

The 34698 is a multimeter, milliohmmeter, 
de ammeter, and de voltmeter-all in 
one low-cost dig ital instrument. 

Now you can choose 26 different 
combinations of range and function 
to make digital measurements of 
ac/dc voltage, de current, and 
resistance . 

The HP 3469B Digital Multimeter 
gives you five de voltage ranges, 
six de current ranges, seven ac 
voltage ranges with 10 MHz 
bandwidth, eight ohm ranges-
all for $595. 

The multimeter measures ac from 
1 mV full scale to 500 V over a 
frequ ency range of 20 Hz to 10 MHz 
- particularly useful in communi
cations, broadcasting, and audio 
app li cations. 

On its most sensitive resistance 
range, it is a milliohmmeter-one 
ohm full scal e. Use it for contact 
resistance, components, and 
pl ated-through circuit board hole 
resistances . 

The digital de ammeter measures 
de current from 1 microampere to 
100 mA full scale. 

The de voltmeter measures from 
100 mV to 1000 V full sca le with 
an accuracy of -+- 0.2 % to -+- 0.3 % , 
dependin g on th e range. 

Fo r more in fo rm ation, check the 
HP Repl y Ca rd. 
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Three new computer systems for low-cost 
batch, time-sharing or real time 

22 

Dedicating a computer system to a 
specific processing task is now 
much easier, and costs less to do, 
with HP's new family of small 
disc-based systems. These systems 
can be applied to: 
• Batch processing-for uninter
rupted job processing with 
maximum throughput; 
• Time-sharing-for direct 
man-machine interaction ; and 
• Real-time processing-for 
response to and control of external 
events while executing. 

The fundamental system is the 
versatile new 2100A computer with 
a fast 7900A five-megabyte disc. 
Other mass sto rage devices provide 
up to 47 million bytes of disc 
storage. Each HP system interfaces 
with more than a dozen peripherals 
and plugs in to more than 50 HP 
instruments. 

The reliable software is fully 
supported. The 2120 Disc Operating 
System features program chaining, 
extended file management, and a 
job processor that handles assembly 
language, ALGOL, and FORTRAN 
IV. I t executes machine instructions 
or complex mathematical and logical 
operations with equal ease. 

Just add 16 terminals, some 
hardware, and our easy-to-learn 
conversational programming 
language, HP BASIC, and you have 
the new 2000E time-sharing system. 
It can be expanded further to the 
new 2000F system with a dual 
processor and another 16 terminals. 

With additional equipment and 
Real-Time Executive software, the 
disc system becomes a real-time 
system with priority interrupt and 
multi-programming capabilities. 

Batch systems begin at $33,000, 
time-sharing and real-time from 
$50,000. 

To learn more, check the HP Reply 
Card. 

Batch , time-sharing , or real-time-HP's 
disc-based computer systems are 
particularly suitable when there's a need 
to access large data banks, and where 
ease of 1/ 0 interface is required . 
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... And a versatile new HP system family 
for sensor-based data acquisition 

The new 9600 Series of modular 
, data acquisition systems satisfies 

the need to handle multitudes of 
.- analog and digital inputs and outputs, 

all simu ltaneously. This new HP 
family of automated systems is 
specifical ly designed for applications 
in research, development, sensor-

1> monitoring, and industrial control. 
The 9600 is based on the 2100A 
computer and features two new 
"p lug-in"analog and digital 
subsystems, as well as three different 
software operating systems 

... (RTE, DACE, and BCS). 

The new analog subsystem is 
capable of sca nning and digitizing 
both low and high leve l ana log 
signa ls, and also outputting analog 
information, for purposes such as 
driving graphic displays and plotters . 
Th e unique feature is th at all 
functional elements are contained 
on plug-in cards for greater 
flexibility with less cost and 
eas ier maintenance. 

The main component is an 
analog-digital interface. Functional 
modules plug into the backplane 
and communicate w ith each other 
via analog and digital busses. 
The subsystem is controlled from the 
computer, through a control card in 
the interface. This card uses micro
programming and ROMs to generate 

..;. th e control and timing signals for 
various system functions. Depending 
on system needs, more than one 
interface can be used . 

The digital subsystem includes the 
new HP 6940 multiprogrammer with 
15 channels of 12-bit digital 1/0 
and expansion capability up to 240 
channels. Various plug-in cards let 
you monitor TTL, DTL, RTL, or 
contact-closure logic, and output 
TTL/ DTL logic levels and contact
closures with read-back capability. 
The digital subsystem can also 
provide analog outputs (vo ltages 
and resistances) for controlling 
devices, such as power supplies. 

Software for 9600 systems includes 
three different operating systems: 
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Fully integrated-rather than the 
all-too-familiar piecemeal assembly of 
data acquisition systems-is HP's 
9600 Series. It features the 2100A 
computer, 7900A disc drive, 7970 magnetic 
tape unit, 2440A A-D interface, and 
the 6940 multiprogrammer. 

• Real-Time Executive-Multi
programming allows real-time 
programs to run concu rrently with 
genera 1-pu rpose background 
programs. Priority scheduling/ 
interrupt contro ls you r programs on 
the basis of time, event and 
critica l need . 
• Data Acquisition and Control 
Executive (DACE)-Schedules 
multiple tasks (measurement, 
co mputation and output) in 
rea l-time. 
• Basic Control System-Features 

relocation and linking of user's 
programs, interrupt processing, 
input/o utput contro l, and a library 
of arithmetic, logic, and utility 
subroutines. 

Configure a 9600 system to 
control a single test or experiment, 
or to automate a whole laboratory 
or factory. Systems start at 
approximately $22,000 and typical 
systems cost between $32,000 
and $60,000. 

To lea rn all th e facts and features, 
check the HP Reply Card. 
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A laser device for computer 
or IC guys? 

Use lasers in IC production or 
m emory disc positioning? Why not? 
H P's 55258 Laser Interferometer 
measures displacements down to 
o ne microinch or, with the new 
K02-55258 Resolution Extender, 
d own to one angstrom. This 
accessory electronically extends the 
lase r's reso lution by a facto r of 10. 
Th e reso lution extension is rea l-time, 
giving one microinch resolution at a 
high update rate, or 0.1 microinch 
at a lower rate. With two extenders 
cascaded together, resolution is 0.1 
m ic roi nch in rea l-time ; or .01 
m icroinch , 10- 10 meters, or one 
angstrom with the lower update rate. 

Th e integrated circuit industry 
uses the Model 55258 both for 

This laser interferometer is being used 
in HP's Gage Lab to measure spacing 
between the tracks of a memory disc. 

ca l ibration and for feedback control 
of artwork generators, step and 
repeat cameras, and mask inspection 
machines. For computer memory 
discs, the in terferometer makes 
closer track spacing possible-thus 
improving the disc packing densities. 
It also calibrates the scal es and 
actuator systems. 

The 55258 costs $11,500. For the 
K02-55258 Resolution Extender, 
add $800. 

Interested? Just send the HP Reply 
Ca rd . 

Fast yet precise RF measurements 
with high resolution 

.J 

Comparisons over a 100 dB range, 
d fferences as small as 0.01 dB and 0.2° 

r be resolved. 
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Production-testing RF components 
normally calls for swept-frequency 
tests, but high precision and high 
resolution usually require 
fixed frequency tests. End the 
conflict. Use the new HP 8728A 
Network Comparator with the 
HP 8407A 0.1 to 110 MHz Network 
Analyzer, and make quick yet 
precise swept-frequency 
comparative measurements. 

The 8728A is $2950. A typical 
comp lete system is approximately 
$12,000. 

Discover many other features ; 
check the HP Reply Card. 

Low-cost displays come 
with onboard IC 

The 5082-7300 numeric disp lay is 
completely TTL-compatible. 

We've built both the decoder/driver 
and the memory into our new 
5082-7300 solid-state numeric 
display. All you do is address them 
directly with four-line BCD input. 
You can store data or have a real
time display at your fingertips. 

The characters are .290 in. high 
for better readability over a wide 
viewing angle. Yet, it's a compact 
.6 by .4 inch package. 

The displays cost $10 each in 
1 K quantities, and are avai lable 
from stock. 

For more information, please check 
the HP Reply.Card. 

Increased sensitivity 
for 7100 recorders 
One small input module increases 
the sensitivity of the 7100 Series 
recorders to 100 1tV full scale. Just 
plug in the 17505A High Sensitivity 
Input Module; it measures input 
signal variations as low as 1 p.V 
at maximum sensitivity. Your 
strip-chart recorder acqui res a 
variab le voltage span from 100 ttV to 
100 V full scale. There is even an 
optional ca librated offset capab ility 
in increments from one to ten , full 
sca le. The 17505A costs $400. 

.. 

Interested? Just send your HP Reply " 
Card. 

HP 17505A plug-in for 7100 recorders. 
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OEM's get an x-y recorder 
.. of their very own 
• 

.. 
Forty OEM options include 

1 seve ral X-Y range cal ibra
tions, met ric sca ling , a 

_.. ti me base , an event marker 
that records in the top 
marg in, rear connectors, 
and TTL logic cont ro l. 

&t iiiiiiiiiiiiiiiiiiii•••iiiiiiiiiiiiil'l 

' 
· Set scope time bases 

as easy as 1-2-5 

rnot•~t '" ~ ' 

• 1- .. I 

l{'i f:) 
~-· 

( 

W hen you need precise ti mi ng, the 
new HP 226A Time Mark Generato r 
makes it easy to ca librate yo ur 
oscill oscope and reco rd er t ime 

y bases. W ith a roo m- temperature 
crys ta I that needs o nly 1/z -ho u r 

or w arm-up to give you 20 ppm 
accuracy (at 25 °), the 226A generates 
one-vo lt marke rs (in to 50 ohm s) at 
30 interva ls ranging from . 
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The HP 226A Time Mark Gene rator 

2 nanose conds to 10 seconds and in 
a 1-2-5 sequence. 

It's programmab le, too, w ith an 
opti on th at makes it o perab le in 
automati c sys tem s. 

The 226A costs $670. (Fo r the 
p rogramming op tion 003, add $150.) 

To lea rn mo re abo ut the 226A, just 
check th e HP Repl y Ca rd . 

X-Y reco rd ers used to be designed 
prin cipa lly fo r laboratori es; now, 
th ere is o ne des igned specifica ll y 
fo r o ri gi nal equipment manu
facturers. Th e new 7040 d oes no t 
require any specia l paper, ca l ibratio n 
adjustm ent, o r expensive 
maintenance. 

Th e o ne-pi ece mainfra me is 
d ie-cast aluminum- d urab le ye t 
shock- res istant. The circuitry 
contains o n ly ten hand-so ldered 
connection s- rel iab le and 
main tenance-free. The w rit ing area 
is 10by 15 in ches (25 by 38 cm .) 
w ith an autog rip th at holds 11 by 17 
in. o r intern ati o nal A3 si ze paper. 

Accuracy is ± 0.2% of fu ll sca le; 
l inea rity, ± 0.1 % o f ful l sca le. 
Standard fea tures include a 
newly-deve loped hybrid 
potentiometer, di sposabl e pens, 
1 mego hm in put resistance, and 20 
in ./sec. minimum sl ewin g speed. A 
new mo to r des ign o n bo th axes lets 
th e O EM reco rder pen be driven 
o ffsca le fo r an indefinite period 
o f t ime w ith o ut no ise or damage. 

Th e p rice, sa ns opt io ns, is $890. 
For more info rm at io n, check th e 

HP Rep ly Card. 

18-40 GHz measurements 
with network analyzer 
Now yo u can measure refl ection 
and transmission coe ffi c ients
magni tud e and ph ase- in the 
18-26.5 and 26.5-40 GHz bands, 
using th e new K8747A and R8747A 
waveguide test units for th e 
8410 Network A nalyzer . 

Fo r f ull d et a il s o n t h is mu c h 
needed high-fre quency m easurem ent 
capabi lity, use the HP Reply Ca rd. 

OOPS! 
Th at was some th erm al 
reco rd er desc ribed in the last 
iss ue of M EASUREMENT 
NEWS. Unfo rtun ately, its 
im p ressive specificat io ns 
resulted fro m a typograp h ic 
erro r. (W e shou ld have said 
50 Hz and 100 Hz, instead of 
50 M Hz and 100 M Hz.) 
M eanwhi le, the HP 7414A is 
still a nifty pe rfo rm er. 
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"The Portables" add two scopes, including 
a 75 MHz model with delayed sweep 

Two new scopes have been added 
to HP's 1700 Series of high
performance "portables"-the 
1707A, with a 75 MHz bandwidth 
and delayed sweep ; and the 1703A, 
the first variable persistence/storage 
oscilloscope operated on batteries. 

Both scopes incorporate all the 
1700 Series' best features : low 
power requirements, only 24 lbs. 
in weight, bright display, no 
dust-collecting ventilator holes, solid 
triggering with a minimum of signal , 
and reliable thermally-stable ECL 
trigger circuits instead of 
conventional tunnel diodes. 

Both scopes also have a 10 
mV/div deflection factor over the 
full bandwidth , 10 ns/div sweep 
speed, and a rise time of less than 
4.7 ns. There are improved divider 
probes, delayed sweep, and a large 
cathode-ray tube display. They can 
readily measure T2L or some ECL 
pulse timing and propagation delay. 
The sweep and trigger circuits were 
designed especially for digital field 
service applications. 

Their low power requirements 
mean you can use an internal, 
rechargeable battery pack for up to 
four hours operation; or use an 
11.5 Vdc to 36 Vdc source, or any 
standard ac outlet. 

Servicing 
computers 
and peripher
als can be less 
costly, especially 
if you use HP's new 
1707A portable scope. 

The new 35 MHz 1703A with 
delayed sweep is an HP exclusive
the only portable variable 
persistence/storage oscilloscope that 
can be battery-powered. Variable 
persistence allows you to control 
the rate at which the trace fades; 
the storage capability lets you hold 
a particular pattern on the scope. 

Actual customer experience 
verifies that the 1700 Series requires 
roughly half the calibration time 
of competitive portables due to the 
low number of internal adjustments. 
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This means substantial savings over 
the lifetime of each instrument. 

The 1700 portable scopes begin as , 
low as $1680 for the nondelayed
sweep, dual-channel 35 MHz 
version . The 35 MHz variable 
persistence/storage scopes sell for 
$2,725 (1703A, with delayed sweep) 
and $2,375 (1702A, nondelayed). 
The 75 MHz scopes cost $1,925 
(1707 A, with delayed sweep) and 
$1,775 (1706A, nondelayed) . 

For more facts and features, please 
check the HP Reply Card. 

East-W 120 Century Road , Paramus , N.J. 07652 , 
Ph . (201 ) 265-5000. 

South-P.O. Box 2834 , Atlanta , Ga. 30328, 
Ph . (404) 436-6181. 

Midwest- 5500 Howard Street , Skokie , Ill . 60076, 
Ph. (312) 677-0400 . 

West-3939 Lankershim Boulevard , North 
Hollywood , Calif. 91604, Ph . (2131 877-1282. 

Europe-Rue du Bois-du-Lan 7, CH-1217 Meyrin 2, 
Geneva , Switzerland , Ph. (022) 41 S4 00. 

Canada-275 Hymus Boulevard , Pointe Clai re , 
Q uebec, Canada , Ph . (518) S61-6520. 

Japan-Ohashi Building , 59-1, Yoyogi 1-chrome, 
Shibuya-ku , Tokyo 151 , Japan , 
Ph. 03-370-2281 / 92. 
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• Significant developments in technology and businF'!SS 

Effort to decide 
..., 

~ CAS standard 
mired in committee 
FAA, Pentagon, NASA unit 

to take more than a year 

as makers of ground and 

cockpit systems keep vigil 

A common way to avoid taking ac
tion on a controversial subject is to 
form a committee to study the mat
ter. The same thing is done in 
Washington, except that in the F ed
eral Government, where financia l 
stakes a re highest, it takes more 
agencies to fo rm the committee, and 
the delay is longer. 

Tha t's what has happened to the 
pending na tional standa rd fo r a ir
craft collision-avoidance systems 
tha t the Federal Avia tion Adminis
tration has been agonizing over
some industry sources say, " pro
crastinating over"- for severa l yea rs. 
An interd epartmenta l committee of 
the FAA, the Defense Department, 
a nd NASA is goi ng to study va rious 
competing CAS systems in hopes of 
lowering cos ts. The committee is 
headed by the FAA's David R. Is
rael , director of the Office of Sys
tems Engineering Management. 

Market loss. While the offi cia l 
word is tha t the committee will take 
a bout a year, one FAA source con
cedes tha t the study will last " much 
more than a yea r," and an industry 
spokesma n estimates that a fin al de
cision on CAS will be delayed three 
to five yea rs. Also put off a re elec
tron ics manu facturers th at see a po
tenti a l market amounting to several 
hundred million dolla rs. 

T he action dea ls a setback to ad
voca tes of time-frequency systems, 
led by the Air T ransport Associ 
a ti on , th e a irlin es' t rad e group . 
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McDonnell Douglas, Bendix Avion
ics, Wilcox Electric Inc. , and Sierra 
Research were th e la rgest develop
ers- with McDonnell Douglas, espe
cia ll y, prodding the FAA to decide 
fo r the time-frequency technique. 
Gaining a toehold a re newer sys
tems: RCA's Secant and Honeywell 's 
opera tional prox imity-warning in
dica tor systems, which will a lso be 
studied. McDonnell Douglas and 
RCA have been in a fie rce competi
tion to get their respective systems 
FAA-approved. 

The study is a " delaying ga me" 
by the Defense Department, which 
thinks that time-frequency systems 
would be too expensive to insta ll on 
its planes and wants to look a t other 
systems, says one FAA source. Hard 
fi gures are hard to come by, since , 
fo r example, time-frequency sys
tems aren't in mass production. But 
it's known that outfittin g the entire 
mil ita ry fleet would cost more th an 
$ 1 billion. 

However, o ne b itter tim e- fr e
quency advocate says tha t " DOD 
doesn't want a cockpit [a irbo rne] 
system at all" and is using the study 
as an excuse to develop further 
ground-based CAS functions. FAA 
topside also has voiced a prefe rence 
for ground-based systems, saying 
that collision avoidance can be pro
vid ed better fro m so ph is ti ca ted 
ground radar equipment. 

Interference. One problem with 
airborne CAS uni ts is tha t they are 
assigned the sa me L-ba nd fre
quency as some military a ltimeters, 
says an FAA source. Although th ere 
a ren't any hardwa re pro blems wi th 
time-frequency uni ts, he add s, 
agency officia ls wonder if such an 
inte r roga tor-t ra ns po nd er system 
wouldn't have mutua l interference 

p ro bl e m s wh e n , say , 300 CAS 
equipped planes are a loft nea r one 
a irport. 

There a lso a re probl ems with 
ground-based systems, says one FAA 
offi cia l, such as achieving adequate 
coverage and obtain ing back-up fa
cilities in case of ma lfunction . " It 's a 
complicated proposition tha t we 
don' t want to rush into," he says. 
" We want to really study the ma tter 
to make sure of the right system be
fore we undertake such a major in
ves tment." 

Societies 

IEEE questionnai re 

seeks mandate for change 

"Fifty- fifty is a manda te to do 
someth ing; even 18- 18 is a man
da te." Speaking earli er this month 
was the IEEE's new pres ident, Rob
ert H . Tanner. He used these num
bers to summ arize the results of vo t-

Tanner: IEEE's president sees a mandate 
for change , but just how strong is it? 



Electronics review 

ing by IEEE me mbers las t November 
on a proposed a mendm ent to th e in 
stitute 's constitutio n to redefine its 
primary purpose to look after th e 
profess io nal a nd economic well
bein g o f the engi neer, ra th e r than 
stick to its traditio na l mi ss io n o nl y 
to di ssemina te technica l information 
[Electronics, Jan. 3, p. 25 ]. 

Only 36% of IEEE's members 
voted , but a lmost half- or 18%-fa
vored th e a mendm ent. (The usual 
institute e lection a tt racts votes from 
20% to 25% of the membershi p.) 

The IEEE's response has been to 
send o ut a qu es tio nna ire to me m
bers in an attempt to find o ut what
i f a ny- a dditi o n a l se rvi ces th ey 
wa nt. 

In nine ca tegori es, th e questions 
ask, for exa mple, if th e institute 
sho uld estab lish its own pension 
p lan, beco me mo re acti ve in politi
ca l a nd econo mic matte rs, engage in 
techno logy forecasting, a nd expand 
its continuing education progra m. 

The basic questi on for th e in sti
tute is whether o r not members 
would be willing to pay hig her dues 
to ge t th ese se rvices. 

Dues going up. Even if they 
a ren' t, dues a re a lready sla ted to go 
hi gher-$5 to $ 10 a year- depend ing 
on the boa rd of directo rs' decision. 
The reason for thi s, Ta nner says, is a 
fall-off in income from adve rti si ng 
a nd ex hibits, as well as inflation. 
Another fac to r: the growth ra te of 
the 160,000-member organizat io n 
has slowed . 

If a ny thin g. th e English-born 
T a nne r. who is director of informa
tio n for Bell-No rthe rn Research in 
Ottawa, Canada, and the six-mem
ber executi ve committee seem com
mitted to cha nging the institute's 
purview. 

Says John J. Guarrera, a regional 
director and pres ident o f Guide Sci
entific Industri es Inc., Sun Valley , 
Calif. , " W e h ave a lready asked 
members o f the committee to con
sider prepa ring some a mendm ents 
to the socie ty's constitution, shou ld 
the results o f the membership ques
tionnaire direct them to." 

However, the questio nnaire, with 
its total o f 22 yes-no responses, 
" may not give us cl ea r ma rching or
ders," cautions T a nner. The results 
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wi ll have to be studi ed ca refull y so 
th a t th e will of th e membership can 
be asce rta ined. 

Associative memories 

Functional approach 

holds promise for logic 

The use of memori es to implement 
con tro l logic in termin als a nd com
puters is growing ra pidly. especia lly 
with the ready avai labilit y of 
MOS / LSI memory circuits. But in 
so me areas . th e use of micro
progra ming with read-only me mo
ries has not taken off- prim aril y be
cause so much ROM is required to 
duplicate a given logic configura
tio n. For exa mple. in desk ca lcu
la tors, ROMS a re employed as look
up tables for trigonometric func
tio ns, but not for the logic. 

Officia ls of the Systems division 
of Varad yne Inc., Cupertino, Calif. , 
think they have solved this prob lem 
with a special memory orga nization 
that employs a three-state, content
a ddressab le functional me mo ry. 
Do na ld E . Farina, vice pres ident 
a nd ge nera l manage r of the di vi 
sio n , says, " Two yea rs ago, we 
started to look for a memory config
uratio n th at would enable us to de
ve lo p LSI circuits fo r terminal s, 
point-of-sa le sys tems, a nd scientific 
calculators . W e wanted to get 
around the problems of designing 
co mbin a ti ona l logic, but micro
progra ming with ROM wasn't the 
best so lution- too much memory is 
required." The solut ion was fun c
tiona l memory. 

Tighter tables. The concept is 
fairly new. Last summer, Peter L. 
Gardner of IBM's United Kingdo m 
La borato ry in England described a 
function a l memory that is based on 
a n associa ti ve array, composed of 
writable storage ce lls ca pable o f 
ho lding three sta tes-0, I , a nd 
" do n' t ca re." Used as a logic block, 
the array's logic is perfo rmed by as
sociative table look-up, using the 
don't-care sta te to give "s ignificant 
compression of ta bles over conven
tional two-sta tes arrays." 

For the sa me functio n, a three-

state functiona l memory would re
quire n ~-word s. instead of the 211 -

word s required by a two-s tat e 
memory. And because the func
tio na l memory is basically an a rray. 
the ci rcu its can be packed dense ly. 
Interconnection between arrays is 
regular, as opposed to the irregu lar 
interconnect ion pattern of combi 
natio na l logic chips. 

As Farina puts it , functiona l 
memory " is not just a stored se
quence of events; it 's really logic in 
memory." As a result of work with 
functi o nal memories, Varadyne en
gineers have designed a sc ientific 
calcul ator tha t has logarit hmic. tri
gonometric, exponenti al, and oth er 
special functions on fou r relative ly 
small chips, each of which is about 
150 mils on a side. 

Fari na points out that because the 
chips are sma ll , and a great deal of 
computing power can be packed 
into the m, fun cti onal memories are 
a lso ca ndida tes fo r the simpler fo ur
function machines. One such des ign, 
employing three fun ctiona l memory 
chips, is bein g discussed by Va
radyne wi th calculator makers. 

Integrated electronics 

Phase-locked loop 

dissipates less power 

The phase- locked loop offe rs fre
quency accu racy with virtua lly no 
dri ft. But there's a rub : currentl y 
avai lab le versions require a good 
deal of power- either I-millia mpere 
operating currents or high-voltage 
supplies. Now, RCA says that it has 
a ppli ed complementary MOS tech
nology to come up wi th a loop that 
req ui res a mere 0.1 mA. 

However, whi le the new chip d is
sipates 10 times less power th an its 
competitors, its maximum opera ting 
frequency is somewhat limited. RCA 
guarantees an upper limit of 200 
kilohertz with a probable exte nsion 
to I megahertz . Competitors ge ner
a lly ca n reach several times that. 

In add ition to an on-chip zener 
diode, the new IC has a n exclusive
OR phase comparator, el im inating 
the need to perform an exclusive-OR 
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Savings watts. Complementary MOS phase-locked loop cuts power consumption by factor 

of 10. On-chip exclusive-OR phase comparator and zener diode are added features. 

functi on externa l to the chi p. F re
quency dri ft for the unit is expected 
to be in the order of 0.02% per de
gree centrigrade. 

Pla nned applicat ions include fre
quency synthesis, freq uency modu
lation :rnd demodula tion, frequency 
multiplicat io n and division, fre
quency di scrimination, signal res
tora tion, and use in freq uency-shift
keyed modems. A conservative cost 
es tima te fo r the new chip fixes the 
price a t $5 to $ 10. Delivery is ex
pected by the third quarter of 1972. 

Air traffic control 

Color radar tube may 

mean $100 million market 

Th e Fed era l Avia t io n Adminis
tra tion plans to choose a contractor 
in M arch to produce a testbed for 
deve lopi ng color radar scopes for 
the na tion 's a ir traffic control sys
tem. Even though the 18-month ef
fort will be par t of a small $750,000 
three-year progra m by the FAA, the 
color tube development could lead 
to "a $ 100 million m arket for sure," 
says one industry source. "What 
color does is worth it," the source 
says. "They'll probably rep lace ev
ery scope they have." 

Conseq ue ntly, eight companies 
are a nxious ly awaiting the results 
d ue by Feb. 1 from the FAA's tight-
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lipped technical evaluation com
mittee. Industry sources report tha t 
proposals being considered are from 
the Electro-Magnetic and Aviation 
Systems division of RCA, Yan Nuys, 
Calif.; Raytheon, Sudbury, Mass.; 
Sanders Associates , Nashua, N .H .; 
Tasker Industries, Los Angeles ; 
Government Electronics division of 
Motorola, Phoenix, Ariz.; the Nor
den divis ion of United Aircraft 
Corp.; Norwalk, Conn.; the Aero
space Optical division of ITT Corp., 
Fort Wayne, Ind. ; and tiny ($1 mil
lion annually) CPS Inc., Sunnyvale, 
Calif. Contract negotiations to select 
a winner among those deemed tech
nically qualified should begin in 
February. 

Easier sorting. The FAA is consid
ering color radar scopes because 
they would make the control lers' job 
still easier when the automated al
phanumeric tracking system is in
stalled in the terminal and enrou te 
traffic-control system~ by 1975, says 
Ernest N. Storrs, chief of the data 
display branch . The alphanumeric 
system basically is black-and-white, 
he explains, which means it is diffi
cult to pick out a plane from ground 
or weather clutter- a big problem 
with radar systems. Also, the alpha
numeric tags identifying planes, 
their altitude, and speed, tend to 
smear with each sweep. 

Adding only one color would do a 
lot to solve those problems, Storrs 
says. If more than one color were 

added, pla nes could be colored di f
ferent ly fro m ground or wea ther 
clutter to make them eas ier to spot, 
and the a lpha numeri c tag could 
cha nge color with each sweep to re
duce smear. Moreover, the pla nes 
under a co ntro ller's surve ill a nce 
could be colo r-coded so tha t a con
troll er cou ld eas ily keep track of as
signed pla nes . " It 's a nother scheme 
for fi lteri ng informa tion in the busy 
con tro l roo m," Sto rrs says. 

The FAA progra m would tes t a nd 
eval uate the proto type colo r tube 
and switching circuits fo r di splays in 
the enroute a nd termina l systems, in 
an ocea nic control system for which 
the specifica tions a re being written 
now. It is expected to be used to de
fine a mi litary model, as " they're 
very inte res t e d in wh a t we' re 
doing," Storrs says. Progra m goa ls 
are to va lida te computer instruction 
requ ire ments, to test controller ex
perience with color, and to deter
mine the li fe spa n of a multil ayer 
color tube. 

Moving ahead. Adva nces in color 
phosp hor technology ma ke the color 
concept poss ible, Sto rrs says. Us ing 
two phosp hors wi th computer-gen
erated radar displays, th e FAA can 
have a long-persis tence phosphor 
for the map a nd sta ti c in fo rm ation 
a nd a cont ras ting short-du rat ion 
color for the changing in fo rma tion, 
such as the a lph anumeric tags. Col
ors be ing consid ered are yell ow with 
either green or red , a nd red with ei
ther green or ora nge. "The m ix ture 
of the two will g ive yo u three," 
Storrs says. Color TV tubes a ren' t 
good enough beca use th ey don' t 
have hi gh en ough resolution. 

Ano th er imp rove m e nt 1s 1n 
switching techno logy. " We antici
pate vol tages fo r the tubes of be
tween 6 a nd 15 kilovolts," Sto rrs 
says, wh ich mea ns the switches will 
have to hand le fro m 6 to 12 kV o r 
some other one-to-two pro portion 
up to 15. W ith tubes of 16, 19, o r 2 1 
inches , the ra nge of capacita nce ca n 
be from 250 to 450 picofarads, he 
explains. " When you switch a t those 
voltage leve ls a nd a t tha t capacity, 
the switches must ha nd le a lo t of 
power in short peri od s o f tim e 
(15- 25 microseconds)." 

Storrs downplays the num ber of 

31 



Electronics review 

color di splays the FAA may buy 
eventually by emphasizing th a t, 
" We have to see if there are eco
nomic benefits and tha t everyone is 
satisfied ." H e a lso mentions devel
oping modifica tion kits to convert 
ex isting di splays to color. Even so, 
he estimates that about 1,000 dis
plays would be candidates for color 
conversion. The FAA is estimated to 
have about 4.000 a ir-traffic-control 
radar scopes that 'could be con
verted to color. 

Memories 

Optical disk memory 

aims at minicomputers 

The ho t and heavy competition for 
reta il store credit authori za tion sys
tems has produced a new type of 
transparent di sk memory that is 
read optically. Moreover , the 
memory may have app lications in 
minicomputers for simpl e program 
upda tin g, process cont ro l cha nges , 
a nd other systems requiring inex
pensive data access . 

A prod uct of ew OROM (for op
ti ca l read-only memory) Inc .. San 
Jose. Ca li f., the si ngle-di sk memory 
ha a n access tim e of 0 .2 second. 
The capacity of the prese nt mode l is 
2 million bits. but a n adva nced pro
totype di sk with 10-million-bit ca
pacity is being built. 

With price to the or igin a l equip
ment ma nufacturer of well under 
$ l ,000. the disk offe rs a mea ns of 
searching a large data fil e at low 
cost. acco rding to invento r Thomas 
D . McLaughlin. genera l ma nager of 

ew OROM. which is a subsid iary of 
Credi t Systems Inc. of Colm ar. Pa. 

" It may be slow in ge tting there in 
access time," says McLaughlin, "but 
when it gets there, it reads data as 
fast as or faster than magnetic disks, 
since the entire fi le can be read in 
one 0.2-second burst." 

Photo process. The primary use is 
for systems requiring many disk 
files at separate locations. For ex
ample, a retail chain store tha t 
wants to circulate a file of negative 
credit accounts would first collect all 
the information on magnetic tape or 
disk . Credit Systems would transfer 
this information to a master disk by 
high-speed photography. The pho
tographed master would then be 
used to make acetate disk copies. 
Placing the data on the disk in a 
specific pa ttern a llows the informa
tion to be read photoelectrically, 
rather than with a magnetic head. 

Each 14-inch ace tate disk con
tains 64 data tracks, two timing 
tracks, and a once-per-revolution 
track. A quartz-iodine lamp shines 
light through a condenser lens sys
tem that illuminates an area of the 
disk. Since the disk is transparent, a 
relay lens on the opposi te side re
images the data pattern onto a pho
todetector array that is shaped so 
that only one specific field is inter
cepted a t a time- in the retail store 
instance, a 16-character cred it ac
count. Differential comparators 
then convert the outpu t of the detec
tor array to compatible digital volt
ages, though a buffer would be 
needed fo r minicompu ter interface. 

McLaughlin estim a tes that it 
would cost a retai l store $25 to pre
pare the master di k and 35 to 45 
cents for each acetate copy. Of the 
first 15 memory units off the pro
duction line next month. 10 wi ll 
probably go directly into retail use, 

a nd th e others will be used to break 
into the OEM market, which is po
tentia lly more lucrative. However, 
McLaughlin admits that it may be 
two or three years before OROM wi ll 
be able to establish a position as an 
OEM supplier. 

Materials 

Potting compounds fail 

prematurely in aircraft 

The D efense Department is going to 
ge t stuck with a repair bill of at least 
$39 million because of premature 
fai lure of potting on electrical con
nections in 775 of its first-line oper
ationa l fi ghters, the McDonnell 
Douglas F-4 Phantoms. And, ac
cord ing to an investigation by the 
General Accounting Office, eco
nomic watchdog for the Congress, 
signs of failure by a second sealant 
used on another 1.575 F-4s could 
run the tab to nea rly $ 125 mi ll ion 
by 1976 fo r total replacement. 

The Penta ~on ca lls the GAO es ti
ma tes " much too high" but con
cedes th at there have been problems 
with potting compounds that have 
reverted to a liquid state after pro
longed exposure to high tempera
tures and humidity. The DOD a lso 
acknowledges tha t there have been 
simila r reversion problems on con
nections on some 15 submarines 
built a t Mare Island Naval Shipyard 
in the five yea rs ended in 1966, as 
we ll as some less se rious problems 
on the Genera l Dynamics F-111 in
terceptor. the B-52 bomber, and 
Minutema n intercontinental miss il e. 

Despite the split between th e GAO 
a nd the Penta gon on the severity of 

Storekeeper. OROM components are. left to right , point-of-sale terminals, communicat ions interface, authorizat ion terminal , ROM unit. 
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the problem. the Defense Depart
ment concurs largely with two rec
ommendations of the civilian in
vestigators. New materials, such as 
po ttin g compounds , shou ld be 
tested independently and approved 
by a military laboratory, GAO adds, 
and better interservice communi
cation is needed to disseminate re
ports of deficiencies in materials. 

In the case of the F-4, problems 
arose with a state-of-the-art polyur
etha ne first used in the early 1960s 
for components to replace rever
sion-prone polysulfides where tem
peratures exceeded 200°F. Though 
the Naval Avionics Facility at In
dianapolis-as well as other labora
tories-ran a combined high-heat 
and humidity test in early 1961 that 
destroyed polyurethane after fo ur 
days of exposure, the report didn't 
get outside the faci lity, and the com
pound was used in the F-4 for an
other three and a half years, says the 
GAO. Then , in August 1964, the re
port contends, the builder switched 
to a proprietary compound dubbed 
EC-2273 , described as akin to a pol
yacrylate. Though the Navy ap
proved, the switch was made on the 
basis of the manufacturer's recom
mendations and test data without 
independent studies. 

Problems end. EC-2273 was more 
resistant to humidity than polyur
ethanes, but the GAO says that the 
Navy noted the first reversion in 
March 1967. The use of EC-2273 
was discontinued in July 1968, and 
McDonnell Douglas was asked to 
use a polysulfide-based compound 
in low-temperature areas and a sili
con-based compound in high-tem
perature areas. With both com
pounds conforming to specs, " no 
serious problems have been encoun
tered," says the report. 

It is the EC-2273, says the GAO , 
that will encounter "general rever
sion" in the F-4s about 1976. th ough 
DOD says it is prepared for this 
event by replacing it on a " repair
as-required" basis at a far lower cost 
estimate than the investigators re
port. But, argues the report, this 
could result in multiple repairs to 
the same pla ne, add ing: "Since the 
major part of the repair cost con
ce rns disassembly and reassembly of 
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Before and after. Top picture shows rt filter from Minuteman missile potted in polyurethane 

after revflrsion . Bottom picture shows same component aft.er cleaning by Access process . 

the aircraft, it may be more eco
nomical to replace all the reversion
prone compound at one tim e." 

As for the su bmarines, the De
fense Department says five have 
been repaired at an average of 2,500 
connectors ap iece at a cost of about 
$380,000 per boat- a figure that will 
put total charges in the vicinity of$6 
million , says the Pentagon. 

Process removes potting 

and saves component 

As the Defense Department and 
General Accounting Office agonize 
over their failed pottin g (see story 
above) , at leas t one connector 
maker is busil y telling the world 
about a poss ible way out. 

In the words of John Fa rley, "old 
connectors don' t die: they just ge t 
potted once too often ." Th a t's the 

way Farley, president of Decapsula
tion Services Inc., Placentia, Cali f., 
highlights the potting problem- a 
problem that he says he can solve 
with his process for nondestructively 
removing potting compound from 
any electronic assembly at a fraction 
of the cost of a new assembly. The 
process, now called Access , was ac
quired in December by Bunker 
Ramo Corp.'s Amphenol SAMS divi
sion. 

Amphenol is keeping details of 
the process under wraps. but Ben
nett W. Brachman. SAMS division 
vice president for marketing. says 
that Access can remove almost any 
pottin g co mpound- polyurethane, 
polysulfide. silicon e. epoxies, and 
others. including Union Carbide's 
parylene. There is no damage to 
com ponents. wire insulation. or 
even to the ma rkin g on the compo
nents. he says. 

The probl em with pottin g a con-
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nector or an electronic circuit, of 
course, is that if something goes 
wrong inside the potting- if a con
nector terminal breaks, or a compo
nent breaks down, for example
there's almost no way to remove the 
compound and make the repair. In
stead, in most cases the whole con
nector or circuit must be discarded 
and replaced. The cost involved can 
be significant, not to speak of the 
current eagerness to avoid adding 
still more to the litter of used items. 

Process developer Farley cites one 
case of a urethane-coated pc board 
holding 48 diodes that was widely 
used in a magnetic disk memory. 
The boards cost $8 to produce, he 
says, and any diode failures pre
viously meant the scrap heap. Last 
year, he says, he processed 75 ,000 
such boards through his facility, 
saving the manufacturer about 50% 
of their cost. Also, he says, polyur
ethane-encapsulated rf filter used on 
the Minuteman missile was being 
scrapped at a cost of $250 each 
when a capacitor shorted out inside 
the can. With Access, he has been 
removing the compound to allow re
pair, again at a 50% saving. Because 
of the process, he says, some mili
tary units previously classified as 
throwaway modules now are being 
reclassified as repairable. 

Amphenol will, for $300, under
take a study of any module to deter
mine if the process will remove the 
potting compound. If it will, Am
phenol will credit the customer with 
the $300 toward the cost of later 
processing of similar modules. If 
Access won't work, Brachman says, 
Amphenol will return the module 
and the $300. 

The purpose of the $300 deposit 
he says, is to assure that the cus
tomer is serious. 

Design influence. The process also 
has implications for designing pack
ages for new equipment-many cir
cuits are not potted now because the 
designers, anticipating a main
tenance problem use elaborate me
chanical seals for protection. Now, 
with the ability to strip off the pot
ting compound, the advantages of 
encapsulation can be obtained with
out fear of later repair troubles. The 
process also allows failure analysis 
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of potted modules, which previously 
has been next to impossible because 
of the encapsulation often caused 
more damage than the original fail
ure did . 

Although solvents are available 
for most encapsulants, such solvents 
are often improperly used, and even 
if properly used, they often take 
away as much of the original circuit 
insulation as they do of the encapsu
lant. 

Computers 

Honeywell's 2000 designed 

for sophisticated user 

Any lingering doubts that the com
puter mystique is truly dead and 
that users are becoming more so
phisticated should be dispelled by 
the introduction earlier this month 
of a new series of machines- the 
System 2000- by Honeywell Infor
mation Systems. 

Aimed at experienced users who 
otherwise would be forced to buy 
other capacity they didn't need or 
settle for a medium-size machine 
where processing of data from com
munications lines delays work that 
the machine should be doing, the 
System 2000 is an extension of the 
firm's eight-year old 200 series. 

Medium-scale in performance 
and price, the system includes five 

different central processor models, a 
front-end processor and a number 
of other features previously found 
only on larger machines at much 
higher price and performance levels. 
These include an operator's console 
that contains two cathode-ray tube 
displays, a reconfigurable core 
memory, and operating system soft
ware that includes an unusually 
small resident supervisor. Rentals 
range from $6,000 to 37,000 per 
month. 
Mini keystone. The front-end pro
cessor, which can handle a max
imum of 120 communications lines, 
is built around a minicomputer 
from Honeywell's Framingham, 
Mass. , plant-the former Computer 
Control division, specializing in pro
cess control computers. "Those 
people were good at designing sys
tems to control liquids flowing 
through pipes," says Richard W. 
Heale, product manager "we used 
their expertise here to control data 
flowing through wires." 

The CRT displays , familiar in 
larger systems, permit the operator 
to interact with the system in real 
time, while a conventional relatively 
slow character printer provides hard 
copy when it is required. 

The System 2000 memory, as in 
many medium-and large-scale com
puters, comes in relatively small 
modules. But unlike modules in 
most machines of this size, the 
memories can be reconfigured 

Middle of the middle. This Model 2060, the middle one of five in Honeywell's new medium

scale System 2000, includes twin CRT console , front-end processor , usual 1/ 0 gear. 
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• RECTIFIERS 
UT Series - Standard 
Recovery 

up to 12A 
up to 1000 V 
up to 220A Surge 

UTR - Fast Reco_w 
upto9A ...-
upto600V 
up to 1 SOA Surge 
as low as 2SOnS 
recovery time 

UTX Series-
Ultra Fast Recovery 

up to 4A 
up to 250V 
up to BOA Surge 
as low as 7SnS 
recovery time 

ESP Series - High 
Efficiency Power Rectifiers 

up to 20A 
up to 12SV 
up to 2SOA Surge 

Mil Approved 
JAN & JANTX 1 N424S Series 
JAN & JANTX 1 N4942 Series 
JAN & JANTX 1 N3611 Series 
JAN & JANTX 1 NS186 Series 
JAN & JANTX 1 NSSSO Series 

• THYRISTOP.S 
(Silicon Planar SCRs) 
¢-line 
Industrial Plastic SCRs 
IP100 Series 
2NS060 

up to 200V 
up to O.BA 
paci<age T0-92 

¢-line 
Industrial Hermetic SCRs 
ID Series 

up to 400V 
up to 1.SA 
package TO-S, T0-18 

Military 
Radiat ion Tolerant GA 100 
family 
Pulse Modulator GA 200 
family 
Laser Driver GA 300 family 
2NS719 - 2NS723 

up to 400V 
package T0-18 

2N3027 - 2N3032 
up to 100V 
package T0-18 
turn-off time 2 usec. max. 

2NS724 - 2NS728 
up to 400V 
package TO-S 

Mil Approved 
JAN & JANTX 2N3027 
Series 
JAN & JANTX 2N2323A 
Series 
JAN 2N1870A Series 
Photo SCRs 

PF/ PR 30 family 
package flat lens -
Round lens T0-18 
10 to SOO FC 
2to120FC 

¢-line 
Industrial Plastic 
Programmable Unljunction 
Transistors (PUTs) 
P13T1 Series 

up to 40V 
package T0-92 

Unitrocle · 
semicoOOuctor 

devices 

¢-line Industrial Hermetie 
U13T1 Series 

up to 100V 
packageT0-18 

2NS119 Series 
up to 40V 
package T0-18 

Military Hermetic PUTs 
2NS137 Series 

up to 100V 
package T0-18 

• ZENER DIODES 
¢-line Industrial Zeners 
1 watt 

1N473S-1N4764 
S.8 to 100V 

UZ301S - UZ30S1 
6.8 to 200V 
(replacement for 
1N301S-1N30S1) 

Swatt 
UZ4706-UZ4120 

S.8 to 200V 
(replacement for 
1N5342-1N5388) 

Military 
1 watt 

UZ870S - UZ8120 
S.8 to 200V Surge 
ratings 5 times greater 
than equivalent types 

3watt 
UZ70S - UZ140 

S.8 to400V 

Swatt 
UZS70S - UZS140 

S.8to400V 

Swatt 
UZ770SL- UZ7110L 

S.8 to 100V 
600% greater surge 
capability than the 
1 N301 S family. 
Comparable surges 
to SO watt zener. 

10watt 
UZ770S- UZ7110 

S.8 to 100V . 
600% greater surge 
capability than the 
1N301S family. 
Comparable surges 
to SO watts zener. 

Transient Voltage 
Suppressors (TVS) 

1N5S10-1NS613 
min. voltages: 33, 43.7, 
54, 191 
Peak Surge : 1500 watts 
for 1 millisecond 

Mil Approved 
1.5watt 

JAN 1 N44S1 - m4489 
S.8V-100V 

Swatt 
JAN 1 N49S4 - 1 N499S 

S.8 to400V 

• POWER TRANSISTORS 
Power Switching Transistors 

up to 30A 
up to 400V 
as fast as sons turn-on 
plus 200nS turn-off 
packages TO-S, TO-S9, 
T0-111, TO-S1 , TO-S3, 
TO-SS, T0-3 

¢ -line Industrial Darlingtons 
U2T101- U2T1 0S 
U2T201 - U2T20S 

up to 10A 
up to 1sov 
H .. 2000 min at SA 
1.SV max. at SA 

saturation 
2SW at case temp. of 

100°C 
U2T301 - U2T30S 
U2T401 - U2T40S 

up to SA 
to 1SOV 

,, O min@2A 
1.SV max. @ 2A 

saturation 
1 SW at case temp. of 

100 c 
Mil Approved 
JAN & JANTX 2N41 SO 
JAN & JANTX 2N21 S1 
JAN & JANTX 2NSS60 

Series 

• ASSEMBLIES AND 
DOORBELLS® 
High Voltage Stacks 
US & USR Series 

up to 20KV 
Bridges 673, 676, 677, 690-
694, 697-698, 700-701 Series 
1 0, 3 0 

up to 1SKV/leg 
MagnumT.M. bridges 
678-684, 695-696 
1 0 , 3 0 center taps and 
doublers 

up to 600V 
up to 2SA 

Doorbells® 
UGB, UGO, UGG, UGF 

up to 1SKV/module 
up to SA in air 
up to 10A in oil 

UDA-F 
up to 1SKV/module 
up to 2A in air 
up to SA in oil 

lliJJ UN IT:·:·::'~'~:::::·::::·::~:,,::;~~u:: of paying less. 
UNITRODE CORPORATION • 580 PLEASANT ST. • WATERTOWN. MASS. 02172 • TEL. (617) 926-0404 • TWX (710) 327 ·1296 • TELEX 922·414 
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quickly if one of the modules fa il s, 
so that the entire (somewhat 
smaller) memo ry comprises o ne 
contiguous set of addresses- regard
less of where the failure occurs. In 
conventional systems, the total fail
ure of one memory module shuts 
down the whole system · until a 
maintenance engin eer a rrives. He 
may repa ir the module in a few 
minutes or di sconnect it for an over
haul , while the remaining memory 
is reconfigured and reloaded, with 
perhaps an hour or two of down 
time. 

In the System 2000 a failure of 
this nature will alert the opera tor, 
who can flip a switch tha t removes 
the modul e from the system. Ini
tia lly, th e software capability wi ll 
require the entire computer to be re
loaded from a "cold sta rt" after this 
switchout. A modified opera ting sys
tem will become available later to 
reload only those modules tha t orig
inally had higher addresses th an the 
failed unit. A service engineer can 
check out the faulty modul e without 
physically removing it from the sys
tem. 

Just in case. Honeywell doesn't 
expect this reconfiguration capabil
ity to be widely used. " We've de
signed a mean-time-between-fail
ures into these memories tha t's 60% 
to 80% higher that the MTBF nor
mally found in modules of this size 
a nd performance," says Heale. 

A few specia lly des igned high
performance systems have incorpo
rated reconfigurability on the fl y, 
but Heale doubts tha t thi s capabil
ity would ever be useful in a ma
chin e like the 2000. " It costs a lot of 
money," he says, "and it involves 
additional risks and complications 
in both hardware and software that 
don' t occur with manua l reconfigur
ing. Suppose, for example, the soft
ware tha t controls reconfiguration 
happens to be in the module tha t 
fails? You ' re right back where you 
started- with manua l reconfigura
tion. " 

The operating system's use of a 
resident supervisor of only 12,000 
words is a new low, part icularly for 
a medium-scale machine. Every op
erating system includes a super
visor- an irreducible minimum that 
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must a lways remain in the main 
memory, and segments th at the su
pervi so r calls in from a bulk 
memory as and when needed. 

Communications 

Support grows to reopen 

FCC inquiry into AT&T 

Opponents of a Federal Com muni
cations Commission decision to 
drop its inquiry into American Tel e
phone & Telegraph Co. operations 
and prices [Electronics, Jan. 3, p. 44) 
are getting unexpected support from 
the Department of Defense. The 
Pentagon, speaking as the commu
nica tions authority for all of the 
Government's Executive agencies
AT &T's largest sin gle customer
charges, "The public interest de
mands a full and complete investi 
gation o f AT&T's practices .and 
procedures." Without it, says Curtis 
L. Wagner Jr. , chief of the DOD's 
Regulatory Law Office, the Govern
ment's interest as a customer "can
not be fully protected." 

With agencies of the Executive 
branch payi ng $400 million a yea r 
for telephone services, Wagner says, 
the FCC could not " by any stretch of 
the imagination" justify dropping its 
Co mmo n Carrier Bureau exam
ination because it lacked an esti
mated $ 1 million and 50 additional 
personnel required to complete the 
review, the first independent exam
ination of AT&T by a regul atory 
body. 

The law. In the recen tly recon
vened Congress, where the DOD cor
respondence was disclosed, Sen. 
Fred H arris (D ., Okla.) and Rep. 
William F. Ryan (D., N.Y.) intro
duced bills to give the FCC money it 
needs. 

The FCC needs to complete its· ex
amination of how AT&T computes 
the base on which its rate of return 
is based . Harris charged that the 
FCC was "breaking the law" by 
dropping its investigation, since the 
Communications Act of 1934, which 
created the FCC, directs it to give 
preferential and speedy treatm ent to 
requests fo r te lephone rate in-

creases. AT&T ha s rate increase 
requests pending. The Oklahoma 
senator also sa id that if his request 
is rejected, he will petition the FCC 
as a citizen to resume its investi
gation and take the issue through 
the courts. 

Another opponent of the FCC ac
tion, Commissioner Nicholas John
son, declared the ruling shows th e 
regulatory body up as "a leaning 
tower of Jello domina ted by bi g 
business" in its determination of 
U.S. communications policy. John
son's efforts to keep the controversy 
over the December ruling a live be
fore the reconvened Congress pro
duced a long letter by Commission 
Cha irman Dean Burch to key Con
gressional committee chairmen who 
deal with communications . 

Burch, defending the FCC ruling, 
said , " We had to face the rea lity 
that we were simply not prepared 
for a meaningful examination" of 
AT&T, its manufacturing arm, West
ern Electric Co., and their costs. 
FCC's options, declared Burch , in
cluded continuing the second phase 
of the investigation with hearings as 
"window dressing," postponing the 
study until sufficient funds and staff 
were assembled, or relying on "a 
continuing program of surveillance 
to develop the in-depth under
standing we need concerning the 
fundamental aspects of Bell System 
operations and a steady buildup of 
this program." The first phase, an
nounced in 1965 and recently com
pleted, was to determine an accept
a bl e rat e of return for AT&T. 
Johnson sa id he is disturbed by 
Burch's "desire to return to the 'con
tinuous survei ll ance' of the good old 
days." 

Consumer electronics 

Motorola readies move 

into varactor market 

Electronic tuning of television se ts 
has already caught on in Europe, 
with 40% to 50% of all sets using va
ractor tuners. But only 3% to 4% of 
U.S. television se ts now employ va
ractor tuners, and they' re mostly 

Electronics/January 31, 1972 



I 

., 

top-of-the-line models. That's the 
est imate of Erich Gottlieb, market
ing mana ge r for television a nd 
tuners at Motorola's Semiconductor 
Products division, and one of the 
people spurring a strong move to 
make his division a dominant factor 
in varactor tunin g as U .S. set 
makers realize the advantages of 
that technology. 

Two major forces are swinging 
American manufacturers to varactor 
TV tuning: a rea li zat ion that se t 
makers' warranty costs are mount
ing and a Federal Communications 
Commission ruling tha t uhf and vhf 
channel se lection have to be accom
plished with equal ease by July I , 
1974. But there are other reasons 
that Gottlieb is convinced th at the 
tuner is the next major target of 
makers in their move toward solid 
state sets. He is predicting that ha lf 
the se ts in this country wi ll have va
ractor tuning by 1976. 

On the outside. One reason is that 
the electronic tuner- whether the 
body-ca pacitance variety or digital
button selector- can be remotely lo
cated from the set's front panel , giv
ing the manufacturer more styling 
freedom than he has with mechani
cal tuners. Another is tha t varactor 
tuning can be done at de with no 
contacts, which makes for a simple 
tuner that requires little main
tenance. Gottlieb st resses that it's 
difficult to keep the contacts clean 
and make good contact with a me
chanical tuner when ma ny contacts 
are made simultaneously a t vhf and 
uhf frequencies. 

It's th e la tter rea lization that wor
ries U.S. television manufacturers, 
Gottlieb indicates. "The set manu
facturers often look at their bill of 
materials costs," he says, " not in
cluding their warranty costs and 
tooling and assembly costs for me
chanical tuners. But more makers 
are now becoming service- a: nd war
ranty-oriented ." 

Gottlieb says th at M otorola is the 
only major sem iconductor manufac
turer now supplying varactor diodes 
for the TV tuner market. Albert 
Markle , product manager for tun
ing, switching and ho t-carr ie r 
diodes, says the division will turn 
out more than 10 million varacto r 
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What's on the tube tonight? 

TV tube sockets by Cinch. Of Plenco. 
The 12-pin socket holds the Com
pactron tube. The 9-pin nova I socket 
holds other tubes. All are vital to the 
video control circu its in your tele 
vision set. 

With a little help from Plenco, 
Cinch Manufacturing, a division of 
TRW Inc., Elk Grove Village, Ill., 
makes these sockets to provide max
imum fatigue strength and mating 
force with tube pins. Supplies them 
to leading TV manufacturers, to meet 
or surpass EIA standards. 

Uses our Plenco 343 Natural, a 
mica-filled, electrical phenolic mold
ing compound that Cinch engineers 
found to be the most economical in 
this category because of the easy 

moldability and fast cure. Designed 
especially for parts needing very low 
power factor and low electrical 
losses, Plenco 343 also gives excel
lent dimensional stability. 

If you have a molding or product 
problem of your own that you'd like 
to "pin to the mat," think Plenco. 
You'll be in good company. 

PLENCc51 
THERMOSET PLASTICS 

PLASTICS ENGINEERING COMPANY 
Sheboygan, Wisconsin 53081 

Through Plenco resea rch .. . a wid e range of 
ready-made or custom-formulated ph enolic, 
melamine, epoxy and alkyd thermoset 
molding compounds, and industrial resins. 
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While you're ~~ 
reading about our 
new X-band solid-state 
communications amplifiers,· 

• your competitor may 
·;-~ ~u be ordering 
~· · ~. them. 

Hughes Industrial Electronic Products 
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Quick reactions hove never hurt anybody. 

Especially in the microwave amplifier field, 

where 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 

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

programs. 
Superior quality. Low vo ltage power supply. 

Less system down time for your customer. 

A nd very, very inexpensive . 
Right now, we 're delivering our solid-state ADAs 

for l W systems in C, X, and Ku bands. And for 
millimeter-wave systems through V-bond. 

A ll you have ta do is stop reading and write us 

at: Electron Dynamics Division, 3100 W. Lomita Blvd., 

Torrance, CA 90509. 
Or better sti ll, in case your competition has 

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

i HUGHES i 
I I 

L--- - ------- - ------~ 
H UG HE S A IR C RAFT CO MPA NY 

ELECTRON DYNAMICS DIVISION 
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tuning diodes thi s yea r- more than 
a ny other manufacturer. 

The Motorola division makes not 
only the varactor tunin g diodes but 
a lso the tra nsistors and switching 
diodes for tuners. The typica l vhf 
tuner has three transistors, seven 
switching diodes and possib ly an 
automatic-frequency-control diode, 
wh ich Motorola a lso makes. Moto
rola's tuning diodes cover a vhf 
range from 54 to 213 mega hertz and 
a uhf range from 470 to 890 MHz. 

Automated. Bes ides making a ll 
the semiconductor components tha t 
go into a varactor tuner, however, 
Motorola offi cials a re bas ing their 
belief that they' ll capture a huge 
chunk of the market on an auto
mated system that matches the va
ractor diodes. A Control Data Corp. 
1700 computer is a t the heart of the 
sys te m, w hi ch ass ures th a t th e 
diodes are matched to within 1.5% 
of each oth er in capacitance a t a 
given voltage. 

Whereas oth er varactor diode 
suppliers may offer fo ur matched 
diodes in a bag, Motorola is offering 
hundreds or thousa nds. If a lead 
breaks on one, the fo ur-d iode set 
doesn' t have to be di scard ed; there 
a re hundreds more- a ll matched to 
each o ther by computer se lection. 
T hat kind of volume is a lso the key 
to Ma rkle's conviction tha t Moto
rola ca n se ll the di odes a t reason
able prices to trigge r volum e usage. 

Commercial electronics 

Supermarket coding gets 

closer to checkout 

Automated point-o f- sa le contro l of 
supermarket products moved a step 
closer to rea lity this month when 
Distribution Number Bank lnc., 
Washi ngton, D.C. , was signed up by . 
a grocery industry group to begin 
promu lga ting the IO-digit product 
identi fica tion code esta blished last 
summer. 

Th e gro up , U nifo rm G roce ry 
Products Code Council , authori zed 
DN B to begin contacting some 5,000 
manu fact urers, wholesa lers, and re
ta ile rs that make and / or package 
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items sold in supermarkets. These 
companies will be asked to join th e 
council, a membership corpora tion. 
Each member will receive a fi ve
digit identification number and be
gin marking products with its identi
fi ca tion number a nd a second five
digit code- five for source and five 
fo r item. 

Meanwhile, companies manufac
turing coding and reading equip
ment have begun tria ls of tag-read
ing hardware. Two or more new tes t 
sys tems a re expected to be an
nounced soon to join trials being 
conducted by RCA with Kroger and 
Swiss manu facturer Zellweger wi th 
Stop and Shop stores. According to 
management consulta nt M cKinsey 
& Co., there are 13 compa nies po
tentially ready to supply terminals 
and other equipment for super
market automation. 

Their success will depend on the 
sta nda rd machin e-rea da bl e code 
tec hniqu e chose n by th e sup er
marketers at the end of the tri als. 
This selection is not expected until 
March 1973. 

For the record 

Job shopping. Standa rd Kollsman 
Components, a division of Standard 
Kollsman Industries, M elrose Pa rk , 
Ill. , has opened five plants in Mex
ico. In addition to assembling its 
own TV tuners, the firm says it will 
put together anything for anyone. 

Says Kollsman marketing man
ager Jim Marx, " We don't want to 
be dependent on the ups and downs 
of the T V industry. We want to di
versify and become a job shop, as 
well." 

Freer trade. Calling fo r an end to 
the "i mbalance" between Japanese 
and U. S. duti es and res trictions on 
trade that favor Japa n, executives 
from five major American manufac
turers have organized the Electronic 
Industry Comm ittee fo r F air Inter
national Trade. The fo unders a re 
Corning G lass Works, Zenith R adio 
Corp ., the Magnavox Co., GTE Syl
vania Inc., and Stackpole Carbon 
Co. The chairm an is Robert D . 
Murp hy. honora ry cha irm a n of 
Corning internationa l Co. 

Hughes is 
more than 
electronic 

equipment 
anCI systems. 

It's 
components, too. 

• I. 
M ic rowave diodes (RS 220) 

Bipolar and hybr id circuits (RS 22 1) 

and MOS integrated c ircuits (RS 222) 

Electrical connectors (RS 223) 

Flot flex ible cable and circuit a ssemblies 
(RS 224 ) 

Special assemblies (RS 225) 

Direct view ond scan converter storage 
tubes (RS 226) 

For complete informotion, write Bldg. 100, 
Mail S otion C -512, Culver C i ty, CA 90230. 
Or request by Reeder Service (RS) numbers. 

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

1HUGHES1 
I I 

L------------------ J HUGHES AIRCR A FT C OMPAN Y 
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TBE WORLD'S FIRST 
GIRL MINICOMPUTER. 

SUE . 
Here is SUE. The Systems User Engi

neered minicomputer. We have big plans for 
SUE. She's going to break the hearts of com
petitive minicomputer sales types. 

. to semiconductor memory, or a mix of both, 
requires only a card change. Now that's flex
ibility And responsiveness. 

Speed? SUE has a 5-megacycle band
width and inherent direct memory access with 
submicrosecond memories. 

She's flexible, responsive, adaptable and 
nearly ageless . SUE has micro-modularity All 
modules . .. processor cards, memory cards, 
device controller cards, or whatever ... simply 
attach to the Infibus of a 24-card frame. SUE can 
meet your systems needs exactly. You never pay 

The price is equally exciting. A complete 
4 K computer for only $4,295, dropping to less 
than $2,600 a unit for 100. That's neither the 

least nor most expensive version of SUE. 
' For more information on SUE, 

fl::~~--~1~~ ring us up or drop us a line. Call 
for more than you want or have to take 
less than you need. If your sys- \ ..-
tern requirements change, so, ~j '  or write: (213) 722-6810 ... 6201 

E. Randolph St., Los Angeles, 
California 90040 

does SUE. For example, a J!f ~ 
switch from core memory • 

Lockheed Electronics 
Data Products D1vis1on A Subs1d1ary 

of Lockheed Aircraft Corporation 
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New DOD leaders: 

Rush, Schlesinger? 

Satcom terminal for 

Nixon China visit 

to turn on soon 

·Lockheed, Univac 

vie for FAA 

automated radar 
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Top candidate for successor to Secretary of Defense Melvin Laird, following 
his expected resignation later this year, is former Union Carbide chief execu
tive Kenneth Rush. The U.S. ambassador to West Germany, Rush is the Presi
dent's nominee to succeed David Packard as deputy secretary. But that leaves 
the question of who would succeed Rush in the Pentagon's No. 2 slot, if he 
moves up to Laird's job. Sources inside and outside the Administration give 
first 1'ank to tough-minded Atomic Energy Commission Chairman James R. 
Schlesinger. 

The former Rand Corp. director of strategic studies, Schlesinger is "very 
much in the David Packard mold without the rough edges," says one Pentagon 
insider, "and the Administration and Congress liked Packard's way of doing 
things." Schlesinger would very much like the Pentagon slot, say sources at the 
AEC, where he is described as one who "does his homework, has opinions of 
his own, and is forceful in implementing them." 

The first satellite communications between the U.S. and the Peoples Republic 
of China, in preparation for President Nixon's trip next month, will come "be
tween 14 and 48 hours" after the Feb. 1 arrival of the 24-foot transportable 
earth station at Peking Airport, according to Louis Greenbaum of Hughes Air
craft. The 60-channel full-duplexed terminal, now leased to Wes tern Union In
ternational, was put together by Greenbaum. He heads a team of Hughes tech
nicians that will set up the terminal with WUI personnel and "our opposite 
numbers from the Peking Long Distance Administration for Telecommun
ications." 

The station will be hard-wired into the Chinese telephone system at the air
port and sent to the system's uplink with either an Intelsat 3 or Intelsat 4 satel
lite for transmission to Communications Satellite Corp.'s 97-foot antenna at 
Jamesburg, Calif. Color television, voice, and teleprinter signals will be re
transmitted over telephone lines to New York 

The terminal, upgraded from 24 channels since its last use in Iran for cov
erage of the nation's 2,500th anniversary last year, will be transported with a 
virtually complete set of spare parts on a stretched C-130 transport by Saturn 
Airways. While Hughes and WUI officials put down speculation that the ter
minal could be left in China after the visit, Greenbaum said Hughes "would 
be delighted to build one for them if anybody asks." 

Industry observers see the opening of a potential domestic market of $30 mi.I
lion-and up to $400 million in foreign sales- with the expected award by the 
Federal Aviation Administration for an engineering model of an automated ra
dar beacon system for medium- and small-traffic airports. Although designed 
for the smaller U.S. airports that have radar beacons, the automated alphanu
meric system has great appeal abroad, where there are many such airports. 

The FAA soon will begin bargaining with the two contenders- Lockheed 
Electronics and the Univac Defense Systems division of Sperry Rand. It plans 
to announce the winner in March. Lockheed proposes using its MAC-16 
minicomputer with an ITT display for its system. Univac's prototype uses its 
1616 minicomputer with Burroughs data acquisition and Texas Instruments 
displays. Initially, the winning prototype will be operationally tested at 
Wilkes-Barre-Scranton, Pa., airport for six months. If the FAA decides to go 
ahead, it could buy up to about 200 systems over 10 years. 
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Nixon's " initiatives" 

look good for 

electronics . . 

. . . but they revive 

basic questions 

of Federal support 
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Washington Commentary 

"In reaching the moon, we saw what miracles American technology is capable of 
achieving. Now the time has come to move more deliberatelY. toward making full 
use of that technology here on earth, in harnessing the wonders of science to the 
service of man. "- Richard Nixon, State of the Union Address, Jan. 20, 1972. 

When the President formally declared his plans for "a new program of Fed
eral partnership in technological research and development," he was only 
making public what has been an open secret in the capital for months. The Ad
ministration wants to spur new applications of technology throughout Ameri
can industry to enhance its declining competitive stature in world markets 
[Electronics, Sept. 27, 1971 , p. 33]. At the same time, the President expects to 
generate more jobs within the country's hard-hit engineering communities
aerospace and electronics in particular-that will help ensure his reelection in 
November. As one old Government engineering hand puts it : "A happy 
worker is a happy voter- and happy voters don't vote for change." 

What the President is laying before Congress is the New Technology Op
portunities Program that his assistant for technology, William Magruder, for
mer manager of the supersonic transport project, has been putting together. 
Though the Magruder team considered some 400 ideas drawn from virtually 
every Federal agency for NTOP, it has turned aside many so-called "soft sci
ence" projects-in areas such as health care and education concepts. They 
opted instead for projects heavy in hardware-like mass transit-that call for 
high job levels and spending over a comparatively short span. The President's 
stated goal for all of this is "full employment in peacetime with ... more 
imaginative use of America's great capacity for technological advance." 

Yet in moving to guarantee his own job for another four years, the President 
is giving himself more options than the Magruder plan to cope with what is 
clearly a hostile Congress [see budget story on page 75]. He bas called for sig
nificant increases in defense spending, R&D included, as well as in other tech
nology-oriented areas such as law enforcement. Then, too, there is NASA's pro
posed start on the space shuttle-a less controversial program than the SST 
and one that may very well make it through the Congressional maze. 

All in all, the fiscal 1973 Nixon program should restore a semblance of a 
smile to faces of managers and engineers in the electronics community. And, 
at first glance, it has. Nevertheless, there are lingering suspicions that merely 
pouring more Federal money in to prime the technological pump may not be the 
best long term solution-even though that pump badly needs priming. 

"What is the Government doing to us?" asks one Washington-based indus
try executive. Shifting Government spending is unquestionably the quickest 
way to turn industries like electronics around from a wartime to a peacetime 
economy, he concedes. "But even though it comes from a different pocket, it is 
still Federal money. In my book, the best 'initiatives' and the best products are 
the ones that come when you have to spend your own money. I really wonder 
ifthe quickest way is always the best way for us, the country." 

Is there an alternative? A growing number of industrial leaders and legisla
tors say there is. They see distinct advantages in finding new incentives-such 
as accelerated tax credits for independent R&D investment-as a step toward 
restoring management that is independent of government. Cynical students of 
economics and government say there is not, that questions of direct Federal 
support for technology were resolved 25 years ago. Yet industry leaders, cha
grined at the increasing number of Federally sponsored technological efforts 
marred by escalating prices and poor performance, are asking these questions 
again. - Ray Connolly . 
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of the semiconductor 
memory systems bui t 

and operating today use the 
/\MS 6002 MOS RNv\. 

The AMS 6002 MOS RAM has already established more than 
16 million hours of field performance in more than 

40 installations. Six months after its introduction, the 6002 is still the 
fastest 1024-bit RAM available with 150 nanosecond access and 

250 nanosecond cycle times. It is the only MOS RAM that utilizes 
field-proven P-channel processing and a ceramic package. 

That's why most of the systems out there today use the 6002. 
Shouldn 't you? 

Advanced Memory Systems, 1276 Hammerwood Avenue, Sunnyvale, Ca94086 (408) 734-4330 

Powell / Ph1ladelph1a 
S. Island Road / Box 8765 
Philadelphia . Pa . 19101 
(215) 724-1900 

Poweli / Wash1ngton 
10728 Hanna Street 
Beltsville . Md. 20705 
(301) 474·1030 

Powell / Huntsville 
Box 488. Fayetteville 
Tenn . 37334 
(615) 433-5737 

Powell / Florida 
2049 W. Central Blvd. 
Orlando. Fla. 32814 
(305) 423-8586 

Powell / California 
411 Fairchild Dr./ Box 997 
Mountain View. Ca. 94040 
(415) 964-0820 

Powell / California 
Sou thern California 
(213) 988-3330 
(213) 873-6431 

Apollo Electronics, Inc. 
101 Binney Street 
Cambridge, Mass. 02115 
(617) 868-3120 
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New 7800 family: first with complete voltage regulation on a single chip. 

Now you can virtually forget about your VR design problems and get on 
~ with the rest of your system. Our new 7800 series is the first high quality, 

sophisticated, versatile, yet simple way of regulating voltage. At a price low 
enough to inventory in quantity, so you can use them as you need them. 

,,, Here's why: . ('Ji 
,. 

Simple to use: Complete and 
self-contained-one chip in 

' one plastic package. Connect 
~ 3 terminals, bolt in place and 

,... add the normal line decoupling 5v 6v 8v 12v 15v 18v 24v 

capacitor. Requires no other external components. You get optimum 
performance with no calculations. 

~ Superior Performance: Output voltage tolerance better than + 5%; line 
regulation of 0.01 %/volt; output impedance of 0.0311. Output current rated 
at 1 Amp (usable to 1.5 Amps depending on input voltage and heat sinking 
considerations). 
Self-Protecting: Internal current limiting, thermal shut-down and safe area 
compensation protect device and circuit from current, power, temperature 
fluctuations. Resets automatically. 
Versatile & Compact: Use locally ... at the power source, on a remote chassis, 
on PC cards, wherever is most convenient and efficient. Compact; you can 
miniaturize your design. Result: simpler, smaller, cheaper, easier-to-use 
power supply and circuitry. 
Low Cost: 1-24@$2.20. 25-99@$2.00. 100-999@$1.75! (About 1/2 the cost 
of the elements required in a commonly accepted voltage regulator-and 
virtually no design cost.) 

,~ Available: In quantity, from distributor or factory stock. T0-220 package 
now; T0-3 in first quarter of 1972. There are 7 versions (last 2 digits indicate 
voltage) :7805, 7806, 7808,7812,7815, 7818, 7824. 

Write for Data Sheets and 
application information. 

FAIRCHILD SEMICONDUCTOR, A Division of Fairchild Camera & Instrument Corp., 464 Ellis St., Mountain View, Ca. 94040. ( 415) 962-501 1. TWX: 910-379-6-135 
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NOW YOUR MOS/LSI 
BUILDING BLOCKS 

CAN LAST 
FOBW 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 equipment. 

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 
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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. 
( - ' 

( 0 • Q~ Mastery of MOS/ -

I 
D Q LSI design and of 
• 0 Q high-volume produc

tion has enabled us 
lllllfUlllllllllllllllll 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 

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~ le ss, 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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Technical articles _____ _ 

Using monolithic crystal filters in communications systems: p. 48 

The big advantage of going to monol ithi c crystal filters is that they can cover band
widths as broad as several tenths of a percent without the use of inductors. Whi le 
many monolithic filters are still made to custom order , standard models are now 
available , which reduces cost. If costs come down even more, their use at inter
mediate frequencies of 30 MHz and above can be expected. 

The cover : Mobile commun icat ions systems are becoming even more mobile with 
monolithic crystal filters , like the 10.7-MHz unit from Piezo Technology, Inc. 

Rotating rings may run circles around other displays: p. 52 

There 's yet another entry in the information display sweepstakes Its single moving 
part-a rotating ring-makes it far simpler than most electromechanical displays, 
and a series of rings can be ganged together for multichannel displays. It is adapt
able to both digital and analog outputs. And its pulsed drive consumes power only 
while the ring is actually moving . Given the same mechanical tolerances as in me
chan ical watches, say , power consumption would be only one-tenth that of today's 
electronic watches. 

3-d interconnection scheme puts devices inside the wiring: p. 62 

There 's been such progress in cutting the costs of ICs that, on a per-terminal basis, 
it costs more to interconnect them than to make them . One answer is to up compo
nent density with a three-dimensional wir ing system. And one answer to the limits 
of standard 3-d approaches is to use in terconnection wafers , which allow devices 
to be placed inside a multilevel wiring stack , not just on the surfaces of the layers. 
A bon us is flexi bility; the stack can be taken apart and rearranged. 

P/ MOS and liquid crystals team up for digital clocks: p. 66 

It seems like a natural. Metal oxide semiconducto r integrated ci rcuits promise to be 
a low cost replacement for electromechanical clockworks. Liquid crystals look 
good as a quiet , solid state di splay. But there are still a lot of problems in putting 
them together into a challenger to the proven digital alarm clocks . But a team from 
American Micro-systems Inc. has built one to show that such an alarm clock is a 
cost-effecti ve competitor. 

How to approximate a true log output at high frequencies: p. 70 

When a circuit design analysis call s for displaying signals over a very wide dynamic 
range, some form of compression has to be used to show even a portion of the 
range. Converting the signal to a logarithmic function of the signal is the common 
approach. Even th e most sophisti cated of the standard compression met hods
successive limit ing-has drawbacks. A new approxi mation route , says author 
Doug las Cliff ord, el iminates in terstage phase shift by using twi n-gate ampl ifier 
blocks to build the log curve from a seri es of straight lines. 

And in the next issue . .. 

Optoelectronics where it 's going . . bi polar technology steps ahead . dou-
bling op amp summi ng power. . simpl ified trans istor testing . 
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Communications systems benefit 
from monolithic crystal filters 
Bandwidths to several tenths of a percent at frequencies above 5 MHz 
are achieved without inductors, providing lower cost , smaller size , 
and performance advantages over discrete-element crystal filters 

by Robert C . Smythe ,Piezo Technology Inc .. Orlando, Fla. 

D At firs t limited to rep lacing conventi onal discrete-e le
ment crystal fi lters in ex isting equipm ent des ign, the 
monolithic crystal fi lter is now fi nding a ppli ca ti ons in a 
new generation of so li d-sta te co mmuni ca ti ons systems, 
where its lower cos t, sma ll er size, and performance ad
va ntages can be full y rea li zed. Typ ica l eq uipm ent using 
monolithic fi lt ers are hand-held ve ry hi gh frequency 
and ult ra high freque ncy two-way rad ios, pag ing rece iv
ers, a nd land and marin e mob ile radios. 

Telephone-frequency multiplex equipm ent , whi ch fo r 
ma ny years has used crys ta l fi lt ers in the 60- 108-
kilohert z ra nge, is beginning to be replaced by a n 8-
mega hertz system usin g monolithic crystal chann el fi l
ters. Also, vhf monolith ic crys ta l fi lters are be in g used in 
hf rece ive rs th a t use front-end up-conversion. 

In th e past, conven ti onal crys ta l fi lters have been, 
with few exceptions, cus tom made. Whil e ma ny mono
lithi c crystal fi lters are be ing made to custom specifica 
tio ns. th e use of sta ndard models is becoming increas
ingly common to red uce cost. For na rrowband fre 
quency mod ul ation app li ca ti ons, a la rge va ri ety of 
sta nd ard models are ava il ab le a t 10.7 MHz a nd 2 1.4 
MH Z. T here is a lso considerable mark et interest in ye t 
higher int erm edi ate fre quenc ies fo r th ese applica tions. 
If current cos ts can be brought down , int erm edi ate fre
qu encies of 30 MHz and above a re ex pected to come 
into use. Ta ble 1 co mpa res parameters of monolithic 
and d isc rete element crys tal fi lte rs. 

No inductors required 

T he ma in advan tage of monolithic crys tal fi lt ers is 
tha t th ey ca n ach ieve bandwid ths as broa d as several 
tenth s of a percent without the use of in d uctors. A few 

I 
~----+----10 

1. The old way. The conventional crystal filter section comprises 

one or more half-lattice sections coupled by a balanced transformer. 
The design requires bulky circuit elements , which increase costs . 
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AT· CUT QUARTZ WAFER 

2. Building blocks. In its simplest fo rm, the monolithic crystal filter 

consists of an input and an output resonator, each formed by a pa ir 

of thin-film elec trodes deposited on opposite sides of a piezoele ~tr ic 

wafer. Rectangular electrodes are shown , but ci rcular and semi

circu lar electrodes also may be used. Often, the electrodes on the 
grounded side of the plate are electrically joined . 

ve ry narrow bandwid th conventional crystal fi lte rs are 
made without coils. But a typica l discrete resonator 
crysta l fi lter consists of one or more half-la ttice sections 
using ba lanced transfor mers (Fig. 1 ). 

It has been known for many years that by dividing 
th e .electrodes of a th ick ness-shear-mode crysta l resona
tor into two electrod e pairs, it is possible to fo rm a two
pole ba ndpass fil ter. Unfortunate ly, since the device wa s 
not well understood , it was seldom used. Then about 
1965, Sykesl.2 and his co-workers at Bell Telephone 
La bora tories and Onoe3-'1 and his colleagues in Japan 
ind ependently recognized that th e divided-electrode fil
ter was bas ica ll y two acousti ca ll y coupled resonators. 
The recognition of this acoustic coupling mechanism led 
to th e developm ent of multi resona tor monolithic struc
tures. Multiresonator fil ters wi th as many as eight elec
trode pa irs on a single substrate have since undergone 
intensive development a t freq uencies from be low 5 MHz 
to above 350 MHz. 

In it s simplest form , the monolithic crys ta l fi lter com
prises a n inpu t and a n out pu t resonator- each fo rmed 
by a pair of thin film electrodes depos ited on opposite 
sid es of a piezoe lectric pl a te- usually an AT-cut qu a rtz 
wafer (Fi g. 2). Th e electrod es are typica ll y thin films of 
aluminum, sil ve r, or gold , deposited with carefully con
tro lled th ickness. Additional electrode pairs are often 
added to the sam e quartz substrate to obtai n grea ter se
lectivity, but practica l fa bricating techniqu es now limit 
th e number of reson ators to a bout fo ur. 
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RESONANT 
REGIONS 

3. LC equivalent. The approximate equivalent circuit for a two-re-

,, sonator monolithic crystal filter divides series capacitance and in

ductance between the input and output network loops. The thick

ness of the piezoelectric material is n,\ / 2, where,\ is the operating 

wavelength and n is an odd integer. Cg. the gap capacitance be

tween leads, often limits stop-band attenuation. 

Th e two-resonator monolithi c crystal fi lte r shown in 
Fi g. 2 can be considered the acoustic a nalog of a para l
le l-plate waveguide with a cutoff frequ ency inverse ly 
proportiona l to its thickness. Regions of lower cutoff 
freque ncy are fo rmed between electrodes on each side 
o f the wafer. 

Basic operation 

By properl y dimensioning th e sur face area of the 
electrodes, a sing le resona nt fre quency ca n be pro
duced . Two resona tors p laced close toge ther will be 
aco ustica ll y coup led . Input and output electro-acousti
ca l transducer action is provided by piezoe lectric effects. 

An a pprox imate equivalent circuit of the two-resona
to r structure (Fig. 3) shows the monolithic fi lter in the 
mo re conventiona l lumped-consta nt fo rm . The inter-

resona to r coupling is re prese nted by inducta nce k L1, 

whereas L 1 and C 1 determine th e fund a me nta l ope r
ating frequ ency of the fi lter. A sta ti c paras itic capaci
ta nce, C0 exis ts between the top a nd bottom electrode 
of each resonato r. 

When poss ible, the monolithic crys ta l fi lt er is ope r
a ted at its fund a me ntal resonant frequ e ncy, whic h is de
te rmined by the thickness of th e wafe r. To excite the 
fund a mental frequency, the wafe r thi ckn ess is a pproxi
ma tely one-h a lf of the acousti c wave length . A qu a rtz 
crysta l has a prac ti ca l limit of a bout 35 MH z. To opera te 
above thi s frequ ency, th e wa fer thickn ess is adjusted to 
th e proper number of odd ha lf-wave length s to resona te 
a t the desired ove rtone frequency. 

Pa rasitic ca pacita nce limits th e maximum rea liza ble 
filt er bandwidth. The input-to-output ca pacita nce, Cl': , 
which exi sts between electrodes of adjace nt resona to rs, 
o fte n limits th e stop-ba nd a tt enua ti on. 

As more resona tors are added to th e mono lithic struc
ture, the equi va le nt circuit is ex pa nd ed in to a ladde r 

Cg 

(a) 

L1 c; L, c, L, c, L, c; 

r 
Co 

r 
L34 

J_ 
(b ) 

4. Tandem monolilhics . Two two-pole units connected in ta ndem 

yield a four-pole response while reducing manufacturing problems 

to those of a two-resonator device . c" is the capaci tance beiween 

the common line connecting the two-pole units and ground . 

MONOLITHIC CRYSTAL FILTERS COMPARED WITH CONVENTIONAL DISCRETE ELEMENT TYPES 

Number of Maximum Center Number of Major Production cost 
Configurat ion 

Resonators I nductorless Frequency Electrical Components Per Resonator 
Bandwidthl (M Hz) 4 -Pole 8 -Pole ($) 

Monolithic 
Single-Section 2 - 4 NI A 5 - 350 1 N/ A 1 - 10 
Two-Sect ion (Acoustically 
isolated on same wafer) 4 0.4% 20 - 90 1 N/ A 3-6 

Tandem Monoli th ic 4 - 10 2- 0.3% 2 5 - 175 2 - 3 4 - 7 1.25+ 

Discrete-Element 
Tandem Half-Latt ice (Fig. 1) 1 - 12 3 Inductors 0.01 - 175 6 - 9 12 - 18 1.50+ 

required 

Crystal-Capacitor Ladder 1 - 12 0.05- 0.1% 2 - 35 8 Typical 16 Typical 1.50+ 

Notes : 1 . 3dB bandwidth expressed as a percentage of center frequency , App li es to fundamental -mode f ilters only . Inductive terminations may be required in some instances. 
2. Based on individually packaged monol it hic sections. 

3. Some high-performance single-sideband filters use as many as 30 resonators . 
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5. Getting smaller. The eight-pole , 10.7-MH z disc rete-element fil ter 

(top , both with and without cover) now can be re placed by smaller 
monol1th1 c filters . The fou r two-pol e sections (bottom right) are pack

aged in two conf igurations (bottom left and bottom center) to give 
th e equ ivalent eight-pole response. 

network. This multiresonator monolithic filter, while 
elegant in concept. has its share of manufacturing and 
ca lib ration problems. For example, shaping the band
pass of an n-resonator device requires 2n - I para meters 
(n resonator frequencies a nd n - I co uplin g 
coefficients). Meeting this requirement, a lthough rela
tively stra ight forward for n = 2, becomes more difficult 
as th e number of resonators increases. One way to 
ach ieve greater selec ti vity without th e ca lib ra tion prob
lems inh ere nt wi th multiresonato r wafers is to connect 
two or more monolithic devices in tande m (Fig. 4) . 

The ta ndem monolithic configura tion has ano ther ad
vantage: it enhances the stop-band attenu ation hy min
imizing the affect of unwanted modes . In addition to the 
desired acoustic path directly a long the resonator a rray 
in a multiple-resonator filter. th ere ex ists a number of 
ind i reel paths from input to output, producing spurious 
responses and degrading the stop-ba nd performance of 
the filter. 

In a tandem fi lt er. the sp urious responses of the dif
ferent monolithic sections may be made to occ ur at dif
ferent frequencies and may be th ereby la rge ly at
tenuated . Moreover, elec trostat ic shi elding between in 
put and output can be increased grea tl y over th at of a 
monolithic device. Genera ll y, each monolithic filter sec
ti on is packaged in its own holder- usually a modi
ficati on of a standard crys ta l can (Fig. 5) . 

Yet another configuration offers the bes t of bot h 
worlds . The four-resonator two-section monolithic fi lter 
combines the lower cost and sma ll er size of monolith ic 
filters with the performance advantages of sectionaliza
tion. 

The filter consists of two two-resonator sections con 
nected in tandem on a single plate. The firs t and second 
resonators are acoustical Iy cou pied: the second and 
third are acoustically isolated , but electrica ll y coupl ed : 
and the third and fourth are again acoustica ll y coup led. 
The a ttcnua ti on and se lectivi ty of a 75-M Hz third-over
to ne filter in the two-section , four-reso nator configura
ti on. arc shown in Fig. 6. 

Both minimum and maximum bandwidths ca n be 
ca lculated read ily for monolithic c rysta l fi lte rs. The 
minimum bandwidth is determined primarily by Q li m
itations. Norma lized to cen ter frequency , minimum 
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Specifying monolithics 

To keep costs down , it is imperative not to over
spec ify filter requirements . However , certain minimum 
standards must be set . The following steps shou ld 
help formulate practical parameters. 
• Selectivity. Typical ly, the passband is determined 
by the signal information bandwidth , plus system fre
quency uncertain ties . The stop-band boundaries de
pend on the frequency and strength of unwanted sig
nal s (e.g ., adjacent and al ternate chan nel signals); 
double-sided boundaries should be avoided . 
• Center frequency. In addition to such usual system 
considerations as image rejection , the inductorless 
bandwidth limitations should be kept in mind A good 
rule of thumb when using an inductorless filter in the 
5-35-MHz range is that the 6-dB bandwidth should be 
less than 0.3% of center frequency. 
• Special requirements. Define any potentiall y cri tical 
requirements. For example, if unusually high or low 
power levels are expected, be sure to require that the 
other parameters be tested at these power levels. 
• Terminating impedances. If possible, specify the fil
ter 's natural impedance as the terminating imped
ance. External matching usual ly costs less than bui ld
ing matching networks into the filter. Typically , the 
natural terminating impedance is : 

Z = RN3 (BW / f0 )2Q , 
where R is 1,000 to 2,000 , N is the overtone order , 
BW is the 3-dB bandwidth in kHz, and 10 is the center 
frequency in MHz. 
• Packaging . State general requirements , but avoid 
custom-designed packages , if possible. Keep the 
number of dimensional tolerances to a minimum . 
• Environment. State the operati ng and non-oper
ating envi ronmental requirements . 

For an example , consider a monol ith ic crystal filter 
that will be used in the 11 .5-MHz i-f strips of land mo
bile narrow-band Im receive rs. These receivers oper
ate in the 140-170-MHz band wi th 30-kHz channel 
spacings . A specification for thi s filter might be: 

Nominal center frequency , f0 11 .5 MHz 
Attenuation boundaries 

Passband (10 ± 7 kHz) 
Stopband beyond f0 ±25 kHz 

From I" ±60 kHz to 10 ±5 MHz 
Insertion flat loss 

6 dB max 
80 dB min 

100 dB min 
4 dB max 
2 dB max Passband ripple 

Terminating impedance 
(natural filter impedance) 

Operating temperature 
3kQ ±10% 

-30°C to + 80°C 

ba ndwidth may be expressed a pprox imate ly as: 

BW111111 6n 
--r;- QL 

where f0 is the center opera ting frequency, n is th e num
ber of resona tors with quality fac tor Q, and Lis the in
sertion flat loss (minimum va lue of insertion loss over 
th e passband) of the fi lt er in decibels. For monolithic 
fi lters, Qs from 25 ,000 to 100,000 a re ty pical over a 
fai rly wide range of frequencies. The intrinsic Q of 
quart z ( 1. 6 X I 07 divided by the operating frequency 
measured in MHz) is a pproached on ly in very special 
cases. 
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The m aximum band wid th obta ina bl e in a monolithic 
crys ta l filte r is l imited by severa l barriers. For pure re
sisti ve termin a ti ons, the approxima te norma li zed max 
imum bandwi dth lim it is: 

B~~nax - 0.0035 / N 2 

w here N is the overtone o rder. Parasit ic ca pacitance (in-
;. eluding case ca pacitance) must be ca refu lly cont rolled , 

however, if this limit is to be approached. 

''· 

• 

Inducti ve te rmin ations can increase the filter's band 
width by tuning o ut sta tic ca pacita nce. Th e use of thi s 
method ca n o ften d oubl e ba ndwidth to abou t 0 .7% o f 
th e ce nte r freque ncy wh en opera ting in the fu nda men
ta l mode . 

For wider bandwidths, it is necessary to use the te rmi
na ting inducta nces as resona tors. T his wideba nd des ign 
is of limited usefulness in the fund am enta l freq uency 
mode, where the d es ign can ac hieve bandwid ths from 
about 0 .8% to 2.5% of cente r fre quency. 

For ta ndem monoli thics, a second lim ita tion is im
posed by j unction ca pacitance- resona tor sta tic capaci 
ta nce plus case and stray capacita nce a t each junction 
betwee n mo no lithi c sectio ns. Th e max imum inductor
less ba ndwidth fo r typi ca l valu es of stra y capaci tance 
a re plo tted in Fig. 7. In th e a bsence of paras itics, band
width is limited to 0.0051 f0 / N2 , about one a nd a half 
times the limit fo r no n-inductive te rminations. 

Because the maximum inductorless ba ndwidth (ne
glec ting stray capaci ta nce) varies inverse ly as the square 
o f the ove rtone order, whil e the term in a ting impedance 
varies directly as its cu be, intense efforts have been 
a imed a t achieving a very high funda menta l frequ ency. 

T he funda menta l frequ ency limi t fo r AT-cut qu artz 
p la tes has increased grad ually from a few mega hertz 
befo re World Wa r II to about 35 MHz today. A funda
me nta l frequ e ncy of 35 MHz corresponds to a wafer 
thi ckness of abo ut 0.00 18 inch. Since only odd-order 
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6 . Four-pole response. Selectivity curve depicts a four-resonator 

monolithic fi lter that operates at the third ove rtone of the crystal's 

natural resonant frequency. Center frequency is 75 MHz, ripple is 

0.7 dB , and the minimum insertion loss over the passband is 2.6 dB. 
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7. Bandwidth limit. Design curves illustrate the bandwidth reducing 

effect for typical values of parasitic capacitances in a filter operating 

at the fundamental frequency. For overtone filters . the frequency 

axis must be divided by the overtone order, and the bandwidth must 

be multiplied by the overtone order. 

ove rto nes can be used, a 50-MHz fi lter. for example. 
wo uld be fa brica ted fro m a third -overtone wafe r. For 
thi s fi lter , th e m ax im um ind uc torless bandwid th . ne
glec ting strays, would be one-n in th the fundame nt a l 
mode va lue, w hile the terminat ing impedance wou ld be 
increased . 

A look to the future 

There is considerab le interest in deve loping com pac t, 
economi ca l, ta nde m mo nolith ic packages in w hi ch two 
or more mo no lithic un its may be mou nted an d herm et
ica lly sea led , instea d of being mo unted a nd sea led in in 
dividu a l ho ld ers a nd then assembled in an o u te r case. 
Thi s techni q ue would a lso provide a n attrac ti ve mea ns 
o f increas ing maxi mu m inductor less bandwid th by re
ducin g paras itic ca paci tances. 

Furth e r refi ne men t of lapping and po li shing tec h
niq ues will con tinue to ra ise the maxi m um usab le fre
quency fo r mo no lithic devices. It does not seem lik e ly, 
however, tha t a b reak th roug h wi ll be ac hieved by ex
tension of presen t tec hniq ues. Wafer th ickness reduc
ti o n by ion e tchi ng o r by processes combining chemica l 
etching with mecha nical po li shing offer fut ure tec h
no logica l adva nces. Also, the use of piezoe lectric mate
ri a l o the r th an qu a rt z may prove feasib le in future li lter 
des igns. These ma teri a ls inc lu de lithium tan ta la tc. lit h
ium nioba te, a nd bismu th germ anium oxide. 
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Rotating ring display offers 
new face for instruments 
Indicator driven by pulsed electromagnetic force promises economical 
analog or digital display with single moving rin g for each channel , 
providing ruggedness and long life with minimum power requirements 

by H. G. Dill , A. M. Leupp, A. T. Robinson, T. N. Toombs, and R. F. Zurcher,RotatingRingDisp/aySystems, Costa Mesa, Calif. 

D A minia ture battery can m ake tim e go arou nd in 
concentric circles for a t leas t a year with a new 
wristwatch display. E lectromagnetically driven rings 
show ho urs, minutes, seconds, a nd the date . The displ ay 
o ffe rs a n a ttractive alte rn ati ve to gea r-driven displays 
with their large numbers of moving parts, light-emitting 
diodes with their hi g h power consumptio n, and liquid 
crys ta l disp lays with the ir limited li fet imes. 

The rotating ring display sys tem ( RRD S) provides a 
clearly visible multicha nn e l ana log or di gital display of 
a la rge variety of informa tio n. Th e RRDS can display 
digita l da ta directly in an a na log fashio n- without elec
troni c dig ital-to-an alog conversion. 

This RRDS seems espec ia ll y adaptable for wrist
watches a nd multichann el instrument displays, partic
ula rly where clusters of va ri ed in formation must be ob
served and monitored quickly. The syste m's pulsed 
elec tromagnetic drive consu mes power o nly while the 
displ ay ring- the only mov ing pa rt- is rota ting. And , 
because the ring is a lso sea led, it has inherent long life 
a nd immunity to ambie nt disturbances. Mo reove r, the 
disp lay has hi gh shock resistance and , because there is 
no need fo r critica l a li gnm ent , it is quite inexpensive to 
build in la rge qua ntities. 

The technology of fabricating today's watches is 
directly a pplicable to th e rotating ring di splay, which 
ca n be driven by a n inexpensive integ rated circuit tha t 
needs no additio na l multiplex ing or complex decodin g. 
The entire display sys te m operates from a sm al l 1.2-volt 
ba tte ry. l f th e sa me mechanical to lera nces used in me
cha nical watches were a ppli ed to the RRDS, power con
sumptio n of the entire system could be as low as I 
microwa tt- a bo ut o ne-te nth the powe r consumed by to
day's e lec tronic timepieces. 

Th e low power de ma nd wo uld permit battery size to 
be reduced considerably, a nd still power the RRDS for at 
leas t a yea r. A qua rt z osc illa tor a nd countdown system 
would limit error to within one second a month. 

Only one moving part 

The basic id ea of th e rota ting ring di spl ay sys tem is 
th a t a ring unsuppo rted by a ce nte r bearing ca n be ro
ta ted in e ither direc ti on by supplying a set of e lectrical 
pulses to an elec trom ag netic dri ve sys tem . Dig ita l infor
mati o n ca n be di splayed th roug h a window ; a nalog in
formation ca n be shown by a moving band or a pointe r 
o n th e band. Th e e lectro nic circuitry necessa ry to su p-

52 

ply th ese driving pulses can be integrated on a small 
chip that uses either bipolar or complementary MOS 

technology and fits easily into a ny small package , a long 
with the display mechanism. 

A lthough several clocking methods a re possibl e, the 
three-phase drive a ppea rs to be the least expensive way 
to provide motion in either direction , as we ll as good 
sta bility. The number of phases in the drive system is 
not restricted to three, but may be two, four, or mo re. 
However, a two-phase system has no provision for re
verse stepping and is inefficient. Systems with fo ur or 
more phases become very complex. 

Moving magnets 

A basic rotating ring three-phase system that uses in
direct drive is shown in Fig. !. The ring contains equa lly 
spaced magnetic a nd no nm agnetic a reas, ca ll ed ring 
poles. The ring funct ions as a rotor, revolving concen
trically between the elements of a corresponding stator 
th a t is divided into three equ a l phases, each having the 
same number of sta tor po les. 

0 · RESET SENSOR 

POSITION MARK 
(NON MAGNETIC) 

PERMANENT MAGN ET 
Ill 

1. Asymmetric three-phase drive. Rotating ring of equally spaced 
magnetic and nonmagnetic areas is held at rest by permanent mag

nets, but moves a step when stator coil is energized. 
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~'GP~\n 

'IJ-lJlJ' 
PULSE SEQUENCE FOR THE 

1-RING DRIVE 

PHASE I 

PHASE II 

PHASE Ill 

/~~ASE I PHASE 11 PHASE 111 c PERMANENT MAGNET 

1 I 2 I 3 1 I 2 I 3 
STEPS STEPS 

~i/ 
REST POSITIONS 

(a) 3 - STEP DRIVE FOR 1 RING (b) 3-STEP DRIVE FOR 3 RINGS 

2. One, two, three. Three-step drive for a single-r ing display (a) uses simple pulse sequence to drive the stator phases so that the ring is 

stepped from one rest position to the next. Adding two drive coils al lows the three-step configuration (b) to handle three rings . 

Each stator phase has its own magneti c circuit with a 
permanent magnet a nd a coil. In the a rrangemen t of 
Fig. 1, the stator poles o f phase 11 a re a ligned with the 
ring poles. The stator poles of phase r and 111 overlap the 
ring poles by one-third, but on o ppos ite sides. The ring 
consumes no power while it is stabilized in this rest pos i
tion by the permanent magnets. What does consume 
power is moving the ring to th e next position . Ring 
movement is initi ated by app lying an electrica l pulse to 
the coils of phases II a nd lll , thus corn pensating, or can
celling, the magnetic flux of the permanent magnet in 
these circuits. As a result , stator phase I exerts a force 
that a ligns the ring poles with the sta tor poles. 

The ring then rotates cou nterclockwi se one step, 
which is two-thirds the length of a ring po le . Simil arl y, 
the ring can be stepped farther by addressing each of 
the three coils with a suitable pulse train . Clockwise ro
tation is achieved simply by changing the seq uence of 
the pulses. After each step, the display remains stable, 
thus consuming no power. 

The pos ition of the ring can be monitored by a mag
netic or capacitance detector that senses a position mark 
on the ring. This a llows the ring to be reset to its zero 
pos itio n, if des ired . The magnetic detector (rese t sensor 
in Fig. 1) comprises a sta tor pole a nd sensing coil. The 
absence o f a magnetic pol e on th e ring is used as a posi
tio n ma rk. Since the number of ring poles is quite large, 
the absence of one pole does not reduce the driving 
force signifi ca ntl y. 

The 3-step drive 

In contrast to the indirect drive , a direct drive without 
permanent magnets is also possible. For this opera tion, 
the ring is he ld in the stab le rest position by fricti on or 
by keeping o ne phase act ivated . But neither o f these sit
uations is very sa ti sfac tory. The first provides no insur
a nce aga inst acciden tal ring displacement, and th e sec
ond increases cons id erab ly the power require ment. 

On the oth er ha nd , a combination o f direct and indi
rect drive that uses the three-step-drive approach is 
shown in Fig . 2. Onl y one perman ent magnet is re
q uired fo r this drive , instead of three. As the name ind i-
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HORIZONTAL DRIVE 

PERMANE NT 
MAGNET 

RI NG (ROTOR) 

VERT ICAL DRIVE 

3. Practical examples. Of two types of asymmetric ring drives, the 

horizontal is of simpler construction , however its top stator poles 

considerably reduce visibility. This problem can be averted with the 

sl ightly more complex vertical-drive construction. 

cates, th e rin g moves fro m one res t pos iti on to th e nex t 
in three consecutive steps. Th e first step is initi a ted by 
compensa ting th e flux of the perman ent magne t 1n 
ph ase I a nd , at th e sa me tim e. activa ting th e co il 111 
ph ase II . 

The second step fo ll ows imm edi a tely. At th e end o f 
the first step, ph ase II is deacti va ted , a nd ph ase 111 is 
en ergize d while the flu x o f th e perma nent magne t o f 
ph ase I re ma in s compe nsa ted . Th e third ste p requires 
no ex tern a l pulses. The pe rm anen t mag net. w hic h is no 
lo nge r compensa ted , moves th e nex t magne ti c po le o n 
th e ring into a li gnm ent with th e sta to r of phase 1. Sin ce 
th e dri ving pul ses a re ve ry sho rt- 2 to 5 milli second s
and th e three ste ps fo ll ow in ra pid success io n. th e com
ple te sequ ence ap pea rs as one big step. 

Th e necessa ry elect ro ni c circuit ry to dri ve the three
step dri ve is re la ti ve ly simpl e. T he e lectri ca l d ri ve pulses 
ca n be genera ted by a log ic circuit composed o l' two 
mo nos ta bl e !lip-flo ps. three o ut p ut dri ve rs a nd a n O R 
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ga te. The pulse sequence eas ily ca n be tri gge red from 
th e countdown seg me nt of th e timin g circuit. 

The many adva ntages o f th e three-ste p dri ve become 
mo re a ppa re nt with th e multirin g di spl ay . One of the 
big plu ses is that fewer co il s a nd pe rm a nent mag nets 
are needed. A three-rin g di splay. fo r exa mple. req uires 
o n ly o ne perma ne nt mag ne t a nd fi ve stato r coils- much 
less expensive th a n th e in d irec t drive, which needs nin e 
o r eac h. In addition , th e drive powe r is ke pt very low 
with th e simpl e pu lse sequ e nce used . And th e low de
ma gne ti za ti o n of th e pe rma ne nt m ag net a llows a wide 
ch o ice o f materials. 

A ty pica l three-rin g di s play is a lso shown in Fig. 2. 
Only one drive coi l is used fo r ph ase II a nd one drive 
coi l fo r pha se 111. Each of th ese co il s is common to a ll 
three rings. Ph ase L however. uses three coils which a re 
en e rg ized separatel y to se lect th e desired rin g. For ex
a mple, to selec t ring A, th e flu x from coi l IA compen
sa tes th e flux of th e perm a ne nt magne t in th e air ga p IA, 

b ut e nhances th e flux in th e o th e r two air ga ps. IB and 
IC. Th is, o r course, ass um es th a t th e reluctance of the 
perm a ne nt magne t is mu ch hi ghe r tha n th a t of a n ai r 
ga p. Therefore, th e dem ag ne tiza tion of the permane nt 

magne t ca used by th e compe nsa tin g field is ve ry sma ll. 
A two-p hase ve rsion of th e three-step drive al so ca n 

be rea lized. but would provide onl y unidirectional ring 
ro ta ti on . For thi s case, a th ree- rin g display wou ld s till 
require one perm a nent m ag net, but o nly four co il s. It s 
opera ti on, however, wo uld consume m ore power. 

Different construction techniques 

Two practica l examples of ro ta ting ring asse mblies 
are d eta iled in Fig. 3 . Th e ho ri zonta l dri ve configu ra
ti o n is the simplest to construct. but the top sta to r po les 
limit v isibility of the ring surface. However. as the num 
ber of stato r po les in creases, th e size of each decreases. 
a nd their m as kin g effec t is much less no ticeable. A ver
ti ca l d rive configuration. while s lig htl y more complex. 
has no v isib ility limita ti o ns. 

Regard less of constructi on, the important ring crite ria 
are low mass, mech anica l rigidity . a nd suitab le mag-

; netic properties. Since the a reas of th e ring th a t are con
sidered mag netic a nd nonmag netic a re determined o nly 
by a difference in ring thickness, the whole ring can be 
mad e from th e same ma teri a l. The complete ring could 
be molded from a magnetic plastic m a terial , or for med 

GUIDELINES FOR RRDS APPLICATIONS 

LOW - POWER APPLICATIONS 
(20-mm RING, 1-VO LT SUPPLY) 

HORIZONTAL VERTICA L 
DRIVE DRIVE 

Ring mass (mgr) 10 - 20 15 - 30 

Ring accelerat ion and holding (g) 10 - 100 5 - 80 

Number of ring steps 60 - 240 60 - 240 

I max (steps/ sec) 200 150 

Pul se Ip (mA) 0.5- 2 0.5 - 2 
tp (msec) 2 - 10 2 - 10 

Air gap ~A (µm) 25 - 100 25 - 100 
H (Oe) 500 - 2,000 500 - 2,000 

Average power (µW) for 10- 2 to 10- 3 duty cyc le 0.5 - 10 0.5 - 15 

Coil (ampere-turns) 2 - 6 2 - 6 

Size (mm) 2 x 2 x 2 to 2 x 2 x 2 to 
3x3x4 3x3x4 

!';;J=:;~"i!::=~"b~ 3 STATOR PH ASES 
(SE PARATE ) 

COIL 

INSTRUMENT APPLI CATIONS 
(80·mm RI NG, 5-VOLT SUPPLY) 

HORIZONTAL VERTICAL 
DRIVE DRIVE 

100 - 300 200 - 500 

20 - 200 10 - 150 

120 - 360 120 - 360 

1,000 800 

5 - 50 5 - 50 
1 - 10 1- 10 

50 - 200 50 - 200 
2,000 - 10,000 2,000 - 10,000 

10 - 2,000 10 - 2,000 

20 - 100 20 - 100 

3 x 3 x 4 to 3 x 3 x 4 to 
6x6x10 6x6x10 

I COIL 

I 
I 
I 
I 
I 

~R I 
I I 
\ __________ , 

STATOR 
Rs, As, fs 

4. Symmetry pays dividends . Because the forces are applied si- 5. Basic model. An eff icient drive system requires minim um total 
mul taneously along the ring 's circumference , the symmetric th ree- re luctance. The driving force , F, depends on volume, magnetic flux 

phase drive reduces fr iction and possible ring deformation. densi ty, and the magnetic field strength in the air gap. 
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6. Useful charts. Ring force as a function of ampere turns is plotted 

for several values of air-gap wi dths and two sizes of rings. Direct 

drive is assumed , and second-order effec ts from magnetic-field 

crowding in rotor and stator poles are neglected . 

from shee t metal. This type of ring construction would 
be particula rly suita ble for mass prod uction. 

A practical displ ay unit has three basic parts- the 
tra nsparent front cover, th e ma in body, a nd th e back 
cover. The stato r poles, which consist of stamped mag
netically ac ti ve shee t metal, are embedded in the main 
body a nd in the tra nsparent front cover. The assembly 
is completed by inserting th e co il and the rotating ring, 
then sea ling the ma in body with th e covers. 

Driving forces 

During eac h step of th e rota ting ring, the drive force 
is ac ti ve ove r less th an a third of its circumference. Thi s 
asy mm etry may introduce addi ti onal forces and cou ld 
ca use deform ation of the ring. 

In cont ras t, th e fu lly symmetric dri ve shown in Fig. 4 
applies the drivin g forces uniformly. Each ph ase covers 
about one-third of the rin g circumference. The ring 
stru cture is simila r to th a t used fo r the asymmetric 
drive, except th a t th e ring poles of each phase are sepa
ra ted by slots to minimi ze magnetic crosstalk . 

The ma in advantages of th e sym metri c drive are re
ductions in friction and ring deform ation, thus a llowing 
th e use of lighter rin gs wi th a higher force-to-mass ra tio. 
However, constru cti on is consid erab ly more complex 
th a n th at of the asymmetri c drive. 

The tangential driving force , F, acting on the ring 
(Fig. 5), depends on th e cha nge of stored magnetic 
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7. One of the first. Top view of experimental one-ring display model 
shows the U-shaped ring which forms the rotor 's magnetic poles . 

Each phase has four stator poles equally spaced about the ring . 

energy in the a ir ga p, ..l E with the motion or the ring 
(F = ..l E/ ..lx). The stored energy in th e a ir ga p i.· pro
portional to th e volume, magnetic nu x density. B ,. and 
the magnetic field strength , HA. ge nera ted by th e per
manen t magnet. 

E=HA~L A.\n 

where AA is the area and 1., is th e width or th e air gap. 
and n is the number of magnetic sta tor poles per phase. 

eglecting any loss in th e magnet ic circu it and as
sum in g the a mpere turns required to compensa te fo r 
the effec t of the permanent magnet is given by H , 1.1. 

the tangential driving force ca n then be expressed as: 
( Nt r n 

F= I 
.\ 

This eq uati on is va lid only if th e re luctance of th e air 
gap is the domin a nt factor in th e tota l re luctance or the 
magnetic circuit. This property ca n be achieved by ca re
fu l des ign. The grap hs of Fig. 6 show the ca lcu la ted ring 
force , F, of th e direct drive as a function o r ampere 
turns with th e air-gap length as a parameter. 

A conven ient way to increase th e driving force is with 
a la rger numbe.r of magne tic poles. The force increases 
with n because. although the flux change-per-step re
mai ns constant. th e steppi ng distance decreases. Un t'or
tun a tely, incr_ea sing n also incrc ~1ses the powe r di ss ipa
ti on a nd demands tigh ter fabrication tolerances. 

Pulse duration 

A very important parameter rela ting to power con
sumption is th e duration of th e driving pul ses. T he 
pulse duration must be just long enough to insure th at 
the ring moves at least one step. I f it is much longe r. ex
cessive power dissipation wi ll result. The minimum 
pulse duration usually depends on the rin g acce lera tion . 
friction . and th e time constan t or the stator circ uit. T his 
time cons tan t typica ll y fa ll s between 0.3 milli second 
an.d I ms for a 20-m illimeter ring and a 4-ampe re-t urn 
coil .' The stepp ing time also depends on the rin g's acce l
erat ion a nd friction, and is usuall y less than 3 ms for a 
20-mm ring with 120 steps and 25-g accelera ti on. Con-
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OSCILLATOR 
~ 64 kHz 

BUFFER 

SECONDS 
START-STOP-RETURN 

SWITCH 

MIN-HOUR 
SLOW/ FAST >---~ 

SWITCH 

7 12 
r----, 

----H ~ 120 ~ --. 
L ___ ...J : 

I 
t 
I 
I 

DATE 
SETTING 
SWITCH 

8. Marking time. Countdown circuits produce proper timing sequence to step the four rings in a wristwatch display. To conserve power, the 

seconds ring rotates only on command from the seconds switch. Once initiated, the seconds ring stops within a reasonable amount of time 

automatically if not stopped manually. The date also can be changed by magnetically sensing directly from the hour ring. 

DATE - MIN - HOUR DATE - MIN - HOUR 

DATE - MIN - HOUR - SEC STOP SEC - MIN - HOUR 

sid e ring a ll these factors, 3 - 10-ms d riving pulses are 
practica l for the 20-mm ring a nd 4-a mpere-turn coils. 

A proto ty pe of a rotating-ring di splay. having o ne 
U-sha ped ring that s lides o n a nylon rail to minimi ze 
friction has been built and tested. The top view of an 
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9. Versati le display. In addition to typical wristwatch data. several 

separate channels can display multiple information simultaneously . 

Applications inc lude aircraft and process control instrumentation . 
part icularly for comparison-type displays. 

actual model is shown in Fig. 7. The coils and the per
manent magnets, located under the ring. are not visible. 
The mu-metal ring. which contains 30 magnetic pol es. 
has a di a meter of JO mm and a mass o f JO milli grams. 

Early results 

The prototype configuration provides 90 stable rest 
positions for direct and indirect three-phase drives. and 
30 stable rest positions for the three-step drive. The sta
tor assemblies. with four poles each, can be rotated by 
loosening the se t screws to adjust the phase relatio n. 
The to tal leng th o f the a ir ga p is 500 micromcters- 250 
µm on each side of the rin g. The prototype was not a s 
efficient as th e proposed models because it used large r 
air ga ps, fewer stato r poles. and large r rin g mass than 
an optimi zed configuration. However. it could be built 
with inexpensive too ling. 

Additional mode ls with the direct. indirec t. and 3-
ste p drive were eva luated with 20-. 40- . and 60-ampere
turn drive pulses. Ring accelerations were calcu lated by 
using the highest measured steppin g frequency. which is 
rela ted to the minimum pul se duratio n. The measured 
value of ring acceleration was considerably lower than 
th e calculated valu e for the lower values or ampere 
turns, but approached the calculated value l(.ir the 
hig her values. Th ese re sult s indicate that !'rictional 
forces. which were neg lected in the calculations. arc 
do minant for low ring accelerations ( 10 g). 

Good ag ree me nt be tween experimental and calcu 
la ted data proves th e va lidit y or the basic assumptions 
or th e RRDS drive and with li g hter rings (20 mm) and 
ti ghter to lerances. it see ms possible easily to achieve the 
50- 100-g acceleration needed for good stability with 
low power di ss ipatio n- 4-ampere-turn 3-ms pulses. D 
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Designer's casebook 

Tunable active filter 
has controllable high Q 
by Max Artusy 
Stanford Electronics Laboratories, Stanford, Calif. 

A tunable variable-Q ac tive na rrowband filter can be 
built from a slightly modifi ed Wien-bridge oscillator 
with a net loop ga in of less than unity. Not only can Q 
be independently controlled, but stable single-fre
q uency Qs as high as 2,000 can be realized. A gain of 
600 is achieved with a Q of 2,000. Gain becomes ap
proxima tely 140 when Q is 30, and Q remains constant 
within ± 10% over a 10-to- l tuning range. (Gain, in thi s 
case, refers to signa l ga in , from input to output, rather 
than a mplifier or loop gain.) 

Although it is genera ll y kn own that the effective Q of 
an osci ll ati ng tuned ci rcuit is infinite, it is oft en forgot
ten that stab le finite Qs can be obtai ned by reducing the 

net loop gain below unity. In th e conventional Wien
bridge oscillator, the ga in of the amplifier looking into 
its non-inverting input is ma intained at 3, and th e cir
cuit oscillates. For the modified oscilla to r, however, am
plifier gain is less than 3, allowing the Q of the sur
rounding RC network to be increased. And , as can be 
seen from the diagra m, the va lue of resistor R 1 is the 
same as tha t for resistor R2, and the val ue of capacitor 
C1 is identica l to the value of capaci tor C2. 

Si gnal current is introduced into the negative feed
back loop by R 3 , which also determ ines input imped
a nce and circuit Q . F or oscillation to occur: 

1 + ~/(R3 +Rs) must be less th a n 3. 
where Rs is the source impedance. R esonant frequency 
becomes : 

fo = 1/27T(R1R2C1 C2)112 

Circuit components should be se lected carefu lly for 
best tuning range and constant Q. In particular, well
matched wirewound potentiometers help m ainta in uni
form Q with changing frequency. All capaci tors should 
be Mylar. Nominal component values shown result in a 
tuning range of 160 hertz to 1.6 kilohertz for the circuit. 

Adjustable a. Active filter offers Q of up to 2,000 that is stable to with in ±10% for moderate Os over 10-to- 1 tuned freq uency range. Ac tually 

a modified Wien-br idge osc illator, the c ircuit operates with a net loop gain of less than 1 so that 0 of RC netwo rk can be increa sed . Poten

tiometers R1 and R2 and capac itors C , and C2 determine filter resonant frequency , while potentiometer R3 is an independe nt 0 adjustment . 

C2 
0.05µ.F 

R2 
20k.l! 

c, 0 .05µ.F R, 
20k.l! 

R, 

50 .l! 
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Op amps generate 
precision staircase 
by Jerald Graeme 
Burr-Brown Research Corp., Tucson , Ariz. 

A staircase generator with adequa te precision fo r se
quential control and multipl e- leve l testing produces a 
stai rcase o utput by differentiatin g an d then integrating 
o nl y the nega tive transitio ns of a square wave. Al
though a sta ircase waveform can be ge nerated precisely 
by a digital-to-analog convert er driven by a clock-con
trolled counter, a simpl er, but sufficien t, circuit ap
proach is to use opera tiona l amplifi ers. 

Amplifier A 1 differenti a tes and rectifi es in put sq uare 
wave ei , which is app lied to capaci to r C 1 th rough re
sistor R1. For pos itive input t ra nsiti o ns, transistors Q 1 

and Q 2 a re off, a nd diode Di conducts; fo r nega tive 
tra nsitions, Qi and Q 2 conduct. From this rectification , 
on ly nega ti ve-go in g tran sitio ns are transfe rred to th e 

second amplifier through Qi and Q 2 . Transistor biasing 
is implemented by connecting o ne input of Ai below 
ground th rough resistors R 2 and R;;. 

The staircase output is produced by a mplifier A2, 
whic h integrates, th rou gh capacito r C2, the current sup
plied by Qi and Q 2. The cha nge in o utput vo ltage (ile0 ) 

becomes : 

I f' Li e .. =- C
2

• i ( dt ) 

where: 
i = C1deJdt 

Or, whenever input vo ltage change (ilei) is less than 0: 
ile0 = - C1ileJC2 
Each negative transition of the input squa re wave 

creates a step in the output vo ltage, generating a sta ir
case waveform. This stepping continues until the output 
vo ltage reaches the trigge r level o f the reset clamp 
formed by tra nsistors Q 3 a nd Q4 . 

The clamp triggers when the e mitter-base junction of 
Q4 breaks down, limiting the output to a peak voltage 
(Y p) of: 

Yp = YcB - BYER + YBE - Yr 

Stepping up. Staircase generator first differentiates and then integrates input square wave to supply precise stepped output. A 1 performs the 

differentiation , and 0 1 and 0 2 rectify all negative-going inputs, passing them on to in tegrator A2 . Positive input transitions are not used. Every 

negative input steps up the output until O:i-04 reset clamp triggers when 0 ,1's emitter-base junction breaks down . 

c, 

0.01 µF 

1okn 

- 15Vdc 
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where YCB is Q/s collector-base vo ltage, BY EB is Q/s 
emitte r-base breakdown voltage, Y1m is Q 3 's base-emit
te r voltage , and Yr is the vo ltage across diode D2 . Be
cause th e coll ecto r-base junction of inverted tra nsisto r 
Q4 is fo rward-bi ased , its voltage drop is around th at of 
th e diode, a nd : 

YcB - Yr = 0 
- so that Y" is approx im ately equa l to 7 vo lts: 

Yp = YBE - BY EB 
Since the therm al variatio ns of YB E a nd BY En a pproxi
mately cancel, Yp is quit e sta ble, with a temperature 
coefficie nt of around 0 .0 l%/ 0 C. 

With Q4 's breakdown, base current th ro ugh Q3 acti
vates the pos itive feedback loop fo rmed by Q3 and in
verted t rans isto r Q4 . Capaci to r C2 is then di scharged 
until its voltage reaches Y1rn, th e cutoff for cl amp con
duction. Once o utput voltage re turns to 0 v , the clamp 
turns off, a nd a new sta ircase begins. 

Schottky diodes eliminate 
two-level NANO gating 
by Charles J. Huber , 
Westinghouse Electric Corp .. Systems Development division, Baltimore, Md. 

To eb mina te th e need fo r two- level ga ting with NANO 

ga tes , a pul l-up resistor a nd Schottky diodes ca n per
for m the AND function at the inpu t of a low-power TTL 
ga te. NANO ga ting causes an unwan ted increase in 
power consumptio n a nd delay tim e. The diode circuit 
can be used for d ecoding sequence-generator o ut puts, 
encod ing digita l signa ls, a nd impl ement ing th e AND 
fun ction in counter designs. 

Conv entio na l pn junction diodes are no t suit a bl e fo r 
use with low-power TTL ga tes since diode forwa rd volt 
age d rop is comparable to the maximum allowable 
logic 0 gate input vo lt age- aro und 0.7 vo lt. But 
Schottky-barrier diodes ex hibit o nl y ha lf the vo ltage 
drop of pn j unction diodes, permitting th em to sati sfy 
the TTL logic 0 cond ition. 

M o reove r, the dynamic cha nge from logic I to logic 0 
a t th e o utput ofa TTL ga te is limited, since the comm on
base input stage is not rapid ly cut off. Gate response 
can be improved considerably by placing a resistor from 
the suppl y bne to the ga te's input pin . 

The test resul ts in the tab le show that the worst-case 
degradation of gate response time from no diodes to 
three diodes is 35 nanoseconds fo r five-TTL loads. Since 
thi s time facto r is comparable to the propaga ti on de lay 
of o nly one TTL ga te, an en tire gate de lay is saved and 
the power consumption is due principa lly to the pull-up 
resistor. When three diodes are used , the de leve l a t th e 
diode-resis tor j unction is a pproxima tely 0.5 v. 

Designer 's casebook 1s a regular feature 1n Electronics We mv1te readers to submit ong1nal 
and unpublished c1rcu1t ideas and solutions to design problems Explain briefly but thor
oughly the circuit's operating pnnc1ple and purpose We'll pay $50 for each item published 
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Gain error an d no nlin earity fo r thi s sta ircase ge ner
a to r vary wi th operat ing frequency and co mpo nen t 
characteristics. Operationa l a mpli fier input currents re 
move some of th e d eriva tive curren t pulses. a nd they 
a lso crea te o utput sag by discharging capacito r C 2 . To 
prevent severe e rror from bei ng int rod uced by th ese o p 
a mp input currents, a mpli fier input prot ec ti o n circuitry 
must be avo ided since such circ uitry will draw hig h c ur
rent during an input overload . 

Slewing ra te a nd ove rload recovery limit the gene r
a to r's o peratin g frequ e ncy range . Ano th e r c urrent 
transfer e rror results fro m the finite betas of tra nsis to rs 
Q 1 and Q 2 . However, fo r th e Da rling to n pair used , th e 
loss is o nl y a bout 0.002%. Resisto rs ~ a nd R5 a re in
cluded to reduce an output nonl inea rity th a t is intro
duced by leakage of the reset cl a mp . C ircuit ga in e rro r 
is typica ll y about 0.05%, a nd nonlinea rity is comm o nly 
around 0. 1%. 

Diode gating. Pull-up resistor and Schottky diodes replace NANO 

gates at input of low-power TTL ci rcuits. improving gate response 

time and decreasing power consumption. Since Schottky diode drop 

is only half that of pn junction diodes, Schottky d iodes are compa

tible with log ic O condition of TTL gates. Pull-up resistor decreases 

gate response time by connecting gate input directly to supply. 

: l 

MOTOROLA 
3 - MM80 - 101 

SCHOTTKY DIODES 
TEXAS INSTRUMENTS 

SN 74LOON 

DELAY TIME 

OIODES TTL RESISTOR (INPUT TD OUTPUT) 

LOADS (krl) RISING EDGE FALLING EDGE 
( ns) ( ns) 

0 1 = 75 70 

0 5 = 75 70 

1 1 = 70 110 

1 1 50 80 65 

2 1 50 85 65 

3 1 50 80 65 

3 2 50 80 80 

3 3 50 80 95 

3 4 50 85 105 

3 5 50 85 105 
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GO 

Signetics 
has the 

broadest line-up 
of ROMs 

in the industr~ 

BIPOLAR 
256 Bit Field Programmable ROM (32 x 8) Open Collector Outputs 8223 
256 Bit Mask Programmable ROM (32 x 8) Open Collector Outputs 8224 
4096 Bit Mask Programmable ROM ( 1024 x 4) Totem Pole Outputs 8228 

2048 Bit Mask Programmable ROM (256 x 8) tri-state Outputs 8204 
4096 Bit Mask Programmable ROM ( 512 x 8) tri-state Outputs 8205 

MOS 
METAL GATE 

1024 Bit Static ROM (256 x 4) Bare Drain or MOS Pull-Down 2410 
1024 Bit Static ROM ( 128 x 8 or 256 x 4) Bare Drain or MOS Pull-Down 2420 

2048 Bit Static ROM (256 x 8) Bare Drain or MOS Pull-Down 2430 

SILICON GATE 
2560 Bit Static Character Generator ( 64 x 8 x 5) tri-state Outputs 2513 

2560 Bit Static ROM (512 x 5) tri-state Outputs 2514 
3072 Bit Static Character Generator ( 64 x 6 x 8) tri-state Outputs 2516 
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And 
we make them 

easy to use. 
With our fantastic line-up, we can put you on the air 

in breadboard and keep you there all the way into 
production. From design desk to shipping dock your ROM 

designs will be fully functioning at system operating 
speeds. In breadboard you'll be using field programmable 

FRO Ms or simulators. Through prototype you'll be working 
on FRO Ms, RO Ms, or simulator. In production you'll be 

working with FRO Ms and RO Ms-taking advantage of field 
programming or the Signetics quick turn around ROM mask 

generation and mask verification capability. 
Designs will be de-bugged and into production in weeks or 

even months less time. And at savings you can measure 
in thousands of dollars per unit type. No one knows more 

about RO Ms than Signetics. And we help make them easy to use. 
In addition to what you've already seen, here's the deal we offer. 

5 separate fusers for 3 new FROMs. 3 new 
FRO Ms with 5 separate fusers to custom develop 
your fused RO Ms: for laboratory and prototype 
use or pre-production through mass production. 

Support. Application notes, 2 complete manuals 
covering both MOS and Bipolar, 2 operating 
programs and a wealth of descriptive data sheets. 
We put it in writing. Send for it. 

/ 

De-bug your design before you build it. With the 
fantastic ROM simulator, you can simulate up to 
sixteen fully operational RO Ms simultaneously, 

each up to 4096 bits either Bipolar or MOS. Each 
operating completely independent of the others. 
Or use our FRO Ms which are designed for both 
prototyping and production usage. Your choice. 
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Three-dimensional IC 
packaging-with a twist 
Act ive devices can be placed inside a multilayer wiring 
stack , not just on the surfaces , using interconnection 
wafers that are held together by mechanical pressure 

by Howard L. Parks, Bunker-Ramo Corp., Westlake Village , Calif. 

D Prices of integra ted c ircuits have d ro pped to the 
po int th a t interconn ecting lh t: m now cos ts mo re tha n 
th e dev ices th e mse lves. Since inte rconnectio n costs 
based o n ce ra mic o r printed circuit sys tems a re roughly 
p ro porti o na l to th e su bstra te a rea , the o bv ious a p
p roac h to lower packag ing costs is hig her component 
densiti es with multilayer, three-dim ensiona l wiring to 
co m ple te th e circuits. 

However, low m a inta in a b ility a nd infl ex ibility to 
cha nge have lim ited th e usefuln ess o f co nventio na l 3-d 
a pp roaches. Durin g th e past yea r, a new method
w hic h Bun ker- Ra mo has tradem a rk ed Pl ana r Coax
has been refi ned lh a t avo ids th e proble ms of the 

prev ious 3-d me thods w hile reducing interconn ecti on 
costs to the leve l o f th e per-termina l costs o f the devices. 

High-qu ality 16-te rmin a l se miconducto r devices, for 
example, commo nly sell fo r abo ut 2 cents per te rmina l. 
With conventiona l packag ing meth ods, cost of the co m
pleted system ca n c lim b to 10 cents per termina l. With 
Pla nar Coax, fini shed sys te ms can be ma de with pack
ag ing costs o f less tha n 2 ce nts per termina l, a nd furth e r 
refi neme nts a re expected to redu ce this cos t a no ther o r
der of magnitude in the next few yea rs. 

Essentia ll y, th e method uses a sta ck of wa fe rs, each 
ty pica lly 2 inches squa re and 7 mils thick, ho lding con
ductor patterns, acti ve dev ices, and gold buttons that 

1. Stack 'em. System 1s assembled using alignment rods, which pass through etched registration holes in opposi te corners of eacl1 wafer . 

Since each wafer 1s 7 mils thick, 140 wafers are needed to make a stack 1 inch high. Typical wafers are 2 inches squa re. 
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, 1 

- CHANNEL ETCHED ON TOP OF COPPER 

- CHANNEL FILLED WITH DIELECTRIC 

- CHANNEL ETCHED ON BOTTOM 

+- THIRD ETCH CREATES CENTER CONDUCTOR 

+- BOTTOM CHANNEL FILLED WITH DIELECTRIC 

(a) 

/

INTERCONNECTION 
WAFER 

/ CONNECTOR 
¥ SCREEN 

.....--FILLER } 
WAFER COM PO NENT 

+---COMPONENT WAFE R 
MOUNT 

'CONNECTOR 
SCREEN 

2. Etch, fill , and stack. Planar Coax wafers are made by succes
sive etching and filling operations (a) to produce a coaxial struc

ture- a center conductor surrounded by dielectric. Through-slugs 
for vertical connections are produced similarly, except for different 
etching masks. The system is assembled (b) by stacking wafers. 

Note that removable wafers allow active devices on internal layers. 

contact other wafers placed immediately above and be
low (Fig. I). The stack is held together by high pressure 
a lo ne, and thus can be opened at any time for main
tenance or for replacement of a wafer if the system is re
d es igned . Only a few of the wafers need be specially de
sig ned for each sys tem ; the remaining 80% to 90% of the 
wafers can be designed with a standard fo rmat and thus 
can be made in large quantities and stocked. 

The wafers can be ma de a t a cost of about 25 cent s 
per square inch, which is comparab le wit h printed cir
cuit and ceramic costs. However, because active devices 
can be mounted on intern a l layers, over-a ll system costs 
a re much less. The wafers a re each on ly about 7 mil s 
thick , and thus about 140 wafers will make up a stack 
o ne inch hig h; one cubic inch of Plan ar Coax wafers 

Putting Planar Coax to work 

Potential users can obta in test wafers-with or without 
active devices-to check out the stacks under their 
own environmental conditions. According to author 
Parks , Bunker-Ramo wi ll supply, for as little as $1 ,200 , 
a Planar Coax stack speciall y designed for customer 
evaluation tests. The stack has about 70 1-inch
square wafers. In ful l production, the packaging costs 
of less than 2 cents per terminal can easi ly be met , 
adds Parks. If a potential user wants to pursue pro
duction after tes ting an environmental vehicle , 
Bunker-Ramo will negotiate a licensing arrangement. 
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costs about $30. In tha t cubic inch , about 200 devices. 
each with 14 leads, can be mo unted and inte rconn ec ted. 
Thus, the 2,800 connections wi ll cost a littl e m o re th a n I 
cent apiece. And th e per-termin a l cos t remains th e 
sa me, whether simpl e diodes o r comp lex LSI devices a re 
used. 

Pl anar Coax a lso makes MSI a more a ttrac tive a l
ternative to LSI since much of the incentiv e to use LSI is 
to reduce the interconnection costs of severa l MSI chips. 
Test costs wi ll also be less with MS I chips, a nd la ter new 
designs to accommod a te LSI ca n be eas ily m ade. 

Buttons of gold 

In the system, two ty pes of interco nn ectio ns are used : 
go ld button s that contact slugs o n adjo ining wafe rs fo r 
z-axis interconnection a nd coaxia l structures in the 
plane of the wafers fo r x-y inte rco nn ection . Bo th a re 
for med by se lecti ve ly etching th e beryl lium copper 
substrate a nd filling with epoxy di electric. 

To create the x-y coax ia l s tructures, one side of the 
substrate is covered with pho to res ist, masked with the 
desired wiring pattern, exposed, a nd then e tched (Fig. 
2a) abo ut half way th ro ugh the thickn ess. The etched 
paths then are filled with die lectric. The o the r side of 
the substrate then is simil a rl y prepa red a nd e tched , 
leaving a th in layer of copper cove ring th e underside of 
the dielectric. A third etch isolates the copper o n the 
dielectric from the substra te copper to form th e coaxia l 
center cond uc tor. This conducto r then is covered with 
dielectric , forming an approx im a te coax ia l structure. 

T he through-slugs for z-ax is conn ections a re fo rm ed 
in a similar way, excep t th a t the e tching process leaves a 
mesa of copper, the top of which is leve l with the copper 
substrate surface. Dielectric fi llin g on o ne side of the 

a ·a IFD-.:n:I a a a · 

::1::::::: 
aaa·aQ.aaaD , 
DDDD 

D DDD · 
DDDD 

DDDDD 
DDDDD 

aaDa 
DDDD 
DDDD 

' aDDD-0-
DDDDDDDDDD 
DDDDDDDDOD 
DDDDDDDDDD 
DDDDDDDDDD 
DDDDODDDDD 
DDDDDDDDDD 
DDDODDDODD 

DODD 
a a ODD O 
a D DOD O 

D DODD 

tlDDDD 
pDDoo 
p aooo 
DOODD 

a a a a'1n:nn1 ti 
ooDooooooa 

D ooooaooDD 
D DoaooDoo a 
D OODDD DDOO 

OODDDDDDDD 
DDD DDODDDD 

,.a a a a c ,o c 

- a- a D_D_D_D_D_D 1 
DODDDDDDI 
DDDDDDDDI 

OD a , 

a DD I 
DD D 1 
fl D D I 
DOD I 

~ :::D~olM~olMlo-.i 

a 
a 
D 
a 

00 0 I 
a a a 1 
a a a 1 
a a a 1 

3. On edge. A test point wafer, made by bringing any number of de

vice terminals on filler wafer to edge, is the key to Planar Coax 's 

flexibility in testing . Square cutouts accommodate device heights on 

neighboring wafers in stack . Through-slugs adjacent to cut-outs 

contact device terminals in z-direction . 
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Working on both coasts 

Work on Planar Coax at Bunker-Ramo 's Westlake Vil
lage , Calif ., installation is being complemented by 
work on matching connectors at Bunker-Ramo 's Am
phenol RF division, Danbury , Conn. The format of 
Planar Coax is a natural mate for interconnecti ons us
ing flat cable, although ind ividual coaxial cables can 
also provide system interconnections with matched 
impedances . The Planar Coax method is also being 
used to provide matched connections from flat cable 
to printed circuit boards. 

For example, a wafer of Planar Coax can be made 
with signal lines on 50-mil centers to mate wi th signal 
lines in the flat cable , which has its conductors on 25-
mi l centers, and alternate conductors are used for sig
nal and ground. The flat cable conductors can be so l
dered or we lded to the Planar Coax conductors and 
ground planes. A Planar Coax connector-sc reen wa
fer-an array of through-slugs w ith gold bu ttons-then 
can be used to complete the contact to termina ls on a 
printed circuit board with a pressure pad and clamp 
prov iding the needed force . If the flat cable has a 
ground plane , it easily can be connected to the under
side of the Planar Coax structure to provide trans
mission-Ii ne-to-tran smission-1 ine interconnections . 

CONNECTOR 
SCREEN --.-i--..'• 

FLAT 
CABLE 

wafe r surro unds th e mesa. The center slug is isola ted 
fro m th e copper substra te on th e other sid e by e tching 
a nd fi lling, thus fo rming a coaxia l structure in the z-di
recti o n. The th ro ug h-slug can also be placed a t the e nd 
o f a n x-y int erconnec tio n, o f course, simply by co mbin
ing the two p rocesses. Because o f the coa xi al structure, 
cross talk is low, both fo r th e x-y a nd z-axis connections. 
Th e th rough-s lugs, a bo ut 12 mils squ a re when com
p leted. are usual ly pl aced o n 50-mil centers. To inter
conn ect with a neighbo ring wafer, a gold button is 
pla ted o n o ne o r both sid es o f th e throug h-slug. The 
butto n is usua ll y a bout 5 mils squ a re. G o ld buttons also 
a re pl a ted directly o n the copper substrate to a llow 
ground-pl a ne inte rconnectio n in th e z-directio n. 

Less complex than pc boards 

Thus, the ph otoche mi ca l processing used in Pl ana r 
Coax is th e sa me as is used in printed-circuit boa rd 
ma nufacture . exce pt fo r th e steps in volving a pplica ti on 
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4. Probe. When assembled, the system can be tested with a needle 
probe applied to test points on the edge of the stack. The test points 
are arranged in groups for easy identification . Note the twe lve bolts 
used to apply pressure to the stacks and the alignment rods pro
jecting out of the top surface. Case is designed with heat-removal 
fins. Since wafers are copper, heat is easily conducted to case. 

of the dielectric. Also, there a re no holes drill ed in 
Pla nar Coax and no th ro ugh-ho le pla ting is perfo rm ed . 
In fac t, there a re fewer steps in Pl ana r Coax th a n there 
a re in pc boa rd p roductio n : abo ut 2 1 steps compared 
with 28 steps for pc boards. 

The epoxy di electri c is o ne of the critical components 
o f th e system, a nd its fo rmul a tio n is proprietary with 
Bunker-Ramo. A single-compo nent system, the dielec
tri c matches the copper in coeffici ent of therm a l expa n
sion ; a fill er is used to give it thi s property. Its die lectric 
consta nt is a bo ut 4.5, a nd it withstands all the chemical 
process ing steps. The fill e r, which has a paste-like con
sistency, is doctor-bladed across the substra te to fi ll the 
etched moa ts. After curing, th e substrates are run 
th rough a printed circu it sande r to remove the fl as h of 
dielectric tha t re ma ins. 

Mix and match four types 

Four types o f wa fers are used in building a system 
(Fi g. 2b): x-y interconnec ti o ns, z-axis interconnections, 
component wafers, a nd fill e r wa fers. 

The x-y interconnectio n wa fers a re the o nly custo m
designed pa rts in the syste m. With a computer prog ram 
and an auto ma ti c artwork generato r, new wafers can be 
produced in one to two days. In a typical system, two 
such wafers a re needed fo r each component-bea ring 
wafer. The z-axis interconnec tion wa fers, called co nnec
tor scree ns, are simply a rrays of through-slugs pla ted 
with gold buttons. 

The component wa fer contain s mounting pads for the 
devices a nd a matrix of th roug h-slugs . A wide va riety of 
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5. The big picture. A complete system includes several wafer stacks plus a separate module for discrete components or other hybrid mod
ules that are not adaptable to mounting in Planar Coax stacks. Modules are interconnected by large Planar Coax wafers , and ba se pla te 

serves as a heat sink. Planar Coax also provides a well-matched connection to flat cable at input and output. 

device types can be used- beam-lead chips, leadless in
verted devices ( LIDs) , and flatpack s. The mounting pads 
are each connected via buri ed conductors to one of the 
throug h-slugs for interconnection to other wafers. To al
low greater flexibilit y and to a llow the component wa
fers to be made as standa rd pa rts, no interconn ections 
are included o n the component wafers. 

Filler wafers (Fig. 3) have cutouts to a llow for the 
hei ght of the ac ti ve dev ices and a lso have x-y inter
connectio ns from the slugs that mate with device termi 
na l slugs. These interconnecti on paths are routed to the 
outer edges of the wafer to se rve as tes t points for every 
device used for troubleshooting the sys tem. At the wafer 
periphery, the edge contacts are about 20 mils wide and 
about 10 mils dee p. Since they are about 7 mils high, 
there is eno ug h space on the resulting 7 by 20 mil ex
posed cross-sectio n for m aking contact with a needle 
probe (Fig. 4) . Wh en the stack is assembled , the filler 
wafers with edge con tacts a re arranged to form patterns 
o f test points on the faces of the stack. A ta bula r listing 
will ass ist the troubleshooter in locating termin als. 

The concept of pressure interco nnections, which is 
fundam ental to the abili ty to replace individual wafers, 
is not as unorthodox as it might seem. The gold-button 
connection can be compared to wire-wrapped connec
tions, which ha ve billions of hours of relia bility data be
hind them. So far, about 50 million button hours have 
been logged without contact failure . 

Since the stack is assembled unde r a pressure of 
a bout I to 2 po unds per button, each gold button de
forms unde r a pressure of a bout 20 ,000 pounds per 
squa re inch . The interface between the button a nd the 
through-slug is hermetic. Button heights are uniform ; 
with the uniform field in the plating ba th , a bout 0.3 mil 
o f soft , ductile go ld is plated on each button. 

In the photo of the computer in Fig. 4, 12 screws are 
used to bolt the stack toge ther, but fewer could be used . 
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The computer stack requires about 4.000 pounds and 
each screw can take up to 900 pound s; thus, on ly five 
screws a re needed. The pl ace ment of the sc rews could 
a lso vary with th e d es ign. a nd even could be placed 
down the center of the assembled stac k. 

Alignment probl ems are avo id ed by ma king th e go ld 
buttons a bout 5 mils squa re a nd the through-slugs 
about 12 mils squ are. Thus, the butto ns ca n be off ce n
te r by as much as 3 mil s before th ey reach the edge o f 
the slug. Alignment is assured with harden ed rods (Fig. 
1), about 28 mil s in di a meter, which pass th ro ug h 
etched holes in o pposite corne rs of each wafer. Th e rods 
hold the wafers within 1 mil o f p roper a lignm ent. 

Computer checkout 

When stacking the wafers in production , the stack 1s 
checked for proper contact as it 's being assembled. Af
ter inse rting a component wafer, a spec ial p ro be wafer 
is pressed over the stac k to ma ke contact to a ll th ro ug h
slugs, and a computer-co ntrolled tes t set chec ks o ut a ll 
interconnect io ns. A 4 ,000-wire stack can be assembled 
and tested in a bo ut ha lf a n hour with the co mpute r. 

T o build a complete sys tem, as shown in Fig. 5. th e 
stacks would fo rm separate modules th a t a re inte r
connected with a larger Pl ana r Coax int erconn ect io n 
wafe r tha t's made in the sa me way as th e smalle r wa
fers . A se parate modul e can be inc luded to ho use the 
di sc rete components needed to co mpl ete the sys tem . 

H ea t is not much of a problem, even with the hig h
component densi ty. Sin ce the wafers are a lm os t 80% 
coppe r, there's a hig h th erm al cond uctivity pa th to the 
hea t sink . M easurements have shown tha t a hea t flux o f 
50 watts per cubi c inch produces wo rst-case system tem
pera ture differenti a ls of 2° to 5°C. The module cove rs 
ca n be designed to have hea t fin s to di ssipa te the hea t 
from the sides and top , and wafe rs can be mo unted o n a 
base pl a te to diss ipat~ heat to th e mo unting pl a te. D 
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PI MOS chip drives liquid crystal 
display for digital alarm clock 
The u.nique interface between MOS and liquid crystal technologies 
makes possible a solid-state household clock that may be priced 
low enough to compete with electromechanical commercial versions 

by Howard Borden , Joseph Mingione , and Pau l Nance, American Micro-systems, Inc' Santa Clara, Calif. 

D Liqu id crys ta l d ispl ays a nd MOS integrated circuits 
p ro mise soon to become a va luab le com bina tion in di gi
tal equipm ent, a nd o ne of 'th e most intri guin g fro m a 
design viewpo in t is the teamwork in clocks. Such a clock 
has bee n built to see whether th at a pproac h could lead 
to a n alarm c loc k fo r the sa me cos t as sta ndard elec
tromechan ica l mode ls (Fig. I). 

Th e MOS IC for a clock must be simple, a ble to ha ndle 
a ll the functions perfo rm ed in co rn peting e lectro me
cha nica l cloc ks, a nd - a bove a ll - low in price. It is pos
sibl e to fa bri ca te o n a sing le chip a dev ice to meet a ll o f 
th ese de ma nds, despite th e va ried fun c ti ons pe rfo rmed 
by such a digita l sys tem . As shown in F ig. 2, th e chi p 
must inte rface wi th the liqu id crysta l d isplay a nd the 
alarm , p lus make a llowa nce for se tt ing the ti me and fo r 
various o pt ions such as " snooze" alarm, a larm "clea r," 
" stopwa tch ," and " rese t". 

Th e chip designed to mee t th ese system dema nds 
(Fig. 3) has a sta nda rd ion-impla nted , p-cha nnel 
mo no li thic structu re a nd o pera tes fro m a prima ry fre
q ue ncy of 60 hertz. derived fro m a sta nd a rd ac power 
lin e. The dev ice incorporates o utpu t circuitry ca pab le of 
d ri v ing d irec tl y a liqu id crys ta l di splay ( LC D) . Input de 
tectio n a nd sha pin g a re a lso p rov id ed int ern a ll y. 

As cos t in a consum er clock is a n impo rtant des ign 

fac tor, th e MOS chip is int ended to eliminate as m any 
separate cont rol a nd displ ay interface components as 
possible. For th at reason, th e LCD driver and the 60-Hz 
ampli fie r and shape r a re contained in th e device. 

Simila rly, p-ch anne l was chose n for cost advantages, 
though compl ementary MOS devices mig ht provide 
power sav ings . Actually, th e low power d ra in of the 
C/ MOS approac h was no t essenti al in thi s a pplica ti on 
because the clock opera tes from a n ac power li ne. T he 
total power requi red fo r the P/ MOS chip is approxi
ma tely 75 milliwa tts a t 5 vo lts or 300 mW at 20 v , which 
is not consid ered hi gh fo r the application. 

In addition, th e C/ MOS approach would not o nly use 
a bout doubl e th e area of the sili con chi p needed fo r 
P/ MOS, but woul d a lso req uire a more complex fabri ca
tion process- some 130 ha ndling steps to 36 fo r P/ MOS . 
The bipola r a pproach was a lso rej ec ted fo r this a ppli
ca ti on beca use it a lso wo uld require more fa brica tion 
steps. Also, beca use of the low power d ra in , the hig h 
current ca pa biliti es of bipo lar do not bene fit the design. 
Furth erm ore, economica l pa rtitio nin g o f a b ipo lar de
sign would require two o r three chips to do th e jo b, 
ra ther tha n onl y one P/ MOS device. 

Since size of the P/ MOS chip directly a ffects cos t, 
much effort was made to minimize die size. Un fo rtu-

1. No hands. A liquid crystal display, with an indicat ion for a.m. or p.m., could be built into an alarm cloc k for the same cost as c urrent elec

tromechanical models, as this clock has proven. Use of a Triac or relay enables it to con tro l other household appliances. 
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2. Clock watcher. The complete system for the single-chip digital clock consists of the clock circuit with ou tputs to the liquid crystal display 
~ and the alarm circuits . There is also allowance for time and alarm " set" and "c lear " switches, as well as a " stopwatch " optional feature . 

.. 
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nately, compute r-a id ed d esign (CA D) layo ut makes it 
difficu lt to sprea d logic th rougho ut the dev ice real es
ta te. With CA D, logic has to be put in predetermined 
a reas jo ined by preassigned wire or interconnect pa ths. 
Thoug h effec ti ve fo r ma ny designs, thi s const raint usu
a lly result s in muc h la rger d ev ices than those a tta inable 
by hand layo ut. In thi s case th e ha nd-d raw n topogra
phy ac hieved a 30%-50% reductio n in logic area from 
wh a t could have been achieved by co mpute r methods. 

Th e comple te a la rm clock system requires thi s single 
MOS device (F ig. 4), plus the liquid crysta l display, one 
diod e, two ca pac ito rs, two switches, and fo ur resisto rs 
for the bas ic mod e l, wh ich is consid era bly simpl er tha n 
th e c ircuit boa rd in a TTL versio n (F ig. 5). In use , a 
power supply range (V00) of - 15v to - 30v is acce ptab le 
bo th to the MOS d ev ice a nd the LCD. (Eit her a re fl ecti ve 
o r transmissive liqu id crysta l di splay may be used.) 

Clock operation 

T he device circuit, essen tia ll y inde pende nt of supply 
variatio ns, has a nomina l V1rn current requireme nt of 6 
milli a mperes. With th ese bas ic e lectrica l requirement s 
me t, th e clock is ready fo r actio n. A 60- Hz input signa l is 
req uired wi th th e fo llowing limits: logic" I " - maxi mum 
- 15v ; minimum , V nn. Log ic "O" - maximum Yss 
+ 0.3v ; minimum , Vs~ - 2v . A ll input cont ro l lines have 
inte rn a l p ull -up res istors a nd require a conn ec ti on to 
ground to perfo rm th e a ppropri a te fu ncti on. 

T o se t th e correct time. two con trols a re used to cycle 
the four-digit , seve n-segme nt displ ay to th e minutes a nd 
ho urs- o ne switch fo r each. At a n incre me nt rate of one 

60 Hz 

~~fRM .......... ..__ 

SNOOZE 
IN ++--~ 

ALARM 
RESET 
ALARM 
OUT 

SET SET HR·MIN or 
MIN HR RESET MIN ·S EC 

(7) (7) (7) 
HRor MINxlO MIN 
MIN or or 

SEC x 10 SEC 

3. Inside the chip. The block diagram of the PI MOS chip shows 

how many functions are located within minimum space. To conserve 

on die size, hand-drawn layou ts were used instead of CAD. 

stepped wh en one or the o the r controls is sw itched o n. 
Thi s gives the user enough time to react whe n the de
sired digit a ppea rs. a nd he ca n relea se the "se t" cont ro l 
before the desired number has pa ssed. 

T hese sa me two con t ro ls a lso can be used to se t the 
a la rm . Afte r firs t acti va tin g an alarm "' ho ld". the use r 
runs the di splay to the exac t ho ur and min ute desired 
for th e a la rm . Wh en he re leases th e "se t" switches and 

dig it fl as hing pe r second , th e displ ay numbers are th e a la rm " ho ld ," th e c lock. which has been keeping th e 
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time internally during this interval, resumes the time 
display. A comparator circuit on the chip will set off the 
alarm when the tim e reaches "the point set in the alarm 
register- that is, when the output of the timing counter 
exactly equals the con tents of the alarm counter. 

The clock controls a transducer that can generate an 
audible signal. The alarm "clear" input is the counter
part of the on/off switch on a conventional alarm 
clock- a ground on thi s input disables the alarm output. 
An optional feature, the "snooze" setting, resets the 

68 

alarm counter and provides a five-minute interval be
tween rings. If not cut off by the alarm switch, the first 
ring lasts 12 minutes, and the snooze rings, which may 
be repeated as often as desired , last seven minutes. 

For military or world clock uses , there is a 24-hour 
display option. Ordinarily, there is an a.m. or p.m. seg
ment on the display that pulses once a second. These 
are in addition to the four numerals and a colon. 
Twenty-four hour capability is provided by combining 
the a.m. and hours times 10 and the p .m. and hours 
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4. Chip off the old clock. A single PI MOS chip provides all the 

electronic functions necessary for a digital readout alarm clock. This 

circu it is available in both a 40-lead dual in-line and a 40-lead edge
mount package to facilitate connector applications. 

times lO IC outputs to generate a number " l " or a num
ber "2" respective ly fro m the seven segments making 
up the first num eral on the di splay, ena bling the d isplay 
to read as high as 2400, or midni ght. 

It is possible to g round the "seconds" input driving 
th e a .m. a nd p.m. indica tors a nd transfer the counter 
a nd most signi fica nt minute di git onto the internal mul
tiplexing lines in order to v iew a display o f the minutes 
a nd seconds o nly. Activating the reset returns the sec
o nds, minutes, a nd hours counters to 0. By gating the 
60-Hz input lin e in conjunction with the rese t function , 
a "stopwa tch" mode is availab le. 

Warning flashes 

Another impo rtant considera ti on for an electric c lock 
is reaction to a te mporary power loss. For the P/ MOS 

clock, a fa ilure acti va tes an interna l detector, which 
ca uses both th e a. m. a nd the p.m. ind icators desc ribed 
a bove to pulse simulta neously, thus alerting the use r to 
the erron eous di splay. Thi s pulsing stops when the time 
is reset. F or the 24-hour versio n, since there are no a. m. 
a nd p.m. display segments, the chip has been designed 
to "scramble" the fi rst digit in the fo ur-d igi t dis play. 
The bottom four segments and th e top of the seven seg
ments on the first num era l a ppear, and the top right 
hand segment may or m ay not be visible. This results in 
a 0 with a ba r over it , or a reversed six, which is in
tended to alert the user that something is wrong. 

Although the LC D outpu t in terface of the circuit is 
o ne of the clock's significant features, it is a lso the sim
ples t in design. It is basically a n inve rter ci rcuit with a 
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Looking at liquid crystal displays 
Electricall y, each numeral of a liqui d c rystal display is 
a resistor shunted by a capac itor . Looking a t it an
othe r way, the di splay is two cond ucti ve plates, sepa
ra ted by a leaky insulator. 

The va lues of the resisto r a nd shunt capac ito r are 
the result of the display e lement area , the a rea of the 
leads , the spacing between conducting su rfaces , the 
dielectr ic constant of the liq ui d material, th e ope rati ng 
temperatu re , a nd the electrica l conducti vity of the 
conduct in g su rfaces. 

The ra nge of values can be quite large , but with 
proper design , the LCD display is ideal for di rect inter
face wi th MOS drivers . The P/ MOS dr iver-LCD clock (Fig 
1 ), designed and built by American Mic ro-systems 
Inc ., to demonstrate the capa bil ity of this combinat ion, 
has three-q ua rter-i nc h high nu mbers. Electrical values 
for this size are a 5-megohm resisto r s hunted by a 5-
picofarad capacitor. 

5. Changing times. The display and single-chip P / MOS device 

(foreground) designed for a clock are far more compact than the 
board with TTL-based components used for the same functions. 

depletio n-mod e FET pull-up resisto r. The depletion
mode pull-up causes an offset conditio n from the V0 0 

line to the o utput , thus insuring that there is 0 de volt
age across the liquid crysta l display which, in turn , 
helps prolong the display's life. The LCD is driven in 
parallel ; a different output is provided for each element, 
which includes each segment o f the four digits, the co
lo n, and the a .m./ p.m . indicators, whe n used . In addi
tion , outputs are decoded internally for the display 
drive. 

The outputs of the M OS circuit a pply a 60-Hz signal 
d irectly to the individual di splay segme nts. When the 
a pplied signal is in phase with the 60-Hz backplate ( LCD 
common termina l) voltage, no illumina ti on occurs. 
Whe n the applied signal is 180° o ut of ph ase with the 
backpla te voltage, illuminatio n occurs. 

T he backpla te voltage is ge nera ted o n the chip a t 60 
Hz by buffering the line input signa l, w hich a lso gene r
a tes the pr imary input frequency. Thi s prevents syn
chronizing p roblems or rise a nd fa ll tim e differences 
tha t m ay cause undes ira ble crys tal v isibility, The phase 
of the segme nt outputs is genera ted fro m the contents o f 
d a ta la tches a nd bu ffer circu its. This p rov ides an acti ve 
pull -up o r pull -down to both ends o f the segments, thus 
elim ina ting ca pac it ive coupling across the LCD. D 
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Approximating true log output 
at high frequencies 
New way to build high-frequency log amplifiers eliminates interstage 
phase shift by using twin-gain amplifier blocks that consist of a 
unity-gain non-limiting amplifier and a high-gain limiting amplif ier 

by Doug las Cli fford, Hewlett-Packard Co , Loveland, Colo. 

D M a ny circuit ana lysis a pplica tions, such as those in
vo lving tuned rece ive rs a nd spectrum a nalyzers, require 
display ing signals with a very b road dynamic range. 
Sig nal leve ls can typi ca ll y vary from - 120 to +J O deci
bels referred to I milliwatt. But to displ ay even a por
ti o n of such a signa l requires som e for m of compression. 
Usua ll y the signa l is processed by for ming a logar ithm ic 
functio n o f signal leve l. 

A recently developed technique eliminates the objec
ti o ns o f poor frequency respo nse a bove 5 megahertz 
that is characteris tic of th e previo usly least complicated 
method , success ive limiting. The new design is simila r 
to success ive limitin g, but it el iminates interstage phase 
shi ft by using twin-ga in a mplifier blocks to a pprox ima te 
th e log curve as a seri es of straight lines . 

Comparing approximation methods 

Success ive limiting, or linea r a pp rox im ation, is the 
most sophi sticated of three traditio na l nonlinea r meth
ods, which use progress ively mo re com pl ex compe nsat
ing circuitry to improve accuracy. The new twin-ga in 
amplifier techniqu e achi eves accuracy with no compen
sa ting circuitry. 

Th e me thod th a t requires heavies t compensa ti on em
ploys feedback with a no nlinear e lemen t. Generally, a 
transisto r's base-emitter junction is used , since its char
ac te ristic i ~ t:x po ne nti a l. 

RF 
INPUT 

DE LAY 

DETECTOR 

DELAY 

The second techniqu e, wh ich can achi eve equal accu
racy with less compensating ci rcuitry, is a lso hased on 
an exponential characteristic- that of transistor collector 
current. A single, simple transistor amplifi er can usually 
prov ide ex ponentia l ga in over a range of more than 20 
dB. Fo_r large r dyna mi c ranges, transistors must be cas
caded with intervening gain blocks to allow each stage 
to opera te wi thin its range. 

The third method , successive limiting, has been the 
most popular at hig h freq uencies because of its simplic
ity. Successive lim iting a pproxim ates the logarithmic 
curve by summi ng e ith er the rf signa l outputs or the de
tected video signa l o utputs of a series of linear ampli
fiers that limit a t a predetermined level. Figure I illus
trates the circuit and it s output characteristic. 

Poor frequency response is the main limitation of suc
cessive limiting. At frequencies above 5 MHz, ph ase shift 
between stages causes the rf signa l components to be 
summ ed out of phase, and the logari thmi c respo nse 
deteriorates unless de lay networks are inserted . 

In a pplica tions where the log of the rf signa l must be 
detected before furt her processing, detectors can be 
placed at the out pu t of each amplifier. Thi s solves the 
ph ase shift p roblem, but complicates circuitry and in
creases over-a ll th erma l sensi tivity because the detectors 
do not track eac h oth er as temperature changes. 

A recently developed technique elimin ates both the 

.. 

( 

... 

't 

LOG V; .. 

LOG OUTPUT 

1. Successive limiting. Summing the outputs of cascaded limiting amplifiers yields logarithm of input signal. Limited output of each stage is 
added to that of previous stage to approximate log curve. De lay networks become necessary when operating above 5 megahertz to compen
sate for phase shift between stages. Optional detectors allow rf signal to be detected before additional processing. 
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2. Double-amplifier log stage. Twin-gain amplifier block (a) can be cascaded to form log amplifier that does not need phase-shift correc
tion . Low-gain (GL) amplifier does not limit input signals, but high-gain (G 11 ) amplifier does, at limit level V1, . For logarithmic output to result, 

.,., GL must be unity. Plot (b) shows how eight cascaded stages of twin-gain amplifiers approximate log curve. Final output voltage, (V0)1 ~ , +~'>· 

reflects addition of outputs from both limiting (M) and non-limiting (N) stages for total signal range of -80 to 0 dBm . 
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need for mu ltiple d etectors a nd rf phase shift problems. 
The method is simil ar to success ive limiting, because a 
number of identica l blocks a re used with output charac
teristics th at approx imate the log curve with a se ri es of 
straight Lin es. 

As shown in Fig. 2(a) , the signa l is applied simulta
neously to two a mplifiers that form a twin-ga in circuit. 
The low-gain (GL) a mplifi e r does no t limit a n input sig
nal , but the hi gh-gain (G 11 ) a mpli fier does, limiting it at 
a voltage level o f YL. The relationship between output 
voltage (Y0 ) and input vol tage (Vi) can be written as : 

Yo = Y;(G1-1 + GL) 
when V; is less tha n VL/G 11 , and: 

V0 = Y;GL + YL 
when V; is grea te r th an VL/ GH. 

If V; is less tha n VL/(G 11 + G 1J N, the limit leve l for N 
cascaded amplifier bl ocks, th e overa ll a mplifi e r will be 
linear._H owever, when th e magnitude of Vi ca uses the 
high -ga in amplifiers in each block to limit , the system 
becomes non linear. 

W hen a ll the s tages a re limiting, the output of one is 
still the input drive to the nex t. For M stages driven into 
limiting: 

(Vo)M = VL(l+G1}+GL3 + ... +G LM-l) + YiGLM 
Combin ing N stages of no n-limiting blocks and M 
stages of limiting blocks g ives: 

( Yo)(M+N) = VL(I +GL+G 1} + ... +GLi\l- l) + 
ViGLM(GH + GL)l\ 

lfGL is se t to unity, then: 
(Vo)(M +N) = YLM + V;(G11+ If ' 

The m ax imum no n-limiting gain for N stages is found 
by setting M = 0 and let ting Y0 = YL : 

(G1-1 + I )1' = VL / V; 
o r : 

N = log(VL / Vi)/ log(GH+ l) 
Substituting T = M + N, where Tis the total number of 
ga in blocks: 

M = T + log(V;/V L) / log(GH + I) 
lfG11 a nd VL a re the same for eac h block, thi s equa ti on 
red uces to: 

M = K2 + K1 log(Vi) 
whereK 1 = l / log(G11+l ) 
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and K2 = T - K 1 log(VL) 
Since Vi(GH + I)N is greater than o r equal to YL: 

(Yo)cM+NJ = YLM + Vx, for Vx be tween 0 a nd VL. 
This last equation indica tes th a t V0 is proportional to 

M , which is in turn rel a ted to log(V;), m a king V0 pro-
portiona l to the log o f the input. It should a lso be no ted 
that G L must equa l unity fo r the log approxi ma ti o n to 
hold . 

A p lot of th e two parts of (V 0)c~1+Nl illustrates the 
loga rithmic relatio nship between the o utput a nd th e in
put. As a n example, the graph of Fig. 2(b) results fo r 
cascaded twin -ga in blocks when M + N = 8, G 11 + I = 
10 dB, a nd VL = 0 dB into 50 o hms. Assuming G1, = I 
and N = 0 yields the o utput of M limiting blocks: 

(Vo)M = YLM 
And sett ing M = 0 and kee ping GL = I g ives the out
put voltage for N non- limiting blocks: 

(Yo)N = Yi(G H + J) 1' 
The gra ph shows the contributions of bo th (V0h1 a nd 
(Vo)N fo r all combina tions of Mand N. The two outputs 
are simply added toge ther for a to tal output voltage. 
Both output vo ltage leve l a nd input signa l ra nge be
come large r with increas ing M and decreasing N. 

From theory to hardware 

A log a mplifier with a lmos t a ny given dynamic range 
and log fidelity can be construct ed with twin-ga in a m
plifier blocks. Th e fewe r the s tages used , th e m o re ga in 
each stage must provide for a given ra nge, and the 
g rea ter the devi a tion fro m the act ua l log curve. 

T he computer printout of Fig. 3 compares a n e ight
stage log a mplifi e r to a five-stage one. For both compu
ta ti o ns, the maxi mum a nd minimum errors (differ
ences) between the calcula ted va lu es of (V 0 )(\l+Nl a nd 
the actu a l log of Vi a re printed. A lso shown a re the 
computed o utput volt ages for inputs from - 80 to - 10 
dBm . Output vo ltage figures are normali zed to reflect a 
1-v output change fo r a 10-dB input step. 

The calculati on for the eight-stage log a mplifier, in 
Fig. 3(a), indi ca tes a maximum error of 0.03 v a nd a 
minimum error ofO v whe n GH = 6.68 dB and Vi,= - I 
dBm into 50 o hm s. (H ere, maximum error represent s 
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(a) GAI N DB, LIMIT ?6 . 68 ,-1 

MA X ERROR= 3 . 1245 7 E- 112 MI N Et-iROk= 0 
DB = - 80 vou·1= I. 002 47 
DB= - "/12) VOUT= 2 . 0!'l2 1 I 
DB= - 60 VOUT= 3 . 0fl l 7 6 
DB= - ,(1 VOUT= 4 • <ifJ I 4 
DB= - 40 VOUT= s . f'.HJ l 0, 
DB= - 30 VOUT= 6 . liHHl 7 
DB= - 20 VOUT= 7 . l:J0035 
DB= - 10 VOUT= 8 

( b) GAIN DB, LIMIT ? l 4 , - 5 
VMAX= • 69942 "/ 

MAX ERROi< = 8 · 13584E- 02 MI N O:kt<Ok= 8 · 99 8 11 E- 0 2 
DB= - BU VOUT= • 9"19';)1"/ 
DB= - HJ VOUT= 2 · '!"16 18 
DB= - 60 VOUT= 3 · 1MJ364 
DB= - 5 (1 VO UT= 3 . 92999 
DB= - 4 :·1 VOU I= Sd:JI 443 
lJB= - 30 \/OcH = ~ - 9 8 25, 

DI'<= - 20 vou ·1 = 6 . 9 ) 5·14 
DB= - 10 vou ·1 = 8 

3. Computer comparison. Printouts for eight-stage (a) and five

stage (b) twin-gain log amplifiers list normalized (1 V = 1 O dB) out

put voltage for inputs from -80 to -10 dBm . Maximum and minimum 
errors across this range are computed as difference between calcu

lated (V0 ) 1M+NJ and actual log of V;. Eight-stage amplifier, whose 
GH = 6.68 dB and Vi. = -1 dBm, gives maximum error of 0.03 V 
and minimum error of 0 V. Five-stage amplifier , with Gu = 14 dB 

and VL = - 5 dBm, provides errors of 0 .08 V max and 0 .09 V min . 

the largest positive deviation from the desired output, 
and minimum error the largest negative.) Error levels 
are higher for the five-stage amplifi er, as indi ca ted in 
Fig. 3(b), with G 11 = 14 dB and VL = - 5 dBm into 50 
ohms. Maximum error becomes 0.08 v, whil e minimum 
error is about 0 .09 v, bringing th e peak-to-peak error to 
0.17 v or 1.7 dB. 

As can be seen from the circuit equ ati ons, th e critical 
design parameters are limit leve l VL and hi gh ga in G 11 . 
These quantities are influ enced by th e desired log ra nge 
and number of sta ges. A computer program is genera lly 
used to determine them for the dyna mic range and log 
fidelity desired. 

One way to implem ent a twin-gai n log amplifier is to 
use two differential tra nsistor pa irs driven in para llel 
and feeding a common load, as illu strated in Fi g. 4(a). 
Transistors Q1 and Q2 form th e unity-ga in ampl ifier, 
whi le transistors Q3 and Q4 provide a high ga in of G 11 
and limit at YL. This design, it should be noted, is com
pletely analogous to the theore ti ca l model. Differen ti al 
pairs are used because of the exce ll ent limiting they 
provide when they are overdriven . 

The ga in of the low-gain a mplifi er is: 
GL = RL/ (2 R1 + 2re-) = RL / (2 R2+ 2re-) = I 

where R1 = R2, and re0 is transistor dyna mic emitter re
sistance. High gai n G 11 is determined by: 

GH = RL/(2 R3+ 2rP) = RL/ (2~+ 2re·) 
where R3 = ~ - Limit level VL is fixed by the peak-to
peak current swing allowed in RL due to th e hi gh-gain 
amplifier: 

V1, = IRL 
Usually, GH and VL are fo und first from a computer 

model of the circuit. Actual res isto r values ca n then be 
determi ned from the equa tions. Amplifier bandwidth is 
es tab lished by components RL, L a nd C. Tra nsistors 
should be chosen so that a mpli fier input a nd output ca-
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4. Building a log amp. Two differential pairs (a) drive common load 
to realize twin-gain log amplifier. Limit level Vi. of high -gain (G u) pair 

is determined by allowable peak-to-peak current through R1. . Single 

transistor (b) can also be used . When diodes are forward -biased , 
amplifier gain is G11 , and limit level is fixed by current flowing in diode 
limiter . For both circuits , low gain G1. is unity . 

pac itances are sma ll to obtain broadband frequency 
perfo rm ance. 

Another desig n method, shown in Fig. 4(b) , uses the 
same amplifier to prov ide both GL a nd G11 . Di odes D1 
and D2 a re forwa rd-bi ased fo r sma ll signa l leve ls so 
th a t: 

G11 = R1 / (Rn+ 2r1i) = R,j (RH+2ru) 
where R1 = RL, a nd rb is diode res istance. Low ga in GL 
is obtained through the emitter res ista nce path : 

GL = R1/ R1 = I 

.. 

The limit leve l for the hi gh-gai n portion of the a mpli
fier is determined by how much current is fl ow ing in the \ 
diode limiter: 

VL = 11R2 + l2R3 
where VL is th e peak-to-pea k vo ltage of the limit level. 
When the signal begins to reve rse-bias the diodes, turn
ing them off, th e effective transistor emitter resista nce 
increases, and gain drops . The final amplifi er ga in ap
proac hes unity. 

Test results fo r this log a mplifier configuration verify 
it s pred icted perfo rm ance. An eight-stage amplifi er, for 
example, wi th a nominal opera ting frequency of 20 
MH z, provides a n 80-dB input range fo r signa l level s 
from - 80 to 0 dBm . Moreove r, it s maximum output de
viation from a tru e log curve is only 0.3 dB. For thi s .. 
ti ght pea k-to-peak ripple performa nce, the emitte r re
sistors must be adjusted to assure that G L = I when a 
stage is limited . D 
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RC~s thyristor line continues to expand
in plastic. 

TRIACS SCR'S 
To its popular 40668/40669 triacs and 
40868/40869 SCR's, RCA now adds 8 A 
ISOWATT triacs and 4 A SCR's-all avail
able now- in the industry-accepted 
VERSAWATT package. Leads are custom
formed to your requirements, of course . 

• ISOWATT triacs, 40900, 40901, 40902. 
These 8 A units are ceramic isolated ver
sions of 40668/ 40669, providing great 
flexibility in chassis mounting . 

• RCA-106 and 107. Here are 4 A SC R's 
that fill your needs for low-cost circuit 
areas that require triggering at 200 and 
500 µA. These RCA microamp gate SCR's 
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have extended voltage ratings to 500 V 
and 600 V. 
• 40668/40669. Use these 8 A triacs for 
control of AC loads for power control and 
industrial lighting applicaiions. 
• 40868/ 40869. Select these 8 A SC R's 
for applications in power switching and 
motor speed controls. 
RCA triacs are gate-controlled in all four 
modes. 
RCA VERSAWATT thyristors employ 
glass-passivated chips for quality per
formance . When you design circuits using 
the RCA VERSAWATT thyristor, you get 
ease of mounting , low thermal impedance 

non Solid State 
products that make products pay off 

for operation at elevated tel"lperatures, 
and minimum heat sink requirements-all 
at excellent cost-effective levels. 

With RCA's full elastic capability, you 
can cover full- and half-wave applications 
with currents frol"l 1 to 15 A a'"ld voltages 
from 15 to 600 V. 
See your local RCA RepresentativP. for 
details. For technical data, write : RCA 
Solid State Division, Section70 A -31/ UR14 , 
Box 3200, Som<>.rville, N.J . 08876. !nter
national: RCA, Sunbury-on-Thames, U.K. 
or P.O. Box 112, Hong Kong . In Canada : 
RCA Limited , Ste. Anne de Btllevue810 , 
Quebec. 
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Probing the news __________ _ 
Analys1s of technotogy and business developments 

Nixon's budget: jobs and votes 
It's an election year budget, heavy on spending to boost employment, 

especially in technology-and that means more electronics jobs 

In this election year, President Rich
ard Nixon is aiming his new budget 
to "increase jobs" and produce "a 
new prosperity for all Americans 
without the stimulus of war and 
without the drain of inflation." But 
the Democrat-controlled 92nd Con
gress, which received his budget on 
January 24, is in no mood to let it go 
through unchallenged. After all, 
Congress faces an election year, too. 

The $246.4 billion requested will 
indeed generate jobs, particularly 
within the electronics industry, pro
vided a hostile Congress cooperates. 
And no one is betting on that. In
deed, there are signs that the canny 
incumbent in the White House is 
orienting his reelection campaign 
around the possibility that 1972 
may be a carbon copy of 1948. Back 
then, Harry Truman won after suc
cessfully pinning the "do-nothing" 
label on the Republican-dominated 
80th Congress. 

Money for jobs. Questions also 
exist about whether the President 
can achieve his job goal in time to 
make it count in the polling booths. 
Though the economic stimulus of 
the Vietnam war has in fact evapo
rated, the new budget, with its huge 
$25.4 billion deficit, calls for a mas
sive boost in defense spending. A 
9% jump, that rise is sure to inflame 
the Congress. 

Economic historians note that the 
budget rests on the third consecu-

Money managers. The future of Richard 
Nixon , confident of reelection , may rest with 
key Democratic leaders of Congress, to 
whom he has submitted another deficit 
budget . They are (from top) Mike Mansfield, 
Senate majority leader, and the Appropria

tions Committee chairmen , Sen. Allan J. El
lender and Rep. George H. Mahon. 
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tive deficit, coming hard on the 
heels of a $38.8 billion deficit this 
year-a blotch of red ink unmatched 
since the end of World War II . Con
gress' Democratic leaders view 
Nixon's proposals as an obvious at
tempt to generate jobs for unem
ployed voters, who will than repay 
him with enough votes to guarantee 
reelection. Publicly, the Democrats 
deplore the proposals, of course. Yet 
they want to increase jobs, too-but 
with programs geared both to their 
own advantage and the White 
House incumbent's disadvantage. 

Priorities. Electronics engineers
and their employers-see Nixon's 
budget from a variety of perspec
tives, depending on their profes
sional biases. Like the economists 
and politicians on both sides, they 
welcome the emphasis on high-tech
nology jobs. Yet they can also see 
there are more jobs for some elec
tronics specialties than others. 

Defense contractors, for example, 
are clearly pleased with the big in-

creases contained in the $75.9 bil
lion to be spent by the Pentagon. 
The Defense Department's mix con
tains avionics, missiles, and ship
board systems. It also includes the 
communications to interconnect 
new and improved sensors destined 
for the new intelligence, surveil
lance, and warning systems that are 
needed when hot wars turn cold. 

Grand Tour dead. Civilian space 
program suppliers, on the other 
hand, grumble at an electronics 
spending level that remains essen
tially unchanged. The Grand Tour 
satellites, which were to go to five 
planets, have been axed in favor of 
the $5.5 billion space shuttle. 
Though the electronics potential of 
the shuttle-being pushed by James 
C. Fletcher, head of NASA-could 
run to hundreds of millions of dol
lars, that money is all in the future. 
Cancellation of the unmanned 
Grand Tour satellites killed an esti
mated $500 million in total busi
ness, including about $80 million in 
fiscal 1973 R&D. 

Transportation equipment mak
ers look at the increased funding for 

Communications: more issues than money 
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The nation's communications man
agers-the Federal Communi
cations Commission and the Office 
of Telecommunications Policy-get 
only nominal increases to oversee 
the nation 's expanding systems in 
the fiscal 1973 budget. 

However, the political sensitivity 
of a number of pending issues
domestic satellite communicat ions 
and the controversial probe of 
American Telephone & Telegraph 
Co., for examples-could lead the 
Democrat-controlled Congress to 
boost appropriations for the Re
publican-dominated agencies as a 
device for embarrassing the Nixon 
Administration. In any event, up
coming actions by the FCC and OTP 

will continue to impact heavily on 
the electronics industries in 1972. 

The budget request shows that a 
significant share of the Fee's $1 .5 
million increase will be used to 
" augment the commission 's pro
gram of surveillance of Bell System 
operation" by the Common Carrier 
Bu reau. According to Bernard 
Strassburg, the bureau 's chief, his 
operation's budget increase of 
about 10%, to a level of approxi-

mately $350,000, will permit " an 
additional 15 to 20 man-years " of 
engineering effort. The FCC has esti
mated it would take roughly $1 mil
lion and 50 additions to the staff to 
examine AT&T meaningfully. Since 
the budget only asks for one-third 
that investment, a full-scale probe 
seems unlikely. 

Though a domestic satellite ruling 
by the commissioners, based on the 
Common Carrier Bureau's recom
mendation , is probably the Fee 's 
highest priority item , Strassburg ac
knowledges that the action is not 
expected to come before " early 
spring ." Initially, the FCC had hoped 
to act before 1971 ended. 

Total FCC budget authority is set 
at $32 .8 million for the new fiscal 
year , while OTP, which says it will 
not get any additions to its 65-man 
staff, will spend $3.2 million . The 
FCC programs receiving the largest 
budget increases are those involv
ing research and planning in com
munications technology. An added 
$830,000 will boost to $4.54 million 
the funds available to conduct 
broad studies designed to improve 
the utilization of the radio spectrum. 

a new mix of programs as an appeal 
for the urban vote. Emphasis on 
ground transportation within and 
between cities is heavy. New air 
traffic projects, on the other hand, 
will get smaller bankrolls. 

The catch-all package of electron
ics in social programs-embracing 
education, environmental protec
tion, law enforcement, and medi
cine-appears larger this year on 
first reading. However, the broad 
distribution of these relatively small 
efforts in corners of the Depart
ments of Justice and Health, Educa
tion, and Welfare and at smaller op
erations continues to frustrate 
industry marketing men. 

New initiatives. Now, of course, 
the White House believes that it has 
an alternative solution to that prob
lem with its New Technology Op
portunities Program (NTOP). Still an 
unknown political quantity, that 
program calls for a $398 million 
boost in Federal support for new ci
vilian R&D as the first stage of a $2 
billion, five-year plan to apply U.S. 
technology to a broad range of so
cial problems at home. 

Equally important to NTOP 
proponents is its proposal to stimu
late private industry investment in 
independent R&D. The goal is to 
capitalize on areas of technological 
leadership, improving the nation's 
declining competitive position in 
world markets by raising exports of 
high-technology products. The pas
sage of an NTOP appropriation this 
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Influentials. Men bearing the President 's message that high technology is the key to economic recovery are (from left) William Magruder, 
who put together a new domestic R&D package, Defense Secretary Melvin Laird , who is pushing for a major spending increase, and space 
shuttle promoter James C. Fletcher, head of the National Aeronautics and Space Administration . 

year would raise civilian R&D fund
ing from all quarters to an estimated 
$5.4 billion-up $700 million. 

New gear. Typical new domestic 
applications for technology pro
posed in the NTOP package include 
accelerating development of all
weather landing systems for com
mercial aviation, use of helicopters 
as flying fire engines and ambu
lances, and creation of new commu
nications networks and warning sys
tems aimed at avoiding disasters 
created by fast-developing storms. 

The New Technology concept 
evolved quickly and quietly in the 
last half of 1971 [Electronics, Sept. 
27, 1971 , p. 33]. Now being mar
keted politically by former super
sonic transport boss William Ma
gruder in his new role as White 
House special assistant, NTOP got 
technological guidance and eval
uation from the Office of Science 
and Technology, headed by Edward 
E. David Jr. 

New incentives. David says there 
will be $40 million available in the 
new fiscal year alone for corporate 
tax incentives and other cost-shar
ing schemes, which will encourage 
"trials of actual ideas" to foster in
creased R&D. The National Science 
Foundation is budgeted for $25 mil
lion of this, with another $15 million 
administered by the National Bu
reau of Standards. Though David is 
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uncertain how many professional 
engineering jobs will be generated, 
he has "no doubt at all that we will 
see an increase in hiring." 

Put down election year 1972 as a 
battle for the ballot of the American 
worker, with electronics specialists 
near the top of the politicians' lists.D 

Technology-oriented jobs will be the big 
Defense Department fallout in fiscal 1973 

Defense electronics jobs "will rise 
significantly" in fiscal 1973. That's 
how Pentagon comptroller Robert 
Moot sees President Nixon's $75 .9 
billion defense spending program 
impacting the electronics industries. 
And other defense officials agree, 
believing that Moot's forecast will 
hold true even after the inevitable 
election year paring by the Con
gress. The very size of the Presi
dent's request-a whopping 9% in
crease from last year-and its 
increased emphasis on electronics 
hardware should ensure that. 

Total U.S. employment in defense 
industries wi ll hold steady at about 
1.9 million persons, Moot explains, 
with the expected sharp rise in tech
nology-oriented jobs offset by de
clines in industries supp lying "soft 
goods"- uniforms and similar items. 
Moot says it is too early to estimate 
precisely how the numbers will fall, 

but confirms that big increases in 
procurement and R&D requests will 
escalate engineering employment. 
The President proposes to raise Pen
tagon procurement authority by 
$1.4 billion in fiscal 1973 to $19.3 
billion and boost R&D funds by $900 
million to nearly $8.5 billion [see ta
bles on next page]. 

Supplements, too. Moreover, De
fense Secretary Melvin Laird has 
begun his drive on Capitol Hill for a 
$254.8 million supplemental appro
priation for fiscal 1972- nearly all of 
which involves programs with a 
heavy electronics content. Two of 
four new classified development ef
forts, accounting for $100 million of 
the supplemental request, call for 
new sensors for ocean surveillance 
[Electronics, Jan. 3, p. 75] and an in
creased level of effort on electronic 
warfare. Particularly important is 
development of a system to counter 
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the electromagnetic pulses gener
ated by nuclear warhead explosions. 
Such pulses disrupt electronic cir
cuits within the range of an explo
sion. 

Command post. The supplement 
contains $6 million that Laird wants 
to begin procurement of the long
delayed Advanced Airborne Na
tional Command Post with the first 
four Boeing 747s for the Air Force, 
plus another $143 .8 million to re
store funds for a variety of Air 
Force and Navy plane buys cut by 
the Congress this year. 

The remaining $35 million, says 
Moot, is to accelerate R&D on the 
Undersea Long Range Missile Sys
tem submarine and the U LMS mis
sile, for which the first R&D award 
went to Lockheed Missiles a nd 
Space late last year. For the new fis 
cal year, total funds to accelerate ef
forts on Submarine-Launched Bal
listic Missile systems soar to more 
than $942 million, including ULMS 

and the operational Polaris-Posei
don systems, whose missiles con
tinue to be upgraded with multiple 
warheads. The SLBM package con
tains a heavy $520 million for R&D, 
plus nearly $395 million for p ro
curement. 

Livable. Though ULMS and a 
handful of other programs could get 
canceled if a successful strategic 
arms limitation agreement is con
cluded with the Soviet Union-an 
agreement the President is pushing 
strongly- the total defense budget 
request has pleased industry and 
military leaders alike. "The Marines 
can live with the fiscal 1973 
budget," says No. 2 man, Lt. Gen. J. 
R. Chaisson. Such comments sum 

up the typical military reaction in 
the capital and are legitimately rep
resented as expressions of joy. 

There is, however, one cloud on 
the horizon from the viewpoint of 
large electronics and other prime 
contractors. That is DOD's revised 
approach on contract progress pay
ments, which will be subject to new 
limitations in 1972 and require in
creased capital investment by con
tractors as a result. To be invoked 
on new contracts, the progress pay
ment rules will be altered so con
tractors will only be reimbursed for 
money paid out to subcontractors 
and others, rather than for work in 
progress, and frequency of pay
ments will be cut back. 

Payments. The concept is one that 
DOD believes "will make the defense 
industry more prudent in producing 
weapons" -if contractors have to 
buy items with their own funds . 
Though the proposal is just begin
ning, some industry sources believe 
it could cut back on instrument sales 
to big prime contractors. However, 
co m po n ent manufacturers who 
serve as subcontractors believe that 
the policy will accelerate their 
receipt of payments from primes. 

Within the military, the Navy, as 
expected, bags the biggest procure
ment increment by far, with a $9.65 
billion request- plus $2 .71 billion 
more for research, development, 
test, and evaluation. Comparable 
Air Force totals are nearly $6.27 bil
lion and $3.18 billion, while the 
Army is being held to $3.32 billion 
and $2.05 billion as it winds down 
and out of the Southeast Asian war. 

Though the Navy gets funding for 
55 more ships, shipboard electronics 
buys for these ships are still years 
down the road- particularly the 
controversial new CYAN-70 nuclear 

attack carrier, for which $100 mil
lion of the estimated $1 billion total 
is sought this year. Nevertheless, the 
Navy is expected to spend heavily in 
the new fiscal year for new systems 
to retrofit two antisubmarine war
fare (ASW) carriers as the service 
moves to combine the ASW and at
tack functions on all its 16 ships in 
the fleet over the next two years. 

S-3A troubles. For ASW, the Navy 
also wants its first production buy of 
42 of Lockheed's S-3A aircraft for 
$581 .1 million, plus $46.5 million 
for initial spare parts, and $36. 7 
more for on-going R&D. However, 
the S-3A could become the subject 
of a new Congressional controversy, 
following growing reports of trouble 
with the performance of the plane's 
electronic submarine detection sys
tem, particularly the Difar package, 
from Sanders Associates Inc. 

Also significant in the Navy's 
budget is its first proposed buy of 
Bell Helicopter's AH- IJ Cobra at
tack model at $32.9 million for 20 
units with initial spares. In the heli
copter budget mill, too, is $53 mil
lion for continuing R&D on the con
t rove rs i al Lockheed AH-56 
Cheyenne gunship, funds for which 
were knocked out of the current 
budget. 

Choppers. The Army also wants a 
$23 million increase next year for 
R&D on a heavy-lift helicopter, rais
ing funding for the vehicle to $53 
million. At the same time, the ser
vice wants to boost spending on its 
utility tactical transport helicopter, 
called Uttas, to $64 million, a $24 
million boost in R&D that could run 
into Congressional resistance. 

As for Air Force plans, new 
money is limited, following a series 
of heavy commitments in fiscal 
1972. However, besides the airborne 

Department of Defense : what procurement dollars buy 
(molloons of dollars) 

FY 1972 FY 1973 Fiscal Year 1973 

Aircraft .... .. . . . .. . . ... .. .. . . .. . . . . ... .. . . . 6.568 5.849 135 3, 102 2,61 3 

Missi les ..... . . . .... . . . . . . . . . 3,418 3,7 17 1,153 792 1,772 
Shi ps .. . . . . . . . . . ....... .. ............. 3,010 3,564 3, 564 
Combat vehicl es, weapons, and torpedoes 403 542 259 283 

Ordnance, vehicles, and re lated equipment . .. .. . .. . . 3,209 2,580 1,360 567 653 

Electroni cs and communications ....... . 778 953 193 524 236 

Other procure ment . . . . 1,498 2,108 226 8 18 994 70 

Total procurement . ........ . .... . . .... . ..... . . 18,884 19,313 3,325 9,650 6,268 70 
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Department of Defense : where research dollars go ~l < . , , ·, . ·. , . '.·;~ \ :!:, . , • • •• >' ••• ,.. 

(m1lhons of dollars) ~; '•/ ·- : , . · '. ",,' /t}'':? 
. , ---~-. _:. ,_,,_ . ..,. ____ ._. ___ -~-L_ 

FY 1972 FY 1973 Fi scal Year 1973 

Mi l i tary sciences . . . .. . .... . . . . . . . . 538 573 202 149 145 77 
Ai rc raft . . . .. .. . ... . . .. ... . .. .. . . .. 1,984 1,948 243 379 1,32 5 
Miss il es . . . . . . . . . . .... .. . . . . 1,946 2,383 960 958 387 78 
Mi li ta ry as tronautics ..... . . . . . . . . . . . . . . 405 454 19 90 346 
Ships and small craft .. ' ....... . . . . . . . . . 4 11 429 429 
Ordnance, vehi cles, and re lated equipment . 337 331 187 44 100 
Other equ ipment .. 1,515 1,692 383 505 501 303 
Program wi de management and support .. .. 576 638 57 157 376 49 
Emergency fun d 50 50 50 

Total research, development, testing, and evaluation 7,762 8,498 2,051 2,711 3,179 557 

national command post, the service 
wants to proceed with procurement 
of the long-delayed Airborne Warn
ing and Control System (AWACS), 
buying the first three Boeing 707s 
with a fresh bankroll of nearly $310 
million, and another $160 million 
for R&D. A selection between the 
co mpeting Hughes a nd West
inghouse radars is anticipated later 
this year, if the project survives the 
Congressional hurdles. 

Missiles come in for heavy fund
ing, with Raytheon Co. systems get
ting heavy incremental production 
requests. The Army, for example, 
wants $116.8 million for the Bed
fo rd, Mass., company's Improved 
Hawk air defense weapon, while the 
Marine corps wants $20.9 million. 
The Army is also budgeting $ 171 .1 
million for the Hawk follow-on sys
tem, the SAM-D, up from $115.5 
million this year. 

The Raytheon-produced Sparrow 

3 air-to-air missile used on Navy 
planes accounts for $ 118.2 million, 
up from $69.3 million. G eneral Dy
namics, Pomona, Calif. draws a 
mixed bag from Navy for its Stan
dard ship miss ile . The increase 
sought for the extended-range ver
sion was cut to $ 15.9 million from 
$32.9 million, while money for the 
medium-range version was hiked to 
nearly $45 million from $30.6 mil
lion. 

Safeguard. And what about the 
bi ggest weapons controversy of 
them all, the Safeguard missile de
fe nse system? Secretary Laird says 
the President is asking for $390 mil
lion for two more sites, plus $716.6 
million for procurement and $340 
million for R&D. But, says one Con
gressional armed services staffer, "it 
will never fly- especially with the 
election this year. If it doesn' t get 
dropped at the SALT talks, it'll get 
knocked off up here." D 

Space shuttle brings a big-ticket program 

back to NASA, but Grand Tours are dead 

For NASA, the name of the game is 
long-term survival. Fighting for a 
good field position so that it can 
score the big one, The National 
Aeronautics and Space Adminis
tration has had to pass up some 
short gainers in exchange fo r some 
much needed long yardage. 

NASA won White House approval 
fo r the $5 .5 billion space shuttle 
program on which the future of the 
agency's manned space efforts- and 
present $3 .2 billion size- hinge 
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[Electronics, Jan. 17, p. 36]. It also 
got a whopping raise fo r space sa tel
lites, a small gain in applications 
that includes a new start for a Tiros 
N weather satellite, and an increase 
in aeronautics research. 

But in the fiscal year 1973 game 
plan, NASA had to : 
• ba rgai n away th e unm ann ed 
Outer Planets Miss ions, popularly 
known as Grand Tours, which were 
to explore Jupiter, Saturn , Uranus, 
Neptune, and Pluto later that dee-

ade a t a cost of $700 million , 
• defer the J and K series of the ad
vanced Orbiting Solar Observatory 
(oso), which were to be launched in 
1974 and 1976, and 
• reduce its research into nuclear 
propulsion by dropping the high
thrust Nerva program, looking into 
smaller-thrust rockets instead. 

Also, Tiros N aside, the agency is 
not committing to any new earth
oriented satellite programs. 

Steady state. Overall , the budget 
shows NASA's steady-state condition 
as it weathers the post-Apollo tran
sition. The agency plans to spend 
$3 .19 billion, up slightly from last 
yea r, but down about $ 190 million 
from fiscal 1971. 

NASA's budget, although a disap
poi ntment for those electronics 
manufacturers looking to space pro
grams to pump more money into 
the marketplace, will at least keep 
the funding level constant until the 
big-ticket space shuttle gets under 
way. The shuttle will mean about 
50,000 new jobs, NASA estimates, a 
compelling reason why the White 
House approved the program. 

Shuttle. Breaking the budget 
down, manned space projects are in 
for $ 1.22 billion, down $61 million, 
as Apollo ends with the last two 
moon shots this year. The space 
shu ttle will begin to pick up the 
slack in fi scal 1975 through 1977, 
when it reaches peak funding of 
over $1 billion. NASA has about 
$300 million to spend in fiscal 1973, 
counting the $200 million in the 
budget, $80 million unspent from 
previous years, and other funds 
now squirreled away in various ac
counts. 

NASA expects to go out for bid on 
the $4 billion shuttle orbiter con-
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tract in March and award the con
tract in the summer. Shuttle avion
ics should cost at least $600 million. 
Every major aerospace company is 
expected to bid, either singly or as 
part of a team. Currently perform
ing shuttle study contracts are North 
American Rockwell teamed with 
General Dynamics, Grumman with 
Boeing, McDonnell Douglas with 
Martin Marietta, and Lockheed. 

HEAO. Despite the loss of the 
Outer Planets Missions, NASA's un
manned space science programs are 
up $116.5 million to $669.4 million, 
with increases both for physics and 
astronomy and for lunar and plan
etary satellites. Big gainers are the 
Viking automated Mars probe, with 
$229 .5 million , and the High
Energy Astronomical Observatory 
(HEAO) with $59.6 million . The 
Martin-Denver division is building 
the Viking lander, and the Jet Pro
pulsion Laboratory , Pasadena , 
Calif. , is managing the orbiter de
velopment for the 1975 launch. TRW 
Systems Group, Redondo Beach, 
Calif. , has been selected to build the 
first two HEAOs for launch in 1975 . 
About 13 scientific experiments are 
to be flown to gather high-resolution 
data on sources of cosmic, gamma, 
and X rays. 

oso I, for which Hughes Aircraft 
Co. , Culver City, Calif., is prime 
contractor, is slated for $14.5 mil
lion, down slightly from last year. Its 
launch late next year will end the 
project, although George Low, 
NASA's deputy administrator, says 
the agency has only deferred the J 
and K versions of the sun investi
gator until later. Even so, deleting 
the follow-on versions this year only 
saved the agency about $7 million. 

Grand Tour. The Outer Planets 
Missions were killed, administrator 
James C. Fletcher says, because the 
program was getting less than 
wholehearted support from Con
gress and the scientific community
even though the agency had low
ered the cost to about $700 million. 
NASA is looking at a Mariner-type 
spacecraft for cheaper missions to 

Job transport. Space shuttle will carry four
man crew and 65 ,000-pound payload into 
orbit to launch, repair , or retrieve satellites. 
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NASA : Major applications programs 
(thousa nds of dolla rs) 

FY 1971 FY 1972 FY 1973 
Earth resources survey: 

Earth resources t echno logy sa tellites 55,750 52,225 35,400 
Aircraft program . . . . . . . . . . . 10,985 12,350 13,000 

Applicat ions techno logy sa tellites . . . . . . . . . . . 23.750 51 ,800 61,200 
Nimbus . ..... 24,700 18,125 28,300 
Synchronous meteorological sate llites . 8,850 15,000 11,500 
Coopera tive applicati o ns sate llites 75 2,600 3,300 

Tiros / TOS improvements: 
TOS improvements. . . . . . . . . .. .. . . ... . 2,559 2,048 2,200 
Tiros-M ....... 641 202 
Tiros· N . . . . . . . . . . . 5,800 

Geodetic sa tell it es . 2,806 3,500 5,000 
Global atmospheric research program .. 1,000 2,250 4,500 
Meteorologica l soundings .......... 3,100 1,500 1,500 
Supporting research and technology/advanced studies .. 28,744 23,300 22,000 
Earth observatory satellite studi es 1,000 1,000 
Radi o interference and pro pagat ion program . . 1,000 1,600 
Air t raff ic contro l studi es . . . . . . . . . 3,000 

Total space applications .......... . ........... . 166,960 187,500 194,700 

Jupiter and perhaps a fly-by to Sa
turn in 1977. A decision is due 
shortly , according to John E. 
Naugle, associate administrator for 
space science. 

Applications. Tiros N is a modest 
new start at $5.8 million, but it re
flects the agency's slightly increased 
funding- $194.7 million-for appli
cations satellites. Just a paper con
cept at the present, the program is 
to become an operational prototype 
development for the National Ocea
nic and Atmospheric Adminis
tration (NOAA), says Charles N . 
Mathews, applications chief. The 
meteorological satellite will have 
new-generation instruments for 
gathering atmospheric and earth 
thermal profiles when it is launched 
in 1976, he says. 

Other weather birds, the Nimbus 
E and F built by General Electric 
for meteorological research, will get 

$28.3 million. Due to fly this year 
and in 1974, the satellites will de
velop instrumentation for oper
ational satellites, such as the Tiros 
N . A cooperative program with 
Canada is down for $3.3 million. 

NASA's shift toward applications, 
exemplified by closer ties with the 
Department of Transportation, 
shows up in the sharply higher 
budget for aeronautics and space 
technology. At $163.4 million, that 
request is up 50% from last year. 
Budgets in two key areas, short 
takeoff and landing (STOL) trans
ports and quiet aircraft engines, 
have doubled, and NASA is coordi
nating research with DOT. 

Airplanes. The STOL transport 
programs will receive $27.5 million. 
Late this year, NASA will select a 
contractor to build two prototype 
STOL transports to be delivered in 
1974-75 for an estimated $100 mil-
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lion. Design concepts are being pre
pared now by McDonnell Douglas, 
Grumman teamed with Boeing, and 
Lockheed-Georgia teamed with 
North American Rockwell and 

Cornell Aeronautical Laboratory. 
The quiet-engine development pro
grams will get $12 million. 

Other major research and tech
nology areas will be in laser com
munications and in achieving long
life, high-speed components for 
space electronics systems. D 

Social programs-from education to law 
enforcement-take biggest budget slice 

Funds available for electronics in 
the broad area of the Government's 
social services are like buried trea
sure, difficult to find but of great po
tential value. Secretary Elliott Rich
ardson's Department of Health, 
Education, and Welfare is by far the 
largest of these treasure troves, with 
its $78.9 billion budget, up $7 bil
lion from a year ago. 

Far-flung. HEW, with its widely 
scattered organizations dealing with 
the health and education programs 
of interest to electronics manufac
turers, looks discouraging to some 
industry marketeers. Nevertheless, 
the dollars are there and a hungry 
industry is tracking them anxiously. 

At the Social Security Adminis
tration, automated systems are help
ing push the equipment budget 
from $6.2 million in fiscal 1972 to 
$8.5 million in 1973. "We are plan
ning to purchase one large-scale 
computer- the size of an IBM 

Peaceable. HEW Secretary Elliott Richard
son gets the biggest budget slice, but his 
electronics " peace market " is scattered . 

360 / 65- this year," says an agency 
official. And, if the welfare reform 
legislation proposed to the Congress 
is enacted, the agency will be in the 
market for three or four such com
puters in the next year or so, he 
says. 

The extent of the Social Security's 
use of integrated data processing 
has significantly increased over the 
past year, according to Sherwin 
Montell of the agency's budget of
fice. More than 800 district offices 
throughout the country are linked to 
the administration's central com
puter in Baltimore, where claims are 
processed from stored microfiche 
records, with copies transmitted to 
district offices when required. 

TV classrooms. Educational tech
nology is slated to get a hefty 50% 
boost- up to $30 million. The larg
est part of these funds will be used 
to apply communications tech
nology to improving instruction in 
basic, career, and early childhood 
education. Some vehicles will be 
communications satellites; closed
circuit, cartridge, and disk tele
vision ; telephone networks and 
computer-based systerµ s. 

The influence of TV in Federal 
education programs has just begun. 
The Administration has proposed 
legislation that would establish a 
National Foundation for Higher 
Education. A major goal of the 
foundation is to develop new edu
cational formats, such as "TV col
leges." To start planning, $3 million 
will be requested later this year if 
Congress enacts the bill. Appropria
tions for fiscal 1973 are then set to 
be hiked to $100 million. 

While budget requests for the En
vironmental Protection Agency are 

up from $168 million to $179 mil
lion in fiscal 1973, the allocation for 
"equipment"- which would include 
any electronics for monitoring, sen
sing, or measuring pollutants- is sig
nificantly down, from $16 million to 
$10 million. 

Electronics for police. The Justice 
Department's Law Enforcement As
sistance Administration proposes 
raising spending to $595 million, up 
$170 million in two years- and com
puters and peripheral equipment 
promise to become the big items. 
While LEAA continues with its pol
icy of matching state funds for law 
enforcement equipment, manpower, 
and construction, a major initiative 
is the improvement of law enforce
ment science and technology. This 
year's budget more than triples the 
funds for data systems and statisti
cal assistance- $18.7 million. 

LEAA will continue to study im
proved police communications sys
tems to connect foot patrolmen and 
radio cars to station houses. LEAA is 
also working hard toward linking 
state agencies to regional and na
tional computer banks containing 
criminal files. 

Now that the Postal Service is an 
independent organization, there is a 
real push to make it cost effective, 
and one of the ways is via electronic 
processi.ng of mail. Research, devel
opment, and engineering will grow 
from $76 million this year to $91.4 
million next. One must item: to ful
fill President Nixon's proposal to 
develop and demonstrate an elec
tronic system for providing routine 
overnight mail delivery. 

Earth viewer. At the Department 
of Interior, the Earth Resources Ob
servation System (EROS) is up by 
nearly double the $5.2 million re
quested last year. The $10.6 million 
program managed by the U.S. Geo
logical Survey will support the 
Earth Resources Technology Satel
lite (ERTS), built by General Electric 
and slated for launch in June. 

Among the Nixon programs that 
Edward David, the Presidential sci
ence advisor, classes as " big sci
ence" - costly and glamorous proj
ects with high public visibility
there's one aimed at electronics. It's 
a $60 million antenna array for ra
dio-astronomy, dubbed the Very
Large Array (VLA) by its sponsor, 
the National Science Foundation. 
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When one out of 20 employees in America
including executives-has alcoholism, it's time 
for some plain talk about alcoholism. The 
alcoholic's family, friends and employer may 
mean well, but the silent treatment is no way 
to treat a disease. And alcoholism is a disease 
from which recovery is possible, rather than a 
moral weakness for which the alcoholic should 
be pitied-or fired. It's a disease which ranks 
with heart disease, cancer and severe mental 
disorders as a public health menace. 

The National Council on Alcoholism has 
pioneered in setting up joint union-manage
ment alcoholism programs. In these programs, 
industry is achieving recovery rates averaging 
60 to 70 percent. Management profits by re-

Electronics/January 31, 1972 

taining its experienced employees and regain
ing lost productivity-estimated at six billion 
dollars. Unions profit by increasing health and 
welfare protection for members and keeping 
them in the active work force. 

If you think alcoholism is affecting your 
business, talk it over with the Director of 
Labor Management Services, National Coun· 
cil on Alcoholism, 2 Park Avenue, New York, 
N.Y.10016. 
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The Y-shaped antenna, measuring 
13 miles along each arm, will be the 
world's most sophisticated radio-as
tronomy system. 

Though industry's share in the ar-

ray is not expected to run to more 
than half of the $60 million pro
gram-$3 million of which is sought 
in the new fiscal year-VLA bears 
watching as a device which could 
provide fundamental new informa
tion about the basic nature of com
munications. D 

Budget fuels mass transportation projects, 

but throttles back on air traffic control 

Urban mass transportation is pick
ing up speed in the Department of 
Transportation. The Federal High
way Administration still absorbs 
nearly 69% of DOT's $8.6 billion 
budget for fiscal 1973-which is up 
only $150 million from this year. 
But the President has told the na
tion that he intends to promote in
ner city transit systems, and Secre
tary John Volpe has responded. 

These programs may amount to 
as much as $1 billion, the budget re
quested by the Urban Mass Trans
portation Administration (UMTA). 
For the electronics industries, out
lays here will help offset a $100-mil
lion-plus decrease in expenditures 
for enroute and terminal air traffic 
control systems. 

Local help. The largest percen
tage increase-65%-for major DOT 
programs will be at UMTA. Most of 
the money-$841.1 million-is ear
marked for assisting state and local 
public bodies to buy new buses and 
commuter railroad and rapid transit 
cars. A sizeable $115 million, com
pared with only $62 million this 
year, is allocated for R&D and dem
onstration of new systems. 

Some $67 million of this is re
served for "new technology transit 
systems." Here, personal rapid tran
sit systems-using cars carrying 
fewer than half a dozen people-are 
down for $38 million, double this 
year's funding. In addition, $10 mil
lion-a giant jump from this year's 
$800,000- is to be spent on dual
mode systems, which can be driven 
manually or guided automatically. 

Of particular interest to electron
ics companies will be a request for 
proposals for a "new family" of ra
pid transit vehicles that would apply 

the latest control and automation 
technologies. The request should be 
out during the first half of the new 
fiscal year, according to Carlos C. 
Villarreal, the agency's head. 

Express tracks. The Federal Rail
road Administration will also be 
sponsoring R&D and demonstra
tions. The agency has proposed a 
budget of $81.2 million, $38 million 
more than this year. Of this, $60.8 
million is for R&D in high-speed 
ground transportation. Programs 
will be aimed at both upgrading 
ex1stmg railroads systems and ex
ploring new concepts. 

Well up on the priority list is the 
continuing development of an ex
perimental Tracked Air Cushion 
Research Vehicle that can zoom 
along at 300 miles per hour. UMTA is 
also looking at high-speed vehicles, 
but is aiming at a more sedate, 150-
mph train, better suited for shorter 
hauls. In addition, funds will be 
spent on improving Metroliner ser
vice between New York and Wash
ington and on upgrading the Met
roliners' electric propulsion· and 
electronic control systems. 

DOT is also beginning work on de
veloping a system- computer based 
and relying on "simple sensors" -for 
keeping track of freight cars 
throughout the nation's railroad sys
tem, says Robert H. Cannon, Jr., as
sistant secretary at DOT for system 
development and technology. 

Up in the air. Although the $1.5 
billion budget for the Federal Avia
tion Administration is about the 
same as this year, the electronics in
dustries' share may fall off some 
tens of millions of dollars in fiscal 
1973. This is because much of the 
modernization of terminal and en-
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route air traffic control facilities has 
been completed. Procurement in 
these categories drops $103.6 mil
lion to $231.3 million. 

At the same time, the next gener
ation of equipment-for such things 
as microwave-frequency instrument 
landing systems and digital commu
nications-are still under develop
ment. However, R&D funds climb 
$10. 1 million to $70.6 million. 

Airports. Procurement for termi
nal traffic control towers, such as the 
ARTS 3 system, will fall off sharpest 
of all-from $115. l million this year 
to $48.8 million. Another sharp 
drop comes in equipment for air 
route traffic control centers, which 
sport long-range radar, computers, 
and automated displays. Funds here 
drop to $155.8 million, down from 
$181 million in fiscal 1972. In 1971, 
this figure amounted only to $22.5 
million. 

On the research, engineering, and 
development side, $50.1 million is 
budgeted for air traffic control sys
tems-compared with $49 million 
last year. The air traffic control 
funds are to be expended for com
puterizing airport traffic control sys
tems and for more efficient metering 
of terminal traffic under all weather 
conditions. Under the navigation 
category, which gets $20.5 million, 
come the new microwave landing 
systems, for which study contracts 
are expected to be awarded any day. 

At sea. There will also be a rise, 
albeit modest, in RDT&E funds for 
the Coast Guard-up to $13.5 mil
lion from $11 million- for search 
and rescue, aids to navigation, and 
marine environmental protection. 

More specifically, the Coast 
Guard wants to improve methods 
for detecting and locating persons in 
distress. Major projects include con
tinued development and testing of a 
prototype distress alerting and loca
tion system, and a precision naviga
tion system for use in harbors and 
confined waterways. The service will 
also initiate the development of a 
prototype search-and-rescue heli
copter system, as well as work on 
large-screen displays, improved ves
sel detection and identification tech
mques, and shore-to-vessel data 
links. D 

This report was prepared by Ray Connolly, William F. Ar
nold , Lyman J. Hardeman, John Johnsrud, John N. Kes
sler, and Alfred Rosenblatt . 
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At last. An 1/0 connector 
designed exclusively for 
back panel assemblies. 

Here it is. An input/output connector that features 
up to 120 crimp-removal contacts on a .100" grid which 
accepts #22 to #26 gage stranded wire. 

The receptacle contacts, fixed to the panel half, can 
be supplied in numerous .025 2 wrap post lengths. The 
receptacle contacts are as precisely located as the rest of 
the back panel contacts, and automatic wiring presents no 
problem. 

Get all the facts, write for free Bulletin No. 1/0 100. 
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Where Medicine 
and Electronics 
Come Together 

The 4th National Conference on Electronics in 
Medicine provides a major forum for the interchange of 
ideas and information between the men who make and 
the men who use electronic instrumentation for one 
overriding purpose - the betterment of world-wide health 
care . The Conference is sponsored by McGraw-Hill 's 
Medical World News. 

For physicians and medical researchers, the 
Conference offers an opportunity to become informed of 
new and sign ificant technological developments that affect 
not only their spec ialty, but the entire world of medicine. 

For designers and manufacturers of electronic 
equipment, the Confe rence provides a forum for an 
interchange of thought with M.D. 's. Only through this 
valuable exchan-ge can electronics companies make the 
proper critical R&O , manufacturing and marketing 
decisions in the growing market of health care. 

The major focus of th is Conference will be on what is 
now function ing practically at the diagnostic, therapeutic 
and monitoring phases of medical practice and neither 
doctor nor engineer can afford to miss this 3-day dialogue 
of plenary sessions, workshops and demonstrations. 

Dates: March 27, 28, 29, 1972 

Place: Chicago, Drake Hotel 
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Speakers 
(Plenary Sessions) 

Keynote-Howard A. Rusk, M.D., 
Director, New York University, 
Institute of Rehabilitation Medicine 
Thomas E. Bird, Manager, Monitoring 
Systems, General Electric 
Robert Shaw, M.D., Director, Western 
Research Center, San Francisco 
William Kerr, Director, Medical 
Systems Division, IBM 
Keith Sehnert, M.D., Editor, Computer 
Medicine; Sec./Treas., Society for 
Computer Medicine 
Dwight E. Harken, M.D., Clinical 
Professor of Surgery, Emeritus , 
Harvard Medical School 
Billy Jack Bass, M.D. , Bass Clinic , 
Salem, Mo. 
R. Hewlett Lee, M.D., Department of 
Surgery, Palo Alto Clinic 
Ray Brown, Executive V.P., 
Northwestern University 
Will Houde, Customer Service 
Manager, Medical Division , Hewlett 
Packard 
James O. Wear, Ph .D., Chief, 
Central Research Instrument Program, 
VA Hospital , Little Rock , Ark. 
Joel Nobel, M.D., Director, Emergency 
Care Research Institute 
David Link, Special Assistant, Medical 
Clinica l Devices, FDA 

Special Luncheon Speaker 

Merlin K. DuVal, M.D., Assistant 
Secretary HEW for Health and Scientific 
Affairs 

Moderators 
(Workshops) 

Gerald L. Looney, M.D., Coordinator 
Emergency Services, Arizona Medical 
Center 
Hugo C. Pribor, M.D. , Ph.D., Director 
of Laboratories, Perth Amboy (N .J.) 
General Hospital 
James T. Richards, Jr., Chief, NASA 
Technological Applications Divi sion 
Stanley E. Jacobs, Ph .D., Director, 
Division of Hospital Computer Systems 
American Hospital Association 
Carl E. Wasmuth , M.D. , LL.B., 
Chairman, Board of Governors 
Cleveland Clinic 
Thelma Schorr, R.N., Editor, American 
Journal of Nursing 
Louis R. M. Del Guercio, M.D., Director 
of Surgery, St. Barnabas Medica l 
Center, Livingston , N.J . 

William A. Spencer, M.D. 
Director, Texas Institute for 
Rehabilitation and Research , Houston 
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Plenary Session and 
Workshop Topics 

_, (Plenary) (Workshops) 

• Instrumentation-Status, 
problems, solutions 

•Computers-Significant contribu
tions in the delivery of health care 

• Government 's role in the 
increasing use of electronics 

• Emergency care-growing 
challenge for electronics 

•Automating the clinical lab-the 
best way to do it 

It' in medicine 

• Spinoffs from space-applica
tions of space technology to 
medicine 

Demonstrations at the 
Conference will include 
COMPU-GRAM, a computer
ized system for taking and 
diagnosing EKGs ; multi-test
ing, an automated physical 
work-up. A "meet-the-ex
perts" evening session is 
also planned for interested 
participants. 

I) 

• Man and machine-is dehuman
ization a problem? 

• Computerization in private 
practice 

•The Problem-ori ented Medical 
Record-getting ready for the 
computer 

• Equipment obsolescence and 
related problems of repair, 
maintenance and cost 

• Industry 's view of hardware 
problems and possible solutions 

• How doctors can help make 
medical instruments more reliable 

• FDA classification of medical 
electronic devices and what 
it wil l mean to pending device 
legislation 

•The trend toward minicomputers 
• New problems in liability and 

malpractice-what does the 
increased use of electronics 
portend? 

• Nurses-Their increasing role in 
the use of sophisti cated 
equipment 

•Cardiac equ ipment-what exists, 
what's needed , and what's being 
developed 

• Prosthetic devices-new contri
butions to rehabilitation medicine 

The 4th National Conference 
will offer the most complete 
discussion available of the 
state-of-the-art of electronics 
in medicine. What is practical, 
not futuristic , will be the thrust 
of the entire program. Attend
ance will be limited . Fill out 
the coupon below today. 

r--------------- ---------------------------~--------- -, 

Register Now ... 

Please pre-register me for meetings, 
work sessions, and demonstrations. 
My check for $165 is enclosed. 

Advance registration fee : $165; Reg
istration at conference: $200 (includes 
all sessions , demonstrations, two 
luncheons and a digest of technical 
papers when published) . Mail this D Bill me D Check enclosed 
registrat io n form alo ng with your 
check payable to: Donald Rubin, Con-

Medical World News, 299 Park Avenue, New York, N.Y. 10017 

ference Chairman, Medical World NAME TITLE ---------------------------
News, 299 Park Avenue, New York, 
N.Y. 10017. A block of rooms is being _c_o_M_P_A_NY_ O_R_H_O_S_P_IT_A_L _________________ _ 

held at the Drake Hotel for registrants . 
Make your reservations directly with _A_D_D_R_Es_s _______________________ _ 

the hotel, identifying yourself as a 
.... Conference attendee. CITY STATE ZIP 

L ------ - - -- - ------------------------------ --- - -------~ 
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Twa ways ta improve 
yaurmema111 

from 
Microsystems 
International 
You know us as a great MOS memory 
house, but that's only half the story. We are 
in business now with a new line of state-of-the 
art bipolar memory products. 

Our well-known silicon gate MOS memory capability 
has recently been complemented by th.e signing of a 
Technological Exchange/ Alternate Source agreement 
with Monolithic Memories Inc. recognized leader in the 
bipolar memory field. 

We have memories with bit densities from 64 up to 2048, and 
access times ranging from 40 to 300 nanoseconds - in fact all 
you 're looking for in semiconductor memories. 

For speed-specify our Bipolar. For low power dissipation-specify 
our MOS. 

So, if you want to improve your memory, contact Microsystems Inter
national for the most advanced line of RAM's, ROM's, PROMS and Shift 
Registers in the industry. 

MOS & Bipolar Memories from 
the performance leader lllll

microsystems 
international 

microsystems international limited. box 3529 station c. ottawa, canada - montreal, ottawa, toronto, brussels, stuttgart, london, palo alto, union. 

For further information-call or write your nearest Microsystems sales office or distributor. 

U.S.A. Miami Beach, Fla. 305- 861 - 3661. Mllgray Electronics Inc., 
Microsystems International Limited, Genesee Radio and Parts Co. Inc., Freeport, L.L N.Y. 516-546-6000. 
Palo Alto, Calif. 415- 493- 0848, Buffalo, N.Y. 716- 873-9661. Pem Sales Co., 
Orange, Calif. 714- 637- 2330, Gerber Electronlca, St. Louis, Mo. 314- 427- 7200, 
Union, N.J. 201-964-3131, Dedham, Mass. 617-329-2400. Kansas City, Mo. 816- 333-6012. 
Schaumburg, Ill. 312- 894- 7660. Hall-Mark Electronics Corp. R. E. Marquart and Associates, 
Norwood, Mass. 617-762-3164 Dallas, Tex. 214-231-6111 Indianapolis, Ind. 317- 253-3997. 
ABC Electronic Sales, Minneapolis, Minn. 612- 925- 2944 Rica! Associates, 
Williston Park, N.Y. 516- 747- 6610, lntermark Electronics, Santa Ana, Calif. 714- 557- 6543. 
Philadelphia, Pa. 215- 464-2275. San Carlos, Calif, 415- 592- 1614 R-J Inc., 
Arrow Electronics fnc., James Semple Auoc., Minneapolis, Minn. 612-922-1425. 
Farmingdale, L.I. N.Y. 516-694-6800 Rochester, N.Y. 716- 342-1413 Stan Pierce Inc., 
Baltimore, Md. 301 - 247-5200 Liverpool, N.Y. 315- 457-1188. Norwood, Mass. 617- 762-3164, 
Erskine Associates, L. H. Kolman, New Canaan, Conn. 203-966-4630. 
Scoltsdale, Ariz. 602- 263-7654. Baltimore, Md. 301-752- 8756. Slerllng Electronics, 
Geartner Assoc., Lou Bacher and Associates, Watertown, Mass. 617- 926-9720, 
Orlando, Fla. 305- 229- 1000, Itasca, Ill. 312- 773- 1810. Houston, Tex. 617- 926- 9720. 
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Tom Mulligan and Associates, 
Columbus, Ohio 614-457- 2242. 
W. Pat Fralia Co. Inc .• 
Fort Worlh , Tex. 817-738- 2394. 

CANADA 
Microsystems International Limited, 
Montreal, Que. 514-875- 2814, 
Ottawa, Ont. 613- 828-9191, 
Toronto, Ont 416- 366- 7721. 
A. W. Bleue, 
Vancouver, B.C. 604-665- 7914. 
Cesco Electronics Ltd., 
Montreal, Que. 514- 735-5511 , 
Ottawa, Ont. 613-729-5118. 
A. A. E. Industrial Electronics Ltd., 
Vancouver, B.C. 604- 687 -2621. 
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New products ___________ _ 

MSI multiplexer 
cuts teleprocessor's 
cost and complexity 
by Wallace B. Riley, Computers Editor 

Minicomputer in terminal 

uses look-up table in its 

memory for code conversion , 

simplifying controllers ' jobs 

The acquisition route was chosen by 
the former Bryant Computer Prod
ucts Co. when it decided to branch 
out from its base as a leading sup
plier of rotating magnetic memories. 
Bryant officials discovered a fledg
ling company called Cybermation 
Corp. in Washington Crossing, Pa., 
with seven employes, an idea for a 
low-cost data communications ter
minal, and no money for manufac
turing or marketing. 

organized computers, says Richard 
F. Rohrer, manager of systems engi
neering at XLO. 

Teleprocessing applications nor
mally require numerous input-out
put controllers to be used with a 
central processor. To avoid dupli
cation, as many functions of these 
controllers as possible were put into 
the 3100 processor, resulting in sim
plified controllers. For example, the 
controller for a card reader uses 
only 26 !Cs, all standard off-the
shelf units ; the controller for a 
printer uses 32; and the controller 
for a paper-tape reader, only eight. 
A benefit of this design is that the 
3100 can be run with many kinds of 
output devices connected to large 
mainframes of many manufacturers, 
using a large variety of communi
cation codes-ASCII, EBCDIC, binary 
synchronous, and the like- more de
vices, more mainframes, and more 
codes than other communications 

processors now on the market. 
The 3 JOO achieves such ftexi bility 

through a look-up table in the main 
memory, which makes the necessary 
code conversions under software 
control. The bulk of the controller 
logic is employed for such brute
force purposes as reducing a 12-bit 
Hollerith code to an eight-bit form 
for internal use. This approach, of 
course, requires more than the usual 
amount of memory. However, the 
cost of the memory is not increased 
appreciably because cost of a fairly 
large increment of memory is minor 
for small systems. 

The 3100 memory includes both 
read-only and read-write forms. The 
read-only memory begins with a ba
sic 64-byte programable chip made 
by Harris Semiconductor [Electron
ics, Jan. 18 , 197 1, p. 122] and con
taining a program-loading routine 
for bringing up the machine from a 
cold start. Additional re a d-only 

Bryant's parent company, Ex
Cell-0 Corp., acquired Cyberma
tion and combined it with Bryant 
and with another Ex-Cell-O subsidi
ary, Linnell Electronics, in Cherry 
Hill , N .J ., under the name of XLO 

Computer Corp. Now, XLO offers 
two products: the 7700 terminal 
from Cybermation, and the 3100 
series minicomputer, which is the 
heart of th e terminal. Later this 
year, the company expects to mar
ket a more sophisticated data com
munications terminal , also based on 
the 3100 minicomputer. 

Key multiplexer. Eight-bit IC , now a standard , makes XLO 3100 minicomputer 's non-bus ar
chitecture pay off . Many I I 0 control ler functions are combined in this processor. 

The minicomputer is an eight-bit
byte machine optimized for tele
processing applications. Its key ele
ment is an eight-bit multiplexer, a 
medium-scale integrated circuit that 
has become a standard item from 
several sources relatively recently
Cybermation was one of the first 
users to pick it up. The multiplexer 
makes the minicomputer's non-bus 
organization pay off, an exception 
to the current trend toward bus-

Electronics/January 3 1 , 1972 

MEMORY 
ADDRESS 
MULTIPLE X ER 

1/ 0 DEVICES 

89 



Circle 90 on reader service card 

D [f 0 !Ji)~{fil~~ 

MAGNETIC 
RELAY 

With 
Custom Features 

: low Thermal EMF 
• i5·60db Isolation 
• ow Contact Bou 

E~capsulated c ·f ce 
Bifurcated Cont:~ts 

At No Extra Cost! 

Plugs into your PC board . .. mates with plated conductors 
The unique design concept of the Prin- Available with 6, 12 or 24 VOC coils (0.5 

tact magnetic latching and non-latching re- watt G series, 1.0 watt LO series) in 2, 3 and 
lays provides < 5.0J.Jv thermal EMF, 45-65 db 4 pole configuration. Series break swingers 
cross talk isolation, < O.S ms contact bounce permit each pair of fixed contacts to be 
and other custom features as standard al no etched with common (Form C) or ·isolated 
extra cost. The single moving part is the piv- (Form A plus Form B) switching between 
oting armature with series break contacts make and break circuits. 
held by a permanent magnet eliminating Send for catalog, 2X and 4X artwork 
return springs , mechanical linkage and pig- stick-on contact patterns and Technical Notes 
tail connections thus assuring reliable per- PR262-0 , which assist in simplifying PC board 
formance for many millions of cycles. artwork, fabrication and procurement. 

For a sample and /o r data, write or call 212-EX 2-4800 

Printact Relay Division, Executone, Inc., Box 1430E Long Island City, N. Y. 11101 

90 Circle 143 on reader service card 

memory capacity is available-up to 
32,768 bytes-for other basic rou
tines and complete user programs. 

The basic read-write memory is a 
standard 4,096-byte core unit that is 
also expandable to 32,768 bytes. 
The maximum read-only and read
write configurations can be com
bined in a single machine for a total 
memory capacity of 65,536 bytes. 
The machine's address word is 16 
bits long, giving it the capability of 
addressing this large capacity. 

How is a 16-bit address squeezed 
into an eight-bit byte? Most of the 
instructions are simple and require 
only one or two bytes in the 
memory. Of the eight bits in a one
byte instruction, four address one of 'f' 

16 registers, which are really the 
first 16 locations in a 256-byte block 
of the memory. The desired block, 
one of 16 in a basic 4,096-byte 
memory, is identified by the instruc
tion counter. Most programs can be 
written to stay within these 16 regis
ters . But instructions are available 
in the machine to increment any of 
the registers directly, to load a new 
address into the memory address 
register, and to move data from any 
location in a block into one of the 
registers. 

Wait time. If the 3100 were a gen
eral-purpose machine, this pulling 
and hauling would present a head
ache to the programer and seriously 
impact performance. However, as a 
communications processor, the ma
chine is input-output bound and has 
time to juggle instructions while 
waiting for the peripheral equip
ment to catch up. 

XLO's market for the min
icomputer is the manufacturer who 
incorporates the 3100 in his own 
equipment and adds logic of his 
own design if the application calls 
for it. Rohrer is also aiming at the 
large end-user. Price of the min
icomputer is $4,500 for one. 

To small end-users, the company 
offers the 7700 terminal, which in
cludes an EIA interface and a stan
dard modem. Synchronizing with 
whatever pattern appears on com
m u n ica t ion lines , the terminal 
passes the data to the processor, 
which does all the message and 
communications work in software. 
XLO Computer Corp., subsidiary of 
Ex-Cell-O Corp., 26 Olney Avenue , Cherry 
Hill , N.J . [338] 
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New products 

Components 

FET op amp 
is low-priced 

Key parameters guaranteed 

for family of devices 

housed in T0-99 package 

When Alan Liberman, chief analog 
designer at Teledyne Philbrick, set 
out to develop a new operational 
amplifier with a field-effect-transis
tor front end, he had three goa ls: a 
lower price than existing unit s, 

guaranteed-not typical-specifica
tions for the critical parameters, a nd 
module-performance characteristics 
in a T0-99 package. 

The result is the 1421 , which sells 
for $11 each in quantities of one to 
nine. Comparable op amps on the 
market are priced from $14.80 to 
$19, says Walter Patstone, product 
manager. In larger quantities ( 100-
249), the unit price of the l 42 l 
drops to $8.50. Equivalent perform
ance in a module, including Phil
brick's, costs $20 to $30, he points 
out. 

The guarantee on critical per
formance parameters, says Patstone, 
will allow engineers to design their 
circuits to have more predictable 
performance. For the 1421 , the key 
parameters and guaranteed values 
are: low bias current, 50 picoam
peres; high common mode rejection 
ratio (CMRR) , 4,000; high common
mode voltage range, ± 12 volts; high 
output current, ± I 0 milliamperes; 
a nd I-megahertz bandwidth a t 
unity gain. 
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Even higher performance can be 
guaranteed, says Patstone, though 
at a price premium. For example, 
the l 421 /02 offers a I 0-pA bias cur
rent, a CMRR of 10,000, an output 
offset current of 5 pA, and a voltage 
offset temperature coefficient of ±25 
microvolts/°C. Price is $14.40 ( 100-
249). 

In the 142 l series, ch ip devices 
mount directly on the case header, 
rather than on a ceramic substrate, 
thus reducing the number of bonds. 
A monolithic interdigitated dual 
FET connected to the input ofa 741-
type amplifier provides an open
loop gain of 100,000- five times 
more than usual. A booster transis
tor to drive the output stage helps 
produce the ± 10-mA output current. 

For use in integrators. current-to
voltage converters, and high-gain 
amplifiers, the 142 l is connected in
verted; here the key parameter is 
low bias current which means high 
imped ance. For pH meters, buffer 
amplifiers, and other instrumenta
tion applications, the amplifier is 
non-inverted, with the key param
eters being low bias current, hi gh 
CMRR, and high common mode 
voltage range. 
Teledyne Philbrick, Allied Drive at Rte. 128, 

Dedham, Mass. 02026 (341] 

Low-priced capacitors 

challenge tantalum units 

Intended to fill the gap between 
high-performance expensive tanta
lum capacitors and standard-per
formance low-cost aluminum ca
pacitors, a new line of electrolytic 
capacitors made by Sanyo Electric 
of Japan offers a performance pro
file that is comparable to tantalum 
units, while keeping price tags very 
close to those for aluminum units. 
The new electrolytics use two differ
ent dielectrics to cover a broad ca
pacitance range. One dielectric, an 
aluminum-sintered material called 
Alsicon, provides capacitances from 
0.1 microfarad to 22 µ.F, and the 
other, a recently developed proprie
tary solid dielectric labeled SP-CON, 
is used for capacitances of 4.7 to 
1,000 µ.F. 

A l-~tF l 0-volt Alsicon capacitor 
with a ± I 0% tolerance sells for 7V2 
cents in l ,000-unit lots, while a com
parable tantalum unit would sell for 
about 20 cents. 

Both Alsicon and SP-CON capaci
tors can be used in non-polar circuit 
designs. And, unlike tantalum de
vices, the SP-CON units can with
stand reverse voltages of up to I v 
without damage. 

Standard working voltage ratings 
for the line range from 3.15 v to 
more than 25 v, and leakage current 
is less than 4% of the nominal ca
pacitance value times the working 
voltage. Dissipation factor is the 
same as that for tantalum-only 
6%-and operating temperature 
range is - 55 °C to + 85 °C. Small size 
and tight capacitance tolerances are 
other features of the new capacitors. 
For example, a 2.2-µ.F Alsicon mea
sures Vs by 114 in., and an aluminum 
one is 114 by 1/2 in. 

Expected applications are in com
puters, peripheral equipment, ca lcu
lators, instruments, industrial con
trol systems, and entertainment 
products. 

Sakata International , Inc ., 208 South La

Salle St., Chicago 60604 (342] 

General-purpose counter 

has precision-wound ac coil 

A general-purpose counter, the 
series 7443, features a precision
wound ac coil and avoids rectifier 
problems caused by voltage surges. 
A balanced drive ensures against 
miscounting due to vibration. The 
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unit operates at 600 counts per min
ute on 115 or 230 volts ac. Optio ns 
include special voltages. 
Veeder-Root, Hartford, Conn. 06102 (349) 

Switch built for use with 

rear-projection displays 

The series 0123 readout incorpo
rates a device called the Screen 
Switch for use with rear-projection 
displays. The swi tch is a single-pole 
momentary contact, consistin g of 
two bonded , copper-laminated My
lar squares separated by a plain 
Mylar square with a built-in aper
ture. Finger pressure on any port ion 

of the screen actuates the device, 
causing the two copper grids to 
come into contact. Release of pres
sure returns the switch to the open
circuit state. The readout can d is
play up to 12 different instructions. 
Price for one to 49 is $44.50 each. 
Industrial Electronics Engineers Inc., 7720-

40 Lemona Ave , Van Nuys, Calif. 91405 

[343) 

Low-profile reed relays are 

replacements for IBM line 

Reed relays with a low profile , 0.350 
in . high, a re designed to be inter
changeable with the entire line of 
IBM reed relays. The units are sup
plied with Form A single-pol e, 
single-throw dry reed switches up to 
six poles; single-pole, single-throw 
Form A mercury capsules up to six 
poles; or Form C mercury capsules 
up to three poles. Price for one to 24 
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pieces starts at $2.50 each. 

l\.Y'ii tM"l: 
\i-\H'll.\Al.. 
Ml\1'riiCO 

Computer Components Inc ., 88-05 Van 

Wyck Expressway, Jamaica, N.Y. 11418 
[344) 

Neon lamp replaces tube 

in alphanumeric displays 

A neon lamp for alphanumeric dis
play symbols. designated the model 
A26 l , can replace tubes in the over
range position of a digital voltmeter, 
or th e plus and minus displays in 
other digital-readout equipment. 
The 14rnrn-lighted-electrode length 
is compatible with commonly used 
readout tubes ·including multi
character types. Operating life is 
2,000 hours, continuous, on a circuit 
voltage of 150 v de minimum. The 
lamp draws 1.5 rnA of current. 
Signalite , 1933 Heck Ave ., Neptune, N.J. 

07753 [347) 

Tunable capacitors aimed at 

stripline circuit jobs 

A series of tunable capacitors is de
signed for critical tweaking of mi
cro-stripline circuits in locations 
where conventional-type capacitors 
will not fit. The models 7263 and 
7283 are for impedance matching in 
microwave ICs, for hybrid circuits, 
and for mounting across gaps in 
stri pline circuitry. The capacitors 
a re self-resonant at frequencies up 

-1.. - _L ..-,. 

l-o.075 --! 1" .118 ~ 

to X band. Capacitance ranges are 
from 0.3 to 1.3 pF, 0.4 to 2.5 pF, and 
0.5 to 4.5 pF, with dielectrics avai l
able to increase the capacitance to 
12 pF. Price is $4.25 to $7.85. Deliv
ery is from stock. 
Johanson Manufacturing Corp ., 400 Rock
away Valley Rd , Boonton , N.J. 07005 [346) 

Pressure transducers 

deliver up to 125 mV 

A family of pressure transducers 
called Flatline measures bot h 
steady-state and dynamic pressure 
in applications requiring low-profile 
sensors. The units are 0.040 in. high, 
have a 0.200-in.-diameter stainless 
steel sensor diaphragm, and deliver 
a full-scale output up to 125 rnv. 
The transducers are available in 
ranges from 5 to 1,000 lb / in. 2 . 

Dynamic response is from de to 
above 8,000 Hz. 
Entran Devices Inc., 775 Avenue of the 

Americas, New York, N.Y. 10001 (345) 

Rotary switches include pc 

terminals to front or rear 

One-and-one-eighth-inch rotary 
swi tches are being offered with 
printed-circuit terminals projecting 
to the front , to the rear, or a combi
nation of both on the same switch. 

Pc boards can be mounted and sup
ported on the pins themselves. A va
riety of switching configurations is 
available, including binary codes 
and special switching sequences. Up 
to six poles per deck are possible. 
Called the series I 00, the units are 
priced at less than $2 each. 
Stackpole Components Co., P.O. Box 

14466, Raleigh , N.C. 27610 [348) 
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Instruments 

" Generator varies 
SIN ratio 

J 

" 

2-MHz instrument produces 

signals, noise, or a 

mixture of the two 

Clean waveforms are all right in 
their place, but often-in the testing 
of receivers, phaselock loops, lock-in 
amplifiers, and the like-what is 
needed is a test signal with a con
trollable amount of noise on it. By 
combining a pseudo-random se
quence generator with a 2-MHz 
function generator, Wavetek has put 
this test-signal capability into one 
instrument. 

Called the model 132 VCG/Noise 
Generator, the unit can act as a 
noise generator, a function gener
ator, or a combination of the two. 
As a function generator, the 132 
produces sine, square and triangle 
waves from 0.2 Hz to 2 MHz with a 
maximum amplitude of 10 v peak
to-peak into a 50-ohm load, or 20 v 
peak-to-peak into an open circuit. 

As a noise generator, it produces 
both digital and analog outputs. 
The digital noise is actually a 
pseudo-random sequence of bits, 
with a clock rate that can be varied 
from 160 Hz to 1.6 MHz, and a se
quence length of either 210- 1, 215- I , 
or 220_ 1 bits. The analog noise
which is derived from the digital 

.1 noise generator- is essentially band
limited white noise with an adjust
able bandwidth of IO Hz to 100 kHz. 
Like the function generator, both 
noise outputs have a maximum am
plitude of 20 v peak-to-peak into an 
open circuit. 

) In its SIN and N IS modes of oper
a tion, the instrument allows the user 
to add calibrated amounts of noise 
to the function-generator output. 
The SI N or N IS ratios can be ad
justed from 0 to - 50 dB (correspond
ing to a SI N ratio range of + 50 dB 
to -50 dB) . Since the noise can be 
added to any one of the function
generator outputs, the instrument is 
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as useful for measuring the noise 
immunity of digital logic circuitry as 
it is for evaluating the noise per
formance of an fm detector. 

In addition to the preceding func
tions, the generator has an fm mode 
of operation in which the noise 
source is used to jitter the output 
frequency, providing a signal with a 
random fm . 

For all its capability, the instru
ment weighs only 7 lb, measures 8Y2 
in. by 51/4 in. by 11 Y2 in. and con
sumes less than 15 watts of power. 

The price is $795 , and delivery is 
from stock to 30 days. 
Wavetek , 9045 Balboa Ave ., San Diego, 

Calif. 92123 [351] 

Vhf generator goes to 

512 MHz, sells for $1 ,135 

Featuring automatic output-power 
leveling, internal and external 
modes of amplitude and frequency 
modulati on, and a frequency range 
of 10 to 512 megahertz, the Hewlett
Packard Co. 8654A signal generator 
has a price tag of $1 , 135. That's 
about 25% less than the company's 
older 608E vhf signal generator, 
which is roughly comparable. In ad
dition , the new machine is an all
solid-state unit that weighs on ly 16 
pounds and consumes about 20 
watts, in contrast to 62 lb and 220 w 
for the tube instrument. 

The 8654A provides calibrated 
output levels from a maximum of 
+ 3 dBm down to - 120 dBm (into a 
50-ohm load) over its full frequency 
range. The outout-power calibration 
is accurate to within ± 1.5 dB, plus 
the at tenuator error, which is ±0.5 
dB from IO to 50 dB and ± 1.5 dB 
from 60 to 120 dB. 

The generator's frequency accu
racy is within ±2% after a 30-minute 
warmup, and maximum drift is 
±0.002% (20 ppm) over a five-min
u te period after a one-hour 
warmup. Residual fm is less than 5 
parts in 107 . peak. 

In the internal modulation mode, 
the generator can amplitude- or fre
quency-modulate its output either 
at 400 or 1,000 Hz. A front-panel 
control allows adjustment of the 

depth of the a-m from 0% to 80%, 
and adjustment of the peak devia
tion of the fm from 0% to 0. l % of 
the carrier frequency. 

With an external modulating sig
nal , response is de to 5 kHz for 70% 
a-m, and de to 2 kHz for 80% modu
lation. Nominally, maximum modu
lation requires l v peak. 
Hewlett-Packard Co .. 1601 California Ave , 
Palo Alto , Calif. 94304 [352] 

Pulse generator rise time 

is less than 2 nanoseconds 

A pulse generator operates in the 
range of from 1 Hz to 50 MHz in the 
single-pulse mode and from 1 Hz to 
75 MHz in the double-pulse mode. 
Rise time is less than 2 ns at 5 v out
put amplitude, and the unit will op
erate either in a voltage mode from 
±50mv to ±20 v from 50 ohms, or in 
a current mode from ± 10 mA to 
±400 mA from I 0 kilohms min
imum . Repetition rate, delay, dura
tion , de offset, rise ti me, fall ti me, 
and amplitude are continuously and 
independently variable over wide 
dynamic ranges. Called the model 
PG-14, the unit is priced at $1,450. 
Delivery is stock to 30 days. 
Chronetics Inc., 500 Nuber Ave .. Mt. Ver

non , New York, N.Y 10550 (356] 

Data test set checks 

bit and block error counts 

A data test se t, the model DTS-101, 
measures bit and block error counts 
and turnaround time of telecom
munications equipment. Included 
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ONLY 
TUNG-SOL 

PERFORMANCE 
IS 

LARGER 

Tung-Sol single phase and 
three phase bridge recti
fiers come in standard size 
packages. It's their current 
ratings and forward surge 
ratings that are larger. 
They give you added per
formance reliability - and 
at no additional cost! 

D C rating- 30A @ 55 °C. 
Forward surge rating-400A 
@ rated load. B-10 series 
replace similar bridges rated 
from 8 to 25A and from 50 
to 1,000 PRY per leg. 

D C rating - 35A @ 5.5 °C. 
Forward surge rating-400A 
@ rated load. B-20 series 
replace similar bridges rated 
up to 25A and from 50 to 
1,000 PRY per leg. 

SILICON POWER RECTIFIERS 
Tung-So/ makes a complete 
line of high reliability silicon 
power rectifiers in the D0-4, 
5, 8, 9 and 21 configurations. 

WRITE FOR TECHNICAL INFORMATION. 
SPECIFY BRIDGES, OR POWER RECTIFIERS. 

SILICON PRODUCTS SECTION 
TUNG-SOL DIVISION 
WAGNER ELECTRIC CORPORATION 

630 West Mt. Pleasant Ave . Livingston , N.J . 07039 
TWX : 710-994-4865 PHONE: (201) 992-1100 

(212) 732-5426 
Trademark TUNG-SOL Reg . U. S. Pat. Off . and 

Marcas Registradas 
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are four pseudo-random word 
lengths, reversals, continuous spac
ing, and continuous marking. A 
choice of 16 baud rates are select
able from the front-panel control. A 
light-emitting-diode display gives a 
readout from 0 to 999, with over
flow indication. 
Computing Devices of Canada, P.O. Box 

8508 , Ottawa, Canada K1 G 3M9 [355) 

Lock-in voltmeter provides 

tracking front-end filter 

A Jock-in voltmeter, using the het
erodyning principle, provides a 
tracking front-end filter that elimi
nates harmonics and overloading in
terference without manual filters . A 

floating, guarded input allows dif
ferential performance with single
ended connection and eliminates 
grounding problems. Other features 
include freq uency from 0.1 Hz to 
200 kHz in optimized ranges, 100-
nanovolt full-scale sensitivity (to 
I 00 picovolts with external pream
plifier), and a built-in sine oscillator. 
Price of the Dynatrac 391 is $1,595. 
Delivery is from stock. 
lthaco Inc ., 735 W. Clinton St. , Ithaca, N.Y. 

14850 (353) 

Hands-off phasemeter is 

accurate to within 0 .1 ° 

Phasemeters in series 305C feature a 
five-digit direct-reading panel dis
play with a resolution of 0.0 I 0 and 
an accuracy to better than 0.1° over 
the range of 50 Hz to 50 kHz. The 
units have no operator controls, and 
drift of less than 0.1 ° is guaranteed 
for 30-day intervals. The 305C is 
available with rear-panel inputs and 
both analog and digital outputs. A 
programable version is compatible 
with DTL and TTL logic. Price ranges 

from $2,000 to $3,500, depending on 
type of plug-in and options. Deliv
ery is from stock, and units are sup
plied with 19-in. rack adapters. 
Dranetz Engineering Laboratories Inc., 1233 

North Ave , Plainfield , N.J . 07062 [358) 

Low-priced pulser has 

repetition rate up to 50 MHz 

A modular pulse generator offers a 
repetition rate of from I Hz to 50 
MHz, and has delays and widths ad
justable to I second. The model 
8010 provides an output for TTL and 
ECL simultaneously and an output 
for the AEC NIM standard. The in
strument may be gated synchro
nously or asynchronously, and also 
features double pulse, external trig
ger, and single-cycle add. Packaging 
is in an AEC NIM module, and the 
front panel measures 2.7 in. by 8.7 
in. The device may be used inde
pendently or connected with other 
pulsers in a system. 
Berkeley N ucleonics Corp., 11 98 Tenth St. , 

Berkeley, Calif. 94710 (354) 
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New products 

Data handling 

Core stack has 
8,192 words 

Folded planar memory for 

minicomputers , terminals 

uses 18-mil-diameter cores 

A little more th a n a year ago, the 
Electronic Memories Division of 
the Electronic Memories & Magnet
ics Corp. brought out its first stan
dard off-the-shelf core memory 
stack for use in sma ll systems, such 
as minicomputers [Electronics, Nov. 
23, 1970, p . 118]. That was a 4 ,096-
word module, the EM2220 ; now the 
ind us try is shifting from 4,096- to 
8, 192-word units, according to Da le 
Sutton, di vision product manage r 
for commercial magnetics. Tha t' s 
why the division is introducing the 
EM2230, with a capacity of 8, 192 18-
bit words. Like the EM2220, the 
EM2230 is a fold ed pla nar stack that 
is o ffered as a sta ndard product. 

The two principal improvem ents 
ove r the EM2220 are the exclusive 
use of 18-mil-dia meter cores a nd a 
wider sepa ration of the dri ve a nd 
sense pins to make the unit more 
compatible with the sys te m de
signer's layout requirements, Sutton 
says. By using 18-mil instead of 20-
mil cores, " We've been a ble to get 
an 8,000-word sense line on ti ght 
d ensities without increas ing a rea 
significantly," he adds. 

In fact, El ectronic Memori es is 
packing twice the capacity of the 
EM2220 into a n a rea th at's only 
sli ghtly larger : 7Y2 by 8 in ches, com
pa red with 6 by 6 Y2 in . fo r th e 
EM2220. The EM2230 uses the sa me 
double-herringbone core pattern as 
its predecessor, a nd requires only 
a bout 89 in . o f sense line compa red 
with som e 61 in . fo r the EM2 220. 
But, again , the fo rmer packs twice 
as ma ny cores a long tha t sense line. 
Sutto n says tha t by minimizing th e 
sense- line length , E lectro nic Memo
r ies h as bee n a bl e to minimi ze 
phase shift between the first a nd last 
co res se nsed on th e line. 

Electronics/January 31, 1972 

The three-wire, 3-d pla nar stack 
has two printed-circuit boa rds a t
tached to a hinge, and one fo lds 
atop the other to minimi ze the a rea. 
The EM2230 has a cycle tim e of 700 
microseconds, a nd a n access tim e of 
350 µs. Sutton says the new stack 
will cos t less th an $600 in produc
tion qu antiti es. 

"The 4,000-word mini compute r 
was a passing thing," Sutton asse rts. 
"The normal mini computer tod ay 
leaves the facto ry with 12,000 words 
of me mory. With the EM2230, the 
u ser ca n ge t 16,000 w o rd s of 
memory for wha t it would cost him 
to get 12,000 words, using earlie r 
designs, with ve ry little added ha rd
ware in the system configura ti on." 
Electronic Memories Division , Electronic 

Memories & Magnetics Corp., 12621 Cha
dron Ave., Hawthorne, Calif. 90250 [361] 

Cassette allows selectable 

baud rates for record , read 

By d ecreas ing ove rall lin e-time 
cha rges, the 1,200-ba ud service now 
being offered by time-sharing com
puter utiliti es should save th eir cus
tomers more tha n its extra initi al 
cost- provided pro per use is m ade 
of these high-speed data lines. 

One way to save is to record d a ta 
a t high speed as it comes over the 
line, a nd then play it back slowly for 
printout. When the program or d a ta 
is to be sent aga in , it can be re
corded at a slow speed, say 11 0 
baud , a nd pl ayed back fo r tra ns
miss ion over the Lin e a t m ay be 1,200 
ba ud . Mobark Instruments Corp . 
has a new digita l casse tte unit th at 
does just that. 

Mobark's mod el 400TE is d e
signed specifica lly fo r pa per-ta pe re
place me nt a nd re mote d a ta commu
nications termin al applica tions. Th e 
400TE combines true incremen tal 
seri al-by-bit and se ria l-by-character 
recording a nd reproduction control 
with a tra nsport drive system th at 
ma intains equ a li zed tension on the 
ta pe. A steppe r motor moves the 
ta pe in prec ise in c rem ent s o nl y 
when data is present. 

According to Dick Ba rton, mar
ke tin g ma nage r , th e reco rdin g 

,E9J I 

method ma kes use of a photoetched, 
slotted disk fi xed to the shaft of the 
s te pp er mo to r. This di sk, wh e n 
st robed to a d va nce, ph o toe lec 
trica ll y tra nsfers each bit, the indi 
vidual slots timing the t ransfe r to 
the tape advance. Barton says that 
60° of stepper motor travel pl ace a 
coincid ence (synchroniza tion) bit, 
ei ght da ta bits a nd an e nd-of-cha r
acter bit, fo llowed by a n inte r
character gap, prec ise ly on 0 .045-
inch tape. 

The 400TE records se ri a l fo rm at 
on tape on two tracks usin g NRZ
ma rk on one a nd NRZ-space on th e 
second . The tape is bipo la r-sa tu
rated at a bit wavelength of 333 bits 
per inch. Wi deba nd NRZ a nd com
ple me nt recording provide insensi
ti vi ty to poor ta pe qua lity and un
sta ble ta pe motion. 

T he 400TE is p lug-to-plug compa
tible wi th EIA RS232c a nd te le
typewriter current loop interfaces. 
Da ta ra tes of 110, 150, 300, 600, a nd 
1,200 baud ca n be se lec ted with to
ta l independe nce betwee n record 
and re produce baud ra tes . Thus 
da ta can be recorded fro m a high
speed line at 1,200 baud a nd played 
back a t 11 0 baud for printout. 

Other fea tures include continuous 
play or incre me nta l pl ay, one cha r
acter a t a time, with bac kspace fo r 
edi ting. An optiona l, plug-i n dig ital 
fi le-search is avai la ble. 

Th e casse tte se ll s fo r $ 1,870. 
Mobark Instruments Corp., 1 080 East Duane 

Ave ., Suite D, Sunnyvale, Calif . 94086 [362] 

Signal processors offer 

50 preprogramed functi ons 

Two digital signa l processors in th e 
css-3 series have more tha n 50 
pre programed functions tha t ca n be 

95 



New products 

combined to genera te other func
tions, using automatic storage and 
execution techniques. The new 
models a lso feature dual-channel 
sample and hold , grea ter sampling 
interval resolution and arithmetic, 
as well as more signal processing ca
pabilities than prev io us models. 
Conversion accuracy is improved , 
and a new method of tim e-domain 
treatment reduces fast Fourier 
transform sidelobes and resolution . 
Prices start at $25,900. 
Computer Signal Processors Inc. , 209 Mid
dlesex Turnpike, Burlington , Mass. 01803 

[363] 

Computer output microfilm 

terminal provides 8-s access 

A keyboard-controlled , 16-mm 
computer output microfilm termi
na l, the model 310, retrieves and 
displays data in an average access 
time of 8 seconds. The unit can re-

tri eve COM data recorded in ci ne or 
comic format or be used as a gen
era l-purpose 16-mm microfilm dis
play. It accepts JOO-foot rolls of mi
crofilm loaded in Quantor or 3M 
cartridges. Each cartridge stores up 

96 

to 3,000 pages of data. Price 1s 
$2,495. 
Ouantor Corp ., Cupertino, Calif. [365] 

Memory extension systems 

built for computer users 

Two memory extension systems for 
end-user applications are directed to 
users of DEC's PDP-8 / l and L, Digi
ta l Computer Controls' D-112, and 
Data General's Nova and Super
nova mrn1cornputers. Designated 
the DMS-8 and DMS-16, each system 
consists of controller, fixed-head
per-track rotating memory, power 
supply, cabinet, and supportin g 
softwa re. Memory capacity ranges 
from 64,000 to one million words , 
and four units ca n be a ttached to a 
controller. Prices start at $9,000. 
Digital Development Corp., 5575 Kearny 

Villa Rd , San Diego, Calif. 92123 [364] 

Sixteen channels of display 

can share common computer 

A line of raster scan graphic di s
plays with a solid-state memory can 
stand alone or operate as a clustered 
sys tem. Sixteen color channels can 
be clustered and share a common 
computer interface. The memory 
meets environmental specifications 
of temperature of from 0°C to 60°C, 
and other features include end
point vector gene ration , multisize 
alphanum erics, complex graphics, 
and one bit of memory for every bit 
displayed. Price for a four-color sys
tem is $7,500. Additional channels 
are $2,000 each . An eight-color sys
tem is available a t $8,500, with ad
ditional channels priced at $3,000 
each. 
Ramtek Corp. , 1000 Elwell Court , Palo Alto , 
Ca lif. 94303[367) 

Numeric keyboard increases 

effic iency of terminal 

A numeric keyboard for time-share 
terminal users operates simulta
neously with teletypewriters or other 

ASCII terminals fo r input data. The 
16-key pad may be used on-line 
directly to the data set, or in local 
mode for generating paper tape. 
The line-feed co mmand key auto
matica lly produces a rubout charac
ter, and since the carriage return 
command key is separate, double 

line feed is eliminated during on
line opera tion . Price of the model 
ANK-16 is $224. Delivery is from 
stock. 
TTS Div., Remote Data Terminals Inc ., 2928 

Nebraska Ave., Santa Monica , Calif. 90404 
[366] 

Key-to-disk entry system 

has full-record CRT display 

A shared-processor, key-to-disk da ta 
entry system, ca ll ed the 1302, offers 
three tim es the di sk capacity of the 
lnforex mode l 130 I , and is co m
patible with the earlier system. Ca
pacity is 18,000 records, based on a 
record lengt h of 125 characters, 
36 ,000 records at 61 characters, or 
72,000 records at 29 characters. Fea
tures include support of from one to 
16 key stations and a full-record 
CRT display at each station. Options 
are expa nd ed t ape processing, 
blocking, reformatting, 1,600 bits
per-inch tape drive, and an interva l 
timer. Pri ce is $3, JOO for the control 
unit , $ 1,200 per key station, and 
$4,800 for an expansion adapter. 
Renta l is $7 10 per mon th for th e 
control unit, $50 per key station, 
and $ 100 for the ex pa nsion adapter 
unit. 
lnforex , 21 North Ave ., Burlington, Mass. 

01803 (368] 
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New products 

Packaging and production 

Digitizer cuts 
drafting costs 

System goes from rough 

circuit drawing to final 

schematic in single step 

M ost dig itizing syste ms p rovide a u
tom at ic input to a computer that 
th en d rives a plo tte r to produce a 
correctly sized a nd spaced circuit 
sche ma tic. But Des ign Aids Inc., 
Ana heim , Ca li f. , has developed a 
turnkey syste m that allows the use r 
to go directly from an engineer's 
ro ugh d rawing to th e fi nished 
sche ma tic without the need fo r a 
d ra ft s m a n to d ra w a g ridd e d 
schema tic betwee n the two steps. 

Ca ll ed Drafting System 1, it ca n 
cut the time required fo r generating 
a finis hed c ircuit di agram from 16 
ho urs to one, according to the com
pany. T ha t ass umes tha t the fi na l 
drawing is done by ha nd , using 
ru b-ons or templa tes, but the time 
sav ing is still estima ted at 10 to o ne, 
com pared to drawing a gridded lay
o ut, dig itizing it , a nd allowing time 
for input to the computer and plo t
tin g. With System 1, a rough d raw
ing can be plo tted in a n hour. 

T he system includes a Science Ac
ce sso ri es Co rp . di g iti ze r pl u s 
proprie ta ry software writte n in F or
tra n tha t m akes it suita ble to run on 
an I BM 11 30 o r 360 computer, o r o n 
a D ata G e neral N ova 1200. With 
o ne di giti zer, the syste m will ca rry a 
$ 17,000 pri ce tag , no t including 
computer a nd drum plott er. 

T he user ta pes the ro ug h d rawin g 
to the upper portion of the digitizer. 
Below a nd to the left of it he affixes 
a " keyboa rd a nd contro l pa nel" 
shee t a nd another conta ining the 
sym bols requi red to com plete the 
circuit d raw ing. D ata definin g the 
contents o f the panel and the sym
bol se lectio n shee t m ust have bee n 
prev io usly ente red into the com 
p ute r. 

To operate th e system , the use r 
to uches reg ister ma rks o n the two 
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lower sheets wi th the di gitize r stylus, 
automa ti ca lly entering a cuto ff lin e 
into the computer. Any coordina te 
tha t fa lls a bove that line in later en
tri es is a utomatically tra nsla ted by 
the software as being in th e roug h 
d rawing; any coordina te be low tha t 
boundary line is treated as being ei
the r on the key board and control 
panei or on the symbol se lection 
shee t. 

The keyboard a nd contro l pa nel 
sheet conta ins a key board layo ut 
similar to that of a typewriter. The 
opera tor selects a sy mbo l by touch
ing it on the symbol se lection shee t, 
then touching th e termin a ls of the 
symbol in the rough d ra wing. If the 
symbol is labeled. he touches with 
the stylus those points on the key
board that spe ll it out , such as 
2N 1306, fo r tha t type o f transistor. 

As each fea ture's "coordina te is 
ti cked off by the digitiz ing sty lus. a 
paper tape is being punched simul 
ta neously, conta ining the coordi 
na tes of the rough drawing's fea 
tures. When the tape is later read , 
the softwa re a utom atica lly find s 
node poi nts between lines a nd be
tween symbols a nd lin es, dete rmines 
symbol orienta ti o ns, determines la 
be ls a nd la bel pos itio ns, and a llows 
space fo r symbols and the ir la bels. It 
a lso strai ghtens hori zonta l and ver
ti ca l lines, moves sy mbo ls to a llow 
space fo r each a nd to ma inta in rela
tive symbol pos itions simila r to 
those on the rough drawing, co m
presses the drawing to rem ove ex 
cess space, and plo ts a check d ra w
ing or fin a l d rawing. 
Design Aids Inc ., 1748 Woodwind Lane , 

Anaheim , Calif. 92806 [391] 

Cable assembl ies mate 

with standard DIP sockets 

Inte rconn ect ion systems, designa ted 
th e L se ri es, will m ate with stand a rd 
IC dual in -line package sockets. o r 
d irectly plug in to boa rds. A cho ice 
of styles includes 22 to 30 A W G 

ca ble. 8-. 14-. 16-. 18-, 24-, 28-. 36-. 
or 40-pin ma ting plugs. single- o r 
do uble-ended ha rness. termina ted 
to ri bbon cable. twisted pa ir ribbo n. 
and single or twisted-pa ir indi vidual 

conductors. Six -inch and o ne-foot 
le ngths are ava ila ble fro m stock, 
and othe r lengths may be o rdered . 
Texas Instruments Inc , Metallurgical Mate

rials Div., Attleboro, Mass. 02703 [393] 

Plug-in fuseholder mounts 

near edge of circuit board 

Subminia ture, low-profi le, plug-in 
fuseho lders a re des igned fo r mo unt
ing nea r th e ed ges of print ed-circuit 
boards. Thi s a llows for re mova l o f 

fu ses witho ut disturbing o ther com
po nents. The seri es 28 1007 unit s a re 
rec ta ngul a r a nd measure 0.260 in . 
hig h by 0.244 in . wid e by 0.276 in . 
d ee p. They acco mmoda te the com
pany's Microfuses and Picofuses. 
The fu seholders a re rated a t 5 a m
peres a t 125 volts ac. 
Littelfuse Inc ., 800 E. Northwest Highway , 

Des Plaines, Ill . 60016 [395] 

Silicon oxide reactor offers 

uniform deposition to 5% 

A silicon ox id e de pos itio n reacto r 
ass ures users of less tha n ±5% d e p
os ition varia tio n fro m wafer to wa
fer and fro m run to run . The ro ta t-



Tolerance 

SCHAUER 
1-Watt 

ZENERS 

Kit contains a 51-piece assortment 
of SCHAUER 1 % tolerance 1-watt 
zeners covering the voltage range 
of 2.7 to 16.0. Three diodes of each 
voltage packaged in reusable poly 
bags. Stored in a handy file box. 
Contact your distributor or order 
direct. 

A $54.57 value for 

ONLY S24fil1 
Semiconductor Division 

SCHAUER 
Manufacturing Corp. 

4514Alpine Ave. Cincinnati, Ohio 45242 
Telephone: 513/791-3030 
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ing reactor operates sem icon
tinuously , depositing doped or un
doped si li con ox ide at 350°C to 
450°C. The Si02 film prepared in 
the Rotox-60 is used for passivating 
oxide metal , multilayer metal insu
lation , doped oxide sources, and 
field oxide buildup. Applications 
ou tside the semiconductor wafer 
fabricat ion area include insulation 
on ceramic hybrid substrates and 
op ti cal configurati ons. The basic 
system sells for $7 ,000. 
Hugle Industries, 625 N. Pastoria Ave., Sun

nyvale, Calif. 94086 (394] 

Semiconductor saw provides 

accuracy to 0 .0004 inch 

An automatic inside-diameter saw is 
for production cutting of semicon
ductor crystals. Called the Micro
slice, it is programable. Single crys-

ta! ingots up to 3 in. in diameter can 
be cut to an accuracy of better than 
0.0004 in ., with a kerf loss of only 
0 .008 in. These specifications m ake 
the saw sui tab le for expensive or 
delicate materials where low surface 
damage and minimum breakage are 
required. Price is$ l l ,950. 
lmanco-Metals Research , 40 Robert Pitt Dr., 

Monsey, N Y 1 0952 (396] 

Component lead former 

handles 14,000 units / hour 

An axial-component lead former 
ca ll ed the Leadmaster model LJR-7, 
can handle up to 14,000 pieces per 
hour, and can accomm odate the 
comp lete range of sizes of com
monly used axial components. Also 
offered is interchangeability of feed-

ing options, such as card feed , hop
per feed , lead and body tape feed , 
and bowl feed, in additio n to a vari
ety of forming configurati ons. Stan
dard equipment includes an adjust
able transport system , a variable
speed , a ll -elect rical drive to regula te 
output, and a cut-lead bin to collect 
scra ps. Price is $695. 
Heller Industries Inc ., 18 Microlab Rd ., Liv

ingston, N.J. 07039 (397] 

Wire wrapper has its own 

6-volt power source 

A por table wire-wrapping tool , 
model 616, comes with a leather 
belt, hols ter and 6-volt power sup
ply , suiting it for field repairs or lo
cations where a power source is not 
avai lable. The unit a lso comes with 
a four-foot retractable coi led cord, 
a nd is rechargeable over a l 0-to- l 2-
hour period . Operators can make 
over l ,000 wraps on one charge. 
Free speed is over 2 ,500 rpm, and 
the tool handles wire sizes from 32 
to 20 AWG. 
Standard Pneumatic Motor Co., P.O. Box 

7500, Reno, Nevada 89502 (398] 
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New products 

Semiconductors 

Register uses 
only 250 mW 

Cell geometry cuts power 

drain of 1 ,024-bit unit 

for low-speed applications 

As shift registers ge t lo nge r a nd 
fas ter, des igners are finding many 
new applications, but there is o ne 
a pplicatio n area tha t has been ne
glec ted- where a register is bein g 
used at slow speeds such as I or 2 
kil o hertz. 

Dynamic shift reg isters, whi ch are 
ava ilabl e in len gths up to 2,048 bits, 
ca n' t be used beca use they lose the 
d a ta, and static reg isters have been 
ava ila ble o nl y in lengths up to 512 
bits. According to Jim Kan e, a n MOS 
circuit designer a t Signetics Corp., 
the len gth limita tion in static shift 
reg isters is mainly due to power di s
sipa ti on. 

Throu gh some novel circit design 
techniqu es, Kane has designed a 
1,024-bit sta tic shift register tha t di s
sipa tes o nl y 250 milliwatts. " Bas
ically ," says Kane, " I've adjusted 
the cell geometry so tha t it draws al
most no power- o nly 250 micro
watts per bit ; the rest of the power is 
drawn by the on-chip clock gener
a to r." The new register, des ignated 
the 2533, is TTL-compatible at both 
inputs and the output. Power supply 
requirem ents are +5 volts , - 12 v, 
a nd ground . The 2533 employs an 
enhancement-mode p-cha nnel sili
con gate MOS process a nd will oper
a te fro m de to 2 MHz. Through th e 
u se of tw o d a ta inputs a nd a 
"s tream se lect lin e," a n external re
circulate function is fairly easy to 
config ure. And a single 5-v TTL

leve l clock is all th at is needed- the 
three cl ock pha ses used by the static 
reg ister ce ll s a re generated inter
na lly. 

Kane says th a t a ll o f th e inputs 
have pull-up resistors. The output is 
push-pull , o pera ting be tween 0 a nd 
+ 5 v, a nd it provides a sink current 
of 1.6 milliamperes for o ne TTL 
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fanout. One inte res ting feature of 
the 2533 is its pin-outs . They are 
pa tt e rn ed closely around Intel ' s 
1401 which is a 1,024-bit dynamic 
register ; thi s will a llow a relatively 
easy substituti o n where low- fre
quency operation is critical. 

Signetics is a lso introducing a 
quad 80-bit static shift reg ister in a 
16-pin DIP tha t employs th e sa me 
improved cell design . Jt' s called th e 
2532 a nd will be priced a t $9.20 
each in quantities o f 100 to 999 . Th e 
2533 will se ll for $ 15.30. 

Both registers will be available 
from stock by early March. 
Signetics Corp ., 811 East Arques Ave., Sun
nyvale , Calif. 94086 (411] 

Universal programer 

also verifies any ROM 

More th a n two d oze n se micon
ductor manufacturers build field
progra ma ble memo ries o f different 

so rts- such as fusible link , charge in
jection, a nd avalanche injection. 
The prob lem was that no sing le 
piece of hardware was ava il a ble that 
could program a ll types, and a 
memory use r either had to jury- rig 
hi s own progra mer o r he had to 
have on ha nd three o r four different 
commercia l types. But Spectrum 
Dyn amics has now developed a uni
ve rsal memory programer ; it ca n 
program every ROM that's comm er
cially avai lab le toda y. In additio n, 
the model 550 can ve rify a ROM pro
gram and test for the program integ
rity of random-access me mo ri es. 

Bud Sheesley, president of Spec
trum Dynamics, sees field-pro
gramable memories capturin g o ne
third of the tota l semiconductor 

me mory market by 197 5- reaching 
a tota l of $50 to 100 million. "Se r
vicing that kind of ma rket puts us 
right on the ta il of a ga lloping lion ," 
says Sheesley. 

The 550 can program ROMs of th e 
fusible-link, di od e-jun ction-short
ing , electrochemical-fusing , and 
floatin g-ga te ava lanche-injecti o n 
types. And these ca n be programed 
manua lly or auto ma ti ca ll y, depend
ing o n th e volume. 

F ea tu res include th e ability to 
verify a utom atica lly th a t a pro
gra mable ROM is blank, to program 
all programable ROMS using inter
cha ngeable personality cards, and to 
program automatically from a mas
ter ROM or (optional) when inter
faced with other equipm ent. An ad
dre ss k ey b oa rd permit s direct 
selecti on of words, with an addi
tional key to increment o ne word a t 
a tim e. A data key board permits e n
try of data into a RAM for checkout 
before program ing. Bits to be pro
gramed can be displayed in a data 
reg ister. 

Address capacity is 9 ,999 words , 
expand able to 99 ,999 words. The 
basic model 550 is pri ced a t $2,200. 
Persona lity mod ules start a t $380. 
Spectrum Dynamics , 2300 East Oakland 

Park Blvd ., Fort Lauderdale , Fla . (412] 

Circuit design kit speeds 

custom IC development 

Custom lin ear and digital mon o
lithic circuits ca n be des igned with a 
kit ca ll ed the XR-C IOO, that a llows a 
breadboard circui t to be conve rted 
into a n IC in a few weeks. The kit 

EXAR INTEGRATED SYSTEMS, INC. 
733 North Pasforfa Avenue 
Sunnyvale, California 94086 

XR·C100 De•lgn Kh 
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Ever try making production or in-field component 
changes in a printed circuit board? 

Good luck. 
Easier to scrap your board and start again. New artwork. 

New etching. New components. 
Now you see why there's a revolution 

going on to replace printed circuits with 
flexible, plug-in, wire-wrapped packaging. 
AndAugat's high density dual-in-line 
panels are leading the way. 

The Augat panel is your best guarantee 
of getting your product on the market fast. 
Because with Augat you can quickly 
change your circuits at any time - during 
breadboarding, prototype or production. 

... 
1t El 5$ I 

, .. - _ ... 

It's the most important and competitive new packaging 
concept in years. You can have low cost interconnec
tions, high reliability, space saving density . .. all with 
the flexibility to allow in-production or in-field changes 

in minutes. 
Current sales of thousands of panels a 

week are proof that the Augat approach is 
already in orbit. We'll be glad to tell you 
more. Call us today at (617) 222-2202. 
Or write for literature showing our com
plete product line in panels and accessory 
equipment. Augat Inc., 30 Perry Avenue, 
Attleboro, Massachusetts 02703. Our 
representation and distribution is nation
wide and international. 

Plug into Augat® instead. 
See our New Packaging innovations at the 
NEPCON West Booth #441 . 
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All plug-in panels 
are not the same. 

It's one thing to want 
plug-in flexibility in your 
circuit. It's another to get 
flexibility plus all the other 
things you'd like in a 
dependable point-to-point 
system. 

Like easier IC insertion. 
Precision-machined con
tacts. Tighter contact reten
tion. Greater reliability 
(we'll prove it). Unique 
tapered entry sockets (patent 
pending). Lower profile. Plus 
the versatility to accept 14, 
16, 18, 24, 28, 36 or 40 pin 
IC's in a choice of panel sizes. 

And we offer virtually any 
panel you'll need, in any 
number of patterns, plane
mounted or edge-connected, 
off the shelf or custom. 

We'll also give you single
source supply for sockets, 
enclosures and accessories -
even automatic wire wrap
ping whenever you need it. 

The Augat way? It's a 
better way .. Call us at 
(617) 222-2202. Or write for 
our catalog. Augat Inc., 
30 Perry Ave., Attleboro, 
Mass. 02703. Our represen
tation and distribution is 
nationwide and 
intema tional. 

Plug into Augat" instead. 
Circle 1 01 on reader service card 
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New products 

has more than 200 independent 
com ponents in add ition to several 
sub fu nc tion s, s uc h as current 
sources and doubly balanced modu
lators in 22 individually packaged 
1cs. The parts are reusable, a nd in
stru ctions and diagrams are in
cluded. Price is $80. 
Exar Integrated Systems, Sunnyvale , Ca lif. 

[417] 

Transistor chain amplifies 

0 .2 watt to 200 watts 

A series of 50-MHz, 12-v transistors 
is designed for high-frequency land 
mobile radio applications. The fam
ily includes a 3-w device (the A3-
12), a 25-w device (the A25-12) , and 
a 50-w device (the A50-12). When 
used in a chain of one 3-w, one 25-
w and four 50-w units, the transis
tors deliver 200 w wi th 200-mw in
put. Frequency band is 25 to 50 

MHz. Construction is single chip, 
and the transistors are guaranteed 
to withstand infinite VSWR a t all 
phase angles when operated at rated 
power and supply voltage. 
Communications Transistor Corp. , 301 In

dustrial Way, San Carlos, Calif. 94070 [ 414] 

Shift registers made for 

odd-length applications 

Two mask-programable MOS dual 
shift registers a re designed to fill the 
need for registers with odd lengths 
and tap locations, and they also 
come in standard-length versions. 
The model MM4007 / MM5007 is a 
100-bi t dynamic register, and each 
half can be 20 to 100 bits long. 
Mask options include internal con
nection as a single register, tap at 
the junction of the two halves, and 

locations of input, output, and tap 
pins. The model MM4019/MM50 19 
is a 256-bit register, and each half 
can be from 40 to 256 bits long. Tap 

. ' . .. ... .. . . ,,,., ..... . . . ,. . ~ .... ~ 

and pin locations are op ti onal. Price 
ranges from $8 to $19.70 in lots of 
500. 
National Semiconductor Corp ., 2900 Semi

conductor Dr ., Santa Clara, Calif . 95051 
[416] 

Hybrid circuit aimed at 

regulator, amplifier jobs 

A power hybrid circuit, consisting of 
two Darlington-pair high-gain cur
rent amplifiers with commutating 
diodes, is designated the HC3000. 
The circuits are packaged in a her
metic eight-lead T0-3 can. Appli
ca tions are in regulators and ampli
fiers and for driving inductive loads 
such as hammers, solenoids, and 
stepper motors . Design of the 
HC3000 features Hometaxial output 
transistors and thick-film base-emit
ter resistors. The circuit can be oper
ated from power supplies up to 70 v. 
Price in 1,000-lots is $4.25 each. 
RCA Solid State Div., Box 3200 , Somerville, 
N.J. 08876 [413] 

4-bit shift registers 

are direct-coupled 

Two de-coupled TTL integra ted-cir
cuit shift registers designated the 
SN54/74 l 78 and SN54/74 l 79 are 
functional replacements for the 

101 



New products 

models 8270 and 827 1. De coupling 
e limin ates the need for con trolled 
clock rise and fall times, as well as 
external clamping of the clock in
put. Other features include full par
a lle l access, se ria l input d a ta , and 
sh ift and load inputs. The three 
modes of. o peration a re shift right, 

-
New products /materials 

Semiconductor encapsul ation com
pound MC-506 is formulated to give 
freedom fro m io ni c conta minants. 
The ma teria l, prov iding heat resist
a nce fo r env ironm en ts exceed ing 
225°C, is designed for a ll ty pes of 
se mico ndu ctor d evices. including in
tegra ted c ircuits. 
General Electric Co., Silicone Products 

Dept. , Waterford, NY. [477] 

Eleven chemicals for . use in the 
ma nufac ture of MOS integra ted cir
cuits includ e ace ti c, hydrochlo ric, 
phospho ric. and chro mi c acids; a m
mo nium hydrox id e, hydroge n pe
roxide, ace tone xylene , tri chloro
eth ylene, tetrac hloroethy lene, a nd 
buty l acetate. They are designed for 
etchin g sili con dioxide. 
J.T. Baker Chemical Co , Phillipsburg , N.J. 

08865 (478] 

Si li con carbide powder for cutting 
silico n wafers into semico nducto r 
chips has a n average particl e size of 
I 0 micrometers. The powde r is de
sign ed prima ril y for use in th e T aft
Pierce Mark 111 A dicing machin e. 
The gra in size allows the kerf loss to 
be held to 4 mils, and half-dollar
size wafers can be sli ced into 1,000 
uniform sq uares in 90 seconds. 
Bendix Abrasives Div., The Bendix Corp ., 

Teterboro, NJ 07608 [479] 
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parallel load, and hold . The model 
179 has a direct clear input , but the 
model 178 does not. Price in IOO
lots ranges from $2 .20 to $9.72 each , 
depending on configuration . 
Texas Instruments Inc ., Inquiry Answering 

Service , P.O. Box 5012, MS / 308, Dallas, 
Texas 75222 [ 415] 

Planar power transistors 

can switch 250 amperes 

A family of npn silicon planar 
power transistors called the SDT 
series, are packaged in a I I/ 16-in. 
stud T0-114 case. The 250-am pere 
units are for high-current switching 
a pplications, such as in motor con-

One-part epoxy adhesive, cal led Ec
cobond 144, cures in about two min
utes at 350°F and can be cured at 
tempera tures as low as 200°F. Shelf 
life witho ut refri ge ration is grea ter 
tha n three months. The materi a l 
contains no solvents a nd requires no 
additi ona l ca ta lys t. Fast ge l time 

£ccosoNo 144 

prevents sag during cure and estab
li shes a preliminary bond . Price is 
$2.25 per lb. 
Dielectric Materials Div., Emerson & Cuming 

Inc ., Canton , Mass. 02021 [476] 

Gold cermet paste called S4300C a l
lows a hy brid circuit processo r to re
work circuits by removing a defec
tive IC, th en rep laci ng it with a 

trols and power supplies. Specifica
tions include a typical f1 of 15 MHz, 
saturation voltage of 1.0 v max
imum, and a power di ss ipation of 
300 w at I 00°C. 
Solitron Devices Inc. , Semiconductor Div., 
1177 Blue Heron Blvd ., Riviera Beach , Fla . 

33404 [418] 

work ing device. Integrity of the 
completed circui t does not deterio
rate, and the m ateri a l is mainly for 
chip and wire bonding operatio ns, 
as well as beam-lead bonding. 
Cermalloy Div ., Bala Electronics Corp., 14 
Fayette St., Conshoh'.)cken , Pa. 19428 

[480] 

Masking film ca lled Sta bi lene R ed 
44 5524 has a ftame res istant 4-mil 
polyester base , a nd can re-ad here to 
base and su rface. It is ava il able in 
rolls and sheets, will not bleed , and 
can be cut with hand tools. The ma
teria l has a nongla re surface. 
Keuffel & Esser Co., 20 Whippany Rd , Mor

ristown , N.J. 07960 (481] 

U rethane adhesive, DC 88 15 , is fab
ricated for bonding My lar EL to 
copper for flexible printed circuits. 
The material can also be used in 
bonding iron oxide particles to poly
es ter film . 
Daubert Chemical Co. , Dept. RM, 4700 
Sou th Central Ave., Chicago, 111 . (482] 

A cobalt-modified aluminum silicon 
bronze called Alloy 638 Coronze is 
fo r hermetic g lass- to-metal sea ls in 
discrete devices a nd integrated cir
cuit packages . 
Olin Corp ., 460 Park Ave ., New York , N.Y. 

10022 [483] 
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New Literature 

Ceramic capacitors. A IO-page ce
ramic capaci to r conve rsion chart for 
MI L-C-390 148 and MIL-C-390 14A es
ta bli shed-reli ab ility capacito rs is 
ava il a bl e fro m U ni o n Ca rbid e 
Corp., Components D ept., P.O . Box 
5928 , G reenville, S.C. 29606. C ircle 
422 on reade r se rvice card . 

Computer services. Ray theon Co. , 
Lexington, Mass . 02 173. A 16-page 
brochure, intend ed primarily fo r 
computer and peripheral manufac
turers, descri bes ava ilabl e main
tenance services with details of cos t 
and obliga ti on. An additiona l six
page bulletin describes serv ices of
fe red to computer users. [423] 

Spectrum analyzers. Federa l Scien
tific Corp., 6 15 W. !31 st St. , New 
York, N .Y. 10027 , has availa ble a 
12-page brochure describing the 
fea tures , specifica tions, a nd a ppli
ca bility of the compa ny's 200-, 400-, 
and 500-lin e of spectrum ana lyzers. 
[424] 

Computers. A 28-page broch ure fea
tures di agrams describ ing th e cha r
ac te ri stics of a fa mily of 16-bit Mod
co mp co mput e r s a nd sys t e m 
buildin g bl ocks ma nu fac tu red by 
Modula r Computer Systems, 2709 

. Dixie Highway, Fort Laude rd ale, 
Fla. 33308 [425] 

Circuit testers. M icrodyne I nstru
men ts Inc., 209 Middl esex T urn-

Electronics/ Jan uary 31 , 1972 

pike, Burlington, Mass. 01 803, has 
pu bli shed a booklet deta iling th'e 
720 seri es of automatic digital cir
cu it tes ters. [427] 

Microprograming. Microda ta Corp. , 
644 E. Young St. , Santa Ana, Calif. 
92705, has issued th e second editi on 
of the Microprograming Handbook, 
which is a sequel to the first editi on 
in an ex panded 448 pages. [426] 

Software packages. A 12-page bro
chure deta iling the operation of 
softwa re packages offered with the 
620 computer famil y is available 
from Va rian D ata Machines, 27 22 
Michelson Dr., Irvine, Calif. [428] 

Active filters. Frequency Devices 
Inc., 25 Locust St. , Haverhill , M ass. 
0 1830. A four-page report for sys
tems engineers provides an und er
sta nding of voltage-tunable active 
fi lters, including methods of opti
mi zin g usage and applications. [429] 

Function modules. Intronics Inc. , 57 
C hapel St. , Newton, Mass. 02 158 
has ava il abl e a 16-page product 
ca ta log describin g a line of an a log 
fun ction modul es fo r applica tions in 
cont rol, measurement, displ ay , a nd 
computa ti on systems. [430] 

Reed switches. A guide to the selec
ti o n a nd a ppli ca ti o n o f r ee d 
switches is availa ble from Hamlin 
Inc., Lake and Grove Sts., Lake 
Mills, Wis. 5355 1. Also cove red in 
the guide are various fo rms of ac
tu a ti on, includin g proximity switch
in g with permanent magnets, bias 
switching, a nd shi elding. [431] 

Components. A 12-page catalog de
scrib ing the company's line of co m
ponents fo r the e lectronics industry 
is ava il abl e from the James Millen 
Manu facturing Co. Inc. , Malden , 
Mass. 02 148 [ 432] 

Circuit analysis. SofTech, 39 1 Tot
te n Po nd Rd ., Wa lth a m , M ass. 
02 154. A 16-page broc hure illus
tra tes the use of AEDCAP in solving 
circuit ana lys is problems. [433] 

Schottky 1cs. Texas Instruments, 
P.O. Box 50 12, M I S 308, Da ll as , 

Texas 75222 , has publi shed a 26-
page brochure describing its line of 
Series 54S /74S Schottky-clamped 
TTL integrated circuits. The bulletin , 
CB-147, prov ides aids for designing 
the sys tems. [421] 

Data systems. Princeto n Applied 
Research Corp ., Box 2565, Prince
ton, N .J . 08540 has published a n 
e ight-p age bulletin d escribing a 

·modula r sys tem tha t can a utom at
ically receive, record and ana lyze 
d ata from instrumenta tion and , if 
desired, control the instrumented 
system generating the data. Also 
discussed is the use of the system to 
interface instruments with comput
ers o r ca lcul ators. [434] 

Data cassettes. In fo rma tion Termi 
nals Corp., 1160 Terra Bella Ave ., 
Mounta in Vi ew, Ca lif. 94040, has 
availa ble a brochure de ta iling the 
physica l properties and perform
ance specifica t ions of the T300 digi
ta l d ata cassette . [435 ] 

C-band links. RH G Electro nics La bo
rato ry Inc., 94 Milba r Blvd ., Fa rm 
ingd a le, N .Y. 11 735 . A two-page 
bull e tin d escribin g va ri a bl e- fr e
quency C-band links fo r reconnai s
sance, surve illa nce , a nd high-speed 
d ata t ransmiss io n systems conta ins 
ph otos , tab les of rece ived sig na l 
strength , video signa l-to-noise ra tio , 
a nd a comprehensive bl ock dia 
gra m. [437] 
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Only Electronlcs takes 
yuu Into all 6 audience dlmensi•s 

1.Management Dimension 2.Tecllntcal Dimension 3.lnternatlonal Dimension 
4.Purchaslng Dimension 5.Raallar Involvement Dimension 

New reader profile study highlights the power of Electronics 
readers in five key areas. These are the people you must 
reach to move a product or a service in the worldwide elec
tronics markets today-and tomorrow. 

If you want to know just how powerful a magazine is as 
an advertising medium, ask its readers. We did. Here's what 
they said. 
1. Electronics subscribers are vitally 
important to their companies, and 
therefore must be important to you: 
58,000 (67%) have a management re
sponsibility. 
48,000 (56%) are responsible for their 
companies ' profit. 
68,000 (79%) travel on business for 
their companies - 31 % make more 
than 7 trips per year. 
2. Electronics subscribers are deter
mining the technical and business 
futures of their companies. They 're 
also determining yours : 
70,000 (81 %) have engineering job 
functions. 
69,000 (80%) participate in business, 
product or technology plann ing . 
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74 ,000 (86%) do or supervise design 
work. 

3. Electronics subscribers are where 
you need them : 
76,000 (88%) work in the worldwide 
electronics original equipment market. 
7,600 (9%) more, work in vital " user" 
markets. 
44,000 (52% ) work in the five major 
growth markets of the '?O's-comput
ers , communications, instrumentation, 
industrial controls and consumer pro
ducts. 

4. Ele t onics subscribers buy your 
products: 
73 ,000 (85%) select vendors . 
23,000 (26%) recommend, approve or 

specify purchases in excess of $100,-
000 per year. 
70,000 (82%) buy passive compo
nents . 
71 ,000 (83%) buy control and display 
components. 
77,000 (90%) buy active components . 
75,000 (88% ) buy instruments and test 
equipment. 

5. Electron.cs subscribers depend on 
Electronics: 
55,000 (64%) read it at home. 
41 ,000 (48%) spend more than one 
hour reading each issue. 
25,000 (29%) do not read any of the 
next six publications in the field . 
55,000 (64 % ) do not read the second 
publication in the field . 
68,000 (79%) do not read the third 
publication in the field. 

It all adds up to this one crucial 
point-a magazine 's power is only as 
great as the power of its readers. Only 
Electronics takes you into all 5 audi
ence dimensions. For complete de
tails on this new reader profile study, 
contact your nearest Electronics ad
vertising district manager. 

Electronics/January 31, 1972 
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Reach the buyers for your 
product where they're at. 
Beginning with the January 3, 
1972 issue, Electronics offers 
advertisers four different markel
coverage opportunities. 
a. Full-Run. Advertisers may reach the 
Electronics worldwide audience of 
86,000 with one advertis ing message. 
Full-run advertising rates are lowest 
on a cost-per-thousand basis. Full
run space earns frequency discounts 
for all other options. 
b. Full-Run, Copy Split. Advertisers 
may reach Electronics worldwide 
audience with two or more advertising 
messages. Full-run rates apply, plus 
split-run charge. A standard domestic
overseas spli t is avai lable at low 
charge . Full-run split advertis ing 
space earns frequency discounts for 
other options . 
c. International Advertising. Adver
ti sers may elect to reach only the 
Electronics overseas audience of 
16,000 through the International Ad
vertising Section , which is available 
in all issues. IAS space earns fre
quency discounts only for IAS adver
ti sing. 
d. Domestic Advertising. Advertisers 
may elect to reach only the Electronics 
U.S. and Canadian audience. This op
tion is available every issue but pub
lisher reserves the right to restrict 
space to 12 pages per issue. Space 
units of full page or larger only. 
Domestic advertising space earns fre
quency discounts for domestic adver
tising only. 

Electronics offers free proof 
of advertising effectiveness. 
For 1972, Electronics offers you a free 
inquiry follow-up service-Buyer Ac
tion Measurement (BAM). It can deter
mine for you just where the buying 

,t action is for you r product. BAM has 
a tremendous memory bank which 
enables you to get unusual and critical 
information on products you advertise. 
And , Electronics is the only magazine 
in its field to offer any such service 
with BAM 's capability . Here's how 
BAM works : 
1 When a prospective buyer circles a 
number on the Electronics Read er 
Service Card, he also checks off his 
industry classification. When the card 
is received by BAM , the information is 
stored in the computer. Question
nai res are then mailed to the request
ees to determine the action taken . The 
response to these questionnaires is 
also stored in the computer. 

2. BAM then produces a printout table 
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that tells you number of requests for 
information, number of questionnaires 
returned from requestees, the percent 
of response, five types of action taken 
by respondents, number and percent 
of sales actions taken-all broken 
down by industry classification . 
3. In addition, BAM gives you a com
parison report showing the action 
taken by your customers and pros
pects on a// similar products to yours 
that were advertised in the same issue. 
4. And, as a final service, BAM offers 
a cumulative comparison report , by 
product, of all the issues studied. From 
this, you can determine where the 

sales actions for your type of product 
come from over a period of time . 

Electronics offers AD COM -Adver
tising Communications Evaluation -
the most comprehensive adverti si ng 
readership service available any 
where . It te lls you, through 100 per
sonal interviews , the percent of 
respondents who remembered seeing 
your ad and remembered reading it . 
It also tells you whether your message 
got through and whether it was be
lievable. Final ly, it tells you the per
centage of readers who took or plan 
to take action as a result of reading 
your advertisement. 

1972 ADVERTISING SCHEDULING GUIDE 
Use this convenient advertising 
schedul ing guide to take full ad
vantage of special issues and re 
ports , as well as those issues 
which are scheduled for BAM and 

AD COM. You wi ll be notified well 
in advance of clos ing dates of the 
addi tional special reports and stud
ies as they become scheduled. 

-~--~----------- y-

ISSUE CLOSING CYCLES SPECIAL REPORTS AD COM BAM 
Jan 3 Dec 10 A Ann ua.TLJ.S.""Markets- Report ./ 
Jan 17 Dec 24 B ---
Jan 31 Jan 7 A 

Feb14 Jan 21 B 
Feb 28 Feb 4 A 
Mar 13 Feb 18 B IEEE Preview 
Mar 27 Mar 3 A " -

B 
I 

A " ---I-
Apr 10 Mar 17 

B 
A " " 

Apr 24 1 Mar 31 
May 8 I Apr 14 ----o=---+------

- May 22 Apr 28 ---- - --- -----+---

June 5 May 12 B " --

" 
June 19 May 26 A 
Jul 3 June 9 --B--+-- --------+----

Ju I 17 June 23 A ------
J ul 31 --~ B ___ __,_ __ _ - --
~ug 14 Jul 21 --A---+- " Aug 28 Aug 4 B 

~-+---- - ---Sept 11 Aug 18 A Wescon Preview 
-!----<---

- Sept 25 +----s8pt 1 l B 
Oct 9 Sept 1 5 A 

- Oct 23 Sept 29 ---S___, 
----'" -

Nov 6 Oct 13 A 

- -t---

--- --- t-- - -

Nov 20 t--oct 27 --B- · Japan Markets Report 
----+-- -t- -

Dec 4 -+- Nov 10 l A -t
Dec 18 ~ov 24 B European Markets - _,___ __ __._ ___________ ...._ __ __._ __ _ 

TOTAL PAGES SCHEDULED 

Get the whole picture. 
For the total picture of what the five
dimensional audience of Electronics 
can do for you , contact your local 
Electron ics distri ct manag er. 

That's also where you can get a 
complete copy of our new Interna
tional Profile Study, as well as the 
recently-completed European Product 
Preferen ce Poll and the domesti c 

Product Preference poll. Plus the 1972 
Electronics rate card . 

You can't sell to the world 's elec
tronics markets unless you reach all 
five audience dimensions. 

Electronics 
The International Magaz i ne ~ ,, ,_ 

of Electronics Techno logy 1tn11 
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New low cost 
SHOCK TESTING 

SYSTEM 
Five sizes (16 to 60-in. table) , simple 
design , rugged ; for product fragil-
ity, packaging or MIL STD tests. 

Free Literature Available - Write Today MTS 

MTS SYSTEMS CORPORATION 
BOX 24012. MINNEAPOLIS, MN . 55424 (6121 941-3200 

Circ le 106 on reader service card 

WHISTLING IN THE DARK ... 
if you think that heart disease and stroke 
hit only the other fellow's family. 

GIVE ... so more will live 

HEART FUND 
Contributed by the l"ublishu 

106 

5 compelling 
reasons 
why Electronics is -
your passport to 
the world 
of electronics 
marketing 
(f:J Electronics is the best-read magazine in 

its field in Europe. 

!ii\ Electronics contains more marketing in- ~ 
W formation that pertains to Europe than any 

other magazine in its field . 

~ Electronics has the highest pass-along 
W readership of any magazine in its field. 

(ft\ More of the world's leading electronics
W equipment manufacturers advertise in 

Electronics than in any other magazine in 
its field. 

Iii\ Advertisers may elect to reach only the .. 
W Electronics audience of 16,000 outside 

of the U.S. and Canada through the Inter
national Advertising Section, which is 
available in all issues. You may, of course, 
also use the full run , which reaches 86,000 
Electronics subscribers world-wide. \-

For more reasons why Electronics is the best 
place to reach your local markets, ask your 
Electronics representative . He can provide you < 

with a personal copy of our new Electronics lnter
nati onal Profile Study and a copy of the only 
European Product Preference Poll available. 

Electronics · 
THE INTERNATIONAL MAGAZINE ~Ji~ 
OF ELECTRON JCS TECHNOLOGY 1.nr• 
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Start 1972 right
make the portfolio 

~ check-up a habit 

It is unfortunate that far too many 
people think seriously about the make
up of their portfolios only once a year, 
usually in the hectic pre-holiday season . 
Despite the pressure of Christmas shop-

.. ping, December is the popular month for 
portfolio review. Why?-because it is the 
last time each year that adjustments can 
be made for tax purposes 

Now, with a new year starting , does it 
mean that the portfolio can go back in 
the freezer for the next 1 0 or 11 months? 

"" Not at all. 
One 's stocks and bonds should be 

watched all the time, and that means dif
fe rent things to different people . It de
pends on the time the investor has avail
able and the size and number of his 
holdings . But for an investor with an ac-

JANUARY 1972 

INVESTMENTS 
Tending to the health 
of your stock portfolio 

INSURANCE 
Those cherished "valuables" 
are they adequately covered? 

TAXES 
Dollar items in the news 

EDUCATION 
A parent's guide 
to the junior year abroad 

HEAL THY, WEAL THY AND WISE 

tive portfolio , and at least some time to 
spare, the minimum should be once a 
week. In this case, a weekly review is a 
must whether he takes entire charge of 
his own investments or depends, in vary
ing degree , on others to manage them . 

A simple way to check a list of secu
rities is to write the prices and volumes 
down at the end of each week. If one is
sue is noticeably weaker or stronger 
than the rest , it becomes a case of find
ing out why. The same thing would hold 
true for any unusual activity. The in
vestor-like it or not-must attempt to 
keep up with news developments affect
ing his specific securities. 

This is relatively easy , of course, for 
the man who reads a paper with exten
sive financial coverage such as the New 
York Times or The Wall Street Journal, 
plus magazines such as Business Week 

PERSONAL BUSINESS 
like all McGraw-Hill publications, is written 
for a select audience. Prepared each 
month by the staff of the new monthly 
magazine Personal Business, it is devoted 
entirely to your own interests and activities. 
Its theme: Better management of your time 
and money. This supplement reaches a 
limited audience, and there is no separate 
subscription list , or rate . 

or even the London Economist. The 
problem is that not every businessman 
or professional can take the time to thor
oughly read a daily financial section, let 
alone a solid segment of the business 
press . This is where the value of watch
ing prices and activity comes in . 

Penn Central Co ., for example, had a 
reasonably profitable year in 1968-if 
one accepts its accounting . The stock, 
at one time, sold very close to $90 a 
share, which proved· to be its high. Last 
year, the same stock sold for under $5 . 
Many investors, institutional and private, 
professional and novice, carried it a 
large part of the way or all the way down 
before liquidating . 

But in this classic case, there were 
many danger signs for the watchful in
vestor. Beginning with the first quarter of 
1969, reoorted earnings were under 
those of the year before. The stock was 
still about $50 at the time. In the Septem
ber quarter of 1969, the railroad re
ported its first loss. The stock was then 
still above $30. Those who followed 
earnings surely should have been 
alarmed-and should have acted . 

There are those who follow prices. In 
December 1968 and January 1969 , 
Penn Central stock had a poor rally . But 
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Would your insurance cover the loss at todays inflated prices? 
If you haven 't increased the value 
of your homeowners insurance 
recently, you may be seriously 
under-insured. Inflation has boosted 
the cost of just about everything. 

See a State Farm agent about 
insuring your home and your pos
sessions for what they're worth 
today. With no worry about 
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tomorrow, because a special inflation 
coverage feature automatically 
increases the amount your policy 
pays as inflation continues to boost 
the cost of things. 

We're the world's largest home 
insurer. We protect you from loss by 
fire, tornado, burglary, vandalism 

and more ... at surprisingly 
low rates. 

State Farm Fire and Casualty 
Company. Home Office: 
Bloomington, Illinois. 

For your home, your life, your 
health and your car-State Farm is 
all you need to know about insurance. 

State Farm 
inflation-coverage 

Homeowners 
Insurance 

STATE FARM 
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by March '69 it had broken the Decem
ber '68 low of $60 . In April , it broke the 
" trendlines" that some investors watch . 
Weekly awareness would have furnished 
plenty of warning and saved many in
vestors a great deal of loss. 

It almost goes without saying that the 
more conscientiously an investor follows 
his portfolio during the year , the less he 
needs to do at year-end . Tax sales for 
establishing profits or losses-though 
most often taken in December-can be 
taken at any time . And ironically, De
cember is usually the worst time to es
tablish a tax loss . Th is is because it is 
probable that in the case of stocks 
priced near their lows, many investors 
will be tax-loss conscious and selling 
out-driving prices down. It is ordinarily 
more advantageous to establish a loss in 
November and hope to buy back in De
cember , after a lapse of at least 30 days. 

In Wall Street, people speak of the 
" January investment demand" as a re
curring annual event. It is a time when 
an investor may find it easier than at any 
other time of the year to set up a port
folio balance sheet . Essentially, this 
means making a reasonably accurate 
estimate of net worth . It means totaling 
income, gains and losses (realized and 
unrealized), and taxes . The investor will 
know how he has done during the year 
and where he is going. 

This analysis should go far beyond 
just security investments. It should in
volve checking over personal financial 
goals, plans for the future (such as col 
lege financing) , as well as life insurance , 
estate and retirement questions. 

From a practical dollar standpoint , 
people have a tendency to neglect or 
postpone important decisions. But it is 
vital to review a portfolio and see 
whether it has the balance that is 
needed. Here an investor begins with 
what professionals call the " cash-equ ity 
ratio ," which simply means how much is 
in cash or its equivalent , and how much 
is in securities-mostly stocks-that are 
subject to fluctuations . 

Some prudent people vary this ratio as 
they appraise the outlook. There is a 
time when they feel they should have a 
higher percentage of stocks, and a time 
when they feel they should have a min
imum. The same thing applies to high
grade, long-term bonds that are sensi
tive to changes in interest rates . Here 
the swing in price in a 30-year bond, for 
example , is necessarily very substantial. 

There are other investors who con
centrate on their personal earning power 
and invest savings according to formula . 
This might mean , for example , having 
25% of a portfolio in liquid short-te rm in
vestments such as 90-day Treasu ry bill s, 
ro lled over every three months; another 
25% i n one- to five-year bonds, tax-

exempt or otherwise, bought for income; 
25% more in income stocks or convert
ible bonds or preferreds that might com
bine some income with possible appre
ciation , and the remaining 25% in 
commons bought for gain. 

One well-known Wall Street man , near 
retirement , says that when he quits he 
will never again look at any financial 
news. His solution is to place half of his 
money in top-quality bonds, spread be
tween issues due a year hence , two 
years , and so on , up to a maximum of 
five . The other half he plans to place in 
conservative, large, high-grade mutual 
funds that invest in a broad spectrum of 
blue chips. He does not expect any great 
profits from this portfolio. He simply 
hopes that in a prolonged depression
or in case of a decline-his bonds would 
give him protection. He hopes that in 
prosperous periods , dividends and 
prices will improve in the mutual fund 
portion of his holdings. The point is, of 
course , that he has a plan-not fool
proof , but carefully devised to suit his 
needs and his temperament. 

There seems to be a tendency for 
people who inherit property to keep it as 
is or , at least, to delay consideration of 
whether it fits into their scheme of 
things . Very often , fathers and husbands 
conceal the make-up of their invest
ments from their children and wives. All 
of a sudden , unexpectedly, the wife be
comes a widow and the children come 
into property . At the outset , they may be 
forced to liquidate some assets to pay 
inheritance taxes. But this is not the 
prime problem . The widow often feel s 
that the portfolio balance should be left 
alone, invested as her deceased hus
band left it . But the chances are that his 
investment plan was related to his ability 
to make changes , and to his personal 
earning power and tax bracket. This is 
all changed by his death , of course , and 

Dick Wolters 

the portfolio should be altered to fit the 
new circumstances. 

Thus, in any case-in any family situ
ation-each investment and each secur
ity owned should be evaluated as to 
whether it has a place in one 's plans . A 
useful yardstick is to consider whether 
the investment would be worth making 
again . If not , perhaps the security should 
be sold . Following this line , it should be 
remembered that the more places an in
vestor has capital , the more time it takes 
for supervision and portfolio review. So , 
for most people, it is a mistake to be 
over-diversified . A good rule is not to 
own or buy anything unless the invest
ment is sufficiently large to be checked 
out carefully (and to return a worthwhile 
profit) . Dipping into $5 flyers for quick 
profit is fine, but few investors can really 
afford to put more than 1 0% or so into 
out-and-out speculation. 

Professionals have a term they call the 
" risk-reward ratio. " It is doubtful 
whether they can really forecast these 
ratios based on their own security and 
market analysis, but everyone needs to 
try to do this in some manner. The most 
practical way is to estimate potentials, 
and arbitrarily cut losses at a preset per
centage. If an investor thinks a stock will 
double , he must decide how much risk 
he faces. It might be a 1 0% or 1 5% risk , 
but certainly never 50%. A buyer does 
not make profits investing a dollar with a 
built- in risk of losing 50% for the chance 
of doubling. The chance to win must be 
substantially greater than the chance to 
lose . 

An investor doing a portfolio review 
and deciding on new buys must be care
ful of labels. For example , a deflated 
common stock of lower quality but with 
promising prospects, selling at an " in
vestment" price can be a safer invest
ment than a prime security quoted at a 
higher " speculator " price. There are 
cases where a solid dividend-paying 
stock selling in the hundreds is a specu
lation-and a deflated common with a fu
ture is an investment. Somebody once 
said : " Xerox?- what' s that?" 

-GERALD M. LOEB 

/ 
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INSURANCE 

It's beautiful, 
it's valuable . 
but is it covered? 

The increase in theft a11d burglary-up 
1 2% on a yearly basis according to the 
latest Federal Bureau of Investigation re
port-has sent apartment dwellers and 
home-owning suburbanites alike scurry
ing to their insurance brokers for 
reappraisal of their anti-burglar, anti-loss 
coverage Their anxiety is at least part of 
the reason why the money they put out 
in homeowners ' premiums has soared to 
$2.5-billion a year. 

The post-holiday , chill dawn of a new 
year should prompt a lot more to take a 
hard squin t at the small type of their in
surance contracts, particularly if Christ
mas largesse has brought more steal
able valuables into the house. Most com
mon of these is the standard home
owners' policy-and it has its limitations. 
Contents-anything from cooking pans 
to minks and jewels-are only covered 
up to 50% of the insured value of the 
house, with a $50 deductible on the total 
of any one claim. Thus, if a house is in
sured for $60 ,000 , all the personal prop
erty within is worth no more than 
$30,000 to any insurance adjuster. 

This type of " package" also puts a 
maximum recovery ceiling of $500 for all 
jewels and furs lost in any one theft. In 
theft-prone New York, the ceiling is even 
lower-$250 . Therefore , wise home-

owners will check the contents of their 
homes, have each important item sepa
rate I y appraised and listed under 
" scheduled articles endorsements " in 
their homeowners ' policies. Many have 
been doing just that , as insurance indus
try figures indicate. Premiums on such 
" floaters ," as the endorsements are 
called , have jumped in recent years to 
$16-million annually for furs , and to a 
whopping $107-million for jewelry. 

Excluding ordinary wear and tear , 
such " floater " policies cover virtually all 
risks-with no regard to geographical 
limits. " Off-the-premises" coverage is 
automatically included in the endorse
ment , and that means the insurance 
company will pay whether the valuables 
are missed in a London hotel , a restau
rant in Tokyo , or a motel on Cape Cod. 

Local crime rates , however, are the 
major determining factor in setting pre
miums for " scheduled articles endorse
ments. " This means that residents of 
Los Angeles and New York, the nation's 
crime leaders, pay the highest rates. 
Furs , for example, can be insured for 
about 50-cents a year on each $100 of 
value in most places. But they go up to 
$1.10 in New York City and $2 .10 in Los 
Angeles. In Chicago, minks have such a 
following among thieves that coverage 
costs 70-cents per $100 a year; for other 
furs , the rate is only 30-cents. 

Floater categories , besides furs and 
jewels , include cameras, fine arts , musi
cal instruments , silverware , stamps , 
coins , and expensive sports and hobby 
equipment. Because of the inconven
ience and extra charges that accompany 
writing coverage on single or moderately 

Wayward jewelry ran up a $60-million tab with insurers last year . 
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expensive articles, insurance agents 
suggest getting floaters only on major 
valuables. Still , many homeowners insist 
on " floater " coverage for prized sets of 
golf clubs, cameras , and such. For this , 
the owners must pay the minimum $6 
annual premium for $250 worth of cov
erage . 

Rates for fine arts ob1ects vary widely. 
The premium for a $2,500 portrait is $70 
a year in New York City, for instance, 
but would probably be $24 a year in 
Green Bay, Wisconsin. 

Because of the high incidence of 
thefts of certain items, insurance com
panies are shying away from writing 
floaters , and private associations are 
picking up the business. Ski Theft, a pol
icy administered by U. S. Ski Insurance 
Administrators (11 South LaSalle St., 
Chicago, Ill , 60603) insures skis and 
bindings if they are lost or stolen , not 
broken , up to $250 with $1 O deductible . 
The premium to members of the U. S. Ski 
Assn. is $8.25 a year (membership is 
$7). A similar policy is available on bi
cyc les , which have been hit by a wave of 
thefts , from the National Bicycle Dealers 
Assn., Wickliffe, Ohio. 

A leading insurance man suggests up
dating the appraisal of valuables at each 
renewal date of one's policy. " That 's the 
only way you can be sure that your in
surance coverage meets the value of the 
item," he says. Whether it 's diamonds or 
lithographs, only a reputable dealer 
should be dealt with for a valuation , in
dustry experts warn . His word will count 
heavily in any future claim the policy
holder may have to make. Experts also 
suggest photocopying the original bill of 
sale and appraisal and sending them to 
the insurance company, keeping the 
original in a safe deposit box (perhaps 
along with photographs of the item). A 
safe deposit box is also the place for an 
inventory of all household goods. 

Another defense against inadequate 
coverage of valuables is the "inflation 
guard endorsement ," introduced a year 
or so ago . For an added outlay of 5% of 
the regular premium, this endorsement 
provides a graduated increase in cov
erage that ranges from 1 % after the first 
three months the policy has been in ef
fect , up to 12% after 33 months . 

One option open to homeowners who 
are trying to keep a ceiling on premiums 
is to increase deductibles from the usual 
$50 to $100 , $250 or $500 . This way 
they can save up to 20% on basic pre
mium costs-but are also increasing 
their own out-of-pocket liability in the 
event of a theft . 

Lower insurance rates are also 
granted if jewelry is kept in a bank vau lt. 
Credits are given, too, on stamp and 
coin collections if they are stored in a 
fireproof safe or vault with a combination 
lock. However, there are no deductions 
given for furs kept in commercial stor
age, whether it be in a dry-cleaner 's 
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Pictured above is the 
most tightfisted, thrifty 
man in America. 

He is Ralph Ginzburg, the New York magazine 
publisher. No one holds on to money more tenacious
ly than he. MI. Ginzburg ha s made a career of per
fecting and implementing ingenious methods of mak
ing and saving mon ey . Now he has even launched a 
publica tion devo ted to that subject. It s name is 
Moneyswo rth. 

Moneysworth is more than just a manual of Ralph 
Ginzb urg' s personal financial ploys. It is a brash, jolly , 
authoritative Fagin School in the art and science of 
shrewd money manage ment. It covers personal finance 
as well as consumer affai rs (including product ratings). 

Perhaps the best way to describe Moneysworth is 
to List the kinds of articles it prints: 

The New Japan ese Cars : A Rating 
Earn IOY2%on Your Savings Account 
How to Collect Social Security from Canada and the 
United States Simultaneously-It's perfectly legal. 

When to Hire a Negligence Lawyer-By Melvin M. Belli .. 

The Third Most Expensive Item You' ll Ever Buy- It's 
your fun era l, and Moneysworth tells how to minimize 
the grief. 

Earn Interest on Yo ur Checking Account 
The Unshrouded Facts About Life Insu rance- This 
article, alone, may save you hundreds of dollars. 
Sewing Machines that Seam Fine- WhyMo neysworth 
chose a $40 model as its best buy. 
Living Afloat wit hout Getting Soaked - By novelist 
Sloan Wil son. 
Freeze-Dried Coffees Rated (and Berated) 
Small Bite - How to get dentures from one of Ameri
ca's to p dental clinics for only $40. 
Water Beds Aie Making a Big Splash 

How to Hold on to Your Auto Insurance 
Food Fit for King: Best Bu ys in Dog Food 
A Blast at Aerosol Cans - How they threaten your 
health and pick your pocketbook. 
" How We Live on Less than $75 a Month " 

The Wisdom of Maintaining a Secret Swiss Banking 
Account - Half a miJLion Americans can' t be wrong. 

America 's 25 Best F ree Colleges-As rated by the 
students themselves. 

The Boo m in Go ing Bust - The growing popularity of 
personal bankruptcy. 
How to Get a Divorce without a Lawyer 

Air Travel at 50% Off 

Ski Areas without Steep Prices 
Drug Combinations that Ca n Kill You 

The World 's 100 Best Free Catalogs 

Both a Bo rro wer and Lender Be - Shrewd use of you r 
Life in suran ce's Little-k nown loan feature . 

Cut-Rat e Stock Brokerage 

The Bitte r Truth about Refined Sugar 

How College Students Can Get Food Stamps 
The Cars that Thieves Like Best 

Land Investment in Canada 
Trailers with No Hitches: A Product Ra ting 
How to Break a Lease 

Heretical Reti rement Advice 

Teaching Your Child the Value of Money- With ou t 
having him overvalue it. 

Undetec ted Bank Errors- A report on th e untold mil
lions of dollars lost each year by co nsu mers who fail to 
reconcile their monthly bank sta tements. 
The Mos t Dangerous Car of All 

Franchising: The Perils of "Being Your Own Boss" 
The Wisdom of Attending College Abroad 
Quadraphonic Hi-Fi: Innovation or Co mmercial Hype? 

Wheeling and Dealing for a New Bike-Whi ch are the 
bes t buys and how to ba rga in for them. 
Soundproofing Your Home 

How to Con test a Bad Credit Rating 
Indigestion Remedies that Pass the Acid Test-An 
eva luati on by brand name. 
How Two Widows Nearly Go t Merrill· Lynched 
How to Sue without a Lawyer 

The Link Between Heart Attack and Coffee- A sup
pressed report by a member of the President's Com
mission on Heart Disease . 

The Spirit of '72-A report on the new " light" whis
key that has the industry in ferment. 
The Ugly Facts about Beauty Aids 

Easy-Riding Motorcycles: New Models Rated 

The Best of the Good Book-An evaluation of current
ly-available editions of The Bible. 

Safety Bug- A preview of the Volkswagen model 
being developed to replace the easily crushed" Beetle." 

In su m, Moneysworth is your own personal consu
mer crusader and chan cellor of th e exchequer - in one. 
It is a bonanza of uncanny monetary intellige nce. 

Although launched only a year ago, already Mon
eysworth has become the most widely read newsletter 
in 1he world (with a circulat ion of 400 ,000 and reader
ship estimated at one million). 

Every week, Moneysworth is inundated with en
thusiasti c, unsolicited tes timonials li ke the following 
(which are completely au th en ti c): 

• "Thanks to the advice in you r art icle ' Inaccurate 
Billing by the Phone Company,' my own fi rm - the 
Bayard Pump & Tank Company - has just received a 
$1,593 refund. " - Armand Di Rienzo; Brislol, Pa. 

o"Moneysworth is to be commended for the reli
abilit y of its merchandise eva luations. I just bought a 
Canonet 35mm rangefinder camera - which you rec
om mended as 'First Rate ' - and have gotte n some 
beautiful shot s with it. Moreover, thanks to Moneys
worth 's buying advice, I saved over 30% on it s cost." 
- Robert D. Goodrich; Tucson, Ariz. 

• " Your article 'How to Fight a Traffic Ticket ' 
saved me a $200 lawyer's fee and a ti cket. I did exactly 
as you sugges ted - taking pictures of the scene and 
double-checking th e statut e book - and ca me out the 
wi nner in court. " - W.R . Wendel: Hicksville, N. Y. 

•"Thanks to your article 'How to Buy a New Car 
for $ 125 Above Dealer 's Cost,' I have just purchased a 
Malibu Sport Coupe at a saving that I conservatively 
estimate at $350."- Ron Bromert: Anita, Iowa. 

• " I am grateful for your tip on 'Tax Savings for 
Teachers' - which saved me the cos t of a tax account
ant and got me a very high income tax refund." 
- Charles Bryan; Brooklyn, N. Y. 

• "Your article on low-cost, unadvertised trans
Atlantic air fares enabled me to save $108 on a 
vaca tion to Ireland. In additi on, once I was there, I 
saved $64 on a car rental, thanks to your advice." 
- Bernard Bu/Ion; Bronx, N. Y. 

• "Upon Moneysworth 's advice, I asked the phone 
company for an itemized bill. As a result , I discovered 
that for years I had been paying for a nonexistent 
extra line. Res ult : A $550 refund . My trial subscrip
tion has paid for itself 110 times over!" - George T. 
Pe1sche; Washington, D. C. 

• "I want you people to know that because of your 
article 'Hiring a Lawyer to Avoid the Draft ' I am 
today a free man." - Tony Schweda: St. Paul. Minn. 

In short , Moneyswo rth has become an absolutely 
indispensable mentor fo r many of America's most 
astute consumers. 

The staff of Moneysworth consis ts of severa l of 
the most keenly analytical and imagi native minds in 
the fields of co nsumer affai rs and journalism. At the 
helm, of course, is Ralph Ginzburg himself as editor
in-chief. Moneysworth 's execu tive editor' is Warren 
Boroson, a fo rmer edi tor of Medical Economics. 
Its articles edi tor is Dorothy Bates, formerly o f Scien
tific American. Herb Lubalin , the wor ld 's foremost 
graphic designer, is Moneysworth 's art director. Aug
menting this team of hard-nosed, experienced editors 
are reporte rs, researchers, product-testers, and con
sultants throughou t the United Sta tes. Together, they 
crea te Amen ca's first - and only - finan cial periodical 
with charisma. 

Moneysworth is publi shed fortnightly. It is avai l
able by subscripti on on ly. The average newsletter 
(according to the Directory of Newsletters) cos ts well 
over $25 . But we are offering Special Introduc tory 
32-Wcek Subscriptions to Moneysworth for ONLY 
$3.88! This is a MERE FRACTION of th e going rate. 

Moreover, we are so confident that Moneysworth 
will prove invaluable to you tha t we are abo ut to make 
what is probably the most genero us subscription offer 
in publishing history : We will absolutely and uncon
ditionally guarantee thal th e lips, techniques, and 
inside information in Moneysworth will increase the 
purchasing power of your income by at leas/ 15%- or 
we'll refund your money IN FULL . In other words, if 
you now earn $ I 0,000 a yea r, Moneysworth gua ran
tees that it will increase the va lue of your income by at 
leas t $ 1,500- or you get your money back. And, 
mea nwhile, yo u wi ll have enjoyed a subscription to 
Moneysworth A BSOL UTEL Y FREE! As you can see, 
a subscription to Mo neysworth is an absolutely fool
proof investment. 

To enter your subscription, simply fill out the 
coupon below and mai l it wi th $3.88 to : Moneys
worth , 11 0 Wes t 40th Street , New York 10018. 
. We urge you to act at once. In this case, especially, 

time 1s money. 

I enclose $3.88 for a Special Int roductory 32-
Week Subsc ripti on to Moneysworth , the 
sh rewd, audacious new fo rtnightly on co nsu
mer affairs and personal finance . I understand 
that this is a MERE FRA CTION of the go ing 
rate . Moreover, Moncyswort h guaran tees that 
it \viii in crease th e purchasi ng power of my 
income by at least 15% or I will get my 
money back IN FULL'.' 

NAME 

ADDRESS 
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Ours. 

From coast to coast. 

One call to your local Snelling & Snelling office can 
accomplish miracles. 

Your job specifications may fit people we have immediately 
available. If not, we'll find them. 

Quickly. Efficiently. 

And with measurable savings to you in time, aggravation 
and in another vital area- money. 

Look us up in the White Pages. Then pick up your 
telephone and let a miracle happen. 

® 
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with 540 offices coast to coast 

shop or fashionable department store. 
And even though the furs may be stored 
in locked wardrobes, insurance com
panies do not consider them as secure 
as bank vaults and therefore grant no 
discounts. 

Even if a home or apartment dweller 
can afford the insurance rates. which 
are increasing at a minimum rate of 5% 
yearly , he may have trouble buying cov
erage in some cases. For instance, an 
insurance company may balk if he asks 
for coverage on just one or two high
value items, particularly if they are kept 
in a burglary-ridden area. And no matter 
how sound a customer's finances or 
how high his moral character, an insurer 
will certainly be hesitant about taking on 
a person who has a record of misplacing 
or losing articles. Insurance agents and 
claims adjusters keep tabs on what they 
consider " irresponsible" policy holders. 
In addition, insurance companies usually 
run checks on people who apply for siz
able amounts of floater protection , in
cluding their forgetful habits. 

Despite the current boom in wall 
safes, alarms and other anti-burglar pro
tection systems, these do not guarantee 
a lower insurance rate , a fact that this in
dustry often fails to mention. But it 
should be noted that setting up such 
gadgetry may make it a bit easier to buy 
coverage. 

Protection against theft from autos 
should also be examined. Most home
owner 's policies cover only items stolen 
from a car when there is evidence of for
cible entry. Coverage on theft from an 
unlocked auto is usually only guaranteed 
if the car is on the policyholders property 
or in a public garage where he surren
ders his car keys to an authorized park
ing attendant. Coverage to include 
losses from an unlocked auto can be in
cluded in the homeowners' policy by a 
theft coverage extension endorsement
but with an additional premium , of 
course. However, insurance advisers 
warn that such coverage may take some 
shopping to obtain , particularly in New 
York City and other high crime rate 
areas. 

Finally, most homeowners ' insurance 
policies have a " mysterious disap
pearance" provision . If a woman leaves 
a diamond ring in the powder room of a 
night club, and returns shortly thereafter 
and finds it gone , the claim examiner 
reasonably presumes a theft, and cov
erage is provided . However, if a man 
loses a ring while gardening on his prop
erty, the presumption is that it is lost , not 
stolen , and therefore he cannot expect 
to collect on his claim. If he wants to 
protect himself against his own care
lessness, he 's going to have to get an
other floater . His insurer will probably be 
glad to oblige-at a premium. 

-RON W. ANSELMO 
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TAXES 

Tax scene: dollar 
items in the news 

RETURNS. Coordinating federal and 
state returns is a way to save time, 
trouble, maybe cash. Carriage-trade ad
visors stress the theme. Most states now 
crosscheck tax-return information with 
IRS in Washington, and slip-ups by 
higher-bracket taxpayers have led to 
more audits by IRS and state collectors. 
Note that income taxes are now levied 
by 39 states, and the trend is to the 
adoption of U. S. rules tor computing 
taxes. 

LOSSES. The Tax Court in a "small 
claim" case allowed a deduction of $200 
for a stolen canoe, even though the ca
noe owner furnished no proof of theft or 
value. Circumstances and taxpayer's 
own word apparently were enough. The 
Tax Court, liberal in such cases, has re
versed Internal Revenue and allowed de
ductions based on reasonable estimates 
of value. "If a substantial casualty loss is 
involved," notes a Manhattan attorney, 
" -it can pay to go the court route." 

In another recent " loss" case, a 
taxpayer sold his country club member
ship for less than it cost and took a de
duction for the loss. His claim: that the 
membership had been an investment. 
The Tax Court turned him down flat. 

TRENDS. Use of the limited partner
ship as a vehicle tor real estate invest
ment is getting a sizable play. Investors 
aim for top tax advantages that arise 
from the tax code 's liberal treatment of 
residential rental housing . Among the 
breaks A partnership 's business deduc
tions can be used by the individual in
vestor on his own tax return; and a fast , 
200% depreciation is still allowed. " This 
item is well worth looking at-with a 
smart pro at your side, " says a West 
Coast consultant. The so-called 
" tandem stock option" is also becoming 
well established-a point an executive 
should know about when relocating or 
negotiating a new pay package . Here 
" qualified" and non-qualified options 
are combined. A report by J.K. Lasser 
shows that tax breaks tor the individual 
are meaningful-and that 40% of the big 
companies now otter the tandem. 
New speeded-up collecti on of gift taxes 
has some people contused. A clear ex
planation is found in Guide to Federal 
Es tate and Gitt Taxation (Supt. Docu
ments , U.S. Gov. Printing Office, Wash
ington , D.C. 20402; SOC!:). 

r-------------------, I Georgia Department of Industry & Trade I 
I 

Industry Division, Dept. MH-4, P.O. Box 380 9 7, I 
Atlanta, Georgia 30334. . 

I

I Please send me details on Georgia's new approach to 1

1 advance employee training. I Name T itle I 
I Company I 
IA~ren I 
I City State Zip ___ I 
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~-------------------~ 
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EDUCATION 

Junior year abroad: 
Picking a program, 
a study in itself 

College students today really think that 
all the world is their oyster , and , as any
one who saw their knapsacks dotting the 
globe last summer knows , they want to 
explore it. Study abroad may be best for 
the student majoring , say, in Greek arch
eology or French literature, but even the 
youth who simply has a case of wander
lust can benefit. Since applications for 
study abroad-typically in the junior 
year-are due about February (or soon 
after first semester grades are out) , 
Mid-year vacation may be the best time 
for a parent to have a serious discussion 
with his offspring about such plans. 

" If they 're not all going abroad, " says 
Harold Epstein , vice-president of the In
st itute of International Education , the or
ganization that administ rates the Ful
bright grants, " they' re all th inki ng about 
it ." In fact, in 1950, there were just 20 
formal study-abroad programs ; now 
there are 500 in 70 countries , and about 
50 ,000 students this year have decided 
to expatriate-temporarily-in their quest 
for learning . 

More students than ever are going be
yond what one returnee calls the " elite 
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watering grounds" -Paris and the other 
continental capitals-although the vast 
majority do land in Europe . Right now, 
students are bearing down on Far East
ern Studies in Singapore in a program 
sponsored by the State University of 
New York. Drama majors are following a 
theater course in London under Tufts 
University tutelage, and students from 
any of the 31 colleges that belong to the 
Pittsburgh-based Regional Council for 
International Education are soaking up 
culture in Verona and Basel. Smith Col
lege , which pioneered the first such pro
gram in Paris back in 1925, now has op
erations in Madrid , Geneva , Florence 
and Hamburg as well. 

With the proliferation of programs, the 
idea that only language majors can ben
efit from foreign exposure is dying . The 
Institute of European Studies, for in
stance , has sent 600 students abroad 
this year in various programs, including 
one in Nantes, France , which features 
courses in engineering and physics. Syr
acuse has 400 students abroad , includ
ing groups in the Netherlands working in 
the fields of human development and so
cial work. Drew University sponsors one 
group studying the Common Market in 
Brussels . 

For the student attempting to analyse 
brochures- some of which offer the 

mythical wonders of Hemingway's Paris 
without mentioning that bath water is 
sometimes rationed and the food less 
than one-star-there are many things to 
consider . The best way of finding out 
about different programs is to ask the di 
rectors-or , more important, students 
who have gone before. "This is the only 
way that a student can get what he 's 
looking for," says Philip Yasinski , admis
sions director of the six Institute of Euro
pean Stud ies programs. Another good 
source is the Council on International 
Educational Exc hange, (777 U.N . Plaza , 
New York 10017) which runs a clear
inghouse for 165 colleges. 

" You can 't just pick up a body and 
plunk it in a foreign culture without some 
preparation ," warns one director. " They 
don 't adjust automatically." He thus em
phasizes that a good program , espe
cially one with classes in a foreign 
tongue, should offer orientation. 

Different programs also have different 
living arrangements. Some house stu
dents together in a pension or rooming 
house , which means that mingling with 
" the people " may be difficult . On the 
other hand, lodging with " families" often 
turns out to mean joining a widow or re
tired couple who just need the money, 
aren't interested in companionship , and 
have strict ideas about re lations between 
the generat ions and the sexes. 

There are , of course , the academic 
considerations as well. Programs such 
as that at Smith demand the quality of 
student-male or female-that would 
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qualify for Smith at home. Roughly 
speaking , the quality of the sponsoring 
institution indicates the quality of the 
program. Many study directors maintain 
that students have enough problems 
deal ing with an alien culture without hav
ing to face academic mediocrity. 

A foreign language-or more accu
rately a lack of it-does not necessarily 
deter a willing student. Some programs, 
like those of Smith and Sweet Briar , do 
require good fluency . Other groups de
mand some ability " to get around " in a 
foreign tongue . But Harold Vaugh , direc
tor of Syracuse's international programs, 
says of his Florence project , "We'd 
rather they didn 't have Italian . A smatter
ing can just get in the way. " Other pro
grams, like those of the Regional Coun
cil , were originated precisely for those 
who are not language-oriented. 

The difference in language require
ments is just the most obvious variation 
in foreign study programs themselves. 
Basically there are two camps. One, typ
ified by Smith , Sweet Briar and the State 
University of New York , insists that the 
primary rationale for foreign study is 
academic . In the words of SUNY's inter
national study director, Ivan Putman , 
" The studen t should get something 
unique from his studies that he couldn 't 
get on the campus." 

Others give major weight to the per
sonal experience . " There's nothing 
wrong with vulturing for culture ," says 
New York University Dean Boyley 
Winder . " You can't quantify the worth of 
exposure to another culture. " 

The personal growth of a student , 
however , may be the same no matter 
what the program is. By adapting to an 
unknown situation any young person 
cannot escape a new awareness of him
self and the manners and mores of his 
own society. 

The problem is to match the right stu
dent to the right program . "The range of 
programs is like the range of colleges, " 
says IES's Yasinski. " They run the 
gamut fr om colleges with iso lated 
campuses abroad to those where the 
student is completely assimilated ." Stan
ford , for instance , has nearly 1 ,000 stu
dents a year in c lasses on campuses in 
Austria, England , France, Germany and 
Italy who study together , often under 
Stanford professors. Such a program 
surmounts the hurdles of language 
fluency. Conversely, Smith , Hamilton 
and the Institute of European Studies 
programs in Par is and Madrid have all 
classes taught in the native language by 
natives. Going furth er , the Sweet Briar 
Paris program integrates its students 
into French schools . 

Most school officials do not recom
mend-or even tolerate-a student en
tering a foreign university on his own. 
For one thing , these schools often offer 
foreigners watered-down curric ula lim-

ited to language and that amorphous 
commodity , " cul ture. " Not only is the 
young American likely to be excluded 
from courses with nationals , he will also 
find that foreign professors don 't show 
up, reading lists don 't exist , and c lasses 
are overcrowded. Without a program di
rector, a studen t can flounder. 

A major point of any planning is to 
make sure that when the student is re
patriated, his study credits are re 
patriated as well. Students should not 
only get permission from their current 
college to join a program ,. but should 
check its courses with a facu lty advisor . 

A good alternative to a year abroad is 
a program that lasts a semester , and 
hence does not cut in to the prescribed 

Florida Presbyterian College 

academic pattern of some majors. The 
student whose school has a January 
term for independent study can even opt 
for a month abroad . Headqua rtered in 
St. Petersburg , Fla , the 4-1-4 Confer
ence , an organization of schools with 
such scheduling , lists 19 such projects 
in London alone thi s year and 18 in 
France . Some cost less than $500 , in
cluding tuition , travel , room and board. 

The price for full-year study goes a bit 
steeper, but most programs cost rough ly 
the same as a year at a good private col
lege in the states . In fact, Stanford 
charges the same tuition and even 
tosses in the cost of travel to Vienna, 
Cliveden or Florence . Sweet Briar 's cost 
is $3,500 and Smith 's is $4,070, plus 
transportation. The Institute of European 
Studies offers several scholarships, and 
colleges that sponsor their own groups 
often continue their sc holarship aid. 

-BARBARA RADLOFF 
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Healthy, Wealthy and Wise 

What is a true 
"growth stock", 
anyway? 

Smart tax shelter: 
a who-why-where 
"T and E" diary 

Black Russian 
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What is the real meaning of " growth stock" -and where does one find such a 
stock? Some definitions get cloudy and miss the mark. A good one is by Richard 
Carney, mutual fund portfolio manager with Lionel D. Edie & Co. He lists six basics 
as a criteria for investing in smaller companies with good growth potential: (1) The 
company must show consistent and superior growth in earnings per share at a rate 
better than 9% a year, even in the face of depressed business conditions. (2) It 
should have a steady, year-in year-out demand for its products-one good example 
is a firm that sells disposables (razor blades, or such). (3) The company should 
ideally be a leader in a fast growing field. Better to be the number one tropical fish 
breeder, says Carney, than a little outfit trying to make a better transistor. (4) If it 
can 't meet standard # 3, then the company should at least be in some emerging 
field. (5) It should be well managed, and you should not buy stock in , say, a tiny 
electronics firm without having met their people . (6) It should have a high return on 
stockholders ' equity. Net profit should be high compared to that earned in the in
dustry generally. To qualify as a true growth stock, it should earn at least 20% in 
dividends or book value; today, an average stockholder gets 11 %. 

There is no more neglected item in taxes than the daily " T and E" diary (Personal 
Business, Oct.). It is tedious-you need to outline the details of every meaningful 
travel-and-entertainment expense that is business-related , if you expect to nail 
down a tax deduction on the form 1040. Entertainment for business or professional 
purposes is, of course, what causes most of the flap. Reason is that each diary en
try should show not just the routine information but the why underlying the enter
tainment. In a recent Tax Court case, a taxpayer was denied over $3,000 in T-and
E costs despite the fact that he faithfully kept day-to-day records, as needed. He 
dutifully entered amounts and dates-but he skipped lightly over people, places, 
and business purposes. These essentials were hit-or-miss in the diary, and all the 
demonstrated good faith in the world couldn't salvage the $3,000 in costs . . .. A 
sensible New Year 's resolution might be to buy a good tax-structured diary; one of 
the best is the J.K. Lasser Diary ($6.95) . 

Soaring , once the sport of a daredevil few, is rapidly becoming a national pastime. 
Already, 20,000 leisure-time pilots have been caught up in the fun of non-powered 

flight . It 's not so mysterious , expensive or dangerous as you may think. 
The average man can earn his private license in perhaps three months 
of weekends, or in $500 worth of lessons. Sailplanes generally rent for 
$16 an hour, including the tow to get you aloft. Buying your own plane 
may cost between $5 ,000 and $12 ,000. Financing nowadays is readily 
available, through banks or such outfits as Aircraft Finance Corp., Inc., 
Columbus, 0. As for the danger, insurance companies now rate sail

planing no more hazardous than conventional small plane fly ing . An excellent 
guide to the sport is the new book, The Art and Technique of Soaring by Richard A. 
Wolters (McGraw-Hill $14 .95). 

The barman at the Pierre Marques hotel , on the beach just south of Acapulco, 
makes a Black Russian this way : 1 part Kahlua (Mexican coffee liqueur), 2 parts 
vodka . .. . PB 's din ing-place-of-the-month : Capriccio 's, on the Jericho Turnpike, 
Jericho, Long Island , N.Y. Try linguine with white clam sauce. 

.. 



H you'd like to see how beautiful our building products are, 
just take a look at one of our doors. 

In case you haven't noticed there is a 
door. in the picture. It's one of the 
many C-E aluminum patio doors at 
the new Playboy Club-Hotel at Great 
Gorge, McAfee, New Jersey. Doors 
that were built to show off the clean 
modern lines of this complex, yet 
work efficiently year after year. 

But this is just one of the many 
product lines at C-E Glass and C-E 
Building Products. 

Lines that include insulating glass 
that has a mirror-like, gold coating to 
reflect sunlight; hermetically-sealed 
units that have rotating venetian 
blinds between the glasses; and tem
pered glass for applications where 
safety is as important as looks. 

Plus windows and sliding glass 
doors for residential and commercial, 
store-fronts, curtainwall, shower-tub 
enclosures, storm windows and doors. 

COMBUSTION ENGINEERING, INC. 
277 Park Avenue, New York , N.Y. 10017 

Our names in the building industry ... C-E Glass and C-E Building Products. 



Let's put the 0 back in Sonoco. 

There's one thing we at Sonoco want to be remembered 
by: our name. 

But people keep spelling it with a U instead of an O.Which 
is not just another way to spell Sonoco. It's another company. 

So to help you remember who we are, we'd like for you to 
remember, one: we don't pump gas for a living. And, two: our 
business is making things out of paper and plastics. 

Things like cones, cores and spools for textiles. Cores and 
tubes for paper manufacturers and converters. Cans, containers 
and folding cartons for packaging. Column forming tubes and 
underground pipe for construction. And underground vaults for 
the utility industry. 

What's more, each of the thousands of products we make 
is developed in some of the largest and most complete laboratories 
in the paper, cone and tube industry: our own. And none of them 
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go to consumers. Because all our products are made 
to solve specialized industrial problems. 

We'd like to tell you more about all the things we 
~ do. If you'll write Sonoco Products Company, 
~~ Department PB, Hartsville, S. C. 29550, we'll 
~ send you a copy of our 
\~ capabilities booklet. 
~~ Because other than 

l\~ our name, there's at 
~ least one product we 

want to be remem
bered by. 
The one we can make 

for you. 

Sonoco Products Company. 
Innovators in paper 

and plastics. f e 
~'" 

• 

l., 



.. 

3 semiconductor 

firms in Europe 

seek entente . . 

. . . as cordial end 

to price war 

Siemens AG also 

seeks European 

computer partner 

Swedish defense 

cuts won't 

affect Viggen 
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International Newsletter 
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Within the next few months, at least three European semiconductor makers 
are expected to reach accord on a plan to streamline their overlapping produc
tion and to reduce the cut-throat competition that has cost them millions of 
dollars over the past two years. Plessey of Britain, AEG-Telefunken of West 
Germany, and Thomson-CSF of France acknowledge that they are in the first 
stages of negotiating a cooperation pact, having tried without success to bring 
Motorola into the deal. 

Details on possible agreements are being kept secret for the moment. But 
whatever corporate structure evolves, the three are expected to divide up the 
market, each specializing in agreed-upon types of semiconductors. While all are 
strong in radio-TV ICs, Plessey has been a leader in computer core memories 
and is shifting to semiconductor memories, Sescosem makes good power tran
sistors and zener diodes, and AEG-Telefunken is important in ECL capability 
and noise-immunity ICs. 

Thomson-CSF, speaking for its ailing Sescosem semiconductor division, says a 
"rapid solution" is needed to the price war. Certainly, the efforts of the three 
toward a rationalization pact coincide with the abrupt resignation this month 
of Andre Danzin, head of Thomson-CSF's components and computers oper
ation. Reportedly Danzin lost out in a dispute over how to deal with losses, es
pecially in the components division, which includes Sescosem. Sescosem's 
losses last year were estimated at $6 million. 

While Sescosem, AEG-Telefunken and Plessey are considering a deal in semi
conductors, West Germany's Siemens AG continues its exploratory talks with 
a number of companies about a long-term cooperation agreement in comput
ers. It will have picked and named its partner ''within the next few months," the 
German firm says. It is widely speculated that, unlike Siemens' former link 

.with RCA, the new partnership won't extend across the Atlantic, because only 
by tying up with a European firm can Siemens count on a sizeable share of 
computer-promotion mone:1 from the Bonn government. Furthermore, oper
ating within the framework of the European Economic Community is ex
pected to bring certain marketing advantages. 

When the Swedish government presented its 1972/3 budget last week, it pro
posed what may be its last ever increase in military appropriations. The extra 
$90 million brought proposed defense spending up to almost $1.4 billion. Of 
this, the Air Force would get almost $400 million, including $75 million for 
R&D- mostly for the fighter version of the Viggen Jet- and about $ 150 million 
for aircraft and hardware . 

A few days after the budget was presented, however, a Royal commission 
published its long-awaited report on the future of Swedish defense, which re
commended that future military spending be kept at the present level. Because 
the Commission's Social-Democratic majority did not even allow for cost hikes 
or inflation, many newspapers here saw the report as calling for disarmament. 
Minister of Defense Sven Anderson said it would definitely not mean this, but 
would probably involve making savings through "rationalizing." One cutback 
would limit Sweden's naval operating range strictly to coastal operations. De
velopment of the Viggen in a fighter version would, however, continue. 



Japanese gov't 

aids electronics 

British PO asks how 

microwave data 

can stand weather 

Comsat, ESRO 

eye joint 

satellite research 

Dutch technique 

more than doubles 

C/ MOS speed 
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Japan's fiscal 1972 budget was relatively favorable to the electronics indus
tries. For the fourth five-year defense plan, procurement of the main new 
hardware involved was authorized, and will include 20 T-2 supersonic trainer 
and ground support planes, 11 C- 1 jet transports, and 14 RF-4 reconnaissance 
versions of the Phantom. R&D will also begin on an airborne early warning ra
dar, and on a new patrol plane to search out submarines. 

The Nippon Telegraph and Telephone Public Corp.'s construction budget 
rose 22.4% to $3.27 billion, to cover 2.8 million new telephones and 33 new in
formation processing systems. Its $112 million R&D budget includes $42 mil
lion for the Dendenkosha (Japanese for NTT) Information Processing System 
and $13 million for electronic exchanges. 

Included in the budget for the Ministry of International Trade and Industry 
is a $17 million subsidy for Japan's computer manufacturers, first installment 
of a total of $111 million to be paid them over the next three fiscal years. The 
National Space Development Agency will get $59 million from the Science and 
Technology Agency budget. The new international airport at Narita has been 
allotted $8.6 million for control tower and radio equipment. 

Helped by the government's Radio and Space Research Station, the British 
Post Office is building an experimental microwave digital network to study the 
effects of weather on microwave frequency line-of-sight radio transmissions, 
carrying pulse-coded digital data. Experimental links will operate at 11, 20, 
and 37 gigahertz, and each will be equipped with fast responding weather sen
sors and telemetry transmitters. 

Specific aims are to check rain attenuation, interference between orthog
onally polarized signals using the same path and frequency, and multi-path 
propagation caused by temperature stratification of the atmosphere. The fre
quencies were chosen to tie in with the Post Office's present thinking on likely 
operational digital microwave links. 

Joint technological programs to develop advanced satellite communications 
systems are being seriously discussed by the Communications Satellite Corp. 
and the European Space Research Organization. Among the items being con
sidered are whether the two sides would share technological development and 
costs on a joint system or use the joint research to build individual systems. In 
the latter case, Comsat would build the proposed Intelsat 5 satellite and ESRO 
a regional European system. 

Scientists at the Philips Development Laboratories in Nijmegen, the Nether
lands, are now applying their Locos isolation technique to complementary 
MOS circuits, and expect to come up with the first commercially available de
vices sometime this year. Compared with conventional C/ MOS, the new Phil
ips ICs using Locos (for local oxidation of silicon) have an area advantage of 
1:2, while their internal capacitance is smaller by factors of from three to five. 
This, in turn, leads to a comparable improvement in speed, which, at a few 
nano-seconds, is comparable to that of standard TTL circuits. 

With such performance, the Philips experts say, Locos-C/ MOS devices 
should find applications in battery-operated units like desk-top and pocket
type calculators and digital voltmeters ; in LSI circuits for memories and min
icomputers ; and, because of their TTL compatibility, in keyboard encoders for 
communications terminals. 
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Electronics international ________ _ 
Signi ficant developments 1n technology and business 

In-line guns, 
vertical slots 
team up in color tube 
Toshiba 's new approach , 

which simplifies convergence 

circu itry , is already on 

its way into color sets 

An in-line a rra ngeme nt of picture
tube elect ro n guns a nd a shadow 
mask with a pertures a rra nged in the 
pa tt ern of a brick wa ll rota ted 90° 
pro mise to brin g a new look to color 
telev ision. This new geometry sim
plifi es the complex conve rgence cir
cuits required with the conventiona l 
triangul a r gun a nd apertu re geome
try, a nd gives a n a ppa rently sha rper 
colo r picture. 

For sta rters Tokyo Shi ba ura Elec
tri c Co. (T oshiba) is p roducing a 10-
inch version of th e new tube, a nd 
will soon fo llow it with a 13-in. ve r
sion. A se t using the 10-in . tube has 
a lready been a nnounced by Sh a rp 
Corp ., with do mestic deli ve ries to 
sta rt in February. By the middle of 
this yea r, T oshiba expects its o ther 
colo r tube customers to have se ts on 
the ma rket using the new tube. 
These customers include Toshiba's 
own se t di vision, Sa nyo E lectri c Co., 
N ew N ippon Electri c Co., a nd The 
Genera l Corp. 

To market. Some of th ese com
panies a lso buy tubes from Hitachi 
Ltd ., which is rumored to be work
ing on a new design so it ca n ma in
ta in its sha re of the ma rket. M a tsu
shit a E lec t ro ni cs Cor p , w hi c h 
supplies color pictu re tubes only to 
Ma tsush ita Electric Industria l Co. 
a nd to Victo r Com pa ny of Ja pa n 
Ltd., is not di rectly affected a t th e 
component leve l but may have to 
come a long with new designs to 
ho ld Ma tsushi ta's No. I posit ion in 
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the se t ma rket. N ew Nippon El ec tri c 
only makes la rge r size colo r tubes 
a nd won' t be a ffected until the de
sign comes a long in la rger sizes. 
Sony Corp . ma kes solely fo r its own 
use a color picture tube tha t to the 
ave rage consum er is virtua lly indis
tinguisha ble from Toshiba's. 

Instead of the three-color phos
phor-dot trios used in conventiona l 
color tubes, To hiba's new tube uses 
a re pea ting p a ttern o f ve rti ca l 
stripes of red, green, a nd blu e phos
phors. The apertures in th e shadow 
mask are essenti a lly ve rti ca l slits 
centered on th e green stripes, with 
bridges of meta l crossing the slits a t 
interva ls to ma inta in th e structura l 
integrity of th e mask. Bridges across 
adj acent a pertures a re stagge red by 
hal f the pitch of the bridges. 

Slits. In o pe rati o n, th e g ree n 
e lec t ro n g un s h oo t s e lec t ro n s 
stra ight through the apertures to the 
green phosphor stripes. The red and 
blue electron guns. which a re o ff to 
each side, shoot electrons diagona ll y 
th ro ugh the slits to th e red a nd blue 
phosphor stripes. 

Shadows a re fo rmed on the phos
phor stripes beneath th e bridges. 
But the bridges a re na rrow e nough 
so th at the reduction in bri ghtness is 
n eg l igi bl e, a nd s t agger in g th e 
bridges decreases the visibility of 
the shadow pattern . 

With the ve rti ca l stripe pa ttern , 
the apparent ho rizonta l resolution 
of th e picture is enha nced , beca use 
of the sharp cu to ff a t edges of ob
jects. In the ve rtica l directi on, there 
is no poss ibil ity of degrada tion of 
purity by misla nding beca use th e 
phosphor color re ma ins the sa me 
a long a given verti ca l phosphor 
stri pe. 

Anothe r pl us of the tu be is the 

use of a na rrow, 29-millimete r neck 
rather th a n th e sta nd a rd 36-mm 
neck. The narrow neck reduces d e
fl ection powe r requi re ments a nd en
a bles se t designers to cut costs by us
ing smalle r defl ecti on output 
tra nsistors. 

Neck. But a na rrow neck ma kes 
li fe diffi cult fo r th e tube des igner 
beca use with it the in-line gun a r
range ment fo rces him to reduce the 
dia meter o f the guns. However, the 
sma ll er di a meter guns a re ad equ ate 
beca use the resolution-determining 
green electro n bea m does not un
dergo a ny foc us-degrading bendin g 
for convergence pu rposes. 

Beca use th e bridges preserve th e 
structu ra l integrity of the shadow 
mask, it ca n be fo rmed a nd fit ted to 
a tube with a spheri ca l face pla te. 
The only other color picture tube 
now on the ma rket with a ve rti ca l 
phosphor stripe face pl a te is made 
by Sony. It has verti ca l slits from 
top to bo tto m in its mask, which 
Sony ca lls a n a perture grill e. It ca n 
only be bent a bout its ve rti ca l axi s. 
Sony thus uses a cylindrica l ra ther 
tha n spheri ca l facepl ate in its co lo r 
tubes. Sony engineers say th e cy
lindrica l face pla te is adva ntageous, 
beca use it can be tilted downwa rd to 
elimina te room refl ections. But fo r 
the la rgest sizes, thi s des ign is di sad
va ntageous beca use thicker glass, 
required in the face pl a te to with
sta nd a tmospheric press ure. a nd the 
heavy fra me around th e mask ma ke 
fo r a ve ry heavy tube. 

Guns. Asid e fro m the adva ntages 
it prov ides in the picture when 
tea med with the pro per type of 
shadow mask, the in -lin e a rra nge
ment of guns enab les the se t de
signer to simpli fy design a nd cut 
cost . One pai r o f perma nent mag-
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nets is sufficient for sta tic vertical 
convergence, which is mainta ined 
over the full height of the tube. An
other pair of permanent magnets 
provides static horizontal conver
gence. Only a single assembly is 
needed for static convergence in 
vertical and horizon tal directions 
and for horizontal dynamic conver
gence, the correction needed when 
the bea ms a re o ut towa rd s th e sides 
of the tube. 

France· 

French solar battery test 

awaits Russian launch 

With an admirable di sp lay of pa
tience, French space scientists a nd 
so lar cell experts are abou t to en ter 
their e ighth month of waiting for 
the Russians to la unch SRET- 1. The 
piggyback launch , when it comes, 
will mark a new stage in Franco-So
viet space cooperation a nd , if suc
cessful. will provide importan t new 
data on th e rate of deterioration of 
cadmium sulfide a nd cadm ium tell
u ride thin fi lm so lar batteries. 

The French show no sign of con
cern over the long delay, but they 
cnnceded that they a re a nxious to 
get SRET into orbit so they can see 
how their two panels of CdS a nd 
two panels of CdTe ho ld up in 
space. Their anxie ty is doubled by 
the fact tha t their last thin-film test 
project plun ged into the sea aboard 
the ill-fated Diamant-8 French 
rocket laun ched las t December 
[Electronics , Interna tio na l N ews
letter, Dec. 20.]. 

Panels. SRET, a space experiment 
agreed upo n in 1969 by Soviet and 
French specia lists, is an eight-panel 
craft, four o f which power the coder, 
converter, a nd radio tra nssmitter 
a board . The othe r four carry thin 
film batteries developed by two 
French firms- CdTe elements fro m 
La Radiotechnique-Compelec (RTC) 
a nd CdS d ev ices from St e. 
Anonyme de Telecommunications 
(SAT) 

Th e 34-pound sate llite was de li v
ered in M oscow las t Jun e for 
launch , under te rms of the agree-

ment, as a free ride with a Molniya . 
which means li ghtning, communi
cations sa tellite. Du e to the Rus
s i an s ' pas s ion for secre cy. th e 
French had to agree to leave the sat
ellite at the Moscow offices o f the 
Academy of Sciences and trust the 
Russ ia ns to check it out a nd mo unt 
it on a rocke t a t some unspecified 
da te a t a n unspecified la unch site in 
the USSR . No French technicia ns 
are a llowed to help or even witness 
the launch. 

"We have given them a co ntrol 
va li se to check out th e sate llite's 
electrica l systems on a go / no-go 
basis," says project supervisor Jean
C la ude Evrard of c ES the French 
space agency. " We had to assum e 
that the checkout might be done by 
a technician who doesn't under
sta nd all the workings of th e sa te l
lite." 

Anxiety. The electronic interface 
a nd weight-size values were wo rked 
o ut in four me et in gs between 
French and Sovie t experts abo ut a 
year ago. SRET wi ll be tota lly inert 
durin g th e launch, but its nickel 
cad mium batteries must be charged 
by th e Russians to ensure proper 
automati c separation once Molniya 
reaches orbit. 

Th e French are und erstandably 
a nxio us to see whether their halting 
cooperation with the Russ ia ns can 
work in such a complex piggyback 
project. Previo us Franco-Soviet 
space efforts have involved only 
French accesso ri es or subsystems on 
Russi a n sate l lite s- s uch as th e 
French laser reflector on th e Lunok
hod- l moon rover a nd the current 
ste reo so lar flare experiment a board 
Mars-3 . SRET will mark the first 
time th e Russ ia ns have la unched a 
sa tellite for any foreign country. 

" We have had to lea rn to work to
gether." says Evrard. "They just 
don't think like us." The Russia ns 
were sometimes excruciatingly slow 
in providing th e French with techni 
cal deta ils necessa ry to mesh Mol
niya and SRET. One key element the 
Russians hung onto until the las t 
mo me nt was the tim e sequence re
quired for se para tion of Molniya 
fro m its las t rocket stage a nd the 
separa tion of SRET from Molniya. 
"Actua lly when we fin a lly ex tracted 

Up in the air. France's experiment in CdS 
and CdTe solar cells awaits flight. 

thi s fact. it was too la te. a nd we had 
to se t o ur timer quickly as best we 
cou ld " says Evrard. 

The french are using their politi
ca lly-inspired cooperation program 
with th e Russ ians to ex plo it , a nd 
hopefull y co mmercia li ze. the lead 
they a lready have in the prod uction 
of CdTe and especiall y CdS thin 
film solar cel ls. "These batteries wi ll 
probably be the power source of the 
future in the new gene ra tio n of un
manned spacecraft th a t require 
three-axis stab iliza ti o n to keep the 
pa nels continuously oriented towa rd 
the sun," says Wolfga ng Pa iz. man
ager of the electric power branch a t 
CNES, j ust south of Paris. H e be
li eves CdS batteries will be suited 
for any craft, such as communi
cations sa te llites, th a t need a kilo
watt of power. 

Packing. Pa iz says se rio us re
sea rch o n CdS has been a ba ndoned 
in most countri es, but it has re
ma in ed a promising energy source 
in French la bs. While CdS ba tteri es 
produce 30- 50% less power per 
squ are centimeter than th e sta ndard 
si li con batte ri es, they put out twice 
as much per kilogra m. 

Pa iz says he is ho pin g SRET's ex
perimental batte ri es will o nly drop 
fro m 6% efficiency to 5% after six 
months. Standard si li con cel ls , 
which have about 10% effi ciency, 
a lso will fall to 5% in the same pe
riod- a 50% power loss in silicon 
compared with expected thin-film 
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loss o f only 17%. SRET's li fespan will 
be about o ne yea r. 

CNES' techni cians will monit o r 
SRET's ph ase mo dul a ti o n trans
miss io ns coded in pul se shift keyin g. 
The results will be sha red with the 
Ru ss ians in re turn fo r th e free 
pi ggy -back rid e into orbit. Th e 
French and Russ ia ns already have 
ag reed to go a head with SR ET-2. due 
te nta tively for la unching a t the end 
of 1974. a nd wi thin the nex t six 
months nego ti a ti ons wi ll beg in o n a 
possib le SRET-3 la unch for 1975 . 

The Netherlands 

Phil ips circuitry opens door 

for moonlight photography 

Im agine a n a utomatic ca m era with 
pho to circuitry so sensiti ve tha t pic
tures ca n be take n a t a li ght leve l 
much lower th a n that of the moon. 
Alth ough th e circuit is no t ye t o n 
the m a rket. a tri o of resea rch e rs a t 
Philips in th e ethe rl a nds has come 
through with a n experimenta l ver
sio n th a t ma kes moonlight pho to
gra phy a sna p. 

Deve loped by Cor Muld er, Leen 
Willemse n, a nd Albert ter Rie t a t 
the company's Eind hoven Resea rch 
Labs. th e ca mera c ircui t is a combi
na tio n of a silicon photodiod e a nd a 
sili con chip that con ta in s the mea
suring circuitry . 

Short circuit. In cont ras t to con
ve ntio nal exposure time control de
vices, which a re ba sed o n measuring 
the pho todiod e's o pen-circuit vol t
age, the Philips combin atio n uses 
the diode's sho rt-circuit current. 
This design no t on ly acco unts for 
highe r light sensiti vity, but a lso for 
g reater tempera ture stab ility, a fea
ture which ass ures reli a bl e circuit 
opera tio n even wh en a m bient tem
peratures va ry . 

For a pho todiod e to provid e suf
ficient li g ht sensiti vity, it must have 
a surface a rea severa l squ a re mil
lim eters in size. Such a re lat ive ly 
la rge a rea. howeve r. resu lts in two 
major drawback s for a s il icon 
photodiod e. For one thing, the lea k
age cu rre nt limits th e ope n-circuit 
voltage produced under illumina-
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tion. Thi s. in turn . reduces se nsi
tivity. 

In additio n. th e va lue of th e lea k
age current, and the refo re th e va lue 
of the open-circuit volta ge , is close ly 
related to th e a mbi ent temperature . 
a nd thi s ha mpe rs consistent circuit 
opera tion. In conve ntio na l d es igns, 
such temperat ure d epend ence is 
la rge ly e limina ted by mo unting the 
pho todiod e and the meas urin g cir
cuitry on the sa m e substrate . But 
tha t puts certa in restri ctio ns on cir
cuit layout. 

Short-circuit current. Th e new 
Philip s combination ove rco m es 
these draw backs by usin g the pho to
diode's short-ci rcuit current as the 
input to the measuring circuitry. Be
cause the volta ge diffe rence across 
the diode . even under illumin a tion, 
then beco mes negli gibly sm all , re
duced sensitivity as a result of leak
age current is no lo nge r a probl em . 

Wh a t's more. with the sho rt-cir
cuit current bein g p ract ica ll y ind e
pendent of th e a mbi ent tempera
ture, th e photodiode need no t be 
mounted on the sa me substrate as 
th e measuring circuitry. This mea ns 
each circuit portio n ca n be in sta ll ed 
at th e most suitab le spo t in the 
ca mera. 

With a 3-square-millimeter pho
todi ode surface, the minimum light 
leve l tha t the Philips resea rch e rs 
fo und still usa ble fo r circuit o per
ati on was 0.01 lux- a leve l 25 tim es 
less th a n th a t of a full moon in a 
clea r night sky. Effects of te mpera
ture a nd supply voltage va ri a tions 
are negli gible. Philips men say. 

Tn th e a utomatic ex posure· control 
circuit , the pho tocurrent is a ppli ed 
directl y to the m easuring circuitry. 
consistin g of a converte r, a d e a m
plifi e r, a n integra tor ca pacito r. a nd 
a voltage stab ili zer. Th e converter 
keeps th e vo ltage ac ross the pho to
diode practi ca ll y a t 0 volt, rega rd 
less of the photocurrent va lue, a nd 
feeds a proportio na l current to the 
de a mpli fier. The ga in o f this ampli
fie r is adjustab le fro m th e o ut sid e in 
13 steps to a va lue a ppropria te for 
the lens o pening chosen and the 
speed of the fi lm used. 

Exposure timed. As soon as th e 
shutte r o pens. th e a mplified current 
beg in s to charge th e ca pac it o r . 

Wh en it reaches a certa in refe rence 
va lue. a tri gge r circuit energizes th e 
shutte r co il a nd ca uses th e shutte r to 
close aga in . Thus, th e ex posure is 
automatically dete rmin ed . Th e en
tire circuit requires 4 to 6 v . Its to ta l 
current consumptio n is a bout 10 
milli a mperes. 

In mo re complex reflex cameras. 
the value o f li ght intensity mu st be 
det e rmined by illumin a tin g th e 
photodiod e by way o f the camera 's 
hinged mir ror. This mea ns tha t lig ht 
is shut o ff from the diod e while th e 
mirror moves away during ex po
sure. This problem is so lved by con
nec tin g a memory c ircuit. built 
around a n ex te rn a l capacito r, to th e 
de amplifier. Illumin a ti o n in fo rm a
tio n o bta ined while foc usin g is tem
porarily stored in th e memo ry c1r7 

cuit a nd fed to the a mpli fie r. 

Great Britain 

Ferranti redesigns 16008 

computer with MSl / TTL 

For severa l yea rs the Di gita l Sys
tems divi sio n of Fe rra nti Ltd . has 
built wa rship fire co nt ro l a nd actio n 
informa tio n sys te ms. which use its 
ow n co mput e r. A spec ia l a rch i
tecture has been d eve lo ped to cope 
with th e special requirements, pa r
ticul a rly fas t inte rrupt respo nse in a 
rea l tim e sys tem. 

Now th e o ri gin a l FM- 1600 B co m
puter has been join ed by th e FM
I 600D. which uses new technology, 
pa rticul a rl y MSl/ TTL, to rea rrange 
the a rchit ecture for bett e r cost e ffec
tiveness. Further, with a n eye on the 
av io nics a nd la nd mo bile milita ry 
systems m a rke t, th e l 600D has been 
mad e mo re modul a r so th a t sm a ll 
versio ns ca n be built . The division is 
a lso consid e ring a much bigge r. 
m o re po w e rful va ri a nt us in g a 
Scho ttky TTL processo r. 

Interrupts. A milit a ry actio n con
trol , rea l-tim e co mpute r sys te m 
must respo nd very qui ckl y to a n 
a larm situ a tio n . If a radar picks up a 
pl a ne o r a miss il e, th e compute r 
must wo rk o n th e ex tracted d ata im
medi a te ly, no t 5 seconds la ter. Thu s. 
the 1600 B has a compl ex inte rrupt 
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controll e r between peripherals and 
processor. Instead o f sca nnin g the 
peripheral s look ing fo r o ne th a t 
wants to come in , the initi a ti ve is 
vested in the periph erals, which sig
nal when they want to com e in . 
They a re a llowed in imm ed iate ly o r 
d elayed acco rdin g to a pre-deter
mined priority rating. For instance. 
radar se nsors ra te h igher tha n di s
pl ay cont roll ers, which ra te hig her 
than tel e ty pewrite rs. Further, data 
inte rrupts a lways have prio rity ove r 
progra m interrupt . 

Logic. To mak e thi s sys tem work 
in the 1600 B. each periphera l is con
troll ed directly fro m th e interrupt 
eq uipm ent , so th at when th e radar 
control li ne wa kes up. every th ing 
e lse is sto pped to le t th e radar in . 
Data travels fro m the periph eral s to 
the processor over a common 25-
lin e para ll e l highway- 24 bits plus 
pa rity bit. The inte rrupt controll er 
has to so rt o ut the cha nn el priori ties 
a nd th e consequent data Rows, 
which invo lves a lo t of logic. 

The logic used is Ferranti 's own, 
very fast-9 n a noseco nd s- DTL , 
which is not cheap. Ferranti clai ms 
the max imum waitin g time for d a ta 
interrupt on th e highes t priority 
cha nn el is 2.3 microseconds wi th a 
650-na nosecond store. 

To ge t mos t of th e perform a nce o f 
the 1600 B using simpl er, cheaper 
methods. Ferranti has designed th e 
I 600 D to ma ke use of MSI / TTL. In
stead of a single e ntry port the sto re 
now has multiple ports. built a round 
TTL multi-bit s ta ti cize rs. Thi s mea ns 
th a t periphera ls passing la rge qua n
t ities o f data a t a fair ly hi gh rate. for 
instance di spl ay control stati o ns, can 
have their own dedicated store 
block a nd parallel d a ta highway. 
This reduces the load on the inter
rupt con troll er. which ca n be sim
pl er. a nd o n th e rema ining data 
hi ghways which are seria l links with 
TTL se ri a l-para ll e l regi ste rs, mul
tiplexers. a nd demultipl exe rs a t the 
ends. The processo r uses bipolar 
sto res as workin g registers, a nd its 
con trollers m ake much use of data 
se lectors a nd multiplexe rs. 

One third. Th e redesign has cut 
th e size of the p rocessor to less than 
o ne-third of the 1600 B processor. 
Keith D ixon. a Digital Systems di vi-

sio n sa les executive. says a 1600 D 
system is abo ut the sa me size as cur
re nt s in g le-address . 16-bit sm a ll 
co mputers, but packs three-address 
instructi o ns into o ne 24-bit word . 
with a code o f 325 in structions, an d 
ve ry much grea te r input / output ca
pa bility. 

Specia l boards. For th e I 600 D. 
Ferranti has deve loped the multi
layer epoxy res in boards used in th e 
1600 B so tha t the re a re now no in
terconnects a t a ll on th e oute r faces 
o n th e boa rds. This is ac hieved by 
m ak ing through-hole conn ectio ns 
o n inte rn al laye rs o f the board . sub
sequently cove red ove r as the o ute r 
layers a re built on. So fa r, intern a l 
th ro ugh-holes penetrate onl y one 
intern a l laye r, though th ere a re 
pl a ns to pene t rate mo re. Th ese 
ho les a re drilled I 5 mil s in diameter 
a nd pl a ted down to IO mil s. Th e 
outsid e o f the boa rd is pl a in except 
fo r ho les to ta ke component pin s. 
The thi ckes t boa rd used in th e 
1600 D is a motherboa rd of 22 lay
e rs. 

Tho ug h Ferranti expects most 
1600Ds will be so ld for military pur
poses, a ci vi I ve rsion wi II be offered. 
All ve rsions will use th e sa me Mil
Spec cas ing a nd mountings a nd 
multil aye r boards, but th e compo
nents ca n be milit a ry grade o r com
mercial grade. 

Microwave data link 

for nearby computers 

Sometimes two computers o nl y a 
stone's throw a part ca n' t be linked 
because the cos t of buildin g a la nd 
line is too hi gh. This ca n eas ily ha p
pen in a city ce nter. or when a pe
ri phera l computer tempora ril y con
tro llin g a n experiment might not be 
o n th e job long enough to justify 
bui ldin g a cos tly link to a large ma
chin e. 

To deal with these situa tions, re
sea rchers at th e Royal Rada r Estab
li shm en t a re deve loping a portable. 
sho rt ra nge, lin e-of-sight microwave 
data-link system. It works by gener
a ting a stable, continuous signal in 
Q-ba nd a nd turning it into pul ses by 
passin g it or blocking it in a Q-ba nd 

Gunn diode. which is switched o n 
and o ff by th e d a ta coder. 

In th e o n sta te- biased above 
thresho ld voltage- th e Gunn switch 
locks onto th e input signa l a nd pro
vides about 2.5-decibels a mplifi ca
tio n. In th e o ff sta te it gives a bout 2 1 
dB a tte nu a tio n. Steve Gibbs ,_ wh o is 
in cha rge of the proj ect. says th a t 
thi s differen ce is suffi cient , usin g a 
JOO-milliwatt generator a nd a 5-
inch , 5°-bea mwidth di sh a ntenn a, to 
produce a IOO-m ega he rt z pul se 
strea m th at ca n be rece ived up to 2 
mil es away in heavy ra in with e rror 
rates inside sta nd ard limits. In good 
weather, the ran ge of the system ex
tends ove r 5 mil es. 

Absorpt ion. Q -ba nd was chosen 
pa rtl y to keep a ntenn a size sma ll fo r 
easy po rt a bility a nd partly beca use 
it contai ns secto rs in which a bsorp
tio n by water vapor a nd oxyge n in 
the a tmosphere is very low. In th e 
proto ty pe. using 33.5 giga hertz one 
way a nd 34.5 GHz the o ther way, a t
mosph eri c a bsorption is low enough 
to be ignored , though ra in absorp
tio n is signi fica nt. 

Th e prototy pe tra nsmitt er/ re
ce ive r system is in a cy lindrica l pod 
2 feet lo ng by 11 inches in di a mete r, 
weighin g about IO pounds. with the 
separa te transmitting a nd rece iving 
a nte nnas in o ne e nd . Gibbs says it 's 
simpl er to use separate antennas 
tha n to try to achieve the necessary 
90-dB iso la tio n in a single a ntenn a. 
Hence the need to keep antenna size 
down. H e says future sy te rns will 
be much sm a ll e r, essenti a ll y two an
tenna di a mete rs wide, one a ntenna 
di a meter high, and 2- 3 in. thi ck . 
Power consumption is 30 watts. 

Locks. For 100-mw o utput , a n 
lmpa tt diode generator is used . 
However, if th e ra nge required is no 
mo re than about I mile a nd low
vo ltage batte ri es a re essenti a l, a 
Gunn-diode generator of 5 o r IO 
mw cou ld be used . The ge nerato r is 
sta bili zed by locki ng it o nto a crys
ta l-contr.olled source working a t 127 
m.ega hertz a nd multiplied up. 

The rece iver signa l is mixed with 
a loca l oscill a to r signal from a se pa
rate sta bilized Gunn-diode source, 
a nd a mplified a t a frequ ency o f 100 
MHz. Ra dio frequency noise is 11 dB 
over the 33 - 35 GHz ba nd . 
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?/~ introductory offer to new members of the 
ELECTRONICS AND CONTROL NGINEERS' BOOK CLUB 

107/ 971 286/ 515 
ELECTRONIC INTEGRATED 
CIRCUITS: CIRCUITS: 
PHYSICAL A Basic Course 
PRINCIPLES, for Engineers 
ANALYSIS AND and Technicians 
DESIGN by R. G. Hibberd 
by P. M. Chirlian 
Pub . price , $15.50 

Pub. price, $9.95. 

Club price, $13.25 Club price, $8.45 

637 / 458 497 / 265 

DESIGNING ELECTRONIC 
WITH TTL SWITCHING, 
INTEGRATED TIMING AND 
CIRCUITS PULSE CIRCUITS 
by Texas 2/e 
Instruments by Petti t & Inc. Mcwhorter 
Pub. price , $18.50 Pub. price , $12.50 
Club price, $13.50 Club price , $8.95 

404/ 437 
313/ 059 
HANDBOOK OF 

SOURCEBOOK SEMI-
OF ELECTRONIC CONDUCTOR 
CIRCUITS ELECTRONICS, 
by J . Markus 3/e 
Pub . price, $19.75 by P. Hunter 
Club pri ce, $14.75 Pub. price, $27.50 

Club price , $21. 50 

259/ 607 
308/ 470 
ACTIVE FILTERS: 

COMMUNICA- LUMPED, 
TION SYSTEM DISTRIBUTED, 
ENGINEERING INTEGRATED, 
HANDBOOK DIGITAL & 
by PARAMETRIC 
D. H. Hamsher by 
Pub . price , $29.50 L. P. Huelsman 

Club price, $22.50 Pub. price , $16 .50 
Club price, $13.95 

158/ 215 124/ 035 
AN HANDBOOK OF 
INTRODUCTION PHYSICS, 2/e 
TO ELECTRONIC by Condon and 
COMPUTERS, 2/e Odishaw 
by G. B. Davis Pub. price, $34.75 
Pub . pri ce, $12.50 Club price , $14.95 
Club price , $9 .30 

Save time and money by joining the rJ~~ 
Electronics and Control Engineers' Book Club • 

HERE is a professional club designed specifically to meet your 
day-to-day engineering needs by providing practical books 

in your field on a regular basis at below publisher prices. 

How t he Club operates: Basic to the Club's service is its publi
cation, the Electronics and Control Engineers' Book Club 
Bulletin, which brings you news of books in your field. Sent to 
members without cost, it announces and describes in detail the 
Club's featured book of the month as well as alternate selections 
which are available at special members' prices. 

When you want to examine the Club's feature of the month, 
you do nothing. The book will be mailed to you as a regular part 
of your Club service. If you prefer one of the alternate selec
tions-or if you want no book at all for that month- you notify 
the Cl ub by returning the convenient card enclosed with each 
Bulletin. 

As a Club member, you agree only to the purchase of four 
books over a two-year period . Considering the many books pub
lished annually in your field , there will surely be a t least four 
that you would want to own anyway. By joining the Club, you 
save both money and the trouble of searching for the best books. 
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tot $ 
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M $9 95 to $34.75 
VALUES FRO . 

Special $1.00 bonus book 
comes to you with your 

first club selection 

Pub. price, $12.50 

Club price , $9.95 

654/ 301 

ENGINEERING 
MATHEMATICS 
HANDBOOK 
by J . J . Tuma 

Pub. price , $9.95 
Club price , $8.45 

621/ 616 

WAVE 
GENERATION 
AND SHAPING, 
2/e 
by L. Strauss 

Pub. price, $16.50 
Club price , $13.95 

209/731 
STANDARD 
HANDBOOK FOR 
ELECTRICAL 
ENGINEERS, 
10/e 
by Fink and 
Carroll 
Pub. price, $32.50 
Club price, $24.95 

MAIL ATTACHED POSTPAID CARD 
(If card removed, send coupon below) --------------------------, 

ELECTRON ICS AND CONTROL ENGINEERS' ~OOK CLUB 1

1 582 Princeton Road , Hightstown , N.J. 08520 

Please enroll m e as a member of the Electronics a nd Control Engi
neers' Book Club and send me the two books indicated below. I am 
to receive the bonus for just $1.00, and m y firs t selection at t he 
special Club price shown. These books are to be shipped on ap
proval, nnd r may r eturn them both w ithout cost or further obliga
tion. If I decide to keep th e books, I agree to purchase as f ew 
as four books during th e n ex t two years at s pecia l Club prices (at 
least 15% below list). 

Write Code No. of 
bonus book 

here 

Write Code No. · of 
first selection 

here 

Name ____________________ _ 

Add ress __________________ _ 

City ______________ _____ _ _ 

State _______________ Zip ____ _ 

E 33174 
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Specifying tips 

I The next ti me you order 
monolithics, here's a help· 

ful hint. It's usually best to specify 
attenuation boundaries rather than 
bandwidth, since these are easily re
lated to information transmission and 
selectivity requirements. We have a 
sheet filled with all the details that's 
yours for the asking. We 'll also be 
glad to discuss design trade-offs. 

Our new 21.4's 

I We've just come up with an 
off -the -shelf line of low 

cost monol ithic and tandem mono
lithic crystal filters at 21.4 MHz. 
Here's the story - twenty-one stand
ard models in 2, 4, 6 and 8 poles 
with 13, 15 and 30 kHz bandwidths. 
Available in flatpack or upright pack
ages. We ' ll be happy to mail you our 
new data sheets with all the specs. 

The Bare Essentials 

I A lot for a little - that's 
the idea behind the do-it

yourself approach to tandem mono
lithics. Take a set of our tandem 
monolithics. Mount them on your cir
cuit board. Add two or three fixed 
capacitors and voi la, you 've got a 6-
or 8-pole filter. Why bother? To save 
space, save money and gain layout 
flexibility. Whatever your filter prob
lem, we can help reduce it to the 
bare essentials. Write us. 

like more information on mono
lithics? Drop us a line or call us. 

Plezo Technology Inc. 
2400 Diversi fied Way 
Orlando . Fl o r ida 32804 
305-425-1 574 

04 

The standard in monolithic 
crystal filters. 
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Six months before Reliance Ele tric 
opened in Georgia, 90% of its future 
employees thought a circuit board w s 
something a telephone operator wor ed at. 

Reliance Electric is a major international 
manufacturer of automation equipment. 

A while back, they decided to build a highly 
complex operation in Georgia, involving the latest metal
working and electronic assembly equipment available. 

"In Georgia?" people said, scratching their heads. 
They shouldn't have been surprised. 
Georgia's technical training program is among the 

finest anywhere. Students are highly motivated. Dropouts 
are rare. 

According to Reliance's management "The workers 
have a great ability to learn complex skills. And an 
outstanding attitude. They couldn't wait to get started'.' 

The Georgia startup was one of the most successful m 
Reliance's 63 hear history r---- ---------------

1 Georgia Department of Industry & Trade , 
One of t e least I Industry Division, Dept. EL- 9. P.O. Box 38097, I 

At lanta. Georgia 30334. I 
expensive, too. 

You see, what's really 
surprising about Georgia' s 
sophisticated technical 
training program is that 
G eorgia picks up the bill. 

1

1 

Please send me details on how Georgia will train my 

1

1 

employees at no cost to me. 

I Name Ti tle I 
I Company I 
I I 
I Address I 
I City State Zip ___ I 

I Georgia, the unspoiled. I 
~-------------------~ 
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RCA leads the way-
with 8 new emitter-ballasted 
microwave tra sistors 

Type Frequency 
(GHz) 

2N6267 2.0 
2N6266 2.0 

2N6265 2.0 
2N6269 2.3 
2N6268 2.3 
40898 2.3 

40899 2.3 

40909* 2.0 

RCA's microwave transistor line keeps growing! 
Led by state-of-the-art types spec'd at 2.3 GHz 
and 22 V, these new transistors broaden a total 
high-power, high-frequency capabi lity designed 
to meet expanding individual requirements. 

Evaluate these new emitter-site ballasted tran
sistors for your circuit. Their unique structure re
duces "hot spots," improves safe operating area, 
and effectively minimizes transistor failure under 
high VSWR conditions. 

At the same time , look over the full range of 
other RCA devices by getting the complete RCA 
microwave story. Write for your copy of RCA's 
'M icrowave Data Package, 2L 1205, which includes 

Power Out Supply Voltage 
(W) Min. (V) 

10.0 28 
5.0 28 
2.0 28 
6.5 22 
2.0 22 
2.0 22 

6.0 22 

2.0 25 

*Oscillator 

a new Microwave Transistor Brochure describing 
major design features, device selection criteria, 
typ ica1 circuit designs, and performance data. The 
package also includes technical data bulletins 
and a complete price list on all commercially
available RCA microwave power transistors. 

For more information see your local RCA Rep
resentative or your RCA Distributor. For a copy of 
the data package, write: RCA, Solid State Divi sion, 
Section 70A·31/-UF16, 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. 

ftCJI Solid State 
products that make products pay off 
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