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Not only the decoder I driver but the memory too! 
Now available for immediate delivery is the 
HP 5082-7 300 series solid state display. 

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

A bright .290 inch high, shaped character gives 

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

Best of all is the price: $10.00 each in lK 
quantities. So why wait? Order now! For immediate 
delivery on the HP 5082-7300 call your local HP 
sales office, or Hewlett-Packard, Palo Alto, Calif. 
94304. In Europe: 1217Meyrin-Geneva,Switzerland. 

HEWLETT WP] PACKARD 

COMPONENTS 
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ADS23. This one has the lowest bias current 
of all high perfonnance l.C. operational amplHiers. 

Even ours. Especially theirs. 
The AD523 is our new 

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

And you know what 
that means. 

This amplifier is more 
charge-sensitive and an 

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

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

Like combining 
matched small geom­
etry FET chips with a 

Circle 2 on reader service card 

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

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

price if you order right 
now. 

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

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

r.ANALOG a.. DEVICES 
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I t's no surprise th a t e lect ro nics tech-
no logy is speeding a hea d , but ev­

ery once in a while it does come as a 
jo lt to rea li ze j ust how fas t it is go­
ing. And how fas t the tex tbooks 
ha ve to be upd ated . 

T ake bucket brigades as an ex­
a m pie. Two yea rs ago, ma ny labs 
we re looking into the concept (see 
spec ia l report on page 62), but th ere 
was n ' t mu ch ta lk a bo ut cha rge 
tra nsfer d ev ices, the fa mily to which 
bucke t bri gades a nd th e ir cousins, 
c ha rge co upl ed d ev ices , be lo n g. 
Th e n, says our solid sta te edito r, 
La rry A lt ma n, there was a brie f 
me n ti on of ccos a t the 1970 IEEE 
conve nt ion. "We we re the fi rst to 
spo t the work and to print th e sto ry, 
a nd we have continued · to g ive a 
major a mo unt of space to it. " 

"As a gauge of how fa r it has 
grown. no te tha t this yea r th e IEEE 
mee tin g d evotes a whole sess io n to 
th e techn o logy, plus an eve nmg 
semi na r. Thei r b ig adva nt age is tha t 
with th em, as with no o th er se mi­
co ndu c to r techn o logy, yo u ca n 
ha ndl e bo th complex a na log a nd 
d ig it a l fun cti ons." 

T ake op amps as a noth e r exa mpl e. 
Our instrum enta ti on edito r, Mik e 

Ri eze nm a n. says th a t wh en he 
earned hi s engin ee ring BS a Ji a lf 
doze n years ago, opera ti ona l ampli­
fiers we re ha rdly mentio ned in Mlt's 
classrooms. Now th ey have c rept 
in to a wide ra nge of products fro m 
co mpute rs to sa te I Ii tes. Ind eed . so 
co mmo n have th ey beco me th a t 
th ey ma ke poss ible inex pensive. o ff­
th e-she lf a nswe rs to some sophi s­
tica ted design prob lems. such as 
tra nsisto r tes tin g (see page 84 ). 

M ike. who ed it ed th e a rticl e. first 
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Publisher's letter 

wo rked with o p a mps w hen he was 
with ITT Defe nse Co mmu nica tions 
div isio n. His group was d es igni ng 
space co mmunica tions equipm en t 
fo r po int-to-po in t groun d links. T he 
o p amps ava il abl e th en we re ex pen­
sive, but th ey worked we ll in a auto­
corre la to r needed 111 the syste m. 
" Now," says Mike. "op a mps a re 
ava ila ble in a va ri ety o f types, not 
just the rudim enta ry pre-I C fo rms 
we had to work with ." 

Q r take TV tuners as a n exa mpl e. 
The lead sto ry in our Pro bing th e 

News sec ti on thi s iss ue covers th e 
fas t-mov in g techno logica l- a nd eco­
no mi c- ba ttl e be in g waged over 
whic h of three tune rs- o ne of which 
was n' t even in th e runn ing until No­
ve mbe r- will do the job of bringing 
in uh fTV (see p. 95). 

M a ril yn Offenh e ise r of ou r New 
Yo rk staff put the story together 
based o n inte rviews with th e leading 
tun e r a nd se t m akers a nd in p ut s 
fro m o ur do mes tic and fo re ig n fie ld 
burea us. Fo r pa rt of the story , M ari ­
ly n went to see compa nies in th e 
C hicago a rea. Fl y in g back int o 
O 'H a re a ft er visiting tun e r m aker 
Sa rk es T a rz ia n in Bloo min g ton, 
Ind ., M a ril yn lea rned of a commu ­
nica tio ns problem to whi ch th e text­
books will p ro ba bly neve r have an 
a nswe r. Th e crew of he r Beechcraft 
po inted o ut a new m ote l risin g a t 
O ' Hare. a buildin g ma ny airpo rt 
pe rsonne l fea r wi ll bad ly inte rfere 
with th e fie ld 's radi o naviationa l 
a ids. Says M a ril yn, " afte r heari ng 
wh a t the pilo t sa id mig ht happen. I 
was glad we land ed before the mo te l 
was fini s hed ." 
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If you've 
just bought 

somebody else's 
60MHzscope 

read this ad 
and weep. 

This is Dumont's new 60 MHz dual trace 
oscilloscope. For a few dollars less, it 
gives you features you simply can't get 
from our major competition. At any price. 
Consider our unique, new triggering sys­
tem, for example. It lets you re-position 
the traces without re-adjusting the trigger. 
With our scope, once in the morning does 
it. Your trigger is set all day. A real bonus 
for your overworked fingers. 
For your overworked eyes, there's our 
CRT screen. It's a big 511 (compared to 
the competition's 411

); and features full 
centimeter divisions instead of 0.8 centi­
meter divisions. In effect, you get over 
50% more viewing area. 
And that's not all. Other 60 MHz scopes 
deg rade to 40 MHz at 5 mV/division. Ours 
gives you fu11· 60 MHz at 5 mV/division. 
Other scopes use gain switahing. Ours 
uses a passive attenuator. And that means 
you don 't have to trade bandwidth for 
gain , or make additional D.C. balance 
adjustments. 
Now, imagine the highly improbable . 
Something goes wrong with this paragon 
of sophistication. Fear not. For every com­
ponent in our 1062 scopes, there's an­
other one just like it. Here at Dumont or 
sitting on your local distributor's shelf. 
Ready to be put into place. Compare that 
to the selected, potted, home-made and 
special parts that our competition uses. 
If you ' re in the market for a great 60 MHz 
scope, write for our literature. If you just 
bought one from somebody else, write 
anyway. May it serve as a reminder. Next 
time. 
DUMONT OSCILLOSCOPE 
LABORATORIES, INC. 
40 Fairfield Place, W. Caldwell , N.J. 07006 
(201) 575-8666 TWX (710) 734-4308 

DUMONT 
QSCILU>9COPE LAl!tORATORIES INC 
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Readers comment 

Pioneer Hall-effect heads 

To the Editor: This is with regard to 
the item on Pioneer Hall-effect 
[Electronics, Nov. 22, 1971 , p. 25]. It 
is risky to accept anything as a first 
in the technology today. The Ha ll 
effect has, in fac t, been applied to 
read heads since at least 1959, and 
the Siemens catalog has offered one 
or two models for nearly as long. 
Acceptance has been limited be­
cause designers find it possible to 
avoid the complexity and instabi lity 
of flux-responsive heads in general, 
and Hall generators tend to be even 
less stable than the magnetic modu­
lator tapes. 

The principal virtue of ftux­
responsive heads is that their ou tput 
is independent of tape speed and so 
ca n operate at very low speed. The 
recorder for Mariner 4 is an ex­
am pie of a system in which a con­
ventional head read video data from 
tape moving at only 0.0 I inches per 
second to allow reliab le trans­
mission at 8 I / 3 bits per second over 
the long path leading from Mars to 
Earth . 

More on GaP 

Charles B. Pear 
Potter Instrument Co. 

Plainview, N.Y. 

To the Editor: In company with 
Messrs. Hart and Fletcher, I too 
must correct George Smith on the 
availability and dimensions of ga l­
lium phosphide wafers [Electronics, 
Oct. 25 , 1971 , p.74, and Jan. 3, p.6]. 

My company has for the past year 
manufactured and m a rketed 
through A.LC. , New York City, gal­
lium phosphide crystals exceeding 
25 mm in diameter. Over and above 
mate'rials produced against orders, 
our current inventory lists 12 such 
ingots totalling a near kilo in 
weight , which we would be very 
happy to supply at prices well below 
the " exorbitant" $144 per in.2 that 
has been quoted by George Smith. 

Hot from the puller is a 2-in. 
diameter crystal. Any offers from 
your readers? 

B. J. Wray 
Manager, Intermetallics Division 

M.C.P. Electronics Limited 
Alperton , Wembley, Middx . 

Engla nd 

To the Editor: Mr. George Smith 
[Electronics, Jan. 3, p.6] has still got 
it wrong. My company is happy to 
supply 23- to 27-mm ga llium phos­
phide substrates in quantity prices 
around half the $ 144 per in .2 that he 
quotes. 

P. B. Ha rt 
The Plessey Co. Ltd . 

Caswell Towcester, Northants. 
England 

Premature Baby Monitors 

To the Editor: The product devel­
oped by Romuald Plaszczynski and 
mentioned in the article, "Three 
simple sensors monitor premature 
babies ," [Electronics , J an. 3] is 
apparently identical to the one we 
have marketed for many yea rs. The 
Beckman Vital Signs Monitor, VSM-
100, monitors infant heart rate, res­
piration rate, and tempera ture, as 
does the " new" product described in 
your article. The VSM- 100 uses an 
impedance pneumogra ph operating 
at 50 kilohertz a nd approximately 
0.1 milli ampere, also as described . 
The technique of simultaneous 
heart-rate and respiration monitor­
ing with the same pair of electrodes 
is also well established, having been 
introduced by Dr. Geddes and his 
colleagues at Bay lor Universi ty in 
1962 . 

Please refer Mr. Plaszczynski to 
French Patent 1,575 ,190 and U. S. 
Patent 3,606,542, invented by the 
undersigned and owned by Beck­
man Instruments, wh ich fully de­
scribe this method . 

Allan F. Pacela 
Beckman Instruments Inc. 

F ull erton, Cali f. 
• Mr. Plaszczynski replies: We well 
know the excellent work of Mr. Pa ­
ce/a. We, too, have been working 
many y ears in this.field, and our stan ­
dard versions of this equipment are 
well known. But the originality of the 
machine described in the Jan. 3 issue 
is its extreme miniaturization and the 
fa ct that it is nearly totally auto­
matic. Moreover, we believe we are 
the .first to introduce the super­
imposed disp lay of respiration and 
electrocardiogram parameters, which 
permits the two phenomena to be eas­
i~y correlated. 
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u . ANOTHER MYTH DESTROYED. 

.. 

Myth: National doesn't make FET op amps. And, even if they 
did, they probably ~ouldn't be as good as bipolar 
devices. And, besides, everybody knows that FET op 
amps have lousy offset voltage and drift specs. 
And, FETop amps are too expensive. And, anyway, why 
not just go to a module house in the first place ... 

~ Fact: National does make FET op amps. A "family" of five 
devices, to be exact. Including the super precise 

.... 

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

NATIONAL. 
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VOICE 
YOUR 
CHOICE 
... Sprague makes three! 

SMALL ALUMINUM 'LYTIC CAPACITORS 

TYPE 30D FOR TYPE SOOD FOR TYPE WHllD FOR 
INDUSTRIAL APPLICATIONS MODERATE-COST APPLICATIONS ECONOMY APPLICATIONS 

Will withstand 2000 hr. life Good operating life charac- Welded construct ion, similar 
to higher-priced capac itors. test at 85C. Excellent stabil- teristics, including stabil ity, 

ity, dissipation factor, leak- ESR, leakage current. Will Widely used in solid-state 
age current. Des igned for withstand 1000 hr. life test equipment where cost is of 
business machines, instru- at 85 C. Ideal for radio, 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 Bullet in 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 !Cs. Actuated 
magnetically, not mechanically or op­
tically. Hall generator trigger circuit and 
signal ampl ification circuit on single sili ­
con chip . Reliable (no moving parts) . 
Easy interfacing with DTL/TTL/MOS 
logic. High speed. Low cost. Write for 
Engireering 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 
term inals simplify filter 
bank assembly. Write 
for Engineering Bulle­
tin 3431C or; 

U.L. LISTED FILTERS. Series JX5000 
for EDP equ ipment and general -purpose 
use. Rated 125/250 VAC, 0-60 Hz, l 
thru 50 amps. 60 db @ 150 kHz, 80 db 
from .5 MHz thru l GHz. Special de­
signs and rectangular multi-circu it un its 
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 eliminates 
moisture paths along leads, anchors 
leads securely to resistor body. Expan­

sion coefficients of vit-

CIRCLE 162 ON 
READER SERVICE CARD. 1 

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

CIRCLE 163 ON 
~~~~~~~~~~~ READER SERVICE CARD. 

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

All during February the Patents 
Committee of the House of Repre­
senta tives will hold hea rings at 
Washington looki ng to fundamenta l 
revision of the patent laws. Chair­
man Sirovich has invited all persons 
interested to appear before the com­
mittee and give testimony. 

In the conflict of self-interested 
opinion that has surrounded the 
patent law, its primary object, that 
of obtain ing disclosure of inventions 
for the benefit of the public, is al­
most lost to sight. " Pat Pending" is 
sure to get a sound tongue-lashing 
when the hearings open. 

The life of a patent from date of 
issue is 17 years but many appli­
cants, after fi ling their claims, per­
mit them to hang fi re, thus obtain­
ing a large measure of protection for 
a long period before patent is ac­
tua lly granted. In general, this prac­
ti ce would be suppressed by lim iting 
protection accorded by a patent to 
20 years from date that applica tion 
is filed. 

Radio industry leaders appeared be­
fore the Ways and Means Com­
mittee of the House of Representa­
tives in opposition to the proposed 
5% sales tax on radio and acces­
sories, declaring that such a tax 
would cause increased prices to the 
public, reduce sales, increase unem­
ployment, and yet raise negligible 
addi tional taxes for the Govern­
ment. 

Under a plan to provide employ­
ment for engineers, a uthoriza ti on 
has been received for the appoint­
ment of six special research assist­
ants for the spring term in the Col­
lege of Engineering of Rutgers 
University. These assistantships will 
carry a stipend of $150 and exemp­
tion from all tuition fees . 

Dr. Leopold Stokowski, director of 
the Philadelphia Philharmonic Or­
chestra, has been experimenting 
with electric-oscillator music for sev­
eral years, using the deep sonorous 
tones of electrical vibrations to en­
rich the volume output of his musi­
cians. As a furt her supplement, Dr. 
Stokowski has recent ly added a spe­
cial form of keyboard theremin . 

Electronics/ February 28, 1972 
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General Electric 6, 10, 15 and 25 amp triacs now incorporate POWER-GLAS™ pas­
sivation ... a proprietary glass formulation and deposition process that creates an intimate 
void- free bond between the silicon chip and the matched glass. 

For the user this means significant reductions in "off-state" current (typically less than 
100µA) and new reliability standards for stability under conditions of AC blocking life. 
Additionally all General Electric triacs are transient voltage immune. 

POWER-GLAS™ passivation available now in the SC240, SC245, .SC250 and SC260 
series, 6, 10, 15 and 25 amps respectively up to 500 volts, and in three package c•mtigura­
tions . . . press fit, stud , and isolated stud. 

Interested .. . contact any authorized General Electric Electronic Component Sales 
Office, authorized General Electric Distributor, or write for a copy of " Improved Triac Reli­
ability thru POWER-GLAS™ '.' 

Electronics/February 28, 1972 

GENERAL. ELECTRIC 
Semiconductor Products Department 
Electronics Park, Syracuse, New York 

13201 
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You're looking at the world's 
smallest and least expensive 
3%-digit panel meter. 

Ours. Our AD2001. The DPM 
that's a component. 

It's just under 8 cubic inches 
in volume. $89 in lOO's. And 
we're delivering it now. 

This simple, reliable meter has 
a few other things going for it too. 

We made it with fewer com­
ponents. Eliminated multi-level 
power supplies. Used long-life 
RCA Numitron display tubes. 
And built in over voltage pro­
tection. 

(actual size) 

attention. 
It provides 0.05% accuracy. 

Has a temperature coefficient 
of ±50ppm/°C. And all the inter­
facing signals are standard. 

The two critical analog com­
ponents are made by us. Analog 
Devices. Which is an interesting 
point. 

We're the world's largest maker 
of analog to digital converters. 

That's why our digital panel 
meter is something else. We put a 
I ittle experience into it before we 
made it. 

Each meter is burned-in for 
7 days prior to shipment and war-

ranted for one full year. You can 
send for our complete brochure 
and order an evaluation sample 
right now. 

Watch for the appearance of 
our 2% and 4V2 digit DPM's. 
With the same performance and 
reliability as this one. At a size 
and price worth more of your 
attention. 

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

r.ANALOG 
~DEVICES 

AD2001 DIGITAL PANEL METER. SIZE: 3" wide, 1'%" high, 1112'' deep. Overall volume just under 8 cubic in. DISPLAY: Auto Polarity. Overrange. Out-0f-Scale indication. 
Automatic zero. Programmable decimal points. DATA PROCESSING SIGNALS: External Trigger and External Hold,,_ 3-digit BCD outputs, Overrange, Out-Of-Scale, and Polarity 
signals are all standard. INPUT: Bias Current less than lnA. Impedance- lOOOMfl. Over Voltage Protection. ACL.URACY: 0.0§% reading. Temperature Range- O"C to 60'C 
operating. TemperatureCoeff icient- :!:50ppmrc. POWER: Single powersource.+5VOC input. Circle 11 on reader service card 



... In Space-Limited Applications 
Hammer Driver Darlingtons are 
now available in compact, T0-66 
packaging! The new, 2 and 4 A types 
offer 3,000 typical gain for space­
critical switching applications such 
as hammer drivers. This design pro­
vides one-stage interface between 
MHTL logic drive and printout in 
minimum space. 

12 
VIN 0--+----0---1 

11 

I 
6 

MC1723L 
IMC172JCL ) 

10 

4 

13 

In IC-Driven Applications 
High-Performance Series Pass 
Regulator- Better than 0.033 per­
formance is realized with this 2 A 
Darlington/MC! 723 hookup. The 
capacitor between pins 4 and 13 pro­
vides frequency compensation for 

+15 voe 

MHTL 
(ACTIVE 
PULLUP) 

2N6294-95 
SERIES 

+voe 

HAMMER 
DRIVER 

the MCl 723. The new 2N6294-95 
series Darlingtons, with typical gain 
specs of 3,000 at 2 A l e, greatly boost 
load current since the regulator will 
only source up to 150 mA. Go from 
milliamperes to amperes directly, 
compatibly, easily. 

VIN 

MC1723G 
IMC172JCG) 

VO 

... In High-Power Applications 
High-Performance Switching Regu­
lator-The new 2N6282/6284 Darling­
tons can be used in this regulator to 
furnish 2,400 typical gain at 10 A. 
Switching regulators are especially 
useful in reducing power dissipation 
in a circuit requiring a large input 
voltage and producing a small out­
put voltage. Darlingtons simplify! 

Gain Command With 
.--+-------+------------e---...--~ +vcc 

In Complementary Applications 
15 to 60 W Power Amplifier-Typical 
gain of 3,000 at 4 A with the new 
2N6053-55 NPN /PNP Darlington 
complements ensures significant 
simplification and cost savings in 
complementary power amps. The 

12 

circuit features zero center voltage 
for maximum signal swing, 1003 de 
feedback, automatic offset voltage 
correction and noise and hum filter­
ing. Amplify your gain specs with 
Darlingtons. 

MJ4200/ 1200 
SERIES 

l 
In Dual Applications 

Split Voltage Power Supply- Sim­
pler, lower-cost, split power supplies 
using just one 4-lead discrete power 
package containing two drivers, two 
output devices and emitter-base 
resistors are easy with the new 2 and 
4 A ~200/1200 Darlingtons. Pro­
viding 3,000 typical gain, the units 
are common-collector-connected to 
give 2 separate output voltages. 

Electronics/February 28 , 1972 
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MFC 
6030 

. . . In General-Purpose, 

VQ 

"2N3055" Applications 
Short-Circuit Protected Power Sup­
ply- For this economical functional 
circuit supply, load regulation is 
0.083 when used as a 5 V regulator. 
The 4 and 6 A 2N6057 /6059 series 
Darlingtons provide 4,000 typical 
gain figures and include the new 
2N6055 Darlington - a direct, 
plug-in replacement for the indus­
try-standard, general-purpose 2N-
3055 and its driver! 

New Darlingtons ... 

Vceo(susJ 
NPN PNP Package V Max. 

2N6294-95 2N6296-97 T0-66 60-80 

MJ4200-01 MJ4210-ll 4-Lead 60-80 
Dual Dual T0-3 

MJ1200-01 MJ920-21 4-Lead 60-80 
Dual Dual T0-3 . 

2N6055-56 2N6053-54 T0-3 60-80 

2N6300-0l 2N6298-99 T0-66 60-80 

2N6057-9 2N6050-52 T0-3 60-100 

2N6282-84 2N6285-87 T0-3 60-100 

Darlingtons Introduced ... 

Complementary 
PaCkage Series 

MJE700/800 Plastic 
THERMOPAD 

MJ4000/4001 T0-3 
MJ900/1000 T0·3 
MJE1090/1100 Plastic 

THERMOPAD 
MJ2!;i00/3000 T0-3 
MJ4030/4033 T0-3 

Price Range 
Po hFe@ 100-999 

w le Min NPN PNP 
50 75Q@2 A $1.30-$1.65 $1.80-$2.25 

50 750@ 2 A 3.50- 4.30 3.90- 4.80 

90 750@ 4 A 4.90- 5.80 5.90- 6.80 

100 750@ 4 A 1.72- 2.07 2.43- 2.88 

75 750@4 A l.61- 2.02 2.38- 2.83 

150 750@ 6 A 2.54- 3.54 3.25- 4.36 

160 750@ 10 A 4.30- 5.20 4.55- 5.65 

Pair Price 
h··@ (60 V) 

le Min. 100-999 
~ 

750@1.5, 2 A $2.62 

1,000@1.5 3.20 
1,000@3 A 3.85 
750@3, 4A 3.45 

l,000@5A 5.40 
1,000@lOA 8 .50 

More Power Darlingtons 

Special Offer! 
Get a $1.72 2N6055 NPN Darlington 
for $1.05 . .. the same 100-up price 

.,.. as a 2N3055! Get 750 minimum gain 
at 4 A . .. plus all the space, time 
and money-saving advantages inher-

> ent in Darlington design for your 
prototype relay and solenoid drivers, 
audio/servo amplifiers, power sup­
ply and series pass regulators. Fill 

' in and send the coupon to your 
Motorola distributor . . . he'll respond 
with your 2N6055 Darlington in a 

"°' hurry! 

0 Trademark of Motorola Inc . 

Electronics/ February 28, 1972 

EpiBase"' Makes It Possible . _ . 
Only EpiBase technology possesses 
inherent capability to yield comple­
mentary Darlingtons - all possess­
ing higher gain with better linearity, 
more chip sizes, higher frequency, 
lower saturation voltages and lower 

cost than other processes. 
Select from 33 complementary, 

metal and plastic, Motorola Darlin·g­
ton pairs now. And write us at Box 
20912, Phoenix, AZ 85036 for 
complete Darlington data. 

r-----------------------------------1 
I I 

I
I To: (distributor) J

1 I want to gain Darlington command in my power circuits - send I me a 2N6055 for the price of a 2N3055 today ... only $1.05 ! I 

I Name Title ___ ~----
1 
I 
I 
I 
I 
I 
I 

CitY---~------State _______ Zip __ _ 

I (Offer expires April 30, 1972) L------------------------------------
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People 

Connors: look out, world , 

here comes Motorola 

"I think Motorola has been a dull 
company. Not static; just dull , 
plodding, and inbred- but still a 
very successful company. The divi­
sions haven't necessarily been like 
that, but the corporate entity has." 

Those are strong words from a 
newly appointed manager of a divi­
sion, but no one who knows Thomas 
J. Connors, 42, new general man­
ager and vice president of Moto­
rola's Semiconductor 
Products division , 
has ever accused 
him of being dull in 
word or deed. 

Connors is a little more reticent 
about his cattle, though. "You don't 
ask a cowman how many cattle he 
has. It's just Like asking how much 
money he has in the bank." But he 
adds, "Sometimes I feel like I only 
work here at Motorola so that I can 
buy hay." 

In reality, Connors obviously de­
rives great satisfaction from work­
ing- and from doing it right. 

Levy's mission. But much of Con­
nors' present enthusiasm is for the 
new venture activity now being or­
ganized by his predecessor, Steve 

Levy. Connors sees 
in this the opportu­
nity to work more 
closely with the rest 
of Motorola's 
present and future 
activities. He expects 
much of the new 
venture activity to 
involve semicon­
ductors. 

Connors says that 
Motorola's major 
management shuffle 
" is the beginning of 
the outside world 
seeing the new 
Motorola. Motorola 
hasn't been known 
for its creative and 
aggressive approach, 

Putting an end to the dullness. 

His enthusiasm 
for new ventures 
may result partly 
from his involve­

but that's going to change." 
Going slowly. However he feels 

about a new day in the corporation, 
Connors believes that the changes 
themselves won't mean too much in 
the semiconductor operation for 
now. "There are no major problems 
here. I just need to get on board 
without screwing things up. And 
John Welty, the ass.istant general 
manager for the past few years, pro­
vides continuity of management." 

" But," Connors adds, "I'm sure 
that there will be changes, since my 
style is different." That's surely an 
understatement ; for Connors is 
quite an individualist. With his 
Western shirt , string tie, and high­
heeled boots up on the table, the 
6-ft.-3-in. Irishman appears, at first 
glance, to be the archetypal cowboy. 
But his accent is undeniably Boston 
Irish, and the dusty pickup he drives 
back and forth from his ranch to 
work is green. And then there's the 
ranch. Located in Scottsdale, it's 
home for his wife and nine children, 
five horses, and "at least one of ev­
erything that breathes" for chil­
dren's pets. 

ment in some new activities during 
his three-year tenure in corporate 
marketing. Before that, he was mar­
keting manager for the semicon­
ductor division for six years, and in 
marketing at Texas Instruments in 
Dallas. Many observers were sur­
prised when a marketing man was 
appointed head of the division, but 
Connors points out that he was in 
charge of Motorola's Control Sys­
tems division for a time. 

Davis style helps Congress 

get technology watcher 

"Being a judge is a very lonely job," 
says John Davis. That appraisal 
probably had some bearing on his 
resignation as judge of Georgia's 
Lookout Mountain Judicial Circuit 
in 1960 after five years of service to 
be elected to the U.S. House of Rep­
resentatives. 

Now, at 56, Davis describes him­
self as "a monomaniac with many 
manias." But Davis is best known as 
chairman of the Subcommittee on 

Electronics/February 28 , 1972 
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This board contains over 
250components. 
Compatible FREON can 
economically clean the assembled 
board ... residue-free. 

Put an end to costly piecemeal 
cleaning. FREON cleaning agents are 
compatible with most materials of 
construction, including polycarbonates. You 
can clean completely assembled boards 
without damage to substrates, components 
or markings. Remove all rosin-based flux 
and other contaminants at the same time. 
Get clean, dry, residue-free boards. 

Flux Removal. A typical cycle for 
cleaning p.c. boards in a four-stage vapor 
defluxer is (1) gross removal of flux and 
contaminants in boiling FREON (below 
118°F), (2) liquid rinse in FREON, (3) spray 
rinse, (4) final vapor-rinse in vapors of 
freshly distilled FREON. 

Low Solvent Replacement Cost. 
FREON cleaning agents are constantly 

F REON is Du Pont's registered t rademark for its fluorocarbon 
cleaning agent s . 

Electronics/ February 28, 1972 

recovered and purified for reuse. In a 
properly designed and operated defluxer, 
solvent losses are minimal. 

Purity. FREON cleaning agents are 
electronic grade materials and chemically 
stable. No stabilizers or inhibitors are 
required. 

Safety. FREON cleaning agents have 
a low order of toxicity. They are 
nonflammable and nonexplosive and do not 
require any special safety equipment. 

See what a difference a properly 
designed FREON cleaning system can make 
in your cleaning costs. Write for more 
information about FREON and cleaning and 
defluxing systems. Du Pont Company, 
Room 22448Q, Wilmington, Del. 19898. 

~F~EON 
••• v •~·- cleaning agents 
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Communications 
M Th. I ~ Big en In ( [jd' Small 
The Canadian Broadcasting Corporation uses aperiodic 
loop antenna above .... and that's big and small. 
Big ... at Britannia Heights, near the nation 's Capital at 

Ottawa, Canadians listen to the world . 
Small ... CBC listens on the aperiodic loop antenna which 

is only 50 meters in diameter
1
in Rosette array . 

Big... Its omni-directional, point-to-point , broad band , 
long an.d short range receive capability is big 
enough to replace vast rhombic or log-periodic 
antenna farms. 

That's why, whenever communications men think big and 
small , Hermes Electronics Ltd . supplies the aperiodic loop 
antenna to government agencies and military forces around 
the world. 
Roof mountable, fast set up, small spaces, big jobs, or just 
below ground level it snows a lot at Canada 's Britannia 
Heights. 
ASK US Suite 315 

2020 F Street N.W. 

H El . L" . ed WASHINGTON ennes ectron1cs 1mrt o.c .. 20006 
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People 

Davis: Georgian watches technology. ~. 

Science, Research , and Develop­
ment , who successfully guided 
through House passage earli er this 
month the bil l to create an Office of 
Technology Assessment for the 
Congress. With good prospects for 
Senate passage, the OTA will give 
life and breath to an idea advanced 
six years ago by Davis's predecessor 
as chairman, Connecticut Democrat 
Emilio Q. Daddario. 

Though Davis is first to credi t the 
OTA concept to Daddario, there are 
others on Capitol Hill who suggest 
that on ly Davis. as a practitioner of 
politics as the art of the possible, 
cou ld have achieved passage. 

Slick. What Davis did with the 
92nd Congress is take Daddario's 
bill introduced in 1970 and intro­
duce it for himself with 24 other 
members as cosponsors. That was in 
February 1971. Subsequently, as the 
record shows, a companion bill was 
offered by IO other new members of 
the committee. With this increased 
support, the subcommittee reported 
the bill "with no disse nting vote" to 
the full Committee on Science and 
Astronautics . 

It approved the bill with several 
minor a mendments and then re­
ported "a clean bill containing the 
amendments" to the full House. 
Thus did Davis demonstrate a first 
rule of success in the Congress: do 
your work in committee, where no 
problem is insoluble. 

What Davis has helped produce 
with OTA is an organization certain 
to have extensive impact on the fu­
ture of technology in society. For 
the agency will give the Congress its 
first independent assessment of 
technological priorities. As one OTA 
backer put it , "the staff will owe pri­
mary loyalty to Congress and to the 
national welfare, not to any special 
interest group." 

Electronics/February 28, 1972 
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Of course, there were some applications that the OS 
series just couldn't handle. But it did open the doors for 
our specials. Specials with overtemperature or under-­
voltage protection; with locking fault indicators and Inter­
face logic signais for absolute protection of stored data;; 
with de energy storage for memory retention, on-off 
sequencing, etc. The point? ... We make a quality line 
of standard power supplies - and specials too. So, If 
you're big in computers, why not talk to the company 
that's big in computer power supplies? 

acdc alaclre•lcs l•c. 
Oceanside lnduetri.1 Center, Oceanside, camomia 92054, (714) 757-1880 
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Twice: 

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

Forget everything you ever knew 
about portable scopes; today's por­
tables are something else entirely. In 
the last year, both major scope man­
ufacturers have brought out com­
pletely new lines. So, choosing a new 
portable on "blind faith" in your old 
make is about as sensible as marry­
ing a girl you've never met, just be­
cause her second cousin was Miss 
America in 1967. 

T he only rational way to choose a 
new portable today is to make a 
head-on comparison between our 
scopes and our competitor's. And 
this means more than just a quick 
look at price tags and specs. It means 
a thorough investigation of total 
acquisition cost. Be sure you check 
these specific points: 

Initial purchase price . Are you 
getting the best price available? 
HP's Portables are priced as much 
as $200 below the competition, 
with special purchase agreements 
available. 

Ease of Use . Are the controls 
simple and logical? Or are they a 
jungle of tightly packed knobs. Ten 
minutes a day, spent in needless 
tinkering, can add up to hundreds of 

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

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

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

demonstrations, video tapes and 
literature to simplify conversion 
problems. 

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

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

Scopes Are Changing; 
Think Twice. 

002/2 

HEWLETT ?& PACKARD 

OSCILLOSCOPES 
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This? or This? 

Avanteks GPO replaces up to 15 
different components land as many 
as 50 engineering manhoursJ at 
any frequency from 5 to 400 MHz ... 
and its cascadable: 

Avantek's inexpensive GPD (General Purpose Device) is 
packaged in a miniature T0-12 transistor can and serves as a 
completely cascadable thin film amplifier without 
bandwidth shrinkage. 

The GPD consolidates all the functions of multiple resistors, 
capacitors, RF coils and a si licon transistor chip into a 
highly reliable unit of ga in that minimizes assembly time as 
well as inventory requirements. 

Avantek offers a series of three GPD models, featuring either 
9 or 13 dB minimum gain and typical power outputs ranging 
from - 2 to + 15 dBm. Send for full performance specifi­
cations or, better yet, fill in the coupon below to order a 
sample set of three GPD's at more than V3 off the list price. 

•u.s. Patent No. 3493882 

Avantek ... YearsAhead Today 
2981 Copper Road, Santa Clara, CA 95051 

D Send full information on your new GPD amplifier series. 
D Rush a sample set of your three GPD amplifier models for only 

$99.95 (list price $160.00). 

NAME 

TITLE 

COM PA NY P.O.# 

ADDRESS ZIP 
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Meetings 

International Electronic Compo­
nents Exhibition: FNIE, Pare des Ex­
positions, Porte de Versailles, 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 ,.. 
(INTERMAG): IEE, Kyoto Inter­
national Conference Hall, Kyoto, 
Japan, April 19-21. 

., 

International Symposium on Circuit .i 

Theory: IEEE, Sheraton-University 
Hotel, Universal City, Calif., April 
19-21. 

Southwestern IEEE Conf. & Exhibi­
tion (SWIEEECO): IEEE, Baker Hotel 
& Dallas Mem. Aud., Dallas, Texas, 
April 19-21. 

Conf. on Computer Aided Design: 
IEEE, IEE, University of South­
ampton, Southampton, England, 
April 25-28. 

National Telemetering Conf.: IEEE, 
Houston Shamrock Hilton Hotel , 
Houston, Texas, May 1-5 . 

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

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

International Semiconductor Power 
Converter Conf.: IEEE, Baltimore 
Hilton Hotel, Baltimore, Md., May °"' 
7-10. 

Spring Joint Computer Conf.: IEEE, 
Convention Center, Atlantic City, 
N.J., May 15-18. 

Aerospace Electronics Conf.: IEEE, 
Sheraton Dayton Hotel, Dayton, 
Ohio, May 15-17. 

.. 

• 

1, 

... 

Microwave Power Symposium: Mi- i,. 

crowave Power Institute, Chateau 
Laurier Hotel, Ottawa, Canada, .J 

May 23-25. 
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PYM. 
First in the series of 

new modulars from Sorensen 

.. 

- Our new PTM modular line is tailored to be more than just another black box. 

For one thing, it's blue. For another, it has state-of-the-art power density. Built-in 

~ overvoltage protection on every model. 
~~ 

Adjustable automatic current limiting. 

_, Regulation of 0.05% + 5mV. Ripple 

tt and noise of l mV RMS, 5mV pk-pk. 

... Operating temperature range from 

0 to 71°C. D PTM. The first part of our 

, new modular line. There's a lot more .. 
coming. For more data, write Sorensen 

Power Supplies, Raytheon Company, 

.J 67 6 Island Pond Road, Manchester, 

" N.H. 03103. Telephone (603) 

668-1600. Or TWX 710-220-1339. 

Electronics/ February 28 , 1972 

Package size II: 3~ x 5V. x 6Y2 

Adjust. Range (VDC) Current Rating (A) 
Madel Price* 

Min . Mox. 40°C 50°C 60°C 71°C 

PTM3-7 2.8 3.5 7.0 6.3 4.9 2.8 $119 

PTM5-7 4.8 5.5 7.0 6.3 4.9 2.8 $119 

PTM12-4.4 11.4 12.6 4.4 4.0 3.1 1.8 $119 

PTM15-3.5 14.25 15.75 3.5 3.1 2.5 l.6 $119 

PTM24-2.3 23 25 2.3 2.1 1.7 l.1 $119 

PTM28-2 27 29 2.0 l.8 l.5 l.O $119 

Package size Ill: 35.A. x 5V. x 9Y2 

PTM3, 11 2.8 3.5 11.0 9.6 7.8 4.4 $139 

PTM5-11 4.8 5.5 11.0 9.6 7.8 4.4 $139 

PTM12-6.5 11.4 12.6 6.5 5.7 4.6 . 2.7 $139 

PTM 15-5.5 14.25 15.75 5.5 4.9 3.9 2.5 $139 

PTM24-4 23 25 4.0 3.6 2.9 l.9 $139 . 

PTM28-3.5 27 29 3.5 3.1 2.6 l.8 $139 

rorensen 
JPOWER SUPPLIES 

*USA List 
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As a Brand Decider* 
for power supplies, 
you need all the 
help you can get, 
right? 

NJE wants to help you , the Brand 
Decider. Help you get a fresh 't 
perspective on the quality, price, 
performance and interchangeability 
of more than 100 high-performance 
DC system supplies . Frankly, they 
are our new RS series of OEM / 
modular supplies. To be candid 
about it , these modular supplies 
compete with the Lambda LM / LX 
series, as well as North Electric and 
other modular supplies-in every 
way, from price right down to 
hole-mountings. 

For example, our model RSB-5/ 
OVP meets or exceeds the Lambda 
equivalents in the LM or LX series 

in specifications and price (e.g. 
RSB-5/0VP vs. LXSB-5-0V: ±10% 
voltage adjustment vs. ±5% ; .01% 
load and line regulation vs .. 1%; 
6A vs. 5.8A at 40°C ; $104 vs. $125) . 

NJE prices are low, but we didn 't 
compromise on quality, or 
performance, or reliability-we just 
designed carefully and 
manufactured smartly. 

For complete details, we 'll send 
you our 1972 " Power Supplies 
Unlimited ". Twenty pages of 
specifications and details cunningly 
calculated to give you an easy time 
in selecting your power supplies. 
For your copy, write or call NJE 

ALL NJE POWER SUPPLIES GUARANTEED FOR FIVE YEARS. 

24 Circle 24 on reader service card 
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Corporation , P.O. Box 50, Culver 
Road, Dayton , N.J. 08810. Phone 
(201) 329-4616. TWX: Consult new 
directory. 

· A Brand Decider, according to the 
definition developed by John Morrill 
Company, marketing research group, is 
the person who has major influence in 
recommending or switching a 
manufacturer's brand. 

NJE 
Electronics/February 28, 1972 
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Westinghouse puts 

MNOS memory into 

meter-reader 

Expand or shrink, 

warns Tl's Bucy 

26 

Electronics Newsletter 

[Electronics, May 15, 1967, p. 141]. It was to have been four times its 
present size and completed in 1969. Conceived and headed by D aniel 
L. Slotnick, a professor at the University of Illinois (hence the name 11-
liac), the project has been through an almost unprecedented series of fi­
nancial and technical difficulties [Electronics, April 14, 1969, p. 47]. 
Now, however, the machine has survived these tribulations and is 
scheduled for installation at the NASA-Ames Research Center near 
Mountain View, Calif. There, it will be accessible to the University of 
Illinois and other major computation centers across the nation through 
the Advanced Research Projects Agency's computer network. 

A recently developed metal-nitride-oxide counter/memory has been 
incorporated by Westinghouse Electric in a remote meter-reading sys­
tem. The device is used in the system, which is being tested at several 
locations, to store meter inputs. 

Like others similar to it in concept, the system is designed to transmit 
data over standard phone lines to central billing offices. And there's the 
rub: AT&T hasn't been greeting prospective users of its lines with open 
arms. But Westinghouse might be in a strong position because of its 
long-established relationship with public utilities as a supplier of meter 
equipment, a relationship that the company also believes makes the re­
mote-reading market a natural. Westinghouse sees the most promising 
locations for remote readers as large-user installations, such as apart­
ment houses, where reading individual meters is difficult and expen­
sive, and occasionally perilous. 

The MNOS memory itself does not lose data when the power is re­
moved, a key condition of remote systems: they would be uneconomi­
cal if power were required at all times. The Westinghouse system 
would be powered only when the meter is interrogated. The system is 
equipped with a IO-stage counter, with memory. It can count up to 
1,000 input bits, store the data, and then, on command, provide serial 
output data that includes the metered count, externally programable 
identification bits, and a parity equliizer. 

If U.S. electronics industries are to avoid the stagnation of the electrical 
utility and agricultural industries, they must channel technology into 
nontraditional markets, warns J. Fred Bucy, corporate group vice presi­
dent of Texas Instruments. In a panel session at the International Solid 
State Circuits Conference in Philadelphia earlier this month, Bucy 
pointed out that electronics production, expressed as a percentage of 
the Gross National Product, has declined over the last three years, a 
sign of maturity that bodes ill unless new growth in a variety of direc­
tions can be stimulated. 

Bucy says that electronics must be diffused to pervade our entire in­
dustrial and social structure. If only the traditional equipment market 
is addressed, he said, by 1980 electronics will grow only moderately to 
$80 billfon, or 1.7% of the GNP. But if a major effort is made to pene­
trate new markets with electronics, the potential is for a world market of 
$110 billion or 2.3% of the GNP. 

Bucy called for a reordering of priorities to assure the required per­
vasiveness. "The time has come to tackle problems that are not now 
being solved," he said. "We should ask ourselves if we really need new 
and better computers, radios, TVs, and stereos." 

Electronics /February 28, 1972 



Bipolar logic 

offers 1,000 gates 

on 130-mil2 chip 

lntersil becomes 

second source for 

dielectric isolation 

Integrated Gunn, 

lmpatt amplifier 

for X band 

llliac 4 almost 

ready for shipment 

Electronics /February 28, 1972 
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Workers in IBM's Boeblingen, West Germany, laboratory have devel­
oped an LSI logic concept that promises gate densities of better than 
100 gates per square millimeter, or 1,000 on a 130-by-130-mil chip. 

The novel bipolar logic concept, based on the principle of direct in­
jection of minority carriers into the switching transistor, eliminates the 
problem of device isolation and reduces the process complexity to that 
of a single planar transistor requiring only four mask steps. This, and 
the elimination of ohmic resistors, results in the greatly reduced device 
size and low-cost prospects. Significantly, despite the simple tech­
nology, excellent power delay products are obtained- better than 0.35 
picojoules for delays above 100 nanoseconds, according to Siegfried 
Wiedmann, one of the IBM engineers responsible for the development 
[Electronics, Feb. 14, p. 84] . 

Harris Semiconductor is no longer alone in fighting the battle for die­
lectric isolation in linear integrated circuits. Beginning next month, In­
tersil Inc., Cupertino, Calif., will begin delivering the Harris series 2500 
dielectrically isolated high-slew-rate operational amplifiers. These will 
be followed by the 2600 series of high-input-impedance op amps and 
the 2700 series of low-power op amps. 

For about a year, Harris has been expounding the virtues of dielect­
ric isolation, while the rest of the semiconductor industry has been say­
ing that the process is too complex and too costly. Intersil, however, 
agrees with Harris that the improvement in specifications, such as a 
slew rate of 120 volts per millisecond without positive feedback compen­
sation, are well worth the trouble. Intersil chose to design the 2500 
series first because it's the most difficult part to build-not only requir­
ing dielectric isolation processing, but also precision thin-film resistors 
on the chip. 

The traveling-wave-tube amplifier, which has had a stranglehold on 
X-band communications links, is facing competition. Hewlett-Packard 
has developed a two-stage device consisting of a varactor-tuned Gunn 
diode first stage and a fixed-tuned Impatt diode second stage. It fea­
tures thin-film circuit design and has 30 decibels of gain and I-watt 
output. 

An injection-locked oscillator design is used, according to D.C. Han­
son, product manager, "to allow higher efficiency, less temperature 
sensitivity, and lower costs." 

Hewlett-Packard hopes that with a price around $800 it will be able to 
penetrate the microwave relay market for communication bands in the 
10. 7-to-13.2-gigahertz region. 

The giant Illac 4 parallel processor is nearing completion at the Bur­
roughs Corp.'s laboratories in Paoli, Pa. , and should be ready for ship­
ment in April. All 64 processors in the system have been installed and 
debugged. They are running as a system in maintenance mode, and en­
gineers at the lab are now working on the input-output interface. 

Burroughs has been working on the machine for almost five years 
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Somewhere 
sometime 
someone 

will unveil the total 
semiconductor test system. 

A system that can swing from MOS to bipolar. 
A system for discretes, IC's or LSI. 

A system for production or engineering. 
With software compatible to all . 

Electronics/ February 28 , 1972 27 



Sentry 100 

Optimized for low-cost high throughput, MS! 
bipolar production testing. 

Low cost and fast throughput make the Sentry 
100 the perfect MS! bipolar production testing 
system for semiconductor users and producers. 
The Sentry 100 tests bipolar devices faster than 
any other system. And it costs less to buy. The 
100 carries an entry cost lower than any other 
Sentry or any comparable testing system. 

Average cost per good unit delivered can be 
less than 1/10 of a cent. This includes labor and 
amortization of capital cost (3 year amortization) 
of a four way multiplexed system with four 
wafer probers. 

28 

Sentry 300 

Optimized for printed circuit board testing. 
The Sentry 300 has the hardware configuration, 

massive memory, and powerful software neces­
sary for printed circuit board testing. Relatively 
unskilled workers can test and isolate board 
faults. Multiplexing provides separate stations 
for go/ no go testing and the fault isolation. Fault 
isolation software diagnoses bad cards without 
the need for standard card. Computer aided pro­
gram generation of printed circuit board test 
programs is available. 

The 300 has the capacity and versatility neces­
sary to meet the requirements of equipment 
manufacturers, test centers, and repair depots. 

Sentry 500 

Optimized for MOS/ LSI production testing. 
The Sentry 500 tests MOS/LSI faster than any 

other system. 
Yet it costs less to buy. This is possible because 

the 500 is a throughput-oriented system. Non­
essential analytical hardware has been elim-
inated to give the producer more throughput 4-
per dollar. 

High speed test stations deliver complete func­
tional testing capability at 5 MHz data rate 
/20 MHz nominal four phase clock rate in both 
finished package and wafer probe envirorunent. 
Data/ clock input and output comparator strobe 
can be precisely and independently timed. Any 
pin of the tester can be programmed as data input 
driver, clock driver, input bias, or output detector 

without "pin swap" boxes. Any pin can be 
switched from input to output at real time 
rates under software control. Device response 
time at wafer and final test can be deter­
mined in only one test period. 

Electronics/February 28 , 1972 
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Sentry 200 

Optimized for MS! bipolar engineering, QA 
and test center operations. 

The Sentry 200 produces maximum device 
characterization per dollar of investment. An 
extremely versatile analytical tool, the 200 manip­
ulates massive data, handles arithmetic compu­
tation, datalogs every desired parameter of every 
device tested, reports statistical distributions, and 
provides the capacity to study in depth the effect 
of environmental and electrical stress. 

Combining versatile device characterization 
with low entry cost, the 200 is the right system 
for bipolar, quality assurance, and reliability 
testing. 

Optimized for large manufacturers and mili­
tary buyers. 

The Sentry 400, the base system for the Sentry 
series, continues as a general purpose circuit 
testing system. With a greater than order of mag­
nitude improvement in capability, Sentry 400 
can test at as many as four stations with up to 
120 terminals each at rates some 30 times faster 
than previous systems. Sentry 400 remains an 
excellent investment for large manufacturers 
and military users. 

Semry 600 

Optimized for MOS/ LSI , engineering, sophisti­
cated production needs, QA and test center 
operations. 

Sentry 6CXl offers the most sophisticated ana­
lytical tool available for MOS/LSI engineering 
and production. It performs the widest range of 
tests for the broadest range of components. 

At user option, the 6CXl can perform high 
speed MOS/LSI and bipolar tests simultaneously. 
It offers complete testing at wafer level and in 
automatic handlers at 5 MHz data rate /20 MHz 
nominal four phase clock rate. 

The widest choice of peripherals give the sys­
tem massive data handling capacity. Manipulate. 
Analyze. Compute. Sentry 6CXl is the system for 
MOS/LSI analysis . 

Fairchild's Sentry System is six systems in one. An innovation in test systems. Each 
individual system component is a system all its own. Optimized to a specific testing function, 
but fully capable of handling all others. 

Each component uses the same software. FACTOR. A proprietary language similar to 
ALGOL or FORTRAN It 's already written. Ready to use. 

The Sentry System carries no up-grade or down-grade penalties. Start with any com­
ponent, build either way. No loss of capability. No additional costs. 

The Sentry System is fast tao. Fast enough to give you the lowest throughput costs in 
the industry. 

For complete details write or call. We have a free literature packet waiting. 
Fairchild Systems Technology. A division of Fairchild Camera and Instrument Corporation. 
974 East Arques Avenue, Sunnyvale, California 94086 (408) 735-5011. 

FAIRCHIL.C 
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MOSTEKMOS 
ion-implanted for high performance! 

easy to use ... now easier than ever to buy! 

RAMS 
MK4002P 
64 x 4 static TIL!DTL 
compatible RAM . 
MK 4006 P, MK 4008 P 
1024 x 1 nu DTL compatible 
RAM ; dynamic storage but no 
clocks required ; 400 ns access 
times available; 16-pin package. 
MK4007 P 
256 x 1, pin-tor-pin replacement 
for 1101 but with less than 

ROMS 
MK 2002 P, MK 2101 P, 
MK 2302 P, MK 2408 P, 
MK 3101 
Character generators; 64 
characters, 5 x 7 dot matrix . 
MK2400P 
256 x 1 O nu DTL compatible 
ROM with 550 ns cycle times. 
(RS lll} 

250 mW of power and wide -6.5 
to -1 5 V negative supply range . 
(RS 110) _... .._..,. 

For digital voltmeter / counting 
applications: 4 decade counters: 
storage; display; multiplexing : 
single + 5 to 20 V supply : power 
under 25 mW. 
(RS114) 

MOSTEK has made MOS easy to use 
and added unique MOS/LSI per­
formance capabilities through its 
ion-implantation techniques . Now 
MOSTEK has made its standard 

Circle appropriate Reader Service (RS) numbers. 

products more available than ever 
before thanks to a new network of 
distributors and representatives. Call 
the one nearest you today for in­
formation and off-the-shelf delivery. 

CALCULATORS 
MK 5010 P 
Single IC, tour function 
( + x - + ) 1 0-digit calculator 
with display decoder, 
multiplexing circuitry, 
leading-zero blanking. 
MK 5012 P 
12-digit version of MK 501 O P. 
MK 5013/5014 P 
IC pair; four function 12-digit 
calculator with display circuitry , 
1 memory, automatic constant, 
selectable 5 14 roundoff or 
truncate, leading-zero blanking. 

Printer interface chip 
to be available. 

(RS112) 

Dual 128-bit static register ; full 
TTL/DTL compatibility and 
single-phase TTL clocks . 
MK 1007 P 
TTL/DTL compatible quad 80-bit 
dynamic register : single-phase 
TTL clock rate to 2.5 MHz and 
built-in recirculate logic. 
(RS113) 

mOSTEK 
CORPORRTIOn 

1400 Upfield Drive 
Carrollton, Texas 75006 

Regional Sales OHlces: West: 11222 La Cienaga Boulevard, Inglewood. Calif . 90304 (213) 649-2600. East: 60 Turner Street, Waltham. Mass 02154 (617) 899-9107 . 
Midwest/ Southeast: 5t5 S. W Avenue. Jackson. M1ch1gan 49203 (517) 787-0508. 
Representatives: HMR Inc., Minneapolis. Minn. (612) 920-8200; W. J. Purdy Co., Burl ingame, Calif. (415) 347-7701 ; Unleton, Colo (303) 794-4225; KCE Corp., San Diego, Calif . 
(714) 278-7640: Los Angeles, Calif. (213) 391-0586: Sheridan Associates, lnc.,C1ncinnati. 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. fta (305) 851 -5 710.Sprague Electrlc Co., Wayne . New Jersey (201) 696-8200; Schiller Park. Ill (312) 678-2262: Richardson, Texas (214) 235-1256: Temoe. 
Arizona (602) 966-7233: N Seattle, Wash (206) 632-7761. Precision Electronlcs, lnc., Glens1de, Pa . (215) Ml6-8383. The Addem Group, Huntington Station. N.Y. (516) 567-5900. 
Distributors: Cramer Electrontcs lnc.-Alabama: Huntsville (205) 539-5772; Arizona: Phoenix (602) 263-1112; Calltornta: San Diego (714) 279-6300; Colorado: Denver (303) 758-2100; 
Connecticut: North Haven (203) 239-5641 ; Florlda: Hollywood (305) 923-818t ; Orlando(305) 841-1550; Georgia: Atlanta (404) 451 -5421 ; Illinois: Mt. Prospect (312) 593-0230; 
Maryland: Baltimore (301) 354-0100: Gaithersburg (301) 354-0100, Massachusetts: Newton (617) 969-7700: Minnesota: Bloomington (612) 881-8678; New Jersey: Union, (201) 
687-7870: Pennsauken (2t5) 923-5950; New Mexico: Albuquerque (515) 265-5767 ; New York: Hauppauge. LI. (516) 231-5600; Endwell (607) 754-6661 , Rochester (716) 275-0300: 
East Syracuse (315) 437-6671 : North Carolina: Raleigh (919) 876-2371: Winston-Salem (91 9) 725-8.71 t ; Ohio: Cleveland (216) 248-7740; Cinc1nnat1 (513) 771-644 t; Oklahoma: Tulsa 
(9t 8) 836-3371 : Texas: Dallas (214) 350-1355: Utah: Salt Lake City (801) 487-3681; Wisconsin: Milwaukee (414) 462·8300 ; Canada: Ontario (416) 630-5023. Brill Electronics. 
Oakland. Gahl. ( 415) 834-5888: El mar Electronics, Mt. View. Calif. ( 415) 961 -3611 ; Liberty Electronlcs, Inglewood. Cahf. (213) 776-6252 : Wesco Electronlcs, Los Angeles, Calif . 
(213) 685-9533. Merquip Electronics, Skokie, Ill. (312) 965-7500; Stark Electronics Supply, M1nneapclis. Minn. (612) 333-3361 ; Sheridan Sales Co., C1ncinnat1. Ohio (513) 761-5432. 
International: MOSTEK GmbH. 7 Stuttgart 80. Waldburgstrasse 79 , West Germany 0711-731305; System Marketing Inc ., Center News Bldg., t -3-11 Sotokanda. Chiyoda-ku, Tokyo. Japan: 
W. G. Booth Pty., Ltd .• 39 Church Street . Hawthorn. Victoria 3122, Australia. 
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Electronics review 
Significant developments 1n technology and business 

IBM unveils first 
charge-transfer 
memory system 
A new technology leaps 

out of the laboratory and 

into the real world 

with IBM's 5,760-bit buffer 

IBM has built the first operating 
semiconductor memory system us­
ing charge-coupled devices. The 
achievement by the giant computer 
maker, though labeled "experi­
mental," gets cco technology out of 
the lab and into a potential working 
machine environment, and could 
mark the beginning of the charge­
transfer era in computers. 

The major advantage of charge­
transfer devices is that they require 
no connections through the silicon, 
making them easier and cheaper to 
build than bipolar or MOS versions. 
Moreover, packing density is an or­
der of magnitude greater per chip. 
As for what's immediately ahead, 

Making waves 
IBM 's presentation of a working 
charge-transfer memory will spur 
the interest of computer and in­
strument makers that tradition­
ally look to IBM for technical di­
rection . And researchers in the 
area are impressed by the ad­
vanced nature of IBM 's charge­
coupled devices. For example , it 
has built shift registers with ex­
tremely small cell sizes-down to 
0.32 mil 2 , accommodating 3 mil­
lion bits per square inch. Also, 
IBM has shift registers that can 
transfer data in lengths up to 256 
bits without refreshing . 

Electronics/ February 28, 1972 

IBM has a well-earned reputation for 
being close-mouthed about its 
plans. But it has an equally well­
earned reputation for announcing 
new developments only when they 
are tested and ready to be used. 

The system, described at the In­
ternational Solid State Circuits Con­
ference in Philadelphia, is a 5,760-
bit buffer memory. It's made up of 
two chips, each containing two 480-
bi t cco shift registers connected in 
series. Each shift register consists of 
10 cco channels with a FET refresh 
amplifier every 48 bits. Six shift reg­
isters in series form each 2,880-bit 
buffer; two buffers make up a ·sys­
tem. 

Fast and dense. The structures are 
built with double-level metalization 
using both aluminum and polysili­
con gates-construction that affords 
the transfer speed and bit-packing 
density required for computer sys­
tems. And, though 5,760-bit systems 
are small by computer standards, 
the CCD memory certainly can be 
expected to be scaled to larger 

· memories. 
The silicon-gate structure, similar 

to one developed by RCA, enables 
IBM to build memory cells with 
areas of only 2.08 square mils per 
bit, giving a total active area of 30 
by 90 mils for the entire storage. 

The complete memory is 
mounted on a 3.5-by-4.5-in. card 
along with logic and support circui­
try, an arrangement electrically 
identical to that of IBM memory 
cards now in use. Its four-phase 
drive system transfers charge at a 
rate of 0.5 megahertz. The basic 
shift registers can be driven directly 
from standard diode-transistor 
logic-6 volts for a logic 1 and 
ground for logic 0. All told, the 

ISSCC coverage 
IBM memory 31 
GE memory 31 
Gate circuits 32 
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Card trick. Six 960-bit CCD memory mod­
ules with support circuitry are packaged on 
this 3.5-by-4.5-in. multilayer plug-in card to 
provide 5,760 bits of memory for IBM. 

memory dissipates only 3.5 watts 
per card, about on a par with cur­
rent shift register techniques. Card 
voltages are + 6 v and - 10 v. 

Memories 

GE models surface charge 

for proposed RAM 

Not to be outdone by IBM's charge­
coupled memory system, General 
Electric has come up with a surface­
charge dynamic random-access 
memory- the only charge-transfer 
device to date that isn't basically a 
shift register. 

The device, developed at GE's Re­
search and Technology Center in 
Schenectady, N.Y., is a 4-by-8-bit 
array and apparently is a model for 
a 4,096-bit memory. The area of 
each storage region is only 2.5 mils2 

per bit; and with an access time of 
150 nanoseconds and a cycle time of 
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Dynamic. GE 's surface-charge RAM offers 

an access time of 150 nanoseconds and a 

cycle time of only 250 nanoseconds. 

250 ns, such memories would be ap­
preciably faster than any MOS RAM 
now available. 

GE's RAM is built with refractory 
metal MOS technology. The aim was 
to come up with a cell structure as 
simple as the single-transistor struc­
ture in recent MOS RAMs. 

Richard Boertsch, one of the sci­
entists who developed the GE de­
vice, points out that a common 
problem with these single transistor 
cells is tha t the capacitance of the 
bit line is very high, compared to 
that of a single cell, and leads to 
losses in logic signal levels. 

This problem is overcome in the 
GE approach by transferring the 
charge from the storage region in 
the bit line, and then from the bit 
line to a low-ca pacitance detector 
node . In operation, the stored 
charge, represented as a binary 1, is 
transferred from the selected word 
to the bit line. When the potential of 
the word line is lowered , this charge 
flows along the bit line and spills 
over into the sense node . The differ­
ence between a one and a zero is 
sensed by a MOS FET connected to 
the sense node, which drives the 
output while refreshing stored data. 
It was described at the International 
Solid State Circuits Conference. 

Gate circuits for memory 

trim total power demand 

As power requirements of the new 
bipolar dynamic memories plunge 
to the microwatt-per-bit range, the 
peripheral on-chip selection circuits 
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have come to dominate chip power 
requirements. Ind eed, many of 
these overhead circuits-for ex­
ample, word and digit line se lec­
tion- have become so power hungry 
that they can consume 80% of the 
needs of the chip, limiting packing 
density. To put a brake on such de­
mands, Bell Telephone Laboratories 
in Murray Hill, N.J., has developed 
a gate-switching cell constructed 
like the dynamic memory itself, and 
described it at the International 
Solid State Circfiits Conference. As 
a result, the cell dissipates less than 
100 microwatts, reducing power 10 
to 100 times from conventional 
transistor-transistor logic gates. 

Like dynamic memory cells, the 
Bell ga tes draw power only when 
they are in operation- and in the 
static mode, none whatsoever. Since 
gates are typically on for only a few 
nanoseconds, requirements are a 
fraction of these of the TTL gates 
that draw power even when off. 

Use charge storage. According to 
Bell's Jerry Mar, one of the princi­
pal researchers developing the 
gates, the cells utilize charge storage 
to place them in the proper sta te of 
operation. A narrow pulse is app lied 
to the ga te to turn it on so that it can 
pass desired signal. A second pulse 
turns the gate off. The gate is on 
only during the interval between the 
pair of pulse so significantly, the 
ga te can be on for as long as 1 mil­
lisecond, enough for any conceiv-
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able memory requirement. 
A feature of th e operation is that 

the two pulses can be extremely 
short- even 1 ns-and no power is 
drawn between pulses. Regardless 
of how long the gate is on, only the 
sa me amount is drawn- that is, only 
enough energy to turn it on and 
then off. It can be as low as 5 pico­
joules, compared with 100 pico­
joules drawn by ordinary TTL ga tes. 

A ga te consists of a transistor and 
two diodes- very similar to basic 
TTL gates. The difference is in the 
fa brica tion; since the Bell gate uses 
charge storage, it generally needs 
higher-quality pn junctions to hold 
the charge, plus ion implants to con­
trol breakdown. However, because 
the gate is only on for short inter­
vals, typically a few hundred na­
noseconds, the junction require­
ments are not as severe as they are 
with dynamic memories. But be­
cause they are less likely to leak, 
they are better than TTL gate junc­
tions , which do. 

Solid state 

Fast circuit overcomes 

a-d conversion difficulties 

A new comparator circuit for fast 
analog-to-digital conversion prom­
ises to eliminate the "dead zone" 
that prevents convent ional com-

0 

Less power. Bell 's gate-switching cell is built like the dynamic memory itself and dissipates 

less than 100 microwatts, 10 to 100 times less than ordinary TTL. 
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parators from responding to signal 
variations smaller than 20 to 40 mil-

,. livolts. 
In the fastest analog-to-digital 

.._ converters around today, a string of 
series resistances divides a reference 
voltage linearly into a number of 
separate levels. Each of these levels 
becomes the reference for its own 

; comparator, which simultaneously 
.,... compares its level with the analog 

input and produces a one-bit binary 
output if the analog signal is higher. 
Finally, an encoder translates the 
comparator outputs into a binary or 
other code. 

With this approach, an n-bit out­
put requires 2n- 1 comparators- an 
uncomfortably large number for 
any but the grossest resolution. Not 
only is there a lot of hardware but, 
since the analog input must drive all 

,. the comparators in parallel, the in­
,.. put capacitance is high and presents 

a drive problem. Furthermore, con­
ventional comparator circuits use 
continuous positive feedback for 
speed-and that results in the vil­
lainous dead zone. 

Feedback. The new comparator 
"' circuit, designed a t the Micro­

electronics Center of TR w Systems 
,., ~ Group, combines continuous nega­

tive feedback and switched positive 
feedback to eliminate the zone. Up 
to 15 of the new comparators can go 
on one IC chip, where they will con­
vert an analog signal of up to + 2 

-1 volts into a four-bit binary number 
with a strobe rate of at least IOO me­
gahertz. With all these comparators 
on one chip the accumulated input 
capacitance thus becomes less of a 

> problem. 
• At the comparator's input is a 

pair of emitter followers , for a high­
input impedance. Two pai rs of tran­
sistors provide an input amplifier 
stage with negative feedback. When 
the strobe pulse signal arrives from 
an external source, it switches this 

~ current from the input amplifier to 
another transistor pair with positive 
feedback. Simultaneously, at the 
first stage of the input amplifier, it 
creates a change of only 250 mv-

,,. even in the presence of the largest 
input signals. 

The amplifier thus stops following 
the signal , and holds its output at 
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the level it had reached when the 
strobe began. 

Finally, an output stage translates 
the second amplifier's level to one 
compatible with emitter-coupled 
logic and provides additi onal gain 

ANALOG 
INPUT 

ST ROBE SIGNA L 

DIGITAL 
OUTPUT 

Alive, alive-o. TRW's a-d conversion circuit 
eliminates the usual dead zone. 

between strobe pulses. 
The circuit's total delay is only 6 

to 8 nanoseconds, and it responds to 
input variations of less than 1 mv. 

David R. Breuer described the 
circuit at the International Solid 
State Circuits Conference. 

High-speed optical isolator 

mates with TTL circuits 

Optical devices are gaining popu­
larity with system designers who 
want to couple high-frequency sig­
nals while maintaining a high de­
gree of isolation between input and 
output. The trouble is that for high­
speed digital systems, the conven­
tional optical isolator, which usually 
pairs a gallium-arsenide infrared 
emitter with a si licon phototransis­
tor, is too slow. 

The hangup has been that at 900 
nanometers, where GaAs emi tters 
operate, the silicon detector surface 
has to be made comparatively 
thick- in the area of 70 micro­
meters - to provide the depth 
needed to collect all the photons ab­
sorbed by the silicon. But such 
depth also leads to a large feedback 
capacitance in the gain transistor 
that can't be effectively separated 
from the already large detector ca­
pacitance. Consequently, the typical 
rise and fall time of conventional 

isolators is in the range of 10 micro­
seconds. 

Enter ICs. Now researchers Ro­
land H. Haitz and Paul G . Sedlew­
icz of HP Associates in Pa lo Alto, 
Calif., have judiciously juggled ma­
terials so that integra ted circuit 
techniques can be used to overcome 
the capaci tance problem. As a re­
sult, they've produced a new isolator 
with rise and fall times of 150 ns­
faster by two orders of magnitude 
than conventional isolators. Fur­
thermore, the new device's input­
output isolation voltage is more 
than 6 kilovolts- four times higher 
than previously available. 

Essentially, Hai tz and Sedlewicz 
traded off current-transfer efficiency 
and speed. First, they shifted from a 
GaAs emitter to one based on gal­
lium arsenide phosphide. This re­
duced the radiation wavelength to 
700 nm, a wavelength at which a 
good match between em itter and 
detector could be a ttained with a 
photon-collection depth of only 8µ . 
Although this reduces the current­
conversion efficiency of the detector, 
these smaller dimensions are also 
consistent with monolithic IC isola­
tion techniques. 

With such techniques, the re­
searchers designed a new photode­
tector comprising a monolithically 
integra ted transistor and a photo­
diode to drive it. The transistor's 
collector is electrically isolated from 
the cathode of the photodiode, sepa­
rating the diode capacitance from 
the collector-base feedback capaci­
tance. The separation reduces the 
feedback capacitance from 20 pi­
cofarads to less than 1.0 pF, result­
ing in a larger gain and bandwidth. 
Despite the reduction in current­
transfer effi ciency, the isolator is still 
compa tible with transistor-transis tor 
logic interfaces without additional 
amplification. 

Two products. The development, 
which was described at the Inter­
national Solid State Circuits Confer­
ence, has led to two products that 
HP Associates hopes to introduce 
this spri ng. One is a high-speed op­
tically coupled isolator consisting of 
the emi tter and monolithic diode­
transistor detector in a dual in-line 
package. The other will carry the 

33 



Electronics review 

concept to a higher level of integra­
tion. It will be an optically isolated 
gate, consisting of the photodiode­
transistor pair integrated with a 
temperature-compensated linear 
amplifier, and a Schottky-clamped 
TIL driver on the output. 

The circuits should be attractive 
as replacements for line drivers and 
receivers in high-speed peripheral 
and computer mainframe appli­
cations, says a company spokesman. 

Contracts 

FAA looks for new ways 

to stop skyjacking 

Except for D.B. Cooper, who bailed 
out over the Northwest last fall to 
become a legend in his own time, 
skyjackers are rarely successful 
these days because of a combination 
of factors. Among them are in­
creased use of magnetometers and 
other electronics to detect weapons 
and bombs, more security guards, 
and the long-range snipers of the 
FBI. But, as useful as these methods 
are, they are less than perfect, as 
they rely on a chancy combination 
of extreme vigilance, spot checking, 
and intimidation. 

Consequently, the Federal Avia­
tion Administration is going to start 
several new R&D programs to find 
better methods of detecting weap­
ons and explosives in baggage and 
on people. Requests for proposals 
will go out next month. William C. 
Richardson, chief of the Airport 
Systems Development branch, says, 
"Electronics is the key to the prob­
lem." 

The replies will be due back by 
the end of April ; the agency then 
will choose no more than two for a 
six-month concept design effort and 
select one for a 12-month prototype 
development. Richardson declines 
to say how much the agency may 
spend, but notes that the total air se­
curity budget is $350,000. 

Promising. One approach that 
might be pursued, Richardson says, 
is a computerized, non-imaging X­
ray machine to check baggage and 
people automatically. A "picture en-
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velope [computer signature] of a 
gun or an explosive" could find 
weapons among the spray deodo­
rants, cigarette lighters, and other 
metal objects people carry aboard 
planes. The advantage of this device 
would be that everything could be 
checked instead of merely sampled, 
Richardson says. 

Dynamite also can be detected by 
the gamma radiation from deterio­
ration of the constituent nitrogen, 
Richardson says. Following this 
track, the agency recently con­
tracted for development of a neu­
tron activation detector by the 
Atomic Energy Commission and the 
Livermore (Calif.) Radiation Labo­
ratories. The detector uses a scin­
tillator, photomultiplier tube, neu­
tron generator, and a computer to 
count neutron emissions. With re­
sults due in June, the detector is ex­
pected to be able to differentiate be­
tween the similar signatures of 
nitrogen and copper, Richardson 
says. 

Developer. As for the FAA role, 
Richardson points out that it seeks 
to develop devices that airline and 
airports can then buy. The agency, 
for example, is "not pursuing any 
development work in X-ray devices 
because the technology is there, and 
there's no need to push it," he says. 
Overall, Richardson.doesn't forsee a 
big market in detection devices un­
less "the environment changes- that 
is, skyjacking gets out of control." 

Integrated electronics 

Analog delay line 

built with IC techniques 

Complex analog devices have at last 
entered the airy world of integrated 
circuitry. Using charge-coupled 
techniques, engineers at Bell Labo­
ratories have built and tested a 500-
element analog delay line that can 
delay video signals for upwards of 
100 microseconds. 

This accomplishment-which 
means the entire range of analog 
functions now can be fabricated 
with IC techniques-could have far­
reaching effects throughout the 

world of communications. For delay 
lines in particular, it brings perform­
ance advantages, together with 
space and cost savings. 

Significantly, all the major semi­
conductor laboratories are actively 
engaged in developing charge-trans­
fer devices for analog, as well as 
imaging, applications [seep. 36). 

Big and costly. Analog delay 
functions usually are obtained with 
relatively bulky and expensive de­
vices-such as coaxial cable, and 
glass or quartz rods or rings. All of 
these are incompatible with today's 
IC fabrication techniques. But tech­
nology aside-considering that 
analog delay-line applications cut 
across the spectrum of communi­
cations, radar, and display equip­
ment-it's easy to imagine the mar­
ket impact that the new IC devices 
could have. 

For example, European color TV 

Walt. CCD delays Picturephone signal. 
From top: image viewed direct, delayed 43 
nanoseconds, delayed 11 ns. Bell has built 
and tested a 500-element integrated device. 
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(the PAL system) uses glass delay 
lines in transmission stabilization 
circuits and delay line equalization 
networks in each set; telephone 
companies have transversal delay 
line filters for equalizing just about 
every telephone line around the 
world ; and there are specialized 
audio delay systems, like the one 
used in the delay networks of the 
Lincompex radio-telephone system 
[see p. 66] for equalizing speech 
transmission. Then there are audio 
applications such as equalizing the 
echo effects in multiple-loudspeaker 
systems, scrambling speech in mo­
bile police transceivers, and use in 
artificial reverberation systems. 

Faster version. Bell has built a 
faster 64-element line in addition to 
its 500-element delay line. Both de­
lay signals up to several hundred 
microseconds. The smaller device 
can be operated in the 10-to-20-
megahertz range, and both offer 
bandwidths of 1 to 10 MHz, suf­
ficient for most video applications. 

Both of the Bell delay lines are 
standard three-phase devices. To 
fabricate the 500-element line, Bell 
used a minimum strip geometry of 
3-micrometer-wide electrodes with 
3-µm gaps-the smaller delay line 
has a 10-µm geometry. It's thought 
that the 500-element array is about 

Analog CCD roll call 

the largest that can be built with 
standard three-phase device con­
struction. Some form of overlapped 
silicon-gate construction will be nec­
essary for larger arrays. 

Besides cost and elegance, charge­
transfer analog delay lines auto­
matically offer variable delays-im­
possible with ordinary lines, which 
must be carefully factory-set. Mi­
chael Tompsett, one of the develop­
ers of the CCD delay line at Bell's 
Murray Hill , N .J., laboratories, 
points out, "The CCD device is ac­
tually an analog shift register and so 
the delay time can be changed sim­
ply by varying the shift clock rate ." 
Rates vary from an upper frequency 
of 10 to 20 MHz (or higher with ad­
vanced devices) down to less than a 
kilohertz-yielding delays from 100 
milliseconds to a few microseconds. 
The length of the delay is limited 
only by the generation-recombina­
tion time (a function of the dark 
current in the device) which can be 
as long as a second, says Tompsett. 

In operation, a video signal from 
a television transmitter or Picture­
phone terminal is applied to the in­
put diode of the delay line. When 
the voltage is put on the first trans­
fer electrode, a virtual drain is dug 
under that electrode; carriers flow 
from the input diode into it. This 

Not only has Bell Laboratories built a charge-transfe r analog delay line , but 
other semiconductor makers are digging away in that direction . 
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At General Electric , a key device under development is a multitap delay 
line . Researchers there bel ieve the line can be made economically by laying 
an electrode-charged to a high potential and floated free-over selected 
storage regions , which the e lectrode 's voltage then drops in proportion to 
the total surface charge transferred into these selected regions. This vol t­
age swi ng can be amplified by MOS FETs on the same chip as the transport 
structu re. 

Phi li ps in the Netherlands, wi th a bucket brigade structure , adds the pos­
sibi lity of variably weighted taps. The detector for a spec ific stage is divided 
into two portions, only one of which is coupled to the output sensor . In this 
case , the output is sensed as a variable load on the clock dri ver. 

Researchers at Texas Inst ruments have built an MOS bucket brigade 
transverse filter that they 've matched to a standard 13-bit Barker code­
commonly used in radar systems. The Tl delay lines were processed on S­
ohm-centimeter si li con using a s ili con-oxide / si licon-nitride gate structure­
a new one for charge-transfer device processing . At a 10-kilohertz transfer 
rate , signal-to-noise ratio was an impress ive 10.6 decibels. The best de­
vices exhibited transfer efficiencies approaching 99.5%. Texas Instruments 
expects a signal-to-noise ratio of about 19 ds in filters that are matched to 
1 00-bit codes. 

charge becomes the charge packet 
that is transferred through the de­
vice. The packet's magnitude is 
roughly proportional to the ampli­
tude of the video signal at each in­
put step. 

Again the delay is determined by 
the speed at which the signal is 
transferred and the number of 
stages present. There are tradeoffs, 
depending on applications. For ex­
ample, the maximum bandwidth is 
approximately one-half the transfer 
frequency so that the higher the fre­
quency, the greater the bandwidth, 
and the lower the frequency, the 
longer the delay. 

Military electronics 

Pentagon restructures 

buying , telecommunications 

The Pentagon is shuffling jobs and 
budgets again in separate efforts to 
"bring order out of chaos" in its 
weapons purchasing and to consoli­
d a t e a n d s tr e n gt h e n i t s t e 1 e­
co mm unica tio ns program. This was 
disclosed by Secretary Melvin Laird 
in a 204-page annual assessment for 
Congress on America's defense pos­
ture. With characteristic shrewdness 
a nd uncommon candor , Laird 
moved to blunt rising Congressional 
criticism of rising weapons costs and 
declining performance by detailing 
proposals to control both. 

Heaping great praise on former 
Deputy Defense Secretary David 
Packard as originator of both plans 
to improve the procurement process 
and restructure telecommunications 
functions, Laird outlined these 
problems and his solutions: 

Telecommunications. Laird said 
telecommunications under the new 
assistant secretary, Eberhardt Rech­
tin, is now "for the first time consid­
ered as a single package" in DOD 
planning and programing. Pentagon 
telecommunications functions , 
Laird disclosed, involve a worldwide 
capital investment of about $5.6 bil­
lion and annual appropriations of 
$2.6 billion. 

Elsewhere, where "the initial de­
cision was wrong, resulting in proj-
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ects tha.t were too ambitious or un­
rea listi c" such as Westinghouse 
Electric's Mark-48 torpedo and 
Lockheed's C-5A supertransport, 
Laird is pressing for net assessments 
of both enemy threats and available 
technology. A director of net assess­
ments in Laird's office will correlate 
information on both aspects from 
the assistant secretary for intelli­
gence and the director of defense re­
search a nd engineering, respec­
tively, before new programs a re 
undertaken. And once a go-ahead is 
given, projects will stress Packard's 
concept of prototyping hardware 
[Electronics, Aug. 30, 1971 , p. 65]. 

Where Pentagon "management 
was not as effective as it should have 
been," Laird believes the solution 
lies with the Defense Systems Man­
agement School [Electronics, May 
10, 1971 , p. 58] and the longer duty 
tours and increased authority of 
project managers. 

Where "cost estimates were un­
realistic and accepted even when we 
could have known better," Laird 
says DOD economists will employ 
new, but not yet specified, tech­
niques that can indicate final actual 
cost "within 10% or 20% compared 
to the contractor's bid and final 
cost" which have differed by up to 
200% and, in one or two cases, by 
1,000%. New and, hopefully, uni­
form estimating procedures will be 
developed by a Cost Analysis Im­
provement Group in Laird's office 
which will be made up of represen­
tatives of DDRE, and the Office of 
the Assistant Secretaries for Instal­
lations and Logistics, Systems Anal­
ysis, and the comptroller, who will 
report to the Defense Systems Ac­
quisition Review Council. 

Satellites 

OTP rewrites 

the aerosat story 

Satellites for transoceanic aero­
nautical services .are likely to be part 
of a larger, multipurpose communi­
cations system and are sure to be 
privately owned and operated. At 
least that's the way it will be if the 
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Office of Telecommunications Pol­
icy has its way. And signs now indi­
cate that OTP will have its way fol­
lowing its successful drive to have 
President Nixon veto the controver­
sial aerosat proposed by the Federal 
Aviation Administration and the 
State Department. 

OTP has momentarily grabbed 
center stage to direct the aerosat 
program and is establishing a 
stronger role for itself in Govern­
ment telecommunications policy. 
And, importantly for industry, the 
young While House office reaf­
firmed its free enterprise position 
that all U.S. communications satel­
lite, do mest ic or international , 
should be built, owned, and oper­
ated by those private companies 
that can raise the venture capital 
and compete effectively. 

Changes. In taking the lead, OTP 
threw out the old script quietly writ­
ten by the FAA and the European 
Space Research Organization last 
year, which called for the two gov­
ernment organizations to jointly de­
velop, own, and operate a four-sat­
ellite system over the Atlantic and 
Pacific. Although a final aerosat 
program has to be decided on an re­
negotiated with the Europeans, OTP 
officials are talking about these 
broad changes: 
• First, OTP wants to renegotiate the 
aerosat agreement with " the Euro­
peans," implying that the other 
partner might not be ES RO but pri­
vate Continental industry or one 
country's government. OTP stresses 
that this is subject to talks, to be held 
shortly , with European gov ern­
ments. 
• Secondly, although OTP says that 
it wants to cooperate with Europe, 
officials say privately that "you cer­
tainly can't make both sides happy." 
Should Europe decide to pull out 
and build its own aerosat-and it is 
both capable and impatient with 
what it sees as U.S. foot dragging­
OTP seems perfectly willing to back 
a totally U.S. system in competition 
with Europe. One official describes 
the situation as "no holds barred." 
• Thirdly, the policy office sees 
aerosat in a wider context. "Every­
one thinks we are saying that there 
should be just an aerosat," says one 
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SAN DIEGO, Fred Nagle Co., (71 4) 298-4850 
SAN MATEO, Jack Pyle Co., (415) 347-1401 
CONNECTICUT 
TRUMBULL . Ray Perron Co .. {203) 268-9631 
FARM INGTON, Ray Perron Co .• (203) 673·"4825 
FLORIDA 
ORLANDO, Perrott Assoc., Inc., (305) 275-1132 
GEORGIA 
ATLANTA, Rep. Inc .• (404) 876-1591 
INDIANA 
FOAT WAYNE , Scott Elec., Inc., (2 19) 743-1586 
INOIANAPOLIS, Scot1 Etec., Inc . 

(317) 635-8951 
KANSAS 
OVERLAND PARK, Dy-Troni)(, (816) 931-3030 
KENTUCKY 
LOUISVILL E, Scott Elec ., Inc. (502) 583-3220 
MASSACHUSETTS 
NORWOOD. Ray Perron Co .. (617) 762-811 .4 
M ISSOUR I 
HAZELWOOD. Dy-Troni)(, (314) 731-5799 
NEW HAMPSHIRE 
DOVER, Ray Perron Co ., (603) 742-2321 
NEW MEXICO 
ALBUOUE ROUE . El ectronic Market ing, Inc . 

(505)265-7837 
NEW YORK 
ALBANY, CO MPAR, (518) 489-7408 
BINGHAMTON, COMPAR, (607) 723-8743 
MANHASSET, Win-cor Electron ic Sales 

(516) 627-9474 
ROCHESTER , CO MPAA, (716) 271-2230 
SYRACUSE, COMPAR, (315) 471-3356 
OHIO 
CINCINNATI , Seo\\ Elec .• Inc., (513) 791-2513 

g~i_~~:U~· s~~~: 1 E1~~~;· 1 ~~~:·(J~1~ 12f~-~~~~ 
DAYTON, Scott Ele c., Inc ., (513) 223-2652 
PENNSYLVANIA 
PITTSBURGH, Scott Elec .. Inc ., (41 2) 781-3112 
TEXAS 
DALLAS, J . B. Guenthe r, Inc., (2 14) 528-6286 
HOUSTON, J. B. Guenthe r, Inc., (713) 486-0232 
VIRGINIA 
FAIRFAX, Schlbley Assoc' (703) 591-3008 
WASH INGTON 
SEATTLE, Underwood & Underwood 

(206)2.43-2133 
CANADA 
ONTARIO 
REX DALE, Aero Sales Eng. Co., (416) 249-9139 

U. S. A. & Canada Franchised 
Distributors 
ALABAMA 
HUNTSVILLE, Cra mer, (205) 536-4493 
HUNTSVILLE. Hallmark, (205) 539-0691 
ARIZONA 
PHOENIX, Klerulff Elec., (602) 273-7331 
TEMPE, lnterma rk , (602) 968-3489 
CALIFORNIA 
CULVER CITY, Avnet Elec .• (213) 836-7200 
GLENDALE, Cramer, (213) 2.45-7121 
LOS ANGELES, Kierulll Elec ., (21 3) 685-5511 
MENLO PARK, Bell Elec. Corp. , (415) 323-9431 
REDWOOD CITY, Crame r, (415) 365-.4000 
SAN CARLOS, lnte rmark Ete c., (415) 592-16.41 
SAN DIEGO, lntermark Elec., (71 4) 279-5200 
SAN DIEGO, Klerullf Elec., (71 4) 278-21 10 
SANTA ANA, lnte rmark Elec ., (71 4) 540-1322 
VAN NUYS, lnlermark Elec ., (213) 782-0362 
COLORADO 
DENVER, Cramer , (303) 758-2100 
DENVER, lntermark Elec., {303) 936-8284 
CONNECTICUT 
NORTH HAVEN, Cramer, (203) 239-56.41 
FLORIDA 
HOLLYWOOD, Cramer, (305) 923-8181 
ORLANDO, Cramer. (305) 841·1550 
PALM BEACH GARDENS, Industrial 

Electronlcs Associates, (305) 622-2626 
GEORGIA 
ATLANTA , Cramer, (404) 451 ·5421 
ILLINOIS 
ELK GROVE VILLAG E, Hallmark Electron ics 

(312) 437-8800 
MT. PROSPECT, Cr8mer, (312) 593-0230 
INDIANA 
lNDIANAPOLIS. Graham Etec., (317) 635-5453 
MARYLAND 
BALTIMORE, Cramer, (301) 354-0100 
BALTIMORE. Radio Elect ric Service Co . 

(301) 823-0070 
GAITHERSBURG, Cramer. (301) 948-0110 
ROCKVILLE, Pioneer Washington Electronics 

(301) 427-3300 
MASSACHUSETTS 
NEWTON, Cramer, (617) 969-7700 
MICHIGAN 
FARM INGTON, Northland Elec., (313) 477-3200 
MINNESOTA 
BLOOMINGTON, Cramer. (612) 881-8678 
MINNEAPOLIS, Ha l lmark Elec., (612) 925-2944 
MISSOURI 
ST. LOUI S, Hallmark Elec ., (3 14) 521-3800 
NEW JERSEY 
PENNSAUKEN, Cramer, (215) 923-5950 
UNION, Cramer, (201) 687-7870 
NEW ME XICO 
ALBUOUEAOUE . Century Elec ., (505) 265-7839 
ALBUOUEROUE , Cramer, (505) 265-5767 
NEW YORK 
ENDWELL, Cramer, (607) 754-6661 
HAUPPAUGE, Cramer, (5 16) 231-5600 
HAUPPAUGE, Time Elec. Sates, (516) 273-0100 
NEW YORK CITY, Terminel-Hudson 

Electronics, (212) 2.43-5200 
PLAI NVIEW, A .C. I. Elec. Corp., (516) 293-6630 
ROCHESTER. Cramer, (716) 275-0300 
SYRACUSE, Cramer, (315) 437-6671 
NORTH CAROLINA 
RALEIGH. Cramer, (919) 876-2371 
WI NSTON/SALEM, Cramer, (91 9) 725·8711 
OHIO 
CINCINNATI . Crame r, (513) 771-6441 
CLEVELAND, Cramer, (216) 248-7740 
OKLAHOMA 
TULSA, Cramer, (918) 836-3371 
PENNSYLVAN IA 
PITTSBURGH , Came radio Co ., (412) 391-4000 
TEXAS 
DALLAS. Cramer, (2 14) 350-1355 
UTAH 
SALT LAKE CITY. Cramer. (801) 487-3681 
WASHI NGTON 
SEATTLE, ln1ermark Elec., (206) 767-3160 
WIS CO NSIN 
MILWAUKEE, Cramer, (414) 462-8300 
MILWAUKEE, Hallmark Elec ., (414) 476-1270 
CA NADA 
MONTREAL, Prelco Electronics, (51 4) 389-8051 
OTTAWA, Wack ld Rad io & TV Lab Ltd . 

(613) 728-1821 
TORONTO, Cramer, (.4 16) 781c6631 
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Raytheon Semiconductor 
introduces the new RM/RC1556A 
op amp- Beyond Super Beta. 

The 1556A does things the stand­
ard 1556, 112, and 741 op amps 
can 't do. The input offset voltage 
is improved by a factor of two -
down to only 2mV maximum - so 
you don ' t have to worry about 
external balancing. And the offset 
voltage drift w ith temperature 
is only 5µ.V/ °C. 

Bandwidth is improved by a factor 
of four up to 4MHz - so you get 
12dB more feedback between 1 OHz 
and the closed loop bandwidth fre­
quency. With an unbeatable slew 
rate of 2V I p.s. 

Noise character istics are im­
proved by a factor of three. Typ ical 
input noise is only 25nV I '\!HZ at 
1 kHz. So you can work with lower 
level signals without degradation. 

Beyond Super Beta is a new c i r­
cuit designed specif ically to im­
prove performance of Super Beta 
op amps without sacrificing yield . 

Study the comparative perfor­
mance curves at the left. And then 
get your hands on a 1556A and try 
it yourself. That's the only way you ' ll 
ever really know just how far 
beyond Beyond Super Beta is. 

Contact your nearest Raytheon 
Semiconductor sales office, repre­
sentative, or franch ised distributor. 
Or stop by Raytheon Semicon­
ductor, 350 Ell is Street, Mountain 
View, Cal if. 94040. (415) 968-9211. 

• 

Circle 39 on reader service card 

Raytheon Semiconductor 
makes tough linears. 



' 
While you're 
reading about our 
new X-band solid-state 
communications amplifiers, . 

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

Hughes Industrial Electronic Products 

40 Circle 40 on reader service card 

Quick reactions have 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. 

~~e~:=:::~~ Superior qua lity. Low voltage power supply. 
Less system down time for your customer. 

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

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

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

Torrance, CA 90509. 
O r better still, in case your competition hos 

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

i HUGHES i 
I I 

L - ----- - --- - - - -----~ 
HUGHE S AIRCRAFT CO MPAN Y 

E:LECT"ON DYNAM ICS DIVISION 

Electronics/ February 28 , 1972 

.. 



• 

µ 

I> I 

. .. 
' r 

Electronics review 

Administration source, "but we en­
vision a multipurpose satellite" not 
only for navigation but "down the 
line, telephone traffic as well." 
• Fourthly, OTP's "views are firm 
about private ownership and incen­
tives for private sector investment 
and private sector ownership," says 
another spokesman. The office sees 
the Government's role as minimal. 

And, OTP, true to the free enter­
prise ideal, can even see a single 
U.S. company building aerosat 
jointly with ESRO, if that works out. 

Alarming. Three provisions of the 
FAA-ESRO agreement alarmed Ad­
ministration figures : Europe would 
have a fixed share in production, 
government ownership of the satel­
lite, and a veto power, especially 
over the Pacific satellite. 

OTP seems to have answered the 
latter two objections; one spokes­
man says "'we're not opposed to 
sharing production with the Europe­
ans, providing the private sector is 
protected." 

Except for the Department of 
Transportation, the FAA, and the 
State Department, which are seen as 
losers, other interests were pleased 
with the veto. They saw it as good 
for Comsat and a victory for indus­
try. 

Computers 

Controls processor eases 

microprograming tasks 

Microprogramed and programable 
processors both have their disadvan­
tages. With the first, users must 
know exactly what routines the pro­
cessor is to follow, while with the 
others the user is forced to write his 
programs around an inflexible in­
struction set, which may be too large 
and costly for him. 

Digital Equipment Corp. will in­
troduce at the IEEE Show in March a 
16-bit processor combining advan­
tages of both approaches. By using a 
programable read-only memory­
perhaps for the first time in a large 
commercial application-DEC's PDP-
16/M allows the user to cut-and-try 
his way to a suitable microprogram 
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and at the same time to mold the 
size and capability of the instruction 
set to his need. 

The 16 / M will be priced from 
$1,995 for one unit to $895 in quan­
tities of 200. It was designed to fill a 
gap between simple hard-wired ma­
chine controllers or relay-replace­
ment units and the lowest-priced 
minicomputers. 

"Some tasks are too simple for the 
smallest mini to be cost-effective, 
yet critical enough to demand digi­
tal control," explains Robert Van 
N aarden, PDP-16 marketer. DEC 
supplies a manual listing each of 
about 2,000 microinstructions, and 
the user puts them into the appro­
priate locations on tape and loads 
them into the PROM, erasing mis­
takes with intense bursts of ultravio­
let light until reaching a final micro­
program. 

Although limited by available 
read-write memory, the 16/M ap­
pears to be a fairly powerful ma­
chine, though not quite so powerful 
as a true minicomputer. Each of its 
PROMS can hold up to 192 "evoke 
micros" -for example, "add A to 
B" -as well as 60 test or branching 
instructions, two subroutine calls, 
and two subroutine return instruc­
tions. 

To users planning to fit the ma­
chine to pilot operations, the PROM 
approach allows cutting the micro­
program to fit on the spot. Once the 
microprogram is satisfactory, DEC 
offers either fused-link or masked 
ROMS at less than cost. While the 
PROM is $225, a fused-link ROM is 
$100 less and, if the customer buys 
30 or more machines, the masked 
ROMS cost only $75 each. 

The 16/ M is aimed at those pro­
cesses that are continually changing 
their parameters, some yearly, like 
auto manufacture, and others, like 
chemical production, much more 
frequently . With the PROM­
equipped 16/ M a user gets the re­
liable response and low costs of mi­
croprogramed control, but retains 
the option of changing the ground 
rules by erasing the PROM and feed­
ing in a new program tape. 

Gear. A stand ard PDP-16/M 
comes equipped with a 256-word 
PROM, a four-word data ROM, a one-

Hughes is 
more than 
electronic 

equipment 
anCI systems. 

It's 
components, too. 

l .. 
M icrowave d iodes (RS 220) 

Bipolar and hyb rid circ ui ts (RS 22 1) 

and MOS integrated c irc ui ts (RS 222) 

Electrica l con ne ctors (RS 223) 

Flat f lexib le cab le and c ircu it assemblies 
(RS 224) 

Spec ia l assemb lies (RS 225) 

' Direct view a nd scan co nve rter stora ge 
tubes (RS 226) 

For complete info rmation, write Bldg. 100, 
M ail Sta t ion C-512, Culve r City, CA 90230 . 

O r request by Rea der Service (RS) numbers. 

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

l HUGHES l 
I I 

L------------------J HUGHES AIRCRAFT COMPANY 

Industrial Electronic Products 
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NewAOII-80 
Illuminator 
sheds intense, 

''cold''li~t 
on your 
subject. 

This is the illuminalor wi th 
1001 u es. You can use it lo 
provide bright. shadowless light 
for microscopy. To eq uall y il­
luminate samples under stereo 
comparison microscopes. To 
illuminate miniatwe compo­
nents under assembly. Illumi­
nate hazardous areas. And in 
many other applications. 

The AO II-80 uses a quartz 
iodine light source. Fan-cooled 
lamp has 50- to 500-hr. life. A 
4-level switch controls settings. 
Unit weighs only 4%' lbs. 

The fl exible two-branch 
gooseneck light guides transmit 
intense cold light- measure 
24". (Other light guides also 
available.) 

AO 11-80 Illuminator 
price: only $129.50 

Gooseneck Light Guide 
(shown) $75.00 

DJ AMERICAN OPTICAL 
~® CORPORATION 

r1ber Optics • SouthbridRe. Massachusetts 01550 

42 Circle 42 on reader service card 
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word read-write memory, decoding· 
for 96 instructions, a simple 
arithmetic unit and a 16-bit parallel 
1/0 channel. Options include a se­
rial interface, extra parallel IIO ca­
pabilities, constant generators , 
transfer and byte registers , and 
three sizes of scratchpad memory. 

Education 

Fewer EEs on campus 

may mean industry shortage 

Latest figures from engineering 
schools across the country indicate 
that the roller coaster cycle of EE en­
rollment for undergraduate and 
graduate courses is on another 
downhill dip. According to statistics 
just compiled by the Engineering 
Manpower Commission of the Engi­
neers Joint Council, 1971 totals by 
class are all significantly lower than 
in 1970 with the exception of the 
seniors, which dropped by only one 
student. 

Most disturbing to engineering 
educators is the heavy decline in 
freshmen, down 18% from 12,085 to 
9,958 this year [see table on p. 44]. 
In addition, there are fewer under­
grads per class from senior down to 
freshman , so that while 14, 13 1 
fourth-year students carried on in 
EE studies this year, 4, 173 fewer en­
tered the pipeline as freshmen. 

All down. Though some engineer­
ing schools do not identify electrical 
engineering candidates until the 
junior year, this fact does not com­
pletely explain the small size of the 
freshman class, because total engi­
neering enrollments for all special­
ties are down 18.3% as well. 

There are fewer master's and doc­
toral candidates, either fulltime or 
parttime, with the bigger percentage 
dips occurring among parttimers. 
Yet there are slightly more fulltime 
1971 graduate students, than there 
were in 1969. This was not the case 
for undergrads. Enrollments for to­
tal fulltime bachelor candidates this 
year are down over 7% from 1969. 

All of which leads to questions 
from engineering academics on why 
the drop, what can be done to re-

verse it, and what short-term impact 
the decline will have on industry's 
needs by 1975. The situation is 
clouded by the fact that not all elec­
trical engineering departments have 
shrunk. A sampling of department 
heads across the country provided 
these opinions: 
• The declines are the result of a 
mixture of factors-anti-technology 
attitudes, a soft job market, and 
slipshod guidance in high schools. 
• Recruiting efforts making EE de­
partments attractive to students in­
terested in the environment and 
bio-engineering can help reverse the 
trend. 
• Placement officers over-reacted to 
the job situation. Actually all gradu­
ates can find employment, though 
the choices are not as great as be­
fore. 
• There is no clear indication that 
the poorer students are dropping 
out of engineering, so that, while 
there will be fewer EEs, they may 
not necessarily be better. 
• There's no immediate cure for the 
out-of-phase swings of supply and 
demand of EEs. 

The irregularity of enrollments 
from school to school appears to be 
independent of location, or of pri­
vate versus public financing. On the 
whole, state-run institutions seem to 
be experiencing the bulk of the 
drops ; this will lead to budget cuts 
in states whose financial support is 
geared to numbers of students. 
Schools that have held their own or 
increased registration have usually 
done so by finding new sources of 
students, such as the increasing 
numbers of candidates for bachelor 
of electronic technology. 

MIT solid. At Massachusetts Insti­
tute of Technology, graduate school 
enrollment has risen from 416 to 
460 and undergrad levels have re­
mained constant. According to Prof. 
Louis D. Braida, distribution within 
the department has changed to the 
point that about a third are enrolled 
in computer science. 

Agreeing, William T. Peria, EE 
department head at the University 
of Minnesota, suggests that educa­
tion has been "reoriented within 
electrical engineering." Students at 
Minnesota can study biology, the 
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Be in command 
of your 

time-series analyzer 
Time/Data saves you valuable time with single, pre-programmed pushbuttons for all 
widely used functions. No program. No keyboard. No human error. Just a button. 

IF'1Bll2!E!iil ~· i 

Single, pre-programmed pushbuttons for all these functions: 

Direct Fourier Auto Spectral Waveform Averaging Spectral Averaging 
Transform Cross Spectral Auto Correlation Linear 

Inverse Fourier Transfer Function Cross Correlation Exponential 
Transform Coherence Function Hanning Normalized 

Full, calibrated 24, 48, or 96 dB display (pushbutton selectable) 

~ I ' • 1.u ... ~.--.., ... _ 

---------:t' :..... .. • ;:. ~ / 

ii==-~;-.=r 

':;;; : - 1:;' "" :. = 
==--==-:."7 

Of course, if you wish to construct additional funct ions or a program of your own, use 
our plug-in keyboard. It utilizes a high-level language for time-series functions, arithme­
tic functions, and digital processing. It can even call the pre-programmed control panel 
functions for added speed and simplicity. 

There are sti ll more convenience features in every TIME/DATA 
1923 system. See them in action. Write or call your nearest General 
Radio sales engineer, or GR Concord, Mass. 01742, or Time/Data, 
490 San Anton io Road, Palo Alto , Calif. 94306; Europe, write 
General Rad io, Postfach CH 8034, Zurich, Switzerland. 
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• Time/Data m A GR COMPANY 

490 SAN ANTONIO RD ., PALO AL TO, CALI FOR N IA 94306 • 4 15 32 7-8322 

BOSTON 617 646-0550 I CHICAGO 312 992-0800 I LOS ANGELES 71 4 540-9830 
NEW YORK (N .Y .) 212 964-2722 (N .J.I 20 1 791 ·8990 I WASHINGTON , O.C. 30 1 881 ·5333 

TORON TO 4 16 252 3395 / ZUR ICH (05 1) 47 70 20 
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EE ENROLLMENTS COMPARED WITH TOTAL ENGINEERING 

1970 1971 % change 

All EE All EE All EE 

Freshman 71 ,661 12,085 58,566 9,958 - 18.3 - 18 

Sophomore 53,419 12,877 47 ,948 11 ,764 - 10.2 - 9 

Junior 49,855 13,847 48,543 13,026 - 2.6 - 6 

Senior 51 ,983 14,132 51 ,377 14,131 - 1.2 0 

Fifth 4,812 1,290 4,391 1,224 - 8.7 - 5 

Total (full time ) 231,730 54,231 210,825 50,103 - 9 - 7.6 

Total (part time) 18,445 6,440 18,222 6,314 - 1.2 - 2 

MS (full time) 2~ , 216 5,516 22,405 5,249 - 3.5 - 5 

MS (part t ime) 25,853 7,587 22,692 7,080 - 12.2 - 7 

PhD (full time) 14,802 3,643 14,100 3,390 - 4.7 -. 7 

PhD (part time) 4,949 1,334 4,6 10 1,203 - 6.8 - 9 

Total (full time) 38,018 9, 159 36,505 8,639 - 4 - 5.7 

Total (part time ) 30,802 8,92 1 27,203 8,283 - 11 .7 - 7.2 

Source : Fall Enro llments Surveys, Engi neering Manpower Commission of 
Engineers Joint Council, New York. 

environment, and urban affairs 
without leaving the EE department, 
even so, Minnesota reports a fall in 
freshman enrollment from 188 to 
I 05 this year. Also, the number of 
full-time graduate students went 
from 148 to 97. 

On the West Coast, Stanford Uni­
versity reports little change in grad­
uate (529 compared to 565 last year) 
and undergraduate candida tes, but 
UCLA experienced 8% and 12% de­
clines, respectively. The average un­
dergraduate drop of all departments 
in the engineering school was 30% 
at UCLA. Unrattled, Frederick Allen, 
chairman of the electrical science 
and engineering department, com­
ments, "the effects we're feeling are 
largely due to aerospace cutbacks 
and are relatively small and tran­
sient. In a few years the demand will 
have picked up again." 

For the record 

Fast and cheap. A serial printer 
mechanism capable of 30 characters 
per second- twice the rate of IBM's 
Selectric and three times that of the 
standard Teletype- has been an­
nounced, selling in OEM quantities 
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for only $ 1,000. Selectrics equipped 
for use as computer output printers 
go for $ 1,400, while the workhorse 
Model 35 Teletype is $900. The new 
machine is manufactured by Diablo 
Systems Inc. of Hayward, Calif. 

Not only does it have an impres­
sive printing speed and a low price, 
but it can do graphics under com­
puter control. Printing a series of 
periods, moving the print carriage 
both forward and backward and 
rolling the paper both up and down, 
the machine draws curves, bar 
charts, or what have you, with its 
maximum resolution visible only on 
lines that are almost horizontal or 
a lmost vertical. 

The machine is very quiet. Per­
formance and noiselessness are due 
primarily to extensive substitution 
of electronic circuitry for the me­
chanical parts found in conven­
tional printers- the machine has 
only nine moving parts, and the 
print mechanism has only one, the 
hammer. The type face is on a rotat­
ing nylon "daisy,'' with one charac­
ter on each of 96 petals. 

TI patents. Texas Instruments has 
won two major MOS patents, m-

eluding one describing the structural 
configuration used in more than 
99% of all MOS/LSI circuits, reports 
Edward O'Neill, special circuits de­
partment manager. 

The first describes an IC in which 
circuit elements are formed partially 
in the silicon wafer and partially by 
insulators and conductors layered 
onto the wafer, such as insulated­
gate field effect transistors and sili­
con oxide capacitors. Originally 
filed with the U.S. Patent Office in 
1959 as part of Jack S. Kilby's appli­
cation for the basic rc patent, the 
descriptions of MOS integrated cir­
cuits were later broken out and re­
filed separately, apparently to facil­
itate the early issuance of the Kilby 
patent on miniaturized electronic 
circuits, awarded in 1964. 

The second patent describes 
crossover manufacturing techniques 
" in wide-scale use throughout the 
industry," O'Neill says, "affecting 
some 40% of all devices. 

China sale. While Hughes Aircraft 
and Western Union International 
were busy setting up a temporary 
communications satellite earth sta­
tion in Peking for President Nixon 's 
China visit [Electronics, Jan. 31 , 
p. 41], RCA Global Communications 
Inc. was busy making a sale in 
Shanghai-a $2.9 million earth sta­
tion package contracted with the 
Chi na National Machinery Import 
and Export Corp. Designed initially 
for coverage of the Nixon visit to 
Shanghai and Hangchow, the Glob­
com station is expected to be used 
later to bring China into the Inter­
national Telecommunications Satel­
lite Consortium. 

RCA says the agreement, nego­
tiated secretly in January, calls for 
20 units of its trademarked Video­
voice system plus microwave termi­
nals to relay TV , telephone and tele­
graph signals between Shanghai 
and the station site. The station con­
sists of a 33-foot parabolic antenna, 
a power generation system, and test 
equipment to provide an initial ca­
pability for transmission of signals 
for television, 23 two-way voice, and 
12 two-way teleprinter channels. 
The station will be uprated later to 
60 voice-grade circuits. 
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World\ 
longest . 
monol1th1c 
shift register 
Now Intel introduces a dual 1024-bit shift register on one MOS chip, 
with a single 1024-bit alternative for those who can 't use all the 
capacity. · 
Both shift registers are fully specified under worst case operating 
conditions from 0° to 70°C and over power supply variations of ± 5%. 
Speed is guaranteed to 1 MHz with a 100 pF load. Power dissipation 
averages only 120 µW per bit at top speed. 
Low clock capacitance of 7 pF eliminates need for clock drivers. 
And to eliminate other external circuitry, write/recirculate controls 

RU,ns·ononOne 
+5vsupply 
This N-channel MOS shift register accepts standard TTL inputs, 
generates standard TTL outputs, runs on a TTL clock, and operates 
on one TTL power supply, + 5v ± 5%. You don't need level shifters, 
clock drivers, pull-up resistors, or any other interfacing circuitry . 
The key to this unprecedented compatibility is Intel's N-channel 
silicon-gate process, a process that combines the interfacing ease of 
bipolar with the economy of MOS. This shift register is the first of a 
family of 5-volt N-channel devices that Intel will introduce in 1972 . 
Price in 100-piece quantities is $24.00 for the dual 1024-bit Type 2401 
and $11.00 for the single 1024-bit Type 2405. 
For immediate delivery phone your local Intel distributor: Cramer 
Electronics, Hamilton Electro Sales, Industrial Components, or 
Electronic Marketing. In Europe contact Intel at Avenue Louise 216, 
B 1050 Bruxelles, Belgium. Phone 492003. In Japan contact Intel 
Japan, Han-ei 2nd Bldg. , No. 1-1 , Shinjuku, Shinjuku-ku, Tokyo 160. 
Phone 03·354-8251 . 
Intel produces memory systems as well as memory devices at 
3065 Bowers Avenue, Santa Clara, Calif. 95051 . Phone (408) 246-7501. 

inter 
delivers. 
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Our new 9616 EIA triple line driver 
provides simple, low-cost solutions to EIA 
applications. Our new 9617 EIA triple 
line receiver completes the set. 
Our new 9616 Driver and 9617 Receiver meet all 
EIA-232-C/ CCITT V24 specs. And more. Together 
they provide the simplest low-cost solution to 
problems at the interface in data terminal 
equipment and data communications. 

Unlike conventional EIA drivers, which are imple­
mented by a positive NAND function, our 9616 is 
implemented by an And/ Or/ Invert function. With 
this logic configuration, you can perform the 
inhibit function without any external gating. 

In addition, the 9616 incorporates internal slew 
rate control. No need for an external capacitor for 
each driver. Result: significant savings on board 
space, components, assembly. 

In meeting RS-232-C recommendations our 
9616/ 9617 feature: 

9616 EIA Line Driver 
• All inputs TTL compatible 
· Each driver is output protected 

CONVENTIONAL 

FAIRCHILD 9616 

· Symmetrical driver output voltage levels and 
current limits 

• Supplies are+ 12V and- 12V !aJ -+-10% regulation 

9617 EIA Line Receiver 
• 3 to 7K r1 input resistance 
• Inputs protected to -+-25V 
• Each Receiver operates in fail- safe mode 
• Controllable slicing or hysteresis operation 
• Individual response pins to increase AC noise 

immunity 
• Outputs TTL/ DTL compatible 
· +5V supply operation, -+-5% regulation 
Both the 9616 Driver and the 9617 Receiver are 
available from distributor stock. Design-in quan­
tities available now; production quantities in late 
March. The 9616 !aJ $4.50 and the 9617 !aJ $3.50 in 
quantities of 100-999. 

Other Fairchild Drivers & Receivers 
9614 Dual Differential Line Driver 
9615 Dual Differential Line Receiver 
9620 Dual Differential Line Receiver 
9621 Dual Line Driver 
9622 Dual Differential Line Receiver 
SN75107-108 Dual Line Receivers 
SN75109-110 Dual Line Drivers 

INHIBIT 

DATA1 :i;-~ 

DATA2 "" ~ 

INHIBIT 

OUTPUT ~Jll'---------

FA IRCHILD SEM ICONDUCTOR. A Di vision of Fairchild Camera & Instrument Corp., 464 Ellis St., Mountain View, Ca. 940~ 0. (4 15) 962-5011. TWX : 910-379-6435 
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Your new colllputerS. 
If itS not one of ours; 

On what should be one of the most excit­
ing days in your life, you wind up in a lurch. 

Left there, sitting on your new computer 
with no idea, no way and nobody to help you 
hook it up. 

In the business we call hooking up 
"interfacing". 

And if you bought your computer from 
us in the first place, we'd have one of the 
engineers from our Logic Products Group 

over there, face to face, ready to interface, 
when it arrives on time. 

And he'd have all the smarts, parts and 
pieces that it takes to hook your computer 
up properly, to properly do what you want 
it to. 

Like genuine Digital Equipment 

L 

" , 
Corporation modules (including special mod- · 
ules) plus labs, wire wrap service, engineers, 
designers, logic people, seminars we set up foN­
you in your area, cabinets, cables, hardware, • 

The reason most small computer companies cant give you big 
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on your shipping dock. 
·we know how you feel. 

assembled logic arrays, terminals, etc. 
We'd be happier if everybody in the 

world bought all their computers from us 
(we make and market more kinds, big, 

, middle and small, than any other computer 
company in the world). 

But, if you don't, and you don't know 
how to hook their's up when it does finally 
arrive, and they don't have anybody to run 

., over and help you, we do. 
And we will. 

COMPUTER 

You see, we're big enough that it's no 
big deal to do it. 

And we're bright enough to know that if 
we hook your computer up properly even if 
it isn't ours, you'll think we're nice guys and 
come to us first when it comes time to buy 
your second. (617) 897-5111 (Ext. 2785). 

Digital Equipment Corporation, 
Maynard, Massachusetts 01754 

~omoomo 
computer support is because they're small computer companies. 
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SUE: 
TBE FIRST GIRL MINICOMPUTER. 

50 

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

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

SUE is the System User Engineered mini­
computer. 

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

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

In short, 

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

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

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

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

Randolph St., Los Angeles, 
California 90040. 

Lockheed Electronics 
Data Products Division. 

A Subsidiary of Lockheed Aircraft Corporation. 

Visit SUE on the COMPUTER CARAVAN in a city near you. 
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Will White House 

exempt joint R&D 

from antitrust laws? 

RCA's Secant gains 

with Navy support 

in CAS race . .. 

. . . despite 

criticisms from 

McDonnell Douglas 

Addenda 

Electronics/February 28, 1972 

Washington Newsletter 
February 28, 1972 

The Nixon administration's plans to enhance the U.S. competitive po­
sition in world markets include a proposal to relax antitrust statutes in 
order to permit cooperative research and development between com­
panies, say high Federal officials. Industry pressure on the White 
House to permit more cooperative efforts has increased since America 
last year recorded its first negative trade balance in this century. 

Since the issue has great inflammatory potential, particularly in an 
election year, the White House is reportedly sounding out the Congres­
sional leaders on acceptable proposals-including one disclosed by for­
mer Deputy Defense Secretary David Packard at the recent IEEE Win­
ter Convention on Aerospace and Electronics Systems at Los Angeles. 
That plan would permit joint R&D efforts on condition that results be 
fully and freely disclosed to all industry. The subject was a major topic 
of conversation in a series of private meetings with science and indus­
try leaders in Washington called by Edward David, science adviser to 
the President. 

RCA Corp.'s aircraft collision avoidance system called Secant is 
back in competition with the older time-frequency systems such as 
McDonnell Douglas's EROS, following a favorable evaluation by the 
Naval Air Systems Command. Navair reportedly told RCA that Secant 
is more accurate than time-frequency systems "by as much as five-to­
one and 10-to-one in range and range rate, respectively" and "less sus­
ceptible to false alarms." Moreover, RCA says Navair's assessment says 
"Secant has potential for an effective universal civil/military" system, a 
market estimated at upwards of $300 million . 

As the Senate Commerce Committee continues to push the Govern­
ment for adoption of a national collision avoidance system standard by 
1974, the dispute between RCA and McDonnell Douglas appears to be 
generating more heat than light. The Air Transport Association, which 
has opted for time-frequency, is also right in the middle. McDonnell 
Douglas, says one Federal official close to the program, "is running a 
little scared"- and a recent company briefing in Washington, for repre­
sentatives of the industry including RCA, did blast Secant as unable to 
handle even existing air traffic volume. 

Despite the dispute, one Government source believes RCA may have 
bought the time it needs and is now close to what it has long sought: a 
full-dress competitive ftyoff between time-frequency and Secant, under 
rules now being drafted by an interdepartmental committee of the 
FAA, DOD, and NASA. 

Electronic cryptology equipment makers are getting a new customer 
with DO D's creation of the Central Security Service under direction of 
the head of the National Security Agency- but manufacturers will also 
lose four others as CSS absorbs individual military service functions. 
. . . Final laser standards probably won't be ready until 1973 under the 
U.S. Bureau of Radiological Health's current timetable. A draft now 
being scrutinized by industry is due back to the bureau in April. 
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Congress to create 

own technology 

arm-at last . . . 

. . . will politics 

turn assessment 

into arrestment? 

52 

Washington Commentary 

With the coming of March the Senate will move toward pasSiflg a bill 
critical to the future of electronics and other technologies that draw on 
Federal funds for support. The bill calls for creation of an Office of 
Technology Assessment as a new independent arm of the Congress, ca­
pable of making independent studies on proposals before it. 

First advanced in the House in the mid-sixties by Emilio Q. Dad­
dario, then a member from Connecticut, the concept of OT A produced 
many hearings and much debate through 1970. Then the proposal be­
came submerged in the legislative process, not to reappear until its suc­
cessful passage in February by the House. The fact that the bill passed 
that body without a ripple is credited to Daddario's successor as chair­
man of the science, research, and development subcommittee, 
Georgia's John Davis [see p.14]. Now North Carolina's Everett Jordan, 
the Senate elder who chairs the Rules Committee, is expected to con­
duct swift hearings, and deliver the bill to the floor. With such lead­
ership, no problems are anticipated there. 

Because of the growth of the executive branch and its heavy annual 
outlays for defense, space, transportation, health, and law enforcement, 
Congress has become increasingly frustrated by its inability to make its 
own assessment of program priorities and their true costs. " When some 
administrator comes up here and testifies that Project X is going to cost 
$100 million and someone else says, 'No, it's really going to cost you 
$500 million before you are done,' we simply have not had the exper­
tise to determine the truth," complains one House committee staffer. 

OT A would be able to subpoena appropriate Government and indus­
try records and contract out for independent studies, giving Congress 
"an early warning system of the probable impacts-positive and nega­
tive-of the applications of technology"-to quote John Davis. One 
strong argument for OT A, in the Davis view, is that Congress has pro­
vided itself with no new institutionalized aid since the functions of the 
General Accounting Office were established in 1921, despite the rapid 
growth of Federal support of technology. 

Are there, then, no weaknesses in the establishment of OT A? The or­
ganization of its I I-member board appears sound. It will consist of two 
senators and two representatives from different parties- to be ap­
pointed by the president pro tern and the speaker, respectively-plus the 
Comptroller General, the director of the congressional research ser­
vice, and four nationally prominent scientists or engineers named by 
the President for staggered terms of four years each. And to prevent the 
creation of a new Federal czardom, these 10 will elect the director of 
OTA to a six-year term. Though the office is scheduled to start with a 
$5 million annual budget in addition to contracting studies and draw­
ing on the resources of the CSR and GAO, it's sure to expand rapidly. 

And there's the rub : while OTA will be able to initiate its own stud­
ies, it must also respond to requests for studies by any one of 86 com­
mittee and subcommittee chairmen and ranking minority members. 
That is almost certain to guarantee OT A's growth, and means that 
probably political considerations will motivate some in Congress to 
employ OT A for technology arrestment instead of assessment. Such 
qualms, however, produce knowing and unworried smiles on Capitol 
Hill where, as Davis puts it, "everything has its political component." 
Granting Congress's long-standing need, this suggests OT A success 
will depend largely on the strengths of its early leadership and its ability 
to withstand pressures political and bureaucratic. -Ray Connolly 
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Here·s enough 
to put you onto 
flat fleHible cable. 
Now you can have all the benefits of flat cable-weight, density and flexibility­
to use it, everywhere. Our full line of connectors, specifically designed to take 
advantage of what flat flexible cable offers, will take you wherever you want to 
go-cable-to-cable. cable-to-wire, cable-to-post and cable-to-printed-circuit 
board. Now with the addition of our newest one-piece connector, we can also 
offer cable-to-printed-circuit board with a card-edge connector. 
Once you decide on how to go, AMPECONOMATION, our unique automated 
termination technique, makes getting there fast, reliable and easy. No need 
to prepare the cable. Just cut to length and the machine terminates up to 3400 
connections per hour ... automatically. Four areas of contact, made with our 
exclusive insulation displacement crimp technique, assures the utmost in reliability. 
We can supply connectors and application machine for flat cable assembly 
production in your plant, or provide finished assemblies to your specifications, 
ready for your equipment. For complete information write : 
AMP Incorporated, Industrial Division, Harrisburg, Pa. 17105. 

AIVIP 
INCORPORATED 

Two-piece 
board-edge 

with retention clip 

Pre-curled 
"wi ndow shade" 
option on cable 

Cable-to­
strip 

receptacle 

ation 
w- i? '. lVv11)E 

One-piece 
board-edge 
connector 
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Announcing 
the rediscovery 

of the relay. 

In an age when most people think solid state is 
t he only way to go, some designers have redis­
covered t he good old electro-mechanical relay. 
They found relays still can't be beat when it 
comes to certain jobs. And when they're dealing 
with tight fisted cost control committees. Maybe 
you can save some effort and expense by rediscov­
ering the relay whenever you need these things: 

1. Simple logic: 

Relays let you combine both power switching 
and logic functions economically. Memory can 
usually be retained, even after a power loss. 
And you don't need special power supplies or 
noise suppression techniques. 

2. Easy troubleshooting: 

Most relay failures (and they do occur occasion­
ally) can be identified visually. You can see 
what's wrong. And fix it easily. 

3. Heat resistance: 

A relay shrugs off a short dose of overheating. 
Give a solid state device the same treatment 
while it's functioning near capacity and it's 
ruined forever. The amount of heat a solid state 
device can take is usually dependent on the 
heat sink used. It can take up all the room 
you expected to save with solid state in the 
first place. And finding the right heat sink design 
can become very involved. 

4. Electrical isolation: 

Relays have a natural isolation between input 

circuits, between output circuits, and between 
output and input control circuits. You can't get 
that with junction type semiconductors. 

5. High insulation resistance: 

Open relay contacts have an insignificant amount 
of leakage (1010 ohms or more). Semiconductors 
can't match this. And, their leakage rates vary 
greatly with temperature changes. 

6. Wide operating power range: 

Relays work with operating power anywhere from 
milliwatts to watts. And they usually don't re­
quire regulated power. Semiconductors do. 

7. Transient voltage immunity: 

Transient voltage doesn't bother a relay. But high 
voltage, short duration transients can be sure 
death to semiconductors. 

8. Forgiveness: 

Relays give you a little margin of safety should 
you want to change your mind. Maybe you find 
you need more contacts, or uncover a timing 
problem, or discover a need for absolute input­
output isolation. You can change your circuit 
design a lot easier with relays. 

If your project or product needs any of these 
things, just ask our salesman to help you redis­
cover relays. GTE Automatic Electric, Indus­
trial Sales Division, Northlake, Illinois 60164. 

( Cj i =t AUTDmATIC ELECTRIC 
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Two Years Ago, Almost 

Including us. A digital cassette recorder. Seemed like a great idea 
at the time. But there was too much garbled info. And lousy reliability. 
A bumper crop of real lemons. 

Well, we licked our wounds along with everyone else. But we also 
went back to the drawing board because we still thought the basic 
idea was sound. And we came up with a unit that really works. 

A Whole New Concept 
To get super reliability, we reasoned , you have to 
control that tape. So, we started from scratch. Got 
rid of the traditional pinch rollers, belts, solenoids, 
levers and mechanical linkages from the transport. 
Took out the head guide forks. 

Eliminated the need for pressure pads. Those 
were the main cause of head and tape wear, oxide 
shed and dropout. 

Then, instead of just pushing the head up to the 
tape as it rolls by, we decided to get the tape out of the cassette. (That way the cassette is just a tape holder.) 
So we designed two little fingers that pull the tape down past the head, over a precision guide and 
around a capstan . That maintains optimum head wrap angle-critical for read-after-write operation. And 
it's all done automatically as you load. (We've got a patent pending , in case you 're interested.) 

The Insides 
Next, we put in three DC motors. One for the capstan and one for each reel . 
Servos positively control tape tension on both sides of the capstan. And 
tension sensors confirm proper loading to BOT -no writing on tape leader. 
There 's no drag on the tape. Ever. 

So now we have high bi-direction.al tape speed, fast start/stop times, precise 
start/stop distances. 

Reel motor torque is automatically reduced when EOT or BOT is sensed to 
prevent pulling tape from cassette reel hubs or other possible tape damage. 

All modular electronics. Plug in PC boards. Logic and interface that're 
TTL compatible. 
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The Outsides 
All these components are mounted in a cast aluminum 
frame . Very, very rugged. So it works for any number 
of EDP OEM applications. And we supply it for users 
in a handsome case with straightforward, push-button 
controls. 

Real Reel to Reel Performance 
Our basic Model 240 has 2 tracks, selectable data rates from 2 to 20 ips, with start/stop times of 15-30 
msec. Same start/stop times for 50 ips search or fast forward/reverse . It operates in incremental and/or 
continuous modes, and in several combinations of recording codes/data channe l selecti ons. Test data 
indicates: calculated MTBF in excess of 2,000 hours. Thousands of passes without tape damage. 

Options 
All sorts of options. Like two selectable read/write speeds. Dual gap read-after-write head. Separate read­
after-write heads. Power supply. Rack mount kit. Automatic tape cleaner. Etcetera. 

Don't Wait. Order Now ( 
\ 

Now that we 've really licked performance and reliability problems, we figur~ ou r recorder's a natu ra l for 
business machine manufacturers, terminal makers, mini computer builders. 1 

And users. A great replacement for punched paper tape. Even some reel to r~mag tape applications. 
Especially at the price. About $500 to $600 in bunches. '. 

r------------------------------------- -----------------1 
I Bell & Howell & a Digital Cassette Recorder That Works 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

D Send me all the specs. 
D Send a guy around for a demo. 
D Here's my P.O. You fill in the blanks. 

Title ______________________ _ 

Company ____________________ ~ 

Address ---------------------

I City State ____ Zip _ _ _ _ 

I Bell & Howell-Electronics & Instruments Group, 
I 360 Sierra Madre Vill a, Pasadena, California 91109 J 
L-------------------------------- ---------- ------------

ELECTRorncs E. lnSTRUmEnTs GROUP 

©COPYRIGHT 1972 BELL & HOWELL BELL Ea HOWELL 
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New reader profile study~i hlights the power of Electronics 
readers in five key ar a . These are the people you must 
reach to move a prod or a service in the worldwide elec­
tronic markets toda,-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 ubscribers 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%) trave l on business for 
their companies - 31 % make more 
than 7 trips per year. 
2. Electronics subscrib rs are deter­
mining the technical and business 
futures of their companies. They're 
also determining yours: 
70,000 (81 % ) have eng ineering job 
functions. 
69,000 (80%) participate in business, 
product or technology planning . 

58 

74,000 (86%) do or supervise design 
work. 

3. Electronics subscribers are where 
you need them : 
76,000 (88%) work in the worldwide 
electron ics original equ ipment 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, 
in'dustrial controls and consumer pro­
ducts. 

4. Ele tronic subscribers buy your 
products: 
73,000 (85%) select vendors. 
23,000 (26%) recommend, approve or 

specify purchases in exc~s 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.Electronics 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. 
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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 market­
coverage opportunities. 
a. Full-Run. Advertisers may reach the 
Electronics worldwide audience of 
86,000 with one advertising 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 split is available at low 
charge . Full-run split advertising 
space earns frequency discounts for 
other options. 
c. International Advertising. Adver­
tisers 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
tising . 
d. Domestic Advertising. Advertisers 
may elect to reach only the Electronics 
U.S. and Canadian audience. Th is 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 
action is for your 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 Reader 
Service Card , he also checks off his 
industry classification . When the card 
is received by BAM , the information is 
stored in the computer . Question-

_.. naires 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 advertising 
readership service available any­
where. It tells 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. Finally, 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 AD COM . You will be notified well 
scheduling guide to take full ad- in advance of closing dates of the 
vantage of special issues and re- additional special reports and stud-
ports, as well as those issues ies as they become scheduled. 
which are scheduled for BAM and 

ISSUE CLOSING CYCLES SPECIAL REPORTS BAM AD COM 
Jan 3 Dec 10 A Annual U.S. Markets Report " Jan 17 Dec 24 B " Jan 31 Jan 7 A " Feb 14 Jan 21 B " Feb 28 Feb 4 A " Mar 13 Feb 18 B IEEE Preview 

-
Mar 27 Mar3 A " Apr10 Mar 17 B " Apr 24 Mar 31 A 
Mays Apr14 B " May 22 Apr28 A " June 5 May 12 B " June 19 May 26 A 
Jul3 June 9 B " Jul 17 June 23 A 
Jul 31 Jul? B 
Aug 14 Jul21 A " Aug 28 Aug 4 B 
Sept11 Aug 18 A Wescon Preview 
Sept25 Sept1 B 
Oct 9 Sept 15 A 
Oct 23 Sept29 B 
Nov6 Oct 13 A 
Nov 20 Oct27 B Japan Markets Report 
Dec 4 Nov 10 A 
Dec 18 Nov 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 
Electronics district manager. 

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 Magazine ~ ,,~ 
of Electronics Technology 1tn~ I 

59 



You can 't blame engineers or 
purchasing agents for trying to 
save every last penny on re­
sistors these days. But lowest 
price doesn 't necessarily mean 
lowest cost. For example, most 
manufacturer 's color bands 
won't stand up to the cleaning 
methods used to remove ex­
cess flux. Or they darken and 
become illegible from the heat 

EC71-25 C Allen-Bradley 1971 

produced in normal usage. This 
can mean costly identification 
errors on your production line. 
The unnecessary expense of 
rework. Our solution? A-B quali­
ty. Bright, crisp identification of 
Allen-Bradley's specially for­
mulated paints. Baked on to 
stay on . Designed to resist 
aging. Discover the other ways 
to save money. Ask your nearest 

A-B distributor for our free 
booklet "7 ways to tell the dif­
ference in fixed resistors :· Or 
write Allen-Bradley Electronics 
Division, 1201 South Second 
Street. Milwaukee, Wisconsin 
53204 . Export: Bloomfield , 
New Jersey 07003. Canada: 
Galt, Ontario. United Kingdom: 
Bletchley, Bucks. 

NEW DIMENSION ELECTRONICS 

ALLEN-BRADLEY 
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Technical articles _____ _ 

Bucket brigade puts analog functions on chips: p.62 (cover) 

In bucket brigade devices , as in charge-coupled devices , charge is jumped from 
stage to stage before landing in an output amplifier, explains Solid State Editor 
Larry Altman in the first of three articles on this novel semiconductor technology. 
These devices are good as analog delay lines as well as fo r filtering and imaging 
applications. Also , to move the charge along , no contact is needed with the silicon, 
and this simplifies their manufacture. Being more conventional in structure than 
charge-coupled devices , however, BBDs wil l probably go into production sooner. 

The cover: RCA's image sensor is based on bucket brigade principles, and was de­
veloped under contract to the Air Force. 

In the second article, L. Boonstra and F. L. J. Sangster of Philips discuss bucket 
brigade theory and the practical adaptations needed to realize actual devices. They 
then describe a series of both bipolar and MOS devices that have already been 
built in their laboratory , some of which are expected to go into production shortly. 

Last of all , four researchers from RCA- P. Weimer, M. Kovac , W. Pike, and F. 
Shall cross-assess the advantages that bucket brigade image sensors will have 
over X-Y addressed devices . They should be more sensitive , less affected by inter­
ference from switching transients, and , above all , self-scanning . 

An inexpensive way of testing 1,000 transistors a day: p.84 

For production-line testing of a moderate volume of transistors, laboratory equip­
ment is clumsy and often inaccurate , while special-purpose test sets are dispropor­
tionately expensive. The solution is to build your own equipment , says author Jerry 
Graeme. He outlines the eight basic circuits needed to handle bipolar and field ef­
fect transistors , and estimates their cost at not more than $100 each- and their ac­
curacy as equalling that of the high-volume equipment. 

What the books don't tell you about preparing cost estimates: p.90 

The project engineer must avoid having a " provincial engineeri ng viewpoint," 
warns author Thomas Samaras. He must take support costs into account along 
with basic hardware costs, he must keep two-way. communications running with 
department heads, and he must be aware of the cost of expert advice. Perhaps his 
biggest headache is estimating requirements for new test and manufacturing 
equipment . 

And in the next issue . 

New directions for IEEE . . special report on digital-to-analog converters . . a 
different way of interfacing minicomputers and peripherals . 
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Bucket brigade 
devices pass 
from principle 
to prototype 
An outline of the theory 
underlying bucket brigade devices, 
which belong to the new breed of 
charge transport semiconductors , 
introduces two articles on their 
use in many analog applications 

by Laurence A ltman , Sotid StateEditor 

D Bucket bri gades, members of the expa nding semi­
conducto r fa mily of charge transport devices, cou ld 
prove to be the sleepe r of the seve nties. 

iSi gnifi ca ntl y, thi s technology, a long with the related 
cha rge-coupl ed process, ca n be a ppl ied to complex 
a na log signals, a nd for the fi rst time brings the tech­
niques o f integra ted circuitry to bear on th ese functions. 
In th ese circuits, cha rge is passed fro m stage to stage, 
and then dumped in a n output am pli fier. Unlike con­
ve ntiona l MO S a nd bipola r circuits, bucket brigade de ­
vices ca n act as a na log delay lines for a udio a nd video 
systems, as filt ers, and as im ag ing dev ices fo r cameras. 

Th e a ttracti ve thing a bout th em is tha t they' re eco­
nomica l to build . Th ey require fewer di ffusions into the 
silicon a nd fewe r contac ts th ro ugh th e silicon tha n do 
conventiona l MOS circuits. Moreove r, their storage si tes 
a re sma ll er, ma king the m particul arl y a tt ractive fo r 
la rge memory a nd logica l a rrays. 

How it works 

Figure I shows cross-sections of a bucket brigade and 
a cha rge-coupled dev ice. They functio n as shift regis ters 
by ma nipulating charge a long a series of e lectrodes, but, 
unlike a ll previous MOS structures, they move thi s 
cha rge without requiring contact wi th the silicon. How­
ever, the CCD sto res the charge in potentia l wells, and 
moves th ese we ll s a long fro m elec trode to electrode, 
whereas the BB D controls the cha rge by means of tran­
sisto rs a nd ca pac itors. Be ing inore conve nti onal, BBDs 
occupy a n intermedia te step betwee n MOS and CCDs, 
and will proba bly go into production before CCDs. Bu t 
beca use CC Ds a re sim pie- no di ffusions are requ ired to 
tran sfer cha rge between sites, whil e a BBD req uires two 
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Putting ICs in the picture. Bucket brigade techniques are good 

ones for imaging bec ause they are simpler than those of silicon ~ • 
diode targets. This BBD array, built by RCA for the Air Force at 

Wright Patterson , has a 44-by-30 element array (see article , p. 72) . ~ 

per site- they ultima tely may offer the grea ter cost ad­
vantage a nd better opera ting perfo rmance. 

As the fi gure shows, a bucket brigade device is an in­
sula ted-ga te, fie ld e ffect tra nsistor with a two-ph ase \ 
transfe r mode. Storage si tes a re o ffse t p-regions unde r 
MOS capacito rs. Since no contact is made with these dif­
fus ions, whi ch fo rm isla nds in th e silicon substrate, , 
cha rge must be tra nsferred by ma nipula ti on of the po­
tential on adjacent elect rodes. 

A bucket brigade dev ice opera tes in the two transfer ... 
modes. In th e storage mode a ll e lectrodes are a t th e 
same poten ti a l. In the tra nsfer mode the pote ntia l on 
one electrode is made la rge enough to reduce the po te n­
tia l ba rr ie r and let cha rge fl ow from one p-region to th e 
next. This process is repeated until the charge is tra ns­
ferred through the device in normal shift register action. 

Indeed, CCDs are not as simple in practice as they are ..., 
conceptu ally. For exam pie, althoug h not pa rt of the ba -
sic CC D concept, diffusio ns a re inev ita bly necessary at • 
the in put a nd output of the CCD shift reg ister, and in ~ 
the regenera ti ng stages as we ll . 

T he BBD may be thought o f as a row of insula ted-ga te 
FETs with source a nd d ra ins conn ected a nd with the 
gates capacit ively coupled to the d ra ins, all on a sing le '· 
substrate. As in ordinary MOS shift registers, minority "­
ca rrie rs are tra nsformed into majority ca rriers a t each 
transfer step between depl etion regions. Because of th e ... 
presence of dep letion regions, the transfe r o f cha rge is 
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rela tively secure and can readily be implemented with 
today's fabricating techniques. 

With ccos, on the othe r hand , this tra nsformation of 
majority ca rri ers in the depl etion region is not required 
at each transfe r, a nd need occur only at those points 
where the charge is accumula ted a nd detected either to 
regenerate th e charge tra in o r reroute it. Again , thi s 
a bi lity of CCDs to operate with th e charge remaining in 
its fundamental minority sta te confirms the elegance 
and ultimately the streng th of this techn ology. The only 
proble m is that, to get suffi cient coupling between adja­
cent inversion layers, the ir sepa ra tion must be as sma ll 
as 3 microns, and this spaci ng is not atta in ab le with 

~ sta nd ard photolith ographic ( 10-micro n) rules. And, 
though the use of overla pping sili con ge t electrodes will 
ge t round this diffi culty, it adds to cco complexity. 

How they compare 

A compa ri son of bucket bri gade devices, cha rge­
coupl ed devices, and conventional MOS memories is 
given in the ta ble . As me mories, ccos and BBDs can op­
era te a t IO- to 20-megahertz da ta bit ra tes, consume 
only a bout 5 microwatts of power per bit, even when 
fabricated with the mos t relaxed rules- and are ex­
pected to become 10 ti mes faster when better lith­
ogra phic techniques are used . Comparab le figures for 
the mos t adva nced silicone ga te MO S memories are 
5 MHz and 100 µ,w per bit. 

Ce ll size ca n be expec ted to be less than a 1 mil2 if 
silicon gate construction is used. Consequently bit pack­
ing densities of greater than 1 million bits per square 
inch a re feas ible . This compares to about 6-miJ 2 ce ll s fo r 

' ' the best MOS operating today, a lthough laboratory MOS 

devices have been built wit h cells of about 3 mil2 . In 
any case, with th eir very high density and yield ex­

.... pecta ncy, cha rge transport devices havi ng 10,000 bits on 
a chip a nd cos ting less than $ 10 can be envisioned. 

In the fo llowing articles, the technology of bucket bri -
, gad e is expl ored. First, F . L. J. Sangster, who invented 

the technology, and his co-a utho r L. Boonstra will give 
an overview of BB conce pts a nd how th ey lend themself 
to a whole range of applications. Next, Paul Weimer 
a nd his co lleagues from RCA Labs in Prince ton will de­
scribe a BB camera. D 

v, > v, 

ELECTRODE 
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n -TYPE SUBSTRATE ... 

CHARGE-COUPLED DEVICE .. (a) 
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TECHNOLOGY PERFORMANCE COMPARISON 

Power Frequency Area 
Type of device per bit per bit 

(µW) (MHz) (mil2 ) 

MOS 100 5 2 
BBQ 5 10 2 
cco 5 20 6 

CHARGE TRANSPORT DEVICE COMPARISON 

Ty pe Gain No. of No. of Diffusions Cl ock Process 
of metal phases required dig- com pati bility 
device layers downs 

requ ired 

BB Active 1 2 Yes No Standard 
MO S 
(p & n channel) 

cco 
Be ll 
Labs Passive 1 3 No Yes Standard 

MO S 
(p & n channel) 

GE Active 2 2 No No Sel l-registered 
MO S 
(porn channel) 

Charging <! long. Both charge-coupled and bucket brigade devices 

transfer charge without needing contacts (digdowns) through the 
silicon substrate. 

In the cco structure (a), the charge that is stored in and trans­
ferred between potential wells forms the basis of operation. Shown 

here is a three-phase cco system. In the storage mode , a voltage -V2 

is greater than the bias voltage -V1 and forms a potential well that 

captures the charge. In the transfer mode , charge moves along to 

the next electrode as soon as a still larger voltage -V3 has been ap­
plied to that electrode, and has created a larger potential well into 
which the charge is dumped. 

The bucket brigade structure illustrated in (b) is very like its 

charge-coupled counterpart in operation and construction. It has 

one additional fabricating complexity, however-it requires the usual 
p-type depletion regions in the n-substrate. This two-phase device 

has offset p-regions under its MOS capacitors, and these regions 

form islands in the silicon substrate. 

p REGION 

~II 
n -TYPE SU BSTRATE 

BUCKET BRIGADE DEV ICE 
( b) 
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Analog functions fit neatly 
onto charge transport chips 
Delay lines , time-error correction , filters and 
imagers can all benefit from monolithic technology 
now that bucket brigade devices are proving out 

by L. Boonstra and F. L. J. Sangster 
Philips Research Laboratories, Eindhoven, Netherlands 

D With the arriva l of bucket brigade concepts, the tech­
niq ues developed for digi tal !Cs have become adapta ble 
to ana log signals. Indeed, the capacity to handle 
streams of ana log signals is basic to the growing charge 
transport sem iconductor technology, which prov ides 
elegant JC versions of a host of electronic functions: 
aud io and video delay, ti me-error correction, time-sca le 
convers ion, fi lteri ng, and imaging. 

The bucket brigade concept of storing ana log signals 
is not new. In proposing it in 1946, K . Schlesinger 
showed that sam ples of analog signals could be stored 
as charge levels on a row of ca pacitors. These signals 
could then be shi fted periodi ca lly fro m one ca pacitor to 
th e next by mea ns of tra nsfer circuits operated by a 
clock signal. 

In terestingly, it is thi s operating principle that is 
wi'dely used in today's com mercia lly availa ble MOS digi­
ta l shi ft registers. But it did not come into genera l use 
for ana log informa tion because here t he functi on of the 
transfe r circuit is d iffere nt and ra ther sophisticated : it 
has to perform a near-perfect transfe r of the signal sam­
ples, free from loss, noise, nonli nea rity, a nd residual 
storage. Also, if it's to compete economica lly with con­
ve ntional delay lines, the complete circuit has to be very 

1. Versatile. A two-phase bucket brigade device can be built with 
either bipolar or MOS transistors. Storage utilizes parasitic collector­
to-base or source-to-drain capacitance, which is enlarged in the 
bucket brigade structure , rather than minimized as in conventional 
structures. Because it 's easy to make structures with large values of 
parasitic capacitance, BBDs are easier to build than standard IC 

structures-silicon gate structure yields maximum packing density . 

CHARGE TRANSFER DEVICES 
e b c 

::~a~niji~ivizia ier0~2i;iliui211ii:71riiA1 
Si 0 2 n 

p-MOS 
POLY , ¢> 1 , ¢>2 

~ 
.. --~ • ---, Al s -iW -p 

SI LI CON GATE 
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simple so tha t ma ny stages can fi t on one chip. 
Th e first practi ca l adaptation of the conce pt to ana log 

signals, proposed by one of the a uthors in 1966, was in a 
simple but adequa te circuit tha t used only o ne transis­
tor to perfo rm the transfer function. As shown in Fig. 1, 
this circuit can use e ith er bipola r or MOS transistors. The 
parasitic coll ecto r-base or source-drain cap acitance, 
which other circuit des igners try to avoid , is de libera te ly 
enlarged to pe rform the storage function . This makes 
the IC realization of bucket bri gad es ve ry sim pie. 

Storage and transfer modes 

.. 
.. 

Figure 2 shows the surface potent ial below the cir­
cuit's electrodes. As the potential levels during the stor- ,....., 
age mode indica te, the first a nd third storage ca pacitors 
contain information represented by a surplus charge 
above a fi xed reference level - V. + VT, where v. a nd 
VT represent the d ock a mplitude and the threshold • 
voltage respectively. The second capacitor is charged to 
this re ference level, and contains no information. 

During the transfer mode, the voltages on the second 
ca pacitor electrode and on the gate of the preceding 
MOS tra nsistor a re lowered by an amount v •. This po­
tenti al change a llows the excess charge of th e fi rst ca­
pacitor to move a long to the second . The info rma tion in 
the third stage is simila rly transfe rred to the fo urth, etc. 

According to the sa mpling theorem, a signa l with a 
bandwidth of B hertz can be full y characteri zed by 2B 
samples per second. Thus, for a delay ofT seconds a cir­
cuit must be capa ble of storing a t least 2BTc1 signal sam­
ples. In the two-phase system of Fi g. 2, only half the ca­
pacitors contain info rma ti on ; thus the number of 
capac itors needed is: 

N = 4 BTc1 ( 1) 

In a udio techniques, a bandwidth of a few kilohertz 
and a delay of at least a few tens of milli seconds are re-

2. Charge of the bucket brigade. In the storage mode, the first and ' 
third sites contain information represented by surplus charge above 
a fixed reference level -V,, + VT where V "+ and VT represent the 
clock amplitude and the threshold voltage respectively. The second 
site is charged to the reference level, and contains no information . 
To .transfer charge, the voltage on the second capacitor electrode 
and on the gate of the preceding MOS structure is lowered by the 
amount v,. + ; the excess charge of the first capacitor. is transferred 
to the second; likewise , the information in the third stage is trans­
ferred to the fourth , and so on . 
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(a) ( b) 

~ 3. Samples. A variety of circuits can be built with bucket brigades. The photomicrograph (a) displays a bipolar BB delay line used for video 

signals. Also shown is the detai l of a single bucket. Although area per bucket is only 150 to 150 µm , bucket has a capacitance of 2 pF, result-
; ing in logic swings that are easily detected. The 512-stage MOS BB shift register (b) is used as an audio delay line. 

q uired. In video techniques, at least a few megahertz 
and a few tens of m icroseconds a re needed. From equa­
tion ( !), these applications require delay lines of a few 

• hundred stages, well within present re ca pabiliti es. 
On the basis of this theory, a vari ety of both bipola r 

' and MOS bucket bri gade res have been realized in the 
la boratory. Figure 3 (a) shows a bipola r BB delay Line, 
consisting of 72 stages, which could be used fo r the de­
lay of video signa ls. It has a per-bucket area of 150 x 
150 squ a re micrometers and a storage capacitance of 2 
picofarads. Figure 3 (b) is a photograph of a MOS BB 

1 ~ with 5 12 stages. Chip size is only 3 X 3 square millime­
ters, and sto rage capacitance is 3 pF. 

The charge transfer process 

Since the key to adapting the capacito r array prin­
ciple to analog functions is the charge transfer process, 
th is process deserves deta il ed discussion. The curve in 

' Fig. 4 (a) shows the varia tion of the excess cha rge on a 
storage capacitor as a function of tim e. At the start of 
the transfer process, the storage capacitor has an excess 
charge Q0 • At the end, all excess charge has been tra ns­
ferred, and the capacitor is recha rged to the refe rence 
level, which in th e bipola r version is +Vo and in the 

~ pMOS version, - Vo+ VT. 
It ca n be shown tha t the discharge curve of th e MOS 

~ BB closely a pproxima tes a curve of the fo rm 1/ ( 1 + t!T). 
., In itia lly the bipola r BB version fo llows the sa me 

1/ ( 1 + t /T) c urve, but th e rea ft e r it co nve rt s to a 
log l / (l +th) curve for va lues oft grea ter than 10 T. In 
either case the va lue of the time constant T is dependent 

t- on the geometry of the storage ce ll. 
Deta ils of several discharge curves are given in Fig. 5. 

Note that all ra pid ly converge in a com mon discharge 
curve, regardless of their sta rting poi nt. T his is signi fi ­
cant, since any residual charge left a t the end of the 
transfer period, labe ll ed Qe in the figure, represents the 

.,. reference level fo r the nex t tra nsfer. The constant com­
ponent of this charge resi due is not harmful, fo r it re­

.. suits only in a constant de bias shift of th e signal. But 
th e signal-dependent pa rt adds to the next sa mpl e, a nd 

" thi s effect is cumula tive beca use it occurs in each stage. 
As a result, each signal sample will be smeared out, ar-
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ri ving a t the output of the cha in as a spuri ous signa l, as 
F ig. 4 (b) shows. Thus a signal step, which is th e integra l 
of a si ngle pulse, will be disto rted in th e way in dica ted 
in F ig. 4 (c). 

This res idu e-related signa l di stort ion seri ously limits 
th e o peration of bucket-brigade circuits. For exa mpl e, 
in binary shift reg isters, its effect wi ll be to reduce the 
noise ma rgin between zeros a nd ones. In a na log signa l 
handling, its effect is mani fes ted as a n a tt enu a tion o f 
the highest signa l freq uencies, and is cumula tive . In 
fac t, it is the res id ue charge that limits th e speed of a BB 
shi ft registe r because the error marg in becomes worse at 
higher transfe r ra tes. And since it is cumula ti ve , it a lso 
limits the number of cascaded stages, a nd he nce, too, 
the registe r's size and bit ha ndling ca pac ity. 

An inconvenience 

Apparently, howeve r, the curves g iven in F ig. (a) o f 
the error di scussio n on page 68 sugges t that a t low clock 
rates it should be possible to cascade a large number of 
stages. This ce rta inly is tru e in the di gita l case- but 
things a re not as convenie nt in the ana log world . Be­
ca use cha rge feedback occurs fro m drai n to source in 
th e MOS device, o r fro m collecto r to emitter in the bipo­
la r device, the reference level for a new sa mpl e in each 
storage stage is affected by th e cha rge leve l of the next 
storage stage. This condition causes interfe rence be­
tween successive signa l sa mpl es, a nd gives a signa l step 
response e rror simil ar to the dyna mic e rror a t hi gh clock 
rates desc ri bed above . 

The drain-source feed back of the MOS t ransisto r is 
heavily dependent on oxide thickn ess, cha nn el length 
and substra te res istiv ity. Figure 6, which prese nts mea­
surements on a num ber of BB devices of various geo­
metri es and subtra te res istivi ties, shows tha t with the 
basic ci rcuit, a t intermed iate channe l leng ths, it is no t 
poss ib le to obta in cha rge feed back of better than 0.00 1 
per stage, represen ting an error of 0. 1%. As a result, 
only a few hund red such stages can be cascaded in 
ana log a ppl ica tions. 

In the bipola r bucke t brigade, the feed back d ue to th e 
Ea rly effect between collector a nd emit te r is genera lly 
low- on the order of 5 x 10- 4 per stage. But in the 
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INPUT OU TPUT 

4. Trouble ahead. In the transfer process , some charge remains 
behind after transfer. The constant component of charge residue 

(Oe) is not harmful , but the rest is signal-dependent. This results in 
signals that have spurious pulses of the type shown in (b) , or which 

lead to a spreading of the pulse of the type shown in (c) . This smear­

ing attenuates higher signal frequencies and limits the device speed . 

bipola r case, another interference between signal sam­
ples takes place, due to the paras itic capacitance be­
tween the collector a nd emitter of each transistor. This 
erro r contribution ca n be minimized by narrowing the 
a luminum interconnections locally betwee n stages, 
wh ich reduces the pa rasitic capacita nce be tween stages 
and minimizes th e ra ti o of pa rasiti c capacitance to stor­
age ca pacitance. In practi ce, with a storage capacitance 
typically of 2 pF, the tota l interfe rence (both from feed­
back capacitance and fro m Early effect) ca n be on the 
ord er of 0.001 or better, permitting several hundred 
stages to be cascaded in the bipolar case, just as with 
MOS. 

The pro blem is tha t some a pplica ti ons ca ll fo r delay 
lines consisting of thousands o f stages in cascade. For 
such applications a n improved bucket brigade version 
has been deve loped, which has two transistors per stor­
age ca pacitor arra nged in a cascade or tetrode configu­
ratio n, as shown in Fi g. 7 (a). 

F eedback in the uppermost to the midpoint of the 
te trode structure results ultima te ly in a smaller res idue 
in the preceding storage capaci ta nce. In theory, the 
feedback could be reduced to h2 , where h represents the 
feed back per trans isto r. But in an IC realization, this 
va lue is not achi eved because, during each tra nsfer, 
cha rge is left behind in th e parasitic capacitance Cp, a nd 
added to the nex t sample. The feedback of the tetrode 
th e refore is reduced fro m that of the bas ic circuit by a 
factor of Cp/ C. 

Th e photograph in F ig. 3 (b) shows a bucket brigade 
formed from cascaded tetrode stages, with C = 3 p F. 
Th e rati o of Cp / C is of the ord er of 0.05, so tha t a feed­
back less than 10-4 per stage is achi eved . F igure 7 (c) 
gives the signa l step response of the tetrode chain, 
which is seen to be nea rly free of distortion. 
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On e drawback of the tetrode config uration, however, 
is its inherent slowness, as compared with th e bas ic cir­
cuit. To obta in low va lues of Cp/C, the ra ti o between 
ga te capacitance a nd storage ca paci tance has to be low. 
This mea ns tha t th e ga te electrode must be large in rela­
tion to the source and drain e lectrodes, and this results 
in large cell lengths and long transfer tim es. Th e time 
constant of the tetrode stage of Fig. 3 (b) is roughly ten 
times that of th e bas ic circuit- or a maximum cl ockra te 
of a bout 50 kH z. This limi ts the usefulness o f the tetrode 
concept to a udio applications. 

Another important parameter a ffecting applica tions 
is dynamic range- th e ra ti o between maximum undis­
torted signal a mp! itude and full-band rms noise . F or "-1 
most aud io appl ications a S/ N ratio of at least 60 d B is 
necessa ry. For video, 40 d B is su ffic ient. 

Calcula ted and measured va lues of SI N on la bora- .. 
tory models of both bipola r and MOS bucket brigade de­
vices (see Fig. 8) ind icate tha t th e ra ti o fa lls we ll within 
the dynamic range requi rements of audio a nd video de­
lay lines. 

Applications 

The bucket brigade can serve th e needs of a va riety of 
audi o delay line a pplica ti ons. For exam ple, many re­
circu lating transm iss ion lines, with th is delay a nd band­
width requirement , ca n read ily be bu ilt with a te trode 
bucket brigade array of fewe r th a n I 00 elements. Th ese 
circuits could be used in artificia l reverbera tion systems, 
or as delay equa lization circuits in speech transmission 
systems, ena bling audio system designers to perfo rm 
these analog functions wi th simple IC techn iq ues. 1 

Delay equalization is especially important in radi o 
telephone systems, such as the Lincompex (Linked 
Compander and Ex pander) system. Here it 's necessary 
to equa li ze the delay , after fi ltering, of a p il ot signal 
with res pect to th e speech signal. In this system, the 
need is for a 20-ms delay at a 4-kHz bandwid th . In pub-
li c address sys tems, ;t he vary ing de lays of speech signals ' 
re produced by several loudspeakers m ust also be equal­
ized . to improve intelligibility. H ere, very long de lays of 
severa l hundred milliseconds are required. 

Speech scram bling is a nother job for whi ch th e BB tet­
rode is suited . O ne application could be in mobile po­
lice tra nsceivers, to make the t ransmitted speech signal ·.,., 
unintelligible to cla ndestine listeners. In one voice 

5. A sad tail. Typical discharge curves show that three transfers of 

different quantities of charge approach a common discharge curve , 

independent of the starting point. The charge residue at the end of 

the transfer period represents the reference level for the next trans­

fer and is cumulative , since it occurs in each stage. 

- t / RC 
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6. Getting feedback. Experiment on an MOS BB transistor shows 
that, for a given oxide thickness and substrate resis­
tivity, the drain-to-source feedback depends on the channel length . 
In the basic BB circuit this feedback sets a limit of a few hundred to 
the number of stages that can be cascaded. The MOS tetrode cir­
cuit, however, has less feedback, can be successfully cascaded in 
lines of several hundred and more, but is limited by a larger time 
constant to a clock rate of 50 kHz and to audio applications only. 

scrambling system severa l successive speech fragments 
are time-scrambled in a pseudorandom way with the 
a id of a tapped delay line. The receiver contains the 
scramblin g key, so that the speech is reconstructed with 
a simila r ly programed, tapped delay line. Delays of ap­
proximately 350 ms are required, well within the tet­
rode capability. 

For video applications, however, faster circuits with 
greater ba ndwidths a re required. The basic bucket bri­
gade circuit could be used in the European PAL color 
television system, for instance, which currently corrects 
color faults with a glass ultrasonic delay line of 64 mi­
croseconds. Two BB delay lines, each providing 64-µs 
time de lay and I-megahertz bandwidth, could be an IC 
to replace the ultrasonic delay line. 

Bucket brigade techniques are a lso useful for time­
scale conversion. With BB shift procedures it is possible 
to write a signal in the delay line at a certain clock rate, 

and then to read it out at a different ra te. 
This scheme would work in time-compression multi­

plex sys tems for telephony. Parts of th e speech signals 
could be stored in a delay line at a low clockrate, say, 10 
kHz, a nd then read out at a much higher ra te, perh a ps 1 
MHz. A signal fragment of a bout 5 ms could be com­
pressed into 50 µs. Several channels could be read out 
sequenti ally in this way, resulting in one broadband 
multiplex signal th a t could be transmitted over o ne 
cable or wireless communication channel. At th e re­
ceiver side, the signal would be demultipl exed simila rly 
to derive the separate voice channels. 

Image sensors 

One of the most important a nd imm ediate BB appli­
cations is in imaging. Exposing a BB a rray to a light im­
age imposes a cha rge pattern on it (see the following a r­
ticle for details of the imaging application). Electrons 
and holes are ge nerated in the depletion regions o f 
source and drain, a nd cause a net current flow from th e 
substra te to the nega tively charged p-areas. These th en 
discharge the storage capacitors as a functi o n of the lo­
cal li ght intensity. The charge pattern established in th e 
mosa ic can then be read out line by line by applying a 
sequence of shift pulses. The result is in an output sig nal 
like a TV vidicon's. 

A mosaic with the same resolution as the TV vidicon 
should contai n 625 x 625 sense elements, or 625 lines 
o f 1,250 buckets each. Such an a rray would have to 
cover a chip a rea of 250 to 1,000 mm2, however, a nd 
this is rather beyond the capaci ties of today's photoli­
thographic techniques. Still, 100 x JOO-element a rrays 
are within avai la ble ca pabilities, and could fill many 
character recognition and facsimile functions. 

Va ria ble del ay is another BB function with important 
applications in sys tems where time-error correction is 
required. For instance, in recording systems the signal 
may be affected by fluctu at ions in recording and play­
back speed. Here the time error could be detected by 
comparing a recorded pilot signal with th e play back 
speed and equalizing the two by varying the clock fre­
quency of a BB delay line appropri ately. In helical-sca n 
color TV recorders , timing errors ca n be of the order of a 

• .} 7. Improved. The tetrode version of the bucket brigade has two transistors per storage site, arranged in a cascade configuration. This ver­

sion reduces the feedback: it is Cp/ C lower than the feedback of the basic circuit , where C" is parasitic capacitance. Indeed , with the tetrode 
configuration, feedback as low as 10- 4 per stage can be achieved on a 1-cm substrate (see Fig . 6) . Also known is the tetrode 's equivalent 
circuit and signal step response for a tetrode chain , which is seen as closely approximating the ideal. 
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few microseconds a t 5- MH z ba ndwidth. An experi­
menta l se tup incorpora ting two bipo la r integrated BBS 
w ith 72 stages each has shown the feas ibility of BBS fo r 
th is a pp Ii ca ti on . 

Th e BB conce pt ca n a lso be used to impl em ent induc­
to rl ess filte rs. The tra nsve rsa l filt e r is such a dev ice. 
H e re th e fi lte r cha racte ri stic is simul a ted by means of a n 
impulse respo nse in th e tim e do ma in , using the tech­
nique known as we ig hting. (A t ransversa l fi lte r basica lly 
consists of a delay line with eq ua ll y spaced ta ps. To get 
a speci fi c fi lter characteri sti c, th e signa l sa mple at each 
ta p is multiplied by a we ightin g fac to r a nd th e we ighted 
samples summed to o bta in th e fi lter o utput signa l. ) 

A simpl e capacitive we ighted m ethod has been deve l­
o ped fo r BB dev ices. When a signa l sa mpl e is tra ns­
fe rred fro m o ne cap acitor to th e nex t, a qu antity of 
cha rge equ al to th e va lu e of th e sam pl e fl ows from one 
cl ock lin e to the o ther th rough th e two bucket stages in­
vo lved . Thus, in th e two clock lines , the sum o f a ll sa m-

Cutting your losses 
An unfortunate fact of life with charge transfer devices is 
that transfers are not 100% efficient : a quantity of charge 

pies prese nt in the de lay lin e can be measured . The 
weightin g fac to rs a re int roduced· by d ivid ing each sto r­
age ca pacitor into two pa rts and measuring the cha rge 
tra nsferred in th e app ro pri a te part. .. 

Figure 9 shows a photogra ph of a MOS integ ra ted 
phase -linea r lowpass filte r hav ing 23 taps. Tota l storage 
ca pacitance per stage is 3 pF, and c hip size is I x 1.6 
mm 2. The MOS tra nsistors a re loca ted in th e ce nter o f ... 
the chip, wh ile the MOS storage ca pacitors o f th e odd 
and even stages a re loca ted on th e lowe r a nd upper side 
respecti ve ly. The weighting fac to rs, which dete rmin e ,. 
the unit pulse respo nse o f the fi lte r, a re clea rl y visible in 
th e a luminum pa tt ern . Adv antages o f thi s a pproac h are 
th a t th e a rea o f a comple te fi lte r is no t much grea te r ,._.. 
tha n tha t o f a simple delay line, a nd tha t accura te 
weighting within I% to 2% is poss ible. 

Binary shift registers 

Fin a ll y, BBS have great promi se in bin ary shift regis­
te rs. Because hig h S/ N ratios a re no t necessa ry in bi­
nary a ppli ca ti o ns, the dig ita l BB storage ce ll can be 
sma ll - say, I mi l2 per storage site. A lso, unl ike the 

0 
0 
"" 

is lost in each transfer step-that is, left behind under the 
electrode . The problem is that this charge accumulates g; 
with subsequent transfers , and before long, shows up as ~ 

a spurious signal (a logic 1 where there should be a logic UJ 

0), or as an unwanted increase in the magnitude of sig­ UJ 
(/) 

68 

z nal . For an imaging application , these distortions are 
disastrous , as the gray scale of the image depends on the 
circuit 's capacity to maintain each signal 's integrity. 

~ 10 - 2 
(/) 
UJ 
er: 

Already the first experiments with bucket brigade de- S:; 
vices have shown a way out of this dilemma: the error tn 
can be minimized by adding a bias charge to the signal. 
Clearly, a quantity of charge remains permanently in the 
register , only a portion of the charge will be transferred at 
each stage . This bias minimizes the time for transfer , 
which in turn minimizes the quantity of charge that stays 
behind. 

The quadratic dependence of step-response error on 
time is shown by Fig. (a) , in which the error is calculated 

( a ) 

for a MOS BB and for a three-phase charge-coupled de­
vice . This dependence on transfer time means that the 
step-response error (SRE) is proportional to the second 
power of the clock frequency fci· After m stages , the SR E 
is mT2fc12. Thus, at a given maximum tolerable value of 
the SRE (e .g. 25%), the number of bits , or samples n in 
series (2n buckets or 3n CCD stages) , will be inversely 
proportional to the second power of the clock frequency . 

100 

Figure (b) gives a comparison for all CTD devices of 
maximum clock frequency versus n at a SRE of 25%. 
Curve 2 in the figure represents the optimum for a stan­
dard p-MOS BB device , and curve 1 does the same for a 
three-phase CCD with comparable cell size. Curve 3 is 
for an n-channel device that has recently been processed 
with LOCOS, a local oxide isolation process developed 
by Philips . Curves 4, 5, and 6 are for recently announced 
three-phase , four-phase and silicon gate CCDs and 
BBDs . The conclusion is simply this: devices wi th similar 
geometry and type of charge carrier result in roughly 
equal maximum speed for both BBDs and CC Os . 
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analog case, the number o f cascaded stages in digital 
circuits is not limited by a cumula tive signal step re­
sponse error, because it is possible to inse rt signal rege­
nera tors after eac h row of 30 to l 00 stage , to recover 
the correct bin a ry leve ls. 

Figure 10 illustrates two be nefi ts of a BB binary shift 
register: high bit density, and low power di ss ipation. 
With standard p-MOS BB tec hnology, densiti es of the or­
der of 500 bits / mm2 (exclusive of regene ra tors) ca n be 
obtained . This could be further increased by a fac tor of 

ax signal (rms) 

Full band 
noise vo ltage 
(rms) 

S/ N ra tio 
(dy namic range) 

Example 

Harmonic distortion 

MOS 

1 v 

Bip olar 

300 mV 

/vdCQ N 
"-/ {fC 

C =ca pacitance value, pF 
N = number of sam ples 
ll = transistor current gain 

Vdc =average transfer voltage (1 V) 

Audio delay line 
5 kHz, 30 mS 
C = 3 pF 
N = 300 samples 
S/N = 10 3 (60 db) 

< 0.5 % 

Vi deo delay 
5MHz.7µS 
C = 2 pF 
N = 70 samples 
S/N = 10 3 (60 db) 

- 1% 

three if modified si licon gate processing were used. 
Also, power dissipation as low as 5 ,uw / bit is poss ible. 

The lowest power dissipation figures are o bta in ed 
with a multiplex configura tion. The signa l, with bit ra te 
f, is multiplexed into f/ N 112 parallel rows, giving each 
row a bit ra te of f/ N 11 2 . This design has two adva ntages 
ove r a conventional signa l shift register: the reducti on 
of the clock ra te in the intern al BB ma trix reduces th e 
to ta l power dissipation signi fica ntly; a nd each sam ple 
passes through only 2f/ 11 2 stages (o r fewer tha n 100 
fo r insta nce, if N = 2,048 bits), so tha t on ly one signa l 
regenerator is necessary a t the output of the device. 

Delay lines 

One immediate use of binary shi ft registers is in 
a na log delay lines. Such fu nctions can be realized by a 
digital shi ft register with a -d and d-a conve rters a t the 
input and output termin a ls. Typica lly 10 bits pe r 
sa mple are req uired a t a SI N ra tio of 60 dB. Thus the 
MOS tetrode of Fig. 4 is equiva len t to a 5,000-bit binary 
shift register plus a-d and d-a converters on one chip. 

Clea rly, the digital approach is preferable in those 
circuits where long delay cha ins are required , like those 
used in hi gh-fide lity a udio reverbera ti on a nd speech 
scra mbling. The ana log approach is cheaper where only 
a few hundred stages or less a re required , as in color TV 

delay lines, timing error correction for video recorders, 

8. Clearly undistorted. Both MOS and bipolar bucket brigade 9. It filters too. Bucket brigade devices make good filters-the one 

structures shown in the above picture provide adequate signal-to­

noise ratios for many applications. MOS audio delay line and bipolar 

video delay line each have SIN of 1 Q3 (60 dB) . 
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below is a phase-linear lowpass filter having 23 taps. Ch ip measures 

only 1 by 1 .6 mm2, which makes it hardly any larger than a simple 

delay line 
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BUCKET BRIGADE SHIFT REGISTER 

-'""!, I fR-"1 I re 
~ WR& t'.M'#M 

~ 6 -.t.---1o==:J.-6 ~ 10 --.l AREA PER BIT = 

L 32 µm 

d 
18 x 32 µm ( 1 MIL 2 ) 

I 

,1] D 
BIT DENSITY = 

1600 BITS / mm2 (10 6 BITS / INCH 2 ) 

l, + 
6 
+ 

I p I I p I 
Si -GATE (MINIMUM AREA ELEMENT) 

I I I I I I 

I J C = 0.04 pF 

T T 
BIT ELEMENT 

' 

I I - - - J v'N ] 
C = 0.04 pF ~TTTTTTTTT 

V = 5V N BITS N BITS 
f = 5 MHz CLOCK FREQUENCY f v'N 

fl v'N 
P0 = CV2 f = 5µW ~.lJ.~.1.lJ.J..LI. 

SERIAL BBD v'N 1 -
J 

P = N. Po MULTIPLEX BBD 

POWER DISSIPATION P = 3v'N. Po 

N 10,000 BITS 

ACTIVE CHIP AREA 6 mm2 

f MAX 5 MHz 

ACCESS TIME 2 ms 

POWER DISSIPATION (M ULTIPLEX) 1.5 mW 

COST PER BIT 0.1 ¢PER BIT $10 PER CHIP 

1 O. Small but charged. Si licon gate structures offer the best chance for minimizing element area . Wi th standard photolithographic rules , 
area per bit is about l mil2. Multiplex BBD has lowest power: 1.5 mW per bit at 5 MHz clock rates . In spite of small size and low power dissipa­

tion , BBDs can have bit densities of about a mi ll ion bits per square inch . 
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TABLE: COMPARISON OF MEMORY TYPES 

MOS RAM BBD 11 BBD1 DISK (IBM) 

N (BITS) 104 100 x 100 
MULTIPLEX 10 4 1010 

PARALLEL 

COST I BIT 0.1 ¢ 0.1 ¢ 0.1 ¢ 0.001 ¢ 

BIT DENSITY ± 1600 BITS / mm 2 ...,.. --

ACCESS TIME 200 ns 10 µs 2 ms 30 ms 

DISSIPATION 2NP0 = 100 mW NP0 = 50 mW 3 .JN P0 = 1.5 mW --

short audi o delay lines, and image sensors. 
It has been suggested that the BB device cou ld even­

tually also play a role in computer memories, acting as a 
buffer between random access memory and disk stores. 
To investigate this possibility, it is instructi ve to com­
pare two versions of the BB with the newest MOS RAM 
(the one transistor-per-bit storage cell) , and with a. di sk 
memory. The figures for the disk memory represent ac­
cess times now offered commercially. 

From the comparison it can be seen that the BB be­
cause it uses the multiplex concept to access a nd trans­
fer information , has too slow an access time- 2 ms- to 
be generally useful in most computer applications. And 
this is in spi te of the attractively low, 1.5-mw power dis­
sipa tion. On the other hand the parallel device, shown 
as BB, with its IOµ.s access time and 50-mw power dissi­
pation, could compete favorably with the RAM as a buf­
fer memory. Whether it will actually replace the RAM in 

Go anywhere, do anything-almost 

Charge transport devices are the hottest items under de­
velopment in semiconductors today-a fact that 's under­
scored by the ISSCC held in Philadelphia this month , 
which devoted two techn ical sessions and an enti re eve­
ning seminar to expounding the vir tues of this new tech­
nology. The reason for the excitement? In one word: cost. 
The consensus at the ISSCC was that charge transport 
devices wi ll ultimately have a five-to-one cost advantage 
over existing MOS memory devices . 

The sharp difference results from two fabrication sim­
plificati ons: fewer digdowns (holes through the sub­
strate) , and smaller storage sites . Thus higher-yield de­
vices wi th more memory per ch ip can be expected-
10 ,000 bits of memory for $10 shou ld be attainable. 

Aside from cost , what makes charge transport tech­
nology so formidable is its versatility. Basically dynamic 
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la rge computer systems depends on overall system con­
siderations, and these are still not clear. In any case, the 
future of the binary BB is indeed rosy for serial-access 
storage applications, where it should certainly replace 
the conventiona l MOS shift registers. D 
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shift reg isters, CTDs can be used wherever a seriall y ac­
cessed memory is used-as drum or disk type memories, 
delay line memories , CRT refresh memories, butler 
memories , sequential-access memories , fast -access 
scratchpad memories , and so on. 

But memory is stil l not the whole charge transport 
story : the devices also have an optical side and will 
quickly find their way into linear and area image came ra 
systems , as replacements for sil icon diodeiarget tubes or 
as scanners for facsimile eeiuipment . Signi ficantl y, 
charge transport image devices probably are closer to re­
alization than memory devices . For example , RCA has 
under const ruction a charge transport camera for Wright 
Patterson (see cover) , and Bell Laboratories has devel­
oped linear and area imagers for possible use in Picture­
phones. -Laurence Altman 
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Solid state imaging emerges 
from charge transport 
Small, experimental bucket brigade array has 
higher sensitivity and gets less interference 
from swi tching transients than X-Y addressing 

M.G . Kovac , W.S . Pike , F.V. Shallcross and P.K. Weimer , 

second. Losses will have to be reduced still further to 
make practical the 500-by-500-element sensor required 
fo r a useful television camera. 

The 32-by-44-element array8 is an extension of a 15-
by-16-element array developed at RCA about two yea rs 
ago. 1 Each of the 32 rows of the sensor array consists of 
a 44-element bucket brigade register in which the re­
verse-biased sources and drains of the metal-oxide 
semiconductor transistors act as photodiodes when il­
luminated. A single chip holds the vertical scan gener­
ator, transmission gates, sensor array, output shift regis­
ter, and output amplifier. 

The system is shown in block diagram form in Fig. 2, 

.. 

( 

RCA Laboratories, Princeton, N.J. and a photo of the chip, which measures 200 mils by H 
200 mils, is also shown in Fig. 2. The devices were fabri-
cated with p-channel MOS metal-gate technology. Indi­

o One of the major uses of charge transfer technology vidual picture elements of the sensor array are spaced 
will be in solid state image sensors, which will provide on 3-mil centers. 
better sensitivity and less interference from switching A display obtained with the sensor array was tested 
transients than earlier X-Y-addressed solid state sen- by projecting an image from a photographic slide onto 
sors. Results obtained from 32-by-44-element bucket the metallized side of the chip. Sensitivity was excellent, 
brigade sensor a rray, built on a single chip, have been even though the opaque electrode structure covered 
so encouraging that a complete television camera that about 50% of the silicon in the image area. However, 
uses thi s sensor now is being built for the Air Force. sensitivity could be improved further in future arrays by 

The key difference between cha rge transfer sensors using transparent electrodes or by thinning the silicon 
and X-Y addressed sensors is that the former can be and illuminating the array from the reverse side, as in 
made to sca n internally: cha rges are transferred bodily the silicon vidicon target tube. 9 

from element to element to the edge of the array1 for se- With a horizontal clock ra te of about 200 kHz and a 
quencing into a n output amplifier. In fact, no X-Y vertical clock rate of about 1 kHz (for 60 frames per sec­
coordi nate strips or extern al multipli ers are required to ond), excellent signal-to-noise ratios were obtained with 
ge nerate the video signal. There may still be appli- several foo t cand les of illumination on the sensor. In­
ca tions, however, where the hi gher signal levels of high- candescent illumination was used, but it was filtered to 
gain phototransistors or photoconductors are needed in _ ----------------------­
an X-Y array, and charge transfer circuits can also be 
useful there as a means of scanning. 

Two methods available 

Self-scanned sensor arrays can be built with either of 
the two methods of charge transfer ava ila ble- the 
bucket brigade circuit , first propose d by the Semicon­
ductor division of Philips Gloeilampenfabrieken,2•3 and 
the charge-coupled circuit, first reported by workers at 
Bell Telephone Laboratories. 4·5 Both have sufficiently 
low transfer- loss characteristics to be promising for such 
arrays. 

The two methods are quite similar in constructi on 
(Fig. 1), but the bucket brigade structure's additional 
diffused islands allow easier coupling to sca n generators 
and input and output ci rcuits (the diffused islands, how­
ever, may limit the ultimate packing density). For use in 
peripheral circuit functions-such as scan generators­
the somewhat larger transfer loss in the bucket brigade 
register can be tolerated when relatively few stages are 
required. 

The maximum number of picture elements for an in­
ternally scanned charge transfer sensor is determined by 
transfer losses a t the scanning frequency. Transfer losses 
of about 0.02% per stage a t 1 megahertz6 have been ob­
served in long single-line three-phase charge-coupled 
registers. With a loss per stage equal to the best re­
ported7 for a bucket brigade register (0.07% at 1 MHz, 
0.3% at 5 MHz) , the maximum a rray size now feasible is 
about 150 by 150 elements, scanned at 30 frames per 
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1. Charge movers. Two basic charge transfer structures are the 

three-phase charge-coupled device (a) and the · two-phase bucket 

brigade (b). Note p + islands in bucket brigade , which allow easy 

connection to elements. Circuit equivalent for bucket brigade (c) 
shows photodiodes , which generate charge that is transferred along 

row in the sensor. 
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2. Sensor building blocks. Charges stored in the photodiodes of 32 -by-44 element array are transferred to the output register when the 

vertical scan generator turns on transmission gate for row to be scanned . The horizontal clock first pulses , then steps the charges to output , 
where they are transferred to output amplifier . All circuits shown are on a single p-MOS metal-gate chip measuring 140 by 190 square mils . 

On the chip , the output register is at the right , the vertical scan generator at the left. 

remove the infrared component. Without the filter, the 
sensor' s strong response to infrared would not have re­
sulted in a true test of its re sponse to visible 
wavelengths . 

Transfer efficiencies along th e se nsor rows were better 
than 99.7%, a performance tha t is apparent from the 
signal uniformity attained over th e entire a rea of the 
sensor. One problem occurred, however: some photo­
diodes had higher dark current than was desirable. 

Bright spots similar to those observed in si licon-target 
vidicon tubes occurred. However, in the charge transfer 
array, the charges move along the row, and thus the 
bright spots tend to spread out along the direction of 
transfer as the increased charge created by the local 
high dark currents is propaga ted along the line. 

In the array, the vertical scan generator, a bucket 
brigade circuit, controls the transmiss ion gates, which 
apply the horizontal clocks to one row at a time . At 60 
frames per second, each row has a 1I60-second period 
between scans. 

Gates disconnect clocks 

During this period , the horizontal clocks are discon­
nected by the transmi ssion ga tes, and a charge pattern 
corresponding to the image builds up on the .photo­
diodes. When a given line is to be scann ed, the horizon­
tal clock is reconnected, and the large pattern is trans­
ferred across the row toward the continuously running 
output shift register- a bucket brigade that delivers the 
charges in order to th e output amplifi er. 

As shown in Fig. 3, the charge is transferred in se r­
pentine fas hion a long the row. Thi s geometry allows a 
maximum source-drain spac ing to be achi eved in each 
MOS transistor for a given ce ll size, which results in in­
creased transfer effic iency. 

The vert ical scan genera tor, which requires only one 
tra nsistor and one capacitor per stage (Fig. 4), is driven 
by symmetrica l square-wave clocks. When the negative 
pulse V; 11 is introduced into the first stage of the register, 
it propaga tes through the regis ter, appea ring a t success-
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ive nodes with the proper polarity for driving the trans­
mission ga tes . 

During the 1/60-second interva l between scans of a 
particular row, the horizontal clock lines are held at a 
positive potential to bias off a ll transis tors in a row. If 
interlaced scanning were required , the vertical clock 
waveform could be adjusted to turn on alternate rows, 
pass ing through inte rmediate stages while the horizon­
ta l clock is turned off. 

Register synchronized 

The output register (Fig. 5) is driven continuously in 
synchronism with the horizontal clock, and the se­
quence of charge packe ts from each row is transferred 
up th e register to the output ampli fier. The contents of 
more than one line may be in the output registe r a t the 
same time- while one line is sta rting up the register, the 
previous line may be only one stage ahead of it, assu m­
ing no delay for horizonta l flyback. 

The output .register thus adds one additional clock 
cycle of delay per line to the video signals. Although an 
interval will ge nera ll y be desired between lines to ac­
count for retrace time on the television monitor, the ex­
tra cycl e added by the register will probably not corre­
spond to th e retrace time. The extra cycle can be 
eliminated by advancing the vertical sca nning pulse to 
the transmission gates as it moves down the scan gener­
ator register. This is accomplished by increasing slightly 
the frequency of the vertical register. 

The output amplifi er delivers a voltage-sampled rep­
resentation of the video signal. Voltage sampling is 
preferable to current sampling here because the voltage 
remai ns constant during each half-cycle of the clock. If 
a current-sa mpl ed ou tput were used, a series of current 
spikes would result that are coincident with spikes feed­
ing through from the horizontal clocks, and separating 
the two would be difficult. 

Although the video signal current from the output 
register in the 32-by-44-element array has not been 
measured directly , its approximate value can be com-
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puted by multiplying the elementa l charge by the hori­
zontal clock frequency. With the capacitance of each 
bucket taken as 0.3 picofarad and with a I-volt swing, 
the elemental charge is 0.3 picocoulomb, and the video 
signal current thus is 0.03 microamperes for the 100 kHz 
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pulses that are applied to transmission gates. 

horizontal clock. However, an elemental charge packet 
as small as 0.002 pc could yield a video signal with a 
signal-to-noise ratio of 100, provided that the output 
amplifier noise co ntribution could be neglected .10 

Even with voltage samp ling of the video signal, the 
output is still embedded in the clock voltage waveform, 
giving the output signal a serrated appearance and a re­
sultant poorer sensitivity a nd s/ n ratio. A video signal 
maintained .a t a constant level throughout each clock 
cycle would be better. 

Circuit illustrated 

One circuit for performing the separation is shown in 
F ig. 6. Points P11 and P11 _ 1 represe nt successive nodes in 
the output regi ster ; the voltages at these points arc 
added, and the clock pulses thus are suppressed. The 
circuit was operated separately with the 32-by-44-ele­
ment array, but could be integra ted readily on the sa me 
chip. Note that th e circuit could a lso be used as a gen­
eral-purpose sample-and-hold circuit when input pulses 
are repetitive and ex tremely short. 

When the circuit of Fig. 6 was used to separate clock 
signals from the video output, the transmission of hal f­
tone pictures was improved grea tly . However, even 
without the ex tra circuit, the system's freedom from 
low-frequency clock components perrni ts acceptab le 
picture uniformity. Any pickup of clock signals can be 
removed by a low-pass filter, since the basic clock fre­
quency is twice that of the video pass band. Low-pass 
filters are not as effective with conventional X-Y ad­
dressed sensors, which have pickup of clock voltages 
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with low-frequency components in the video pass ba nd . 
T here are two systems for scanning charge transfer 

sensor arrays; each is shown in block-di agram form in 
Fig. 7. The horizontal transfer, line-by-lin e system 
(which was used in the RCA 32-by-44-ele ment bucket­
brigade sensor), and the vertical transfer system with a 
separate store, which has been proposed fo r charg­
coupled sensors. 11 

Systems compared 

Either scanning system can be used with either 
method of charge transfer ; thus, no di stinction need be 
made between the two methods o f tra nsfer. Both sca n­
ning systems and both transfer methods can provide es­
sentiall y the same over-a ll perfo rma nce if tra nsfer losses 
can be kept suffici ently low. However, there are differ­
ences between the two sca nning meth ods th at would af­
fect the cho ice be tween them fo r a pa rticular high­
resoluti on se nso r. The fo llowing po in ts must be consid­
ered (although it must be noted th a t additional factors 
may yet a ri se th a t will be of equ al importance) : 
• Chip area can be sm aller with a ho ri zontal transfer 
sys tem , since it doesn't require th e separa te sto re of th e 
ve rti ca l system. The separate sto re ca n be as large in 
a rea as th e sen sor itse lf. Although the horizonta l system 
does require a ve rtical sca n genera tor and transmission 
gates , these constitute a sma ll frac tion of th e space re­
quired for th e store. 
• Fewer tota l tra nsfers are required fo r the hori zontal 
sys tem , since additiona l t ra nsfers th rou gh the store are 
avo id ed. However, this ga in in cha rge de li vered to th e 
output is somewh at offse t by th e im proved tra nsfe r effi -
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7. Across or down? Two system s of scanning charge transfer sen­

sors are horizontal (a) along successive rows into a continuously 
running output register, and vert ica l (b) along columns in parallel 

into a separate store and a horizontal output register . Shaded areas 

represent stages needed in add ition to the sensors . 

ciency in th e vertical syste m because of the lower trans­
fer frequency. 
• C harge packets in the horizontal system are active 
fo r a sho rte r time tha n the packets in the vertical sys­
te m. The difference in tim e is one fra me because of the 
additi ona l delay introduced by th e store in the vertical 
sys tem. The e ffect of the delay in th e vertical system is 
to de ma nd tha t the permi ssibl e da rk current and num­
ber of defec ts per unit area be a pproximately half that 
required in th e horizontal sys tem for comparable pic­
ture qu a lity. 
• In the ho ri zontal sys tem, a sin gle sho rt circuit be­
tween clock electrodes in a ny row will in activate on ly 
th a t row, wh ereas the same defect in the vertical system 
would j eopa rdize the e ntire se nso r. However, for a 
three-phase clock, the ho rizonta l system would require 
clock crossovers within the sensor a rea , while the verti­
ca l system requires no such crossovers for a ny number 
of phases (for a two-phase system, the ho rizontal system 
does n' t require crossovers, since the ensor el ements are 
access ible fro m two directions, as shown in the serpen­
tin e paths in Fig. 3). 
• The ho ri zontal syste m requires onl y two indepen­
dent clock suppli es, while the ve rti ca l syste m requires 
three (ve rti ca l tra nsfer from sen sor into store , vertica l 
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transfer from store into output regi ster, and ho ri zont al 
transfer) . 
• The vertical system requires no scan ge nera tor, 
while the horizontal sys tem requires the vertica l sca n 
ge nerator and the transmiss ion ga ting sys tem. 
• The horizonta l sys tem ca n provide directly a sta n­
d a rd vertically interl aced signa l at 60 field s per second , 
with full I /30-second integration tim e for eac h tie Id . 
Howeve r, the hori zonta l syste m does introduce the ex tra 
ho rizonta l cl ock cycle betwee n lines as shown in Fi g. 5. 

The ex tra cycle could be compe nsa ted for by increas­
ing the vertica l sca n frequency, as was done with the 32-
by-44-ele ment array. ft could be avoided by usi ng a n 
output circuit in which th e signa ls from each row are 
del ayed the same a mount or no t d elayed at a ll. Circuits 
d esigned earlier to avoid the ex tra cycle 12 were subject 
to no n-uniform ga in fro m row to row or to degradation 
in s/ n ra tio beca use o f excess capacita nce in the con­
vergi ng v ideo channel. Th e hi gher th e load ca pac it ance, 
the sma lle r was the vo ltage swing p roduced by a fixe d 
a m ount of charge. If the outputs of n gates ha ndling th e 
n rows are converged into a single lin e, ca paci tance is 
hig h, since the stra y capacita nces add to th e no rma l ca­
pacitance to ground of the co mmo n d rain bus. 

The circuit of Fig. 8 wi ll converge the outputs without 
excess ive load capacitance. Basica lly, the circuit is a 
cha rge tra nsfer fan-in circuit , a pplica ble to charge­
coup led, as well as bucket-brigade d ev ices, in w hi ch two 
lines a re combined and the result a nd output a re com­
bined with the output of the nex t two lines. The capaci­
to r receiv ing the signa l can be made the sa me size as ei­
th er of the two capacitors from which the signa l may be 
tra nsferred . Thus, to ta l transisto r stray ca paci tance of 
each comm o n drain is never mo re tha n twice the stray 
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ca pac itance ofa single stage in a no rm al register. 
Although the ca pac ita nce to ground of some of th e 

lo nge r-d ra in buses in the fa n-in circuit could degrade 
th e tra nsfer effi ciency somewha t fo r these stages, it is 
not ex pec ted th at a major limita ti o n in a n output signa l 
would result , since o nly a few stages would be so af­
fec ted . Only nine half-stages would be required to cha n­
nel the signal from 5 12 rows into a common o utput. 
Note th at a summing stage is used a t the o utput to re­
move the clock pulse effec ts fro m the video signa l. 

C ha rge transfe r sca nnin g can a lso be a pplied to con­
ventional a rrays with X-Y coordinate strips, as shown in 
Fig. 9a , using photosensitive elements such as photo­
diodes, phototransistors 13 or photoconducto rs. 11 Thi s 
a rrange ment would be useful fo r special-purpose a rrays 
hav ing high sensitivity a t particula r wavelengths, a nd 
fo r high-gain photoconductive arrays that opera te by 
excitation storage rather tha n by charge storage. 

With charge tran sfer sca nnin g, the charges are re­
moved simultaneously fro m the elements of a sing le 
row during one lin e period , sto red te mpo rarily in para l­
le l cha rge tran sfer-h olding elements, a nd the n tra ns­
ferred in paralle l to the output registe r. Th e charges 
then are scann ed out during th e next line period. Fig. 
9h shows th e circuit d iagra m fo r a pho todi ode MOS 

fie ld-effec t transistor se nsor array constructed fo r sca nn­
in g by cha rge transfer. In opera tion, light imaged o n th e 
arra y causes cha rges to accumul ate on the eleme nta l ca ­
pac itors during th e period betwee n scans. 

When a given row is to be scanned , the vertica l sca n­
ner turns o n a ll transistors in that row. Simulta neo usly, 
th e transfe r pulser ca uses th e signa ls on each of th e ca­
paci tors in tha t row to be tran sferred down to the tem­
pora ry holding element CT . Th e sig nals are transferred 
o ut of th e holding e le me nts into the output register dur­
ing the fo ll owing ho ri zonta l re trace tim e. 

During the next horizonta l ljn e tim e, th e v ideo in fo r-

- v 

BIAS 

o--1-------~ '------+----+-------+-----<1-----1-------oH, 
.__ ______ ..._ _______ ......._ ___ --<>H 2 

8. Fan-in register. Delay introduced by output register in horizontal transfer system can be eliminated with a charge transfer fan-in register . 
Shown for eight rows, outputs of pairs of rows are fed into capacitors and then combined wi th next pair in a similar state. Finaf o,u tput is 
summed in parallel output stage to remove clock waveform. 
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9. X-Y array scanning . Bucket brigade ci rc uit improves signal extraction fr om convent ional X-Y address arrays (a). Charges are removed 

sim ultaneousl y from row , temporarily stored in holding el ements, and then transferred to output reg ister fo r scanning during next line period . 

Circu it used for test array (b) shows port ion of eight-by-eight format and associ ated bucket brigade c ircuitry , using discrete photo diodes, 

MOSFETs and capacitors_ 

mati on is tran sferred stepwise through the output regis­
ter, while charges from th e nex t row are being trans­
ferred to the ho lding e le me nts. The video signal is 
obtained by adding th e voltage-sa mpl ed signa ls from 
two success ive nodes of the output register using a cir­
cuit similar to tha t in Fig. 6. 

A MOS pho todiode test array in an 8-by-8 format has 
been built with di scre te component photodiodes, MOS 

FETs and capacitors as in Fig. 9b. The resulting picture 
transmitted (Fig. 10) is di splayed on a standard TV 

monitor operating at normal scan rates. (Because there 
are only eight lines, a simpl e image was a ll tha t could 
be used.) 

Signal transfer 

The signal from success ive rows in the array ~as 
transferred into the output register during the horizon­
tal ftyback time of every 16th TV line. Although squ are­
clock pulses having SO-nanosecond rise tim es were used 
for the horizontal register, switching transients in the 
output of the summing amplifier were very low. 

Similar techniques applied to other types of arrays 
with X-Y address strips would also improve operating 
sensitivity by reducing the switching transients normally 
obtained with conventional multiplexers. No experi­
mental comparison of sensitivity has been made be­
tween integrated MOS photodiodes with readout by ex­
ternal charge transfer a nd a n internal scanned array 
using direct illumina tion of the registers . 

One possible limitation of the charge tra nsfer readout 
of an X-Y a rray would a rise from the larger capacitance 
of the column address strips, tending to limit the effi­
ciency o f transfer of signa ls from the ele ments to the 
output register. Fortunately, a line-time is ava ilable to 
complete thi s transfer, and any excess charge left over 
in the column ca paci tance could be removed so as not 
to interfere with the signal from succeeding lines. D 
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The Kokontoans now 
give you Darlington 

Switching Power. 

Use a Darlington in place of an ordinary 
transistor, and you'll realize an additional mag­
nitude of gain plus increased switching power. 
Use a Delco silicon power Darlington (DTS-1010 
or DTS-1020) and you'll also realize a gain in 
dependability. 

application to reduce circuit size, weight, and 
cost. In addition, the Darlington space saving 
feature allows you more design flexibility. Unlike 
an ordinary transistor, it's only energy-limited, 
not beta-limited . You can exploit its full energy 
capability in your circuit. 

Delco's Darlingtons are triple diffused mesa 
units housed in copper T0204MA cases and built 
for ruggedness. The design gives them high ener­
gy capability-the ability to handle surges of 
current and voltage simultaneously. They are 
ideal for switching inductive loads in circuits 
subject to transients or fault conditions. 

Call your nearest Delco distributor. He 
has them in stock and he's got the data on 
high energy switching for small spaces. 

For details on t he switching regulator circuit, 
ask for Application Note 49. 

Design a switching regulator circuit around 
a Delco Darlington or use it in any 60-100 volt 

I] Delco Electronics 

Now available from these distributors 
in production quantities. 
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(415) -968-6292 
CAL., REDWOOD CITY o Cramer/San 
Francisco, (415)-365-4000 

CAL., SAN DIEGO • Milo of California, Inc. 
(714)-232-8951 

CAL., SAN DIEGO • Radio Products Sales, 
Inc. (714)-292-5611 

COLO., COLORADO SPRINGS • Walker 
E lectronics (303)-636-1661 

COLO., DENVER • Cramer/Denver (303)-
758-2100 • Denver Walker Electronics (303)-
935-2401 

ILL, ROSEMONT (Chicago) • Kierulff/ F-J-R 
(312)-678-8560 
ILL., SKOKIE (Chicago) • Merquip Electronics 
(312)-282-5400 

I ND., INDIANAPOLIS• Graham Electronics 
Supply, Inc. (317) -634-8202 

MD., BALTIMORE• Radio Electric Service 
Co. (301)-823-0{>70 
MASS., NEEDHAM HEIGHTS • Kierulff 
Electronics, Inc. (617)-449-3600 
MASS., NEWTON • The Greene-Shaw Co., 
Inc. (617) -969-8900 

~~5.1loo ROMULUS • Harvey/ Detroit (313)-
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MINN., MINNEAPOLIS • Stark Electronics 
Supply Co. (612)-332-1325 

MO., KANSAS CITY • Walters Radio Supply, 
Inc. (816)-531-7015 
MO., NO. KANSAS CITY • LCOMP-Kansas 
City, Inc. (816)-221-2400 
MO., ST. LOUIS • LCOMP-St. Louis, Inc. 
(314)-647-5505 
N .J., CLIFTON • Eastern Radio Corporation 
(201 )-4 71-6600 
N .M., ALBUQUERQUE • Cramer/ New Mexico 
(505 )-265-5767 • Sterling Electronics (505)-247-
2486 
N.Y., BINGHAMTON Harvey/ Federal 
(607)-748-8211 
N.Y., EAST SYRACUSE • Cramer/Eastern 
(315)-437-6671 

N.Y., ROCHESTER Cramer/ Rochester 
(716)-275-0300 

N.Y., WOODBURY • Harvey/ New York 
(516)-921-8700 

OHIO, CINCINNATI • United Radio, Inc. 
(513)-761-4030 

OHIO, CLEVELAND • Pattison Supply (216)-
441-3000 

OHIO, DAYTON • Kierulff/F -J-R (513)-
278-9411 

OKLA., OKLAHOMA CITY • Radio, Inc. 
(405)-235-1551 

OKLA., TULSA • Radio, Inc. (918)-587-9123 
PENN., PHILADELPHIA • Almo Electronics 
(215)-676-6000 

PENN., PITTSBURGH • RPC Electronics 
(412) -782-3770 

S.C ., COLUMBIA • Dixie Radio Supply Co., 
Inc. (803)-253-5333 
TEXAS, DALLAS • Adleta Electronics Co. 
(214)-741-3151 
TEXAS, FORT WORTH • Adleta Electronics 
Co. (817)"336-7446 
TEXAS, GARLAND • Kierulff Electronics, 
Inc. (214)-271-2471 
TEXAS, HOUSTON • Harrison Equipment 
Co., Inc. (713)-224-9131 
UTAH, SALT LAKE CITY • Cramer/Utah 
(801)-487-3681 
VA., RICHMOND • Meridian Electronics, 
Inc., a Sterling Electronics Company (703)-
353-6648 
WASH., SEATTLE • Kierulff Electronics, Inc. 
(206) -763-1550 
WASH., TACOMA • C & G Electronics Co. 
(206)-272-3181 
CANADA, ONT., SCARBOROUGH • Lake 
Engineering Co., Ltd. (416)-751-5980 
ALL OVERSEAS INQUIRIES: 
General Motors Overseas Operations 
Power and Industrial Products Dept. , 
767 Fifth Avenue, New York, N.Y. 
10022. Phone: (212)-486-3723. 

Kokomoans' R egional 
Headquarters. 
Union, New Jersey 07083, 
Box 1018, Chestnut Station, 
(201) 687-3770. 
El Segundo, Calif. 90245, 
354 Coral Circle, (213) 
640-0443. 
Kokomo , Ind. 46901, 700 E . 
Firmin , (317 ) 459-2175 
(Home Office). MARK OF EXCELLENCE 
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Designer's casebook 

Transducer preamplifier 
conserves quiescent power 
by Robert F. Down s 
Ocean & Atmospheric Science Inc., Santa Ana, Calif. 

A low-voltage micropower preamplifier holds power 
dissipation to approx im ately 13 microwatts because of 
the low bias current of its two-transistor impedance con­
verte r output stage. The prea mplifi er, which is intended 
for use with a capaci ti ve tra nsd ucer, operates at a quies­
cent curren t of 10 microa mperes wi th a supply vo ltage 
of only 1.35 vo lts. 

The gate of field-effect transistor Q1 is essent ia lly 
biased at 0 v th rough resistor R1 . Negative feedback, 
provided by resistor R2 , maintains Q 1's gate-to-source 
voltage at approxim ately - 0.4 v, fo rcing its drain cur­
rent to less than 4µA. Resistor R2 , therefore, cont ributes 
significantly to Q1's bias stability. 

Preamplifier input impeda nce depends on both R1 

and the voltage gain of th e field-effect transistor stage. 
Actual FET intrinsic input impedance can be ignored 
since it is orders of magnitude larger than Ri. 

If e; denotes input signa l voltage, the voltage across 
R 1 ca n be expressed as e;( 1 + K v), where K v is the 
stage's voltage ga in . Since current through R1 is in-

creased by a factor of I + K v, the apparent input im­
pedance is R 1 / ( I + Kv)· 

On a small-s ignal basis, then, th e preamplifier's input 
stage is equivalent to a common-source configuration, 
wh ile the bias arrangement is th at of a source-follower. 
For the over-a ll circuit, the de input impedance is 
around 1.5 megohms, while the ac input impedance is 
about 300 kilohms. 

The FET selected for this circuit should have a low 
pinch-off voltage (V r) and a low drain current (1005) 

when the gate-source junction is shorted. For the device 
used, V r is about 0.1 v and loss approximately I 00 µA. 
Because a FET's transconductance (gm) depends on 
drain current, Q1's gm is only around 50 micromhos. 

Since the FET's output conductance is negligible, its 
output impedance, like that of a common-source stage, 
essentially equals R 2 . Because this is a high resistance 
valu e, two bipolar transistors, Q2 and Q3, are used as an 
impedance converter. 

This converter stage opera tes like a pnp emitter-fol­
lower, providing very high values of current gain and 
input impedance. Moreover, it realizes greater bias volt­
age compatibility between the FET and bipo ~ar stages 
than a conventional Darlington pa ir could. Converter 
bias current is about 6 µA , input impedance exceeds 2 
megohms, and output impedance is a bout 4 kilohms. 

For the preamplifier, equivalent input broadband 
noise is relatively low, about 33 µv from 140 hertz to 20 
kilohertz. And voltage ga in is nominally 5 ( 14 decibels) . 

Power pincher. Preamplif ier for capacitive transducer· input dissipates only 13 microwatts and operates from 1 .35-volt supply. Bias current 

of impedance converter, composed of bipolar transistors 0 2 and 0 3 , is only 6 microamperes, keeping total circuit current drain to only 10 µA -< 
FET input stage has source-follower bias arrangement but provides voltage gain of common-source configuration . 

TRANSDUCER c[--­
(5000 pF) 
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Differentiate and count 
to find frequency error 
by Robert C. Rogers 
Texas A&M University, College Station, Texas· 

By counting differential pulse trans1t1ons for a known 
period, a simple error-detection circuit measures the fre­
quency d ifference between a vari able square wave and 
reference square wave. Usually, frequency error is 
found by counting both signals for some fixed period 
and then comparing the resultant values, or by mixing 
the signals and then counting the beat frequency. The 
first method often requires a considerable amount of 
digita l logic if high-frequency signals are involved, 
while the second method is generally limited by the 
passband of the bea t- frequency detector. 

The frequency error detector shown requires input 
signals that are compatible with logic circuits. (A zero 
crossover detector could be used initially to prepare the 
inputs.) The reference square wave is d ifferentiated and 

applied to the strobe input of a latch, and the variable 
square wave is applied to the data input of the latch. 

How many positive or negative transitions the latch 
output makes in a given period represents the number 
of times the variable frequency has gained or lost a full 
cycle relative to the reference. Counting these transi­
tions for a known period, then, yields the total fre­
quency error during that period. A high-level output in­
dicates that the variable is within the limit. 

The time-base input signa l se ts the latch to a logic l if 
the four-bit counter does not reach a value of 10 in the 
preceding 0.1-second timing interval. This signal is also 
used to reset the counter for the next counting period, 
which begins when the reset pulse returns to zero. 

There are two drawbacks that should be remem­
bered. The detector fails if the va riab le frequency be­
c9mes identical to the reference in both frequency and 
phase, and it becomes ambiguous when the variable 
frequency is either a higher or lower harmonic of the 
reference. However, even with these limitations, the de­
tector is useful and reliable over the reference range of 5 
to 20 megahertz. Error limit fo r the ci rcuit shown is 
± 100 hertz and can be changed by altering the number 
detected by the counter gate. 

Frequency error detector. Diffe rentiated reference square wave drives latch strobe input ; variable square wave feeds latch data input. 

Counter logs either positive or negative transitions of latch output for specific period to total frequency error between inputs. High circuit out­

put indic'l.tes error is within desired limit. Time-base signal sets latch and resets counter. Detector range is 5 to 20 MHz for ±100 Hz. 

rtil... 
VARIABLE 
INPUT 

nrL 
TIMEBASE 
INPUT 
(0.1 s) 
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Feedback latch reduces 
memory recovery time 
by Joseph McDowell and William Moss 
Monolithic Memories Inc., Sunnyvale, Calif. 

The cycle time of wire-O Red semiconductor memories 
ca n be improved wi th the addition of a fee dback gate to 
a NAN O ga te la tch. The resulting three-gate configura­
tion, which also includes a diode and a res istor, prov ides 
la tched da ta outputs fro m open-collector memory pack­
ages with significantly reduced turn -off delay. 

For open-collector devices, Like S1 through SN in the 
diagra m, the common problem is choosing a pull -up re­
sistor tha t is small enough for fast turnoff and la rge 
enough for the curre nt si nking capability of the pack­
age's open-collector driver. T urn-on speed is not usually 
a problem, since capacitors C1 th rough C are driven 
from a low-impedance saturated tra nsistor. 

However, turn-off speed or recovery time is deter­
mined by the RC time constant at the wire-ORed node. If 
ma ny memory outputs turn on at once (for example 
when a ll low-logic signals are stored in a 72-bit memory 
word), the change in the power supp ly load (about 1 

am pere in 10 na noseconds for 15-m illi ampere open-col­
lector drivers) may require a large pull-up resis tor to 
keep vo ltage noise within specifications a t the ex pense 
of turn-off speed. 

T he illustra ted la tch employs the common cross­
couple ga te a rrangement of G 1 a nd G 2 . A feed back 
ga te, G 3 actively pulls up the wire-O Red line (l ike a tri­
sta te gate) after the cross-coupled gates latch. Di ode 0 1 

isolates G3 fro m node A, a ll owing low-level signa ls to 
be sensed at this point. To avoid transistor-tra nsistor 
logic high-level signal pro blems at node A, 0 1 shoul d 
have a low forward-voltage d ro p. 

Resistor R1 is used to limit th e current fro m ga te G 3 

to the open-collec tor outputs of memories S1 th rough 
SN. The value of R1 must be sma ll enough to provide an 
acce ptab ly low signal level a t the la tch input. Only the 
output leakage of the wire-O Red memories a nd the in­
put leakage of the feedback la tch determ ine the max­
imum va lue of pull-up resistor R2. Recommended val­
ues fo r resistor R2 range fro m 1 to 10 kil ohms, 
depend ing on power supply load considera tions. 

For 16 wire-O Red memory packages and a 4.7-kilohm 
pull -up resistor, the feedback latch can reduce tu rn-off 
time from 70 to IO na noseconds. 

Designer's casebook is a regular feature in Electronics. We 1nv1te readers to submit original 
and unpublished circuit ideas and solutions to design problems . Explain briefly but thor­
oughly the circuit's operating principle and purpose . We 'l l pay $50 for each item published. 

Speeding up wire-oRed memories. Cross-coupled gates Gt and G2, along with feedback gate G3 , trim turn-off delay for array of wire-oRed 

memories (St through SN). Three-gate feedback latch uses diode to isolate G3 so that low-level signals can be detected at wire-oRed node A. 
Resistor Rt prevents surge cu rrents from G3 . Maximum val ue of pull-up resistor R2 is determined by leakage currents. 
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Only $8.50 in IOO's. 
Philbrick's 1421 FET opera · onal amplifier is a guar­

anteed performer. Low bias current: less than 50pA guaranteed. 
High output current:+ 1 OmA guaranteed. Hig CMRR: 4000 
guaranteed. Common-mode voltage range: +12V guaranteed. Unity­
gain frequency: 1 MHz guaranteed. 

These guarantees (and more) are all yours in a single 
T0-99 can. Attractive quantity discounts apply. Models 1421/01 
and 1421/02 are the operational amplifiers with even tighter specs 
for more sophisticated applications. 

And remember to power up with Philbrick Power 
Supplies for best performance. 

Ask your local Philbrick representative for complete 
details or write, Teledyne Philbrick, Allied Drive at Route 128, 
Dedham, Massachusetts 02026. For toll-free ready data dial 
(800) 225-7883. In Massachusetts (617) 329-1600. 

Philbrick Operational Amplifiers 
THe good ones. 
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Accurate transistor tests 
can be made inexpensively 
These eight op-amp circui ts, costing $75 to $100 each , will measure 
the key characteristics of bipolar and field-effect transistors 
at a fraction of the cost of sophisticated special-purpose testers 

by Jerald Graeme, Burr-Brown Research Corp., Tucson, Ariz. 

D Choosing a method of testing a moderate number of 
transistors- say, 1,000 a day- presents an intriguing 
challenge. A curve tracer is too slow because it usually 
needs adjustment for each device being tested, and it is 
not accurate enough for most leakage-current and de­
vice-matching measurements. A special-purpose test set 
can do the job well enough, but it costs too much to jus­
tify its use for such a small number of devices. 

The best approach is to build the necessary circuits­
eight will suffice- with commercially available oper­
ational amplifiers for testing the various parameters of 
bipolar and field-effect transistors. Each circuit, which 
costs only $75 to $100, provides the same high accuracy 
and test rates as more expensive special-purpose sets. 

While the basic circuits are intended for voltmeter 
display, they can be used with simple ramp generators 
to provide oscilloscope traces of a wide variety of tran­
sistor parameters. When the oscilloscope and ramp gen­
erator are added, the various quantities can be dis­
played as a function of any selected parameter. 

Only the resistors need to be adjusted in the op-amp 
test circuits to provide independent control of bias cur­
rents, bias voltages, and ac test signals. The indepen-

15 Vdc npn 
V+ R, lOOkn V/R1 + E,/R2 

V _---<> pnp le ADJ. 
- 15 Vdc 

+ 

':~"' -:-
E, rv 

-:-

v_ 

1. Measuring current gain. By fi xing both de and ac collector cur­
rents le and le and measuring base currents that result, th is circuit 
avoids problem of having operating point vary with beta . 

84 

dence of the resistive controls is achieved by exploiting 
the high gains, high input resistances, and low output 
resistances of the op amps used in the test circuits. 

The eight measuring circuits are described below. 
Two of them- those that measure beta and output con­
ductance- are to be used with bipolar transistors. Three 
others- those that measure forward transconductance, 
drain-source resistance, and pinch-off voltage- are for 
field-effect transistors. The remaining three circuits­
breakdown voltage, leakage current, and component 
matching- are for both types of transistors. 

Measurement of beta 

In the usual curve-tracer measurement of beta, the 
instrument sets the base current for a common-emitter 
configuration, and beta is then found by observing the 
resulting collector current. This is a poor testing proce­
dure because, with it, the collector bias and signal cur­
rents vary with beta. It is better to measure beta by ob­
serving the resulting base current at specific values of 
collector bias and signal currents. 

With the recommended test circuit (Fig. 1), the collec­
tor bias and signal currents are established by the feed-

15 Vdc 
+V 

-V--0 10 
-1~ Vdc pnp ADJ. 

V/ R1 + E;/R2 -
c, 

+V~pnp 

-v 
npn 

2. Measuring g,, . Like the beta-measuring circuit for bipolar tran­
sistors (Fig. 1 ) , this field-effect transistor tester measures forward 
transconductance Qr, , at a preset operating point. 
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't 3. Breakdown. In all four of these setups, op amp increases voltage across device under test until it breaks down and allows feedback cur­
rent to flow . Breakdown current is limited to V+ I R. Tester limits depend on output voltage range of the op amp. 

,, 

back around amplifier Ai. In establishing these cur­
rents, Ai drives the transistor under test so as to 
maintain nearly zero voltage and current at the op-amp 
inputs. For zero input voltage, the common ends of Ri 
and R2 are at ground potential, and the input signals 
are impressed entirely across these resistors. 

For zero op-amp input current, the currents through 
Ri and R2 all flow in the collector. The collector's direct 
current is then given by le = V / Ri , and the alternating 
current is given by le = E;/Rz. 

The base current resulting from the flow of these col­
lector currents is supplied to A2 and flows through the 
feedback resistor R5. From this current, an output volt­
age, e0 , is generated, where 

eo = R5[(1c/hFE) + (lel hre)]. 
The quantity hFE is the de or static value of beta, while 
hre is the ac, or dynamic value. If e0 is considered to 
have a de component, E0 , and an ac component, E0 , 

then the two betas are given by 
hFE = (R5/ Ri)(V /Eo) 

and 
hre = (R5/R2) (~/Eo)· 
AmplifierA2 also serves as a convenient means of set­

ting the collector-base bias, V cs. From R3, a voltage is 
set at one amplifier input and is thereby set at the base 
of the test transistor. This base voltage establishes V cs, 
since the collector is held at zero voltage by Ai. Then, 
from Fig. 1, Yes = - Vi. 

Using this circuit, low-frequency measurements can 
be made within the deviation permitted by the tempera­
ture coefficient of beta. This temperature coefficient is 
about 0.5% per degree centrigrade near room tempera­
ture, and normal ambient variations limit deviations to 
around 1 %. Test accuracy is also directly related to the 
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accuracies of voltages V and ~ and of resistors R i, R2 , 

and R5. Ri and R2 are usually multi-turn potentiome­
ters with turns-counting dials. This makes it possible to 
set le and le without actually measuring the collector 
currents. 

At low currents, an additional error in the test for hFE 
is the input bias current of A2, but this may be avoided 
by using a FET-input op amp. Further limitations to the 
hre test are the op-amp bandwidth and the stray capaci­
tance shunting the high resistance of R5. These latter 
factors limit ac beta testing to 10 kilohertz or 
lower. 

Since the operator is completely free to choose the 
test frequency, he can select a low one for the low-level 
testing, thus avoiding the stray capacitance effects that 
limit the accuracy of measurements made on a curve 
tracer. 

Likewise for 9 rs 

The forward transconductance, grs, of a FET, can be 
measured in a manner similar to that of the beta test 
above. Again it is preferable to test at a fixed operating 
point rather than with a fixed driving signal. Therefore, 
the drain bias and signal currents are fixed in Fig. 2 as 
they were in Fig. 1. In this case, the de and ac drain cur­
rents are set by Ri and Rz to be 10 = V / Ri and Id = 
E;/R2 , respectively. The biasing voltage on the FET is set 
directly by establishing the gate voltage with R3 . Since 
the drain is held at zero voltage at the op-amp input, 
the gate-drain voltage, V oo, is set by the gate bias at 
Yoo= V1. 

To find the forward transconductance, the gate source 
voltage developed by the drain current is measured at 
the output. By relating this voltage to the drain current, 
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the static and dynamic values of the forward trans­
conductance are found to be 

gFs = V / R1Eo 
and 

grs = E/ R2E0 • 

Again, the primary limitation on test accuracy is the 
temperature coefficient of the device under test. The 

0.1 µF 

--- -BVcEO 

V_ (HIGH VOLTAGE) 

4. Gain stage. For tra nsistors with high breakdown voltages, output 
voltage of operat ional amplifier can be boosted by adding a com­
mon-emitter amplifier and a FET current-source load . 

V+ 
O.Ql µF 

R2 

IOMn 

Eo 

lcEO = - Eo / R2 
-;-

V+ 0.01 µF 

R2 

IO Mfl 

Eo 

lcEO = Eo / R2 

-;-

exact coefficient encountered varies from zero to 
0.7%/°C, depending upon how close the test current is 
to the FET zero-temperature-coefficient point. The cir­
cuit-oriented accuracy limitations are the same as those 
encountered with the corresponding elements in the 
beta-measuring circuit described earlier. The test band­
width is again de to 10 kHz. 

Testing breakdown 

The breakdown voltage of a transistor is not a very 
precisely defined quantity because it varies in several 
ways with the current.flow under breakdown conditions. 
Therefore, following the same reasoning as in the two 
preceding measurements, it is desirable to set the cur­
rent level at which the breakdown voltage is measured. 

Such testing is performed readily with an op amp as 
illustrated in Fig. 3 for several cases. The op-amp out­
put increases the voltage on the device under test until 
the device breaks down and allows a feedback current 
to flow to the amplifier input. Then, the amplifier input 
voltage and current are returned to zero, and the break­
down current, lsv, will be l 8 v = V +I R. Any breakdown 
voltage can be tested in this manner by connecting the 
appropriate device terminals between the op-amp input 
and output. The connection polarity is that which re­
sults in breakdown with a current flow into the terminal 
connected at the input. 

Errors in this breakdown voltage are negligible for 
the measurement accuracies normally desired. ";"est ac­
curacy is maintained at low current levels until the in-

V+ 0.01 µF 

R, 

IOO kfl 

lceo = - Eo / R2 

V+ 

R, 
VGo ADJ. 

100 kn 

. 

5. Measuring leakage. In each of these circuits, output voltage is directly proportional to leakage current in the feedback path . For accurate 
measurements, op amp input bias current must be negligible compared to leakage curre nt of transistor under test. 
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put bias current of the op amp becomes significant. 
Since this limit can be quite low, breakdown testing at 
very low currents is possible for close examination of 
junction quality. However, the range of voltages accom­
modated in this test is more limited. The limitation is 
the output voltage range of the op amp. Hence, a high­
voltage amplifier is required for this type of testing . .. Often, even a high-voltage op amp cannot supply suf­
ficient voltage for a breakdown test. In that case, the 
voltage range can be extended by adding some voltage 
gain after the amplifier, with a common-emitter tfansis­
tor driving a FET current-source load (Fig. 4). By using 
the FET, both high gain and a current-limited output are 
achieved simply. Output current drawn through the test 
device is limited to the loss of the FET. Further voltage 
range improvement can be achieved with a stacked out­
put stage · i. By stacking output transistors in series, the 
voltage range can be made greater than the breakdown 
levels of these transistors . 

,. . 

• 
• 

Leakage-current checks 

Very low leakage currents of silicon bipolar transis­
tors and FETs present a significant measurement chal-

11. lenge. Bipolar transistor leakages of 0.1 nanoamperes 
and FET leakages of 0.1 picoamperes are now attained. 
Such low current levels can not be measured on most 
curve tracers or specialized transistor testers, but the op 
amp readily permits their measurement, as demon­
strated in Fig. 5. In each case, the leakage current flows 
in the amplifier feedback path to develop an output 
voltage directly proportional to the leakage current. 
Feedback constrains one terminal of the device under 
test to zero voltage at the amplifier input. Then, the bias 
voltage is established by a potentiometer which controls 
the voltage at the other device terminal. 

,, 

The principal limitations on the test accuracy and 
test-current range are the input-bias current of the op 
amp, stray leakages, and noise. To avoid input bias-cur­
rent errors, which add directly to the leakage .current, 
the op amp is chosen to have a negligible input bias cur­
rent. For most bipolar transistor leakage-current testing, 
a FET-input op amp will do the job. When testing FETs, 
a varactor-input op amp and a very high feedback re­
sistance are required. 

For all cases, stray leakages should be minimized by 
keeping all insulating surfaces clean and isolating the 
test circuit from supply or bias voltages. 

~J 
To reduce noise, various degrees of shielding and fil-

tering are needed. In general, bypassing the feedback 
resistor provides adequate filtering- as is provided in 
the FET test circuit by the parasitic capacitance of the 
200-megohm resistor. 

Measuring output conductance 

For high gain in common-emitter amplifiers, high­
resistance loads are used. The ability of a bipolar tran­
sistor to drive a high-resistance load is expressed by its 
output conductance, hoe · To measure h0e, the slope of 
the common-emitter characteristic curve can be calcu­
lated by using a curve tracer. Alternately, this small 
slope can be measured accurately and quickly with the 
circuit of Fig. 6. 

Basically, this test circuit provides an output voltage 
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6. Measuring hoe· Output conductance of a bipolar transistor is a 
measure of its ability to drive high-resistance loads. Since hoe is a 
small-signal parameter, ac coupling must be used . 

proportional to the change in emitter current induced 
by a change in collector-emitter voltage. The collector­
emitter signal voltage is established by Ei, the emitter 
signal current is supplied by E0 from A2 , and biasing is 
set by Ai and A2 . Biasing the base of the test transistor 
is a differential current source formed with Qi and Q2 

and controlled by Ai. With current-source base bias, the 
biasing impedance will be much greater than the load 
impedance presented by the transistor. Then, the output 
conductance measured will be the worst case value, hoe· 
Op-amp feedback around the current sources from the 
test transistor emitter forces the emitter voltage to equal 
that presented by Ri. This sets the de collector-emitter 
voltage, V cE, at V cE = Vi· 

The other op amp is also biased from Ri so that the 
adjustment of V cE does not affect the emitter bias cur­
rent, IE . As Ri causes Ai to vary the test transistor emit­
ter voltage, this potentiometer also causes A2 to vary 
identically the de voltage at the other end of the emitter 
resistor, Rn. No change in emitter-resistor voltage re­
sults, and IE is unaffected . Instead, the de voltage on 
Rn is established by the zener diode in the feedback 
around A2 . The zener drops the de output voltage of A2 

below its input voltage, which is also the emitter volt­
age. Then IE = V z/Rn. 

If the output voltage of A2 were only a fixed de level, 
the emitter signal currents created by variations in Yee 
would not develop. Instead, the feedback provided by 
Ai would drive the base to hold the emitter voltage con­
stant and would thereby eliminate the very current 
which is to be measured . 

The desired emitter signal is restored by ac coupling 
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of the output of A1 to the input of A2 . The ac output of 
A2 drives R11 to supply the signal current and to present 
a buffered output for measurement. Thi s yields le = 
E0 / R11 and an hoe given by the ratio le/ Yee· In other 
words, 

hoe = Eo/ R11E1 . 
Other than errors in E1 and Rn, the major accuracy 

limitations are the gain and bandwidth of A2. To supply 
all of the emitter signal current, A2 must have a current 
gain through R 11 that is much greater than the beta of 
the transistor tested. This commonly sets the upper limit 
of the test bandwidth at about 200 hertz. A lower band­
width limit is similarly imposed by coupling capacitor 
C2• Within this bandwidth, it is possible to make low­
frequency hoe measurements which avoid the stray ca­
pacitance hysteresis looping encountered on curve 
tracers at low current. 

Measuring rcts is simpler 

Somewhat simpler than hoe testing is the measure­
ment of the drain-source resistance, rc1 5 , of a FET, which 
is the measure of the FET's ability to drive high-resist­
ance loads. The rc1s test circuit of Fig. 7 is similar to the 
hoe test circuit, but a high driving impedance is not re­
quired for the FET gate. Once again , A1 fixes the de bias 
voltage at V1, giving Vos = V1 . The feedback zener sets 
the de voltage on the source resistor giving Is = Yz/ R2. 
As before, A2 supplies the signal current, which is now 
Is = E0 / R2, and the drain-source resistance is given by 

rcts = Ei R2/Eo. 
The accuracy of this result is limited by errors in E1 

and R2 and by the gain of A2. The current gain through 
A2 and R2 must be much greater than the grs of the FET 
to have E0 supply a ll of the signal current. The measure-
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+ 
Vos _ ___ _ __,.......,._...+<ADJ. 
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7. Measuring output resistance. Drain-source resistance rcts of a 
FET-like hoe of a field-effect transistor-is a measure of its ability to 

drive high-resistance loads. This test circuit is useful for checking 

frequency range of about 20 Hz to 20 kHz . 
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8. Matchmaker. Matching two devices involves measuring differ­

ences between their base-em11ter (or gate-source) voltages when 

emitter (or source) currents are the same. Since this voltage is tem­

perature-sensitive , it 's extremely important to match thermal envi­
ronments of the two transistors as closely as possible . 

ment bandwidth thus extends from about 20 Hz to 
about 20 kHZ. 

Matching transistors 

Matched pairs of ~ipolar transistors or FETs are es­
sential for the construction of differential amplifier 
stages with low de errors and low thermal sensitivities. 
Such transistor pairs are matched in either emitter-base 
voltage, V BE, or gate-source voltage, V GS· Elementary 
biasing is not generally suitable for matching purposes 
because a mismatch in V BE or V Gs will create a com­
pensating curre.nt imbalance between the two transis­
tors. Op amps can remove this interdependence. 

The op-amp matching circuit (Fig. 8) makes the cur­
rent balance between the transistors independent of the 
difference between their emitter-base voltages. T he in­
dividual bias currents and voltages are also indepen­
dently controlled. Although shown with bipolar trans~s­
tors, the same circuit provides V Gs match testing for 
FETs. To set the two collector-emitter bias voltages, R 1 

se ts the voltage a t the inputs of both amplifiers and, 
thereby, at the two emitters. This gives VcE = V1 . With 
emitters at the same voltage, the base voltages will dif­
fer by t. VBE; mismatch is measured as E0 = t. VBE· 

For the above output voltage to represent the transis­
tor mismatch, the emitter currents must be identical. 
Feedback sets the two emitter currents as the op amps 
drive the transistors to accept the currents supplied by 
Rz and ~- These resistors carry emitter currents de­
rived from the zener diode voltage V z. Since the diodes 
are referenced to one amplifier output, rather than 
ground, changing V1 does not alter the voltage on the 
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current-setting resistors, R2, R3, and ~. The voltage 
across R2 and R3 is - V BE + V z + V 0 . Since the diode 
voltage V 0 will approximately cancel - V BE, the drop on 
R2 and R3 is Vz , as is the drop on~ and R5. For Rz = 
R.i, the emitter currents are equal: 

IE = V z/(R2 + 2R3) and IE = V z/(~ + 2R3). 
The dominant measurement errors are those created 

by the differences in the op-amp offset voltages, in the 
emitter resistors, R2 and R.i , and in the temperatures of 
the two transistors. A difference in input offset voltages, 
ti Vos, results in an identical difference in the transistor 
emitter voltages to produce an output error equal to 
ti V 0s. To remove this error, Eo is nullified by adjusting 
one of the op-amp offset-voltage potentiometers when 
the emitter-base junctions are shorted. Normally, this 
adj ustment will have to be made only initially when the 
circuit is built and tested. A difference between R2 and 
R4 creates a ti Y'sE error. The error, which is caused by 
a current imbalance, is given by 2 

ti V'sE = 25 mv ln [IE/(IE + tiIE)]. 
Since the currents in this expression are directly deter­
mined by the resistors, the expression may be rewritten 
in terms of the resistances as 

tiV'sE = 25mv ln[(R+tiR) / R] 
where R is the average of R2 and ~. For small un­
balances, the above resistance ratio is near unity, and 
the logarithm may be expanded to yield 

ti V'BE = 25mv(tiR / R) for tiR is much less than R. 
This result indicates that an emitter resistor mismatch 
of only 1% will produce a ti V'BE error of 0.25 mv. Re­
moval of this error is accomplished by adjusting R2 and 
R.i until interchanging the two transistors creates only a 
reversal in the polarity of Eo. 

Another ti V'BE error is produced by the difference in 
transistor temperatures, tiT. From the - 2 mv/°C ther­
mal sensitivity of a silicon junction, the resulting error is 

ti V'BE = -(2mv /°C)tiT 
Just a 0.1°C difference results in a 0.2 mv error, so ther­
mal conditions must be very well matched. Matching of 
the thermal environments of the two transistors is im­
proved by using adj acent test sockets and by avoiding 

R 

100 Mn 

9. Measuring V". This circuit measures the pinch-off voltage , V", of 
a FET by measuring transistor 's Vas with extremely small source cur­

rent. The 1 00-MQ resistor makes Is small enough so that Vas is ex­
cellent approximation of Vp. 
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1 O. Added scope. Scope and a ramp generator added to measur­
ing circuits provide display of any selected parameter dependency. 

One example : Is versus Vas is used to determine FET's zero tem ­
perature-coefficient point as the temperature is varied . 

air drafts or nearby thermal radiation. If each of the 
above error sources is controlled, the over-all measure­
ment error may be reduced to 0.1 mv. 

The pinch-off 

To measure the pinch-off voltage, V p , of a FET, the 
current in the FET must be nearly pinched off. The re­
maining low current level is sensitive to voltmeter load­
ing, but can be buffered with an op amp which a lso 
biases the transistor (Fig. 9). With the FET source volt­
age driven to zero at the op-amp input, the output volt­
age is V GS· This voltage is approximately equal to VP for 
the small source current supplied through the 100-
megohm resistor. 

Getting the picture 

When a ramp generator and an oscilloscope are con­
nected to any of the preceding circu its, the various pa­
rameter dependencies can be displayed as functions of a 
desired parameter. For example, Is versus V Gs can be 
displayed and the temperature varied to locate a FET 
zero temperature coefficient point. Or beta can be ex­
amined as a function of le to determine the usable cur­
rent range of a transistor. Similarly, grs versus Is can be 
displayed for a FET. More conventional traces, such as 
the current-voltage characteristic of a junction, a re a lso 
possible. 

As an example, consider the display of Is vs V Gs (Fig. 
I 0). Just as in Fig. 9, the op amp output voltage is the 
gate-source voltage being measured. This voltage is dis­
played with respect to the ramp voltage that sets the 
source current. The most common source of error in this 
type of display is the nonlinearity of the sweeping ramp. 
This consideration is not very serious because a non­
linearity of 0.25% is acceptable in most practical situ­
ations, and such a ramp is easily produced with op-amp 
circuits.3 D 

REFERENCES 
1. J . Graeme, G. Tobey. and L. Huelsman, Opera11onal Ampl1f1ers: Design and Apphcat1on , 
McGraw-Hill Book Co .. New York, 1971 , p. 110. 
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3. op cil , p. 375 . 
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Estimating project costs­
what the textbooks don't tell 
In estimating charges, the project engineer must clearly define the 
product , coord inate with department heads, try to split costs of 
parts and test equ ipment , and beware of losi ng profits to infl ation 

by Thomas T. Samaras, Universal Monitor Corp., Pasadena, Calif. 

0 Sooner or later, nearly every engineer is tapped to 
prepare an estimate of how much it will cos t to develop 
and manufacture some kind of product. The basics of 
putting together such an estimate are well known, or at 
least they are not difficult to learn. But recognition of 
the most subtle aspects of the task will prevent non­
competitive bids or overruns in costs. 

The first pitfa ll is inadequate preparation. Too many 
engineers j ump right into assembling costs for required 
components without first clearly defining the product, as 
well as what must be provided to the customer along 
with the hardware-documents, travel for periodic de­
sign reviews, and training of operators, for exa mple. 

If these costs grow too high, the engineer may even 
want to consider a hardware redesign to hold down to­
tal proj ect costs. The flow chart of Fi g. I lays out the 
best route to follow. The key point is to avoid a prov in­
cial engineering viewpoint that dwarfs or ignores the 
non-engineering tasks. 

Coordination 

In following the steps laid out, there's no substitute 
for a coordinated approach to the job. The engineer 
himself is the coordinator during the estimate phase. He 
must negotiate with supervisors of other departments to 
be sure they understand the scope of the project and 
what is expected of them. The project chief must set a 
fixed time for submission of the estimates from other 
departments. And he should confe r regularly with ac­
counting and purchasing department personnel to ge t 
latest information on overhead rates, component costs, 
and delive ry dates. 

Contingency factors, which are present in high-risk 
proj ects, can trap the unwary into infl ated total esti­
mates because some department heads will include 
their own contingency factors in estimates they deliver. 
Although different departments usually require differ­
ent contingency factors, these self-protective moves can 
raise prices out of the competitive range. The only way 
around this pitfall is close coordination with department 
heads to be sure exactly how all charges are estimated. 
If used at all, a reasonable contingency factor might be 
10% to 30% of total costs. 

The fund amental ingredient in most job cost.~ is la­
bor. On a complicated proj ect, or when much work 
must be done in a short time, the project engineer will 
probably have his hands full wi th only the technica l de-
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Glossary cost estimating terms 
Contingency: a special allowance above estimated 
fundamental costs to cover possible unforeseen ex­
penses. Used when uncertainties create a high-risk 
project. 
Direct costs: costs that can be identified with a par­
ticular project or effort. Include labor, materials , sub­
contracts , consultants and purchased equi pment. 
Other direct costs (ODC): smaller costs elements, in­
cluding travel, overtime, ·computer time, document re­
production , special too ling , transportation , and con­
sultant services. 
Indirect costs: costs that cannot be c lear ly identified 
with a particular project. Include overhead and gen­
eral and administrative (G&A) expenses. 
General & administrative (G&A): a percentage added 
to direct and overhead costs to cover such indirect ex­
penses as management, secretarial , purchasing, sales 
accounting and general supplies. Rate may vary dur­
ing the year . 
Overhead: a percen~age added to direct labor costs to 
cover indirect costs of supplying products (also cal led 
burden). Includes rent , engineering supplies, depreci­
ation , and maintenance costs. Different rates can exist 
for engineering , quality control , and manufacturing 
functions. Different rates may prevail for different 
times of the year . 
Fee: profit or payment to the company for supplying 
equipment or services. Added to the total cost after 
overhead and G&A costs have been added. Manage­
ment usually sets fee rate. 
Nonrecurring costs: costs due to one-time non-repeti­
tive work , engineering, special test equipment , too ling 
and fixtures . 
Price: total amount paid by customer; sum of fee and 
cost. 
Purchased equipment: relatively high-priced items in­
stalled into product , such as test equipment, min­
icomputers, and motors. 
Purchased parts : commercially available items used to 
build product, such as active and passive components 
and connectors. 
Recurring costs: costs that vary in proportion to out­
put. Include production materials, testing, and inspec­
tion costs. 
Subcontract costs: costs due to procurement of out­
side services or major parts that are subject to com­
pany design and control. 
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1. Best route. Steps in assembling cost estimate show importance of coordination with other department heads. 

tails. In these cases, a full-time coordinator, drawing 
perhaps a senior engineer's salary, may be needed to as­
sure that all details are being handled properly. This 
man's time must be included in the labor estimate. 

How many total man-hours will it take to complete 
the job? That is a simple enough question, but many en­
gineers overlook the fact that the question covers not 
only the number of man-hours of, say, engineering, but 
also particular engineers. Usually, when an engineer es­
timates the number of labor hours, he bases his figures 
on certain personnel within the company whose abili ties 
he knows. If all have about average creativity and pro­
ductivity, any available personnel may be used, and 
there'll be no difference in costs. However, if the esti­
mate is based on the availability of one or more partic­
ularly productive individuals, it's wise to make it clear 
to management that if these persons won't be available, 
additional time and money will be needed to compen­
sate for lack of ability in the substitutes. 

Parts 

When it comes to parts, quantity discounts can be ob­
tained if other groups in the plant can also use the same 
items. The purchasing department can provide data on 
the amounts of money that can be saved on buys of 
various quantities. On the other hand, parts cost will in­
crease significantly if special testing is required to assure 
high reliability. It is not unusual for testing costs to 
triple the catalog prices of standard parts . 

Test equipment 

New test or manufacturing equipment required for a 
project constitutes one of the grayest areas in cost esti­
mating. If such equipment can be used on other pro­
jects, these costs can be shared-just as in volume buy­
ing of parts-and only a portion of the cost need be in­
cluded in the estimate. However, several department 
heads must frequently share costs before the engineer 
can trim his own share to an acceptable level. 

Custom-made test sets usually account for only a 
small fraction of a project's cost. But for unconventional 
projects, such as an instrument for measuring concen­
trations of environmental constituents, uniqu~ input 
signal simulators may be needed to evaluate the prod­
uct's performance. In such a case, the cost of a special­
ized test setup can become a major factor . 

For example, a recent estimate for the design, devel-
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opment, and production of an instrument included en­
vironment simulator costs as high as 16% of the total 
project cost, with costs of special test sets accounting for 
another 10% of the total. Thus, the combined cost of test 
equipment represented more than a quarter of the total 
project outlay. 

Computer costs 

In the same way that special tooling imposes high 
costs on custom-made parts, computer demands may 
incur unexpectedly large expenses. If the project re­
quires use of a computer, the engineer should estimate 
how many hours of operation will be needed and the 
rate of charge. The estimate should not be based on 
hourly charges alone-setup time will probably impose 
a minimum charge for each computer use, even though 
the run itself may require less time. 

Computer operation may require many hours of en­
gineers' time to prepare input data, as well as coordina­
tion with computer programing and operating person­
nel. These costs may soar if simulation is required to 
optimize designs. There is also key-punching of data to 
be considered. And, perhaps most significant of all may 
be the ·costs of initial programing and debugging. Ex­
pert advice is therefore mandatory when estimating 
computer costs. 

Travel 

Large expenses can be added to a project by neces­
sary travel to coordinate with the customer, vendor, and 
subcontractors, especially if the trips cover long dis­
tances. The planner should ascertain who must be vis­
ited during the project, their locations, how often visits 
must be made, and mode of travel for each. The num­
ber of persons to make each visit should be estimated. A 
conference at a major subcontractor's facility may re­
quire six or seven engineers. In addition to travel and 
lodging, provisions must be made for such expenses as 
food, telephone, and local transportation. 

In preparation for these trips, illustrators may be 
needed to prepare flip charts, projection flats, and other 
graphic materials. Shop time may be required to pre­
pare models. Costs will often be multiplied by two or 
three design reviews during product development. 

If the product is a sensitive instrument or machine 
that needs protection from damage or deterioration, a 
necessary but expensive storage case may be overlooked 
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in the original es tim ate. Besides materia l cos ts. consid­
erable design time may be necessary to determine the 
best case materia l a nd configuration , packing material , 
pressure va lves, la tches, and simila r facto rs. 

Additiona l ma nu fac tu ring time may be needed to as­
se mble or modify a purchased case, mark it, a nd per­
fo rm other opera tio ns. Thus, even fo r a small prod uc­
tion run of 20 instruments, th e tota l cos t of carrying and 
storage cases ca n run to thousa nds or dollars. 

Documentation 

Cos ts o f doc um entat io n a re co mm o nl y und er­
estimated. Although some companies wri te off docu­
mentation costs as indirect charges, these costs, when 
considered , can eas ily inflate project cos ts. Charges for 
photographs, a rtwork, reports, manu als, schedules, and 
other documentat ion can eas ily elude the unwary. How­
ever, these cos ts freq uently ca n be minimized by usi ng 
existing documents, such as drawings and tes t proce­
dures, sa lvaged from similar projects. 

Design changes 

Just as inflated contingency factors can kill an esti­
mate a t the sta rt, subsequent engineering changes can 
batter the budget after the project is underway. The 
project engineer may provide for requests for additional 

CHECK LIST OF TASKS INVOLVED IN TYPICAL DESIGN CHANGE 
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Direct costs: 
Complete preliminary design 
Change con t rol/evaluation board review 
Prepare engineering change proposal and coordinate with affected 

parties, including customer 
Breadboard, eva luate, and redesign improved ci rcu it , component 
assembly, etc. 

Revise schematics, assembly drawings, parts lists, wiring diagram, etc. 
Release, issue, and file drawings, parts li sts, and other documents 
Revise design and product specifications 
Revise manufacturing instructions and coordinate with assemblers 
Redesign and rebuild test fixtures 
Modify test equipment design and construction 
Buy new parts for entire production run I includes time to prepare 
and process purchase requests, handle parts, etc ., before release 
for fabrication) 

Qualify new parts for high reliability requirements (e.g., thermal , 
vibration, and shock tests) 

Build new subassemblies 
Inspect new subassemblies 
Test new subassemblies 
Revise operators manual 
Revi se test procedures 
Recompu te re liability est imate 
Retrofit delivered products 

Pack and sh ip back to company 
Bu i Id new subassembl ies 
Inspect new subassemblies 
Test new subassembl ies 
Install new subassemblies 
Fi na l·test products 

Pack and ship products to customer 

Total direct costs 

Indirect costs: 
Overhead 
Labor plus overhead 
Materials/subcontracts 
Burdened labor plus materials/ subcontraus 
Add G & A 
Costs with G & A inc luded 
Add fee 

Total direct costs 

Grand total 

Typical cost estimate 
The estimate is prepared in three basic parts: direct 
costs (l abor, parts and material s, subcontracts, and 
purchased equipment) , indirect costs (overhead and 
general and administrative) , and fee . The estimates 
are broken down into nonrecurring and recurring 
costs so that subsequent production costs can be de­
termined easily. 

Cost Element Nonrecurring Recurring Tota l 

Labor $6,000 $20,000 $26,000 

Overhead (burden) 
(50% of labor cost) 3,000 10,000 13,000 

Subtotal ( 1 ) $9,000 $30,000 $39,000 

Parts & mater ials $4,000 $30,000 $34,000 

Subcontracts 2,000 6,000 8,000 

Subtotal (2) $6,000 $36,000 $42,000 

Other direct costs 

Consultants $1,000 $500 $1 ,500 

Travel 500 2,000 2,500 

Publ ica tions 500 1,500 2,000 

Subtotal (3) $2,000 $4,000 $6,000 

Subtotal $17,000 $70,000 $87,000 

G & A (25% of above 
subto tal) $4,250 $17 ,500 $21 ,750 

Subtotal $21,250 $87,500 $108,750 

Fee ( 10% of above 
subtota l) $2,125 $8,750 $10,875 

TOTAL $23,375 $96,250 $11 9,625 

funds if and when changes are recommended, or he can 
supplement the basic estimate with projected additional 
costs. 

It's wise to make clear to the customer that uncer- . .._ 
tainties of final design do not indica te a lack of defini­
tion of the product, but a re common in most phases of 
product development. Table I shows a list of typica l 
items involved in a design change after a product is in 
production and some units have been delivered to the 
customer. And, depending on the particular si tuation, 1r­
the list may be expanded to include such items as 
changes in computer program tapes, worst-case analy-
sis, spare parts, training devices, maintenance equip­
ment, operator retraining, and special tooling. 

The project engineer can obtain help on design 
changes from experts in his own company. In a large 
firm , a formal design evaluation board , composed of ex­
perts in each key technical and purchasing area , will as­
sess the impact of each proposed design change in terms 
of cost effectiveness. In a smaller company, the project 
engineer can organize his ad hoc evaluation committee 
from experts in the various departments. 

And finally- Phase 2 notwithstanding- the project en­
gineer must beware of the probabi li ty of infla tion be­
fore completion of a long-term project that will cover a 
year or more. On a $ 100,000 project, inflation can tack 
on a few more thousand dollars and cut the profit from , 
say, $ 10,000 to $7 ,000- a 30% reduction D 
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Solitron's low-cost series of 10 Amp Sil icon NPN Power Transistors now replace many 
expensive hi-rel industrial devices. They provide the same performance characteristics 
and cost only one-half the price of other units. 

These versatile transistors are available in a wide range of T0 -3 (SOT 1611-1638) and 
T0-66 (SOT 1641-1668) packages with mult iple gain selections and VcEo's from 40V 
to 200V. Features include multiple diffused planar process for excellent reliabil ity; ex­
cellent fast-switch ing characteristics, with low turn-off t ime; and Safe Operating Area 
(SOAR) specified for forward and reverse-biased operation. 

*IN LARGE QUANTITY ORDERS 

For complete information, prices and eng ineering application 
assistance, d ial toll-free 1-800-327-3243. Or write: 

f3olitron 
DEVICES, INC. 

1177 BLUE HERON BLVO. I RIVIERA BEACH, FLORIDA I !305) 848-4311 
TWX: (51 0) 952-76 10 

SAN DIEGO. CAL . 
8808 Balboa Avenue 
fET & Dual fET 

Transistors 
MOS / FET Devices 
MOS Memory Arrays 
Shift Registers 
Monolithic IC 's 
Small Signal 

RIVIERA BEACH. FLA. 
l ! 77 Blue Heron Blvd. 
Hi-Rel Power Transistors 
SI & Ge. Power 

PORT SALERNO, FLA. 
Cove Road 
Microwave Connectors 
Plaxial IRI Cable 
Precision Rf Coaxial 

JUPITER, FLA. TAPPAN, N. Y. 
1440 W. Indiantown Rd 256 Oak Tree Road 
Microwave Stripline Diodes & Rectifiers 

Components Zeners 

KENT. ENGLAND 
Tubbs Hill House 
London Road, 

Sevenoaks 
Solidev. ltd . 

BEN BARAQ, ISRAEL 
51 Hayarkon Street 
AEL Israel, ltd. 
full line of 

TOKYO l 05, JAPAN 
No . 5, 3·Chome 
Shibahamamatsu·Cho 
Minato-Ku 

Transistors 

Transistors 
Hi·Rel Power Hybr ids 
PNP·NPN Industrial 

Transistors 
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Microwave Semiconductor High Voltage 
Rf Semiconductor Assemblies 
Microwave Integrated Power Rectifiers 

Circuits Thick film Hybrid 
Circuits 

full line of 
Solitron devices 

ferrite & ferrite Devices 
film Resistors 

Solitron devices Matsushita Electric 
Trading 

Full line of 
Soltiron devices 
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Datacraft makes m 
with 900 nanosecon 

Datacraft makes m 
with 750 nanosecond 

Datacraft makes me 
with 650 nanoseconds 

Datacraft makes me ories 
that eliminate all intercard hardwiring 

Datacraft makes memories 
that eliminate all transformers 

Datacraft makes memories 
that eliminate risers ·' 

Datacraft makes memories 
that eliminate drive currents tf 

Now, do you sincerely believe you can miss calling Datacraft? 

call (305)974-1700 
Or if you like, write for our brochure, " Inside the DC-38:' 

Datacraf t Room 201 Post Office Box 23550 Fort Lauderdale, Florida 33307 

94 Circle 94 on reader service card Electronics/ February 28 , 1972 

.. 

.. _ 



, 

• 

I> 

' 

Probing the news __________ _ 
Analysis of technology and business developments 
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Uh f tuner makers vie for prof its 
Manufacturers face deadline to meet FCC specifications on models 

using varactors or memory and non-memory electromechanical designs 

by Marilyn Offenheiser, New York staff 

Manufacturers of ultrahigh fre­
quency television tuners are touting 
their entries in competition for a 
market that's expected to triple to 
15 million units by 1974. Three dif­
ferent tuner designs are being ad­
vanced by the makers, spurred in 
part by Federal Communications 
Commission prodding to make uhf 
tuning more accurate: electrome­
chanical non-memory and memory 
units, plus all-electronic varactor 
diode tuners. And the advocates of 
each type are vocal in presenting 
their cases because each tuner man­
ufacturer hopes his design will be­
come the industry standard. 

By July, the FCC requires that 
40% of the TV sets in any manufac­
turer's line must comply with one of 
the three approved uhf tuner de­
signs. Two years ago, when the FCC 
said uhf tuners had to be as accurate 
as tuners for vhf channels, it ap­
proved use of varactor diode and 
memory-type tuners to achieve that 
accuracy. Then last November, the 
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FCC approved a third contender, a 
70-position electromechanical non­
memory device. 

The 70-channel non-memory 
tuner, which costs $1 to $2, can p ick 
up any of the uhf channels in the 
user's area, but it is not accurate 
enough yet to meet the Fee's ulti­
mate standards. The electronic va­
ractor tuner can tune in all 70 chan­
nels accurately, but it costs about 
$15. Electromechanical memory 
tuners, which cost only $2 or $3, are 
accurate, but they can pick up only 
six or eight channels, and the tuner 
must be reset each time the set 
owner moves to another area. 

Supporting the electromechanical 
70-detent model is Sarkes Tarzian 
Inc. , Bloomington, Ind., along with 
Japan's Matsushita (Pansonic) Elec­
tric Co. and Alps Electric Co. On 
the varactor side are Standard 
Kollsman Industries Inc., Melrose 
Park, Ill. , Oak Manufacturing Co., 
Crystal Lake, Ill ., ITT Semicon­
ductor division, Lawrence, Mass. , 

and Motorola Semiconductor Prod­
ucts division, Phoenix, Ariz. AEG­
Telefunken, Englewood Cliffs, N .J., 
is banking on the memory tuner, 
and the F.W. Sickles division of 
General Instrument Corp. , Chi­
copee, Mass., taking no chances, is 
providing all three. 

Meanwhile some set makers are 
playing it cool, using all three tuners 
in different models across their 
lines, and letting the tuner maker 
work out the bugs. These are the 
Motorola Inc. Consumer Products 
division, Chicago, Admiral Corp., 
Chicago, and the Emerson TV and 
Radio division of National Union 
Electric Corp. , Greenwich, Conn. 

The RCA Corp., Consumer divi­
sion, Indiana polis, is using varactors 
and 70-detents, while the Heath 
Corp., Benton Harbor, Mich., is pro­
viding only varactors in its construc­
tion kits . Japan 's Sony and Matsu­
shita are dropping the memory 
systems they now use in favor of the 
70-detent, and New Nippon Electric 
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Probing the news 

Co., a T arzian licensee a lso will use 
only 70-detents in its TV receivers. 

Th e FCC, recognizing the des ign 
problems, has set up an ample time­
ta ble for compli ance and has ruled 
tha t by July 1, 70-detent tuners 
must have a maximum devia tion 
fro m accuracy per channel of ±3 
mega hertz fo r one-half channel a nd 
nume rica l readout for a ll 70 cha n­
nels. If vhf and uhf chann els a re dis­
played together, every oth er cha n­
nel must be numbered. 

By July 1, 1974, 70-de ten t tu ne rs 
must be equipped with a utomatic 
fi ne-tunin g circuitry and have a n ac­
curacy per cha nnel of less than the 
pull- in ra nge of the a utomatic fre­
quency cont ro l to assure lock-in, re­
ga rdless of the channel se lected. 
Wha t's more, by July 1973 , 75 % of 
the TVs in a ma nufac tu rer's line 
must comply with o ne of the three 
uhfdesigns; by July 1974, 100%. 

Presaging problems. Alth o ug h 
tun er makers say th ey ca n meet the 
±3 MHz requirement with the 70-de­
ten t, this des ign is beleaguered by 
cont rove rsies over accuracy, read­
out, short cha nnel-tuning a ngle, ina­
bility to use remote cont ro l without 
remote fin e tuning, a nd size. There 
is particular dissa ti sfaction ove r th e 
fine-tun ing standard se t by the FCC. 
Th e Zenith Radio Corp ., Chicago, 
supported by Ma tsushita, has al­
ready petiti oned the FCC for a less 
strin ge n t requi re m ent. T a rzia n, 
Sony, and GTE Sylva nia, a t Ba tavia, 
N. Y., say tha t afc is unnecessa ry, 
and tha t it adds additi onal cost to a 
job that ma nual fine tuning does al­
most as eas ily. And still pending at 
FCC headquarters is a petition from 
Phil co-Ford Corp., Philadelphi a, 
asking tha t the afc requ irement for 
monochrome receivers be dropped. 

T he pro blem with readout is sim­
ply a matter of eyesight- it is diffi ­
cult to read 70 numbers on a sma ll 
dia l. Tarzia n is using a digita l sys­
tem on two dia ls, a nd Sony says it 
will use either a mecha nical counter 
or a fi lm strip moving on a spool. 
Other alternatives are to use win­
dow displ ays a nd to provide set 
owners with st ick-on numbers. 

As fo r tuning, detenting 70 chan­
nels on one gear has tens wear a nd 
causes channels to be skipped. Ta r-
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zian 's Kevi n Joyce, na tional sa les 
ma nage r, says his company has 
solved both problems by gea ring the 
70 cha nnels with a di gita l counter so 
tha t the full range is covered in 
seven turns instead of one. " With 
thi s a rrangement ," he says, " life 
tests show the tuner to be practically 
indes tructible." 

Most tuner manu facturers a re un­
wil li ng to redesign a tuner to pro­
vide it with remote-cont ro l cap a bil­
ity, since this fea ture affects only a 
neg li gible percentage of the market, 
but tuner makers can't ignore the 
size p ro blem. Tarzian says its 70-de­
tent tuner is only 1/2-inch la rger than 
conventional tuners. 

Electronic competition. Since th e 
varactor tuner uses se miconductors, 
one device ca n be used to pick up 
uhf and vhf channe ls. But it costs 
$ 1 S. Ja mes Marx, mark eting ma n­
ager a t Standard Kollsman, is out to 
cha nge that. "The varactor," he 
says, " is going to be the standard ; 
comparing it with a 70-detent is like 
compar ing an automobile to a horse 
and bu ggy." Marx cites the pro b­
le m s of th e 70-d et ent as t oo 
enormous to overcome. Besides, he 
says, "The industry is getting mod­
ule-conscious, and the varactor is a 
module." Marx says he wants to cut 
the cost of the varactor in half and 
will know in three or four months if 
it is poss ible. 

But Tarzian's Joyce doesn't think 
it is poss ibl e. "Standard Kollsman," 
Joyce asserts, " has missed the boa t. 
The varactor's success isn't going to 
come overnight. We supply al most 
every TV manufacturer there is, a nd 
they are a ll going 70-detent." Th e 
prognosis is shared by others, who 
say that in addition to cos t, varac­
tors have pro blems with impeda nce 
ma tching and static discharge . 

Mea nwhil e, des pite such co n­
ce rn , M otoro la's Semiconductor 
Products division is working with 
the varactor tuner [Electronics, J an. 
3 1, p. 36]. Erich Gottlieb, tuner mar­
keting manage r, li sts these points in 
the varactor's favor: reduction in 
serv ice and warranty costs, ab ili ty to 
locate the tuner in any part of the 
receiver, tuni ng by de instead of uhf 
and vhf, and tuning with out any 
contacts. "The key to successful va­
ractor tuning," says G ottlieb, " is the 
ability to ma tch the capacitance of 
the fo ur varactor tunin g d iod es 

throu ghout the voltage range over 
whic h th ey will be used ." 

Another varac tor backer is the 
Oak Ma nu fac turing Co., a d ivis ion 
of Oa k Electro / N etics. A leader in 
vhf tuners, Oak is quie tl y working 
on varactor tun ers, unwilling to en­
ter the 70-deten t or memory uhf 
ma rket. " It's not worth it economic­
ally," says J ames Wells, vice presi­
dent of ma rketing. "We' re ba nking 
on th e varactor fo r the long ha ul. " 

A m aj o r suppli er o f va ra cto r 
diodes is lTT's Semiconductor divi­
sion. " We got into the varacto r 
diode marke t in 1968 beca use we 
fe lt then th e varactor tuner would 
be the trend in the long run," sta tes 
Tom Mill s, product lin e ma nager. 
ITT suppl ies glass-packaged diodes 
to RCA, Hitachi , Mi tsubishi , a nd 
Sanyo Elec tri c Co., as well as to 
Sta ndard Kollsman, T arzia n, Oak, 
and General Instruments. 

Mills says that the varactor will 
b eco m e eco no micall y feas ibl e 
within the next few years through 
vo lume sa les, but warns, "The Japa ­
nese may very well best us in this 
market because they are going after 
the small er se ts and do not restrict 
themselves to the top-of-the-line 
models, as we in the U.S. do." 

Forgotten memory. T he grea t va­
rac tor vs. 70-detent ba ttle has seem­
ingly left m emory tuners on the 
skids. T arzian pl ans to phase out its 
lin e of memory tuners. Al Sfreddo, 
director of engineering a t F . W. Sick­
les, thinks tha t the 70-detent will ob­
solete memory types. 

Bu t AEG Telefunken, ma nufac­
turing a drive system for memory 
tuners, strongly disagrees. " Seventy­
detent tuners are going to become 
obsolete," contends James Shoaf, 
AEG electronic component sales en­
gineer. "The people working on 70-
detent a re just not going to be a ble 
to com e up with the technology to 
ma ke the tuner more accurate." 
Shoaf says the ±3 MHz requirement 
is not stringent enough (the upper 
end of the UFH ba nd is ha rder to 
tune since the percentage ba nd­
width is half as much). H e continues 
tha t the Telefunken system is accu­
rate to within ±Y2 MHz. "We've been 
approached by three or fo ur manu­
facturers offering to buy the pat­
ent," he says. "Moreover, we expect 
to have from a fourth to a half of 
the market by 1974." D 
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Represenlatives 
Arizona : Erskine AsSO( 
Scottsdale (602) 263-76~ 
C.1 li fornia : 
Bertrand-Zoola l1an , 
Downey 1213) 927 -4406 
C"el1ec, San Diego, 
(7 14) 279-7961 
Trident Assoc., Mountain 
View (4 15) %7-7031 
Co lorado : R .G. [nlerpmcs, 

-i Denvc>r (303) 744-2464 
Florida: WMM Assoc., 
Altamon te 5prmgs, 
(305) 831-4645 ... WMM Assoc. , ClcJrwJ1Cr, 
(813) 446·0075 
WMM Assoc., PompJno 
Beach (305) 943-3091 
WMM Assoc., West Palm 
Beach (3051 848·9042 
Illinois : Compar, ,. Des Plaines (312) 824·0104 
lndi•,,.1 : Compar, fort 
Wayne (219) 747·0402 
Kans.1s : Compar. Wichita , 
(316) 722-6341 
M;;aryland : Micro-Comp, 
Towson (301) 823-3603 
Mau.1chuselts: Conta(t 
Sales, Lexington , 
(617) 861·1S50 
Michigan: Greiner A<;soc. , 
Grosse Point Park, 
(313) 499-0168 
Minnesola: Coms lrJnd, 
Minneapolis (611J 560-5300 
Missouri: Compa r, 

~~~OJ~~s;~1: tJP .~.7l.3399 

• Com pone nts, Englewood 
Clihs (201) 871-4020 
TAI (Thomas Assoc .) 
Haddonfield (609) 854·30'!1 
New Meifi co : Electron1l 
Marl..et1ng, Albuquerque 
(SOS) 265-7837 
New York : 
P.A.L. Components 
Greenvale, LI 
(516) 484-4<Xl0 

'> Tritech, OeVV1tt 
(315) 446-2681 
Ohio : Compar, ra11v1ew 
Par!.. (216) 333-4120 
Compar, Dayton 
(513) 435-1301 
Texas Carte r, ..__ Garl,md (214) 276-7 151 
Virginia : /\.\1cro-Comp, 
Lynchbu rg (703) 239-1003 
Washington : Compar 
Kirkland (206) 822-4191 
Canada : Cantronirs, 
Downsv1ew (416) 636-831'1 
Cantron1l5, 
Montreal (514) 733·0749 

International 

\'> Distributors 
Australia : CEMA Pty Ltd 
Crows Nesl , N.S.W. 2065 
439-4655 
Austri• : Bacher 
Elel..tron1sche, 1070 Vienna 
Denmark : Tage Olsen A/S ..._.. DK-2100 Copenhagen 
{01) 294800 
England : Guesl In t., Ltd 
Surrey (01)·689·2121 
Finland: SW- Instruments 
00530 Helsinki 53, 738·265 
Fran ce : ALMEX 

"' 
92-Cha t 1 I lon·Sous·Bagneux 
Quatrclec S.A 
92 Lcvallo1s·Perr<'t 
270-71-74 or 270·03·81 
Germany : Omn1-RJy GmbH 
6700 Ludw1gshafcn/Rhe1n 
5130SS-56 
Omni- Ray Gmb H 
D-8 Munchen 19 
(0811) 5132059 
Omni·Ray Gmbll , Brcycll, 
(02153) 3261 
Holland: Kl,iasmg 
Electronics NV, 
Amsterdam·C 
928444 or 928445 
Israel Rapac 
ElectronJCs Lid. 
Tel Aviv 77 71 15·6·7 
Ita ly: Eledra 3S, Milano 
8603.07 
Japan : Electro Marketing ... Tokyo 3S9·4521 
lntern1x , Inc., Tokyo 
3633649 
R1kei Corporation, Tokyo 
591-5241 
Norway : Nordisk Elektronik 
Ma1orstua-Oslo 3, 602590 
So. Africa : Liberty 
Electronics, Boksbu rg 
527637·8 
Sweden: Stenhardt 
Komponcntbolag N. 
161 56 Bromma, 08/37-29-45 
Switur land : Dimas AG 
CH 8048 Zurich !051) 626140 

Field Sales Offices 
Atl•ntic Stales : New York 
(516) 421-0162 or 692-4861 
Midwest States : 
Creve Coeur (314) 872·8511 
Ne w England 

..,. Up-State N.V.: 
Andover (61 7) 536-3366 
So uthwest ern St.iit es~ 
Palos Verdes (213) 377·7871 
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IF YOUR DISPLAY STILL 
COMES IN A BOTTLE, 

DROP IT. 
Here are six good reasons to go so lid state with Litronix 
LEDs: 

1. They last and last. So lid state LEDs have an antici­
pated life span far, far greater than their fragile 
bottled ancesto rs, as lo ng as 20 to 30 yea rs. 
They can take vibration and they don't break. 

2. A nd they are quiet. Solid state LEDs 
produce no electri cal noises, that's no RF 
interference. That' s a cost savings on 
fancy shie lding. 

3. They love IC's. Solid state LEDs 
operate at low vo ltage and low power. 
They are directly compatib le with IC's 
and that makes them ideal for hand­
held battery operated things. No volt­
age conve rter needed and you save aga in! 

4. Small, medium and large. Solid state LEDs 
come in all sizes. To name but a few : Our DL-62 
has a 6/10 inch character in a DIP. Our DL-34 
has four, 1/8-inch digits set on 187 mil centers 
for end-to-end stacking. (Calcu lator people 
love it. ) And there 's the DL-10A. It 's a high 
efficiency, high brightness, low cost, 1/ • -inch 
display. (Purchasing agents love it.) 

5. No hidden costs. If you buy a glass tube 
display, it may cost you more than you bar­
gained for. Add up the cost of a socket, a 
vo ltage converter or a transformer, a hi gh 
voltage re ctifier, additional assemb ly time 
and costs-then compare. 

6. Li t ronix. We have a broad range of LEDs 
in the shape, size and cost range to compete 
with bottle displays. Write for our opto guide 
-it's free. 

the 
bright 

guys 

litronix 
Litronix, Inc. • 19000 Homestead Road • Cupertino, Calif.ornia 95014 • (408) 257-7910 TWX : 910-338-0022 
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Probing the news 

Industrial 

Automation boosts plant power 
Industry turns to minicomputer-controlled systems to cut costs 

in materials handling, while generating management data 

by Alfred Rosenblatt, New York bureau manager 

From a disk-brake manufacturing What's more , the proportion of elec­
plant in Saginaw, Mich. - where tronics used in these systems is in­
" the factory itself is like a ma- creasing rapidly. 
chine"-to a 2,400-item chemical Electronics future. By 1976, the 
warehouse in South Charleston, W. electronics segment could average 
Va., a utomation is taking over more out to be as much as one-third of 
and more of industry's materi als- the .tota l systems value, says How­
hand ling chores. To a large ex tent, ard Zollinger, manager of the Con­
thi s burst of plant modernization trot s division of the Rapista n Corp ., 
has been brought abou t by the a ma teri a ls-h a ndling equipment 
availability of low-priced, versa tile suppli er in Grand Rapids, Mich . In 
minicomputers. contrast , Zollinger estimates that the 

With new candidates for ma te- value of electronics shipped in 1969 
ri a ls- hand lin g automa tion being by his company amounted to only 
promoted, sales of these automated I% of the total. 
systems could reach as high as $300 Electronic equipment includ es 
million in 1972, pred icts M . L. automatic reading devices that iden­
McK enn a, general manager of tify special op tical and magn etic 
Aerojet-General Corp's. Industrial codes ; drive ci rcuitry for controlling 
Sys tems division, Frederick, Md . equipment motors; special circuitry 

through which minicomput ers ac­
tuate equipment, such as the drive 
controls on a stacker cra ne or th e di­
version chutes on a sorting machin e: 
logic circuitry for decoding com­
puter commands; and th e min­
icomputers that monitor and control 
the entire opera ti on. 

Reports. Almost as a by-product. 
the minicomputers prov ide constant 
status reports of not only th e ma­
chinery, but a lso a ll materials­
from the time they a re delivered to 
the plant until they are shipped out 
as finished products. These reports 
enable management to have unpa r­
alleled control of its production 
schedules and inventories. 

In the past, materials-handling 
equipm e nt ma nu fac turers ofte n 

Baggage control. Central control console of United Air Line's baggage handling system, developed by the Industrial Products division, Aero­
jet-General Corp., uses television cameras to monitor key portions along the baggage-delivery guideways. 
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Whymorepeople are 
buyingDVMS 
tromS-D: 

3V2 digit, 17,000 units sold. High 
performance at lowest cost. Unequaled 
customer acceptance. Good noise rejec­
tion and long-term stability resulting from 
Dual-Slope integration design. Ideal 
for production, test and design areas. 
(Model 7050, $279 and up) 

4V2 digit, AC, DC, volts, amps, ohms. 
25 ranges of de and ac volts, de and ac 
current, and resistance. Full 4-digit display 
with 10 microvolt resolution. Dual-Slope 
design and a fully guarded input assure 
highest noise rejection. Lightweight, 
with optional battery pack and protective 
cover, for operate-anywhere conven­
ience. (Model 7004, $650) 

SV2 digit bench. Best price/performance. 
Full 5-digit accuracy and resolution at 
lowest cost. Use in any area where critical 
measurements must be made. Fast 
response readings. High input impedance; 
lowest 'kickback' noise. Plug-in card 
expandability-de volts, de millivolts, 
current, ac volts, resistance, auto-range, 
digital outputs. (Model 7005A, $1295) 

SV2 digit systems. Fast and Accurate. 
30 readings/second and high noise rejec­
tion. Fully isolated programming and 
digital outputs in a variety of optional 
formats. DC volts and ratio standard. Plug­
in card options for ac volts, 4-wire ohms, 
system interface. (Model 7110, $1695) 

For full details, contact your Scientific 
Devices office or Concord Instruments 
Division, 888 Galindo Street, Concord, 
CA 94520. Phone (415) 682-6161 . 
In Europe: 8 Miinchen 60, Haidelweg 20, 
Germany. Telex: 841-529-615. 

The Systron-Donner Instruments Group: 

--

Alpha Scientific D Computer Systems D Concord Instruments D Oat 
Circle 99 on reader service card 

Jerry Hartman, DVM Sales Manager 
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TEMP·R-TAPE: 
GREAT ELECTRICAL 
PROPERTIES 

PLUS 
MOST ANYTHING 
ELSE YOU MIGH T 
WANT IN A TAPE. 

Like high tensile or tear 
strength; excellent abrasion, 
therma l, and chemical 
res ista nce ; exceptional 
d imens ional s ta bility; 
excellent confo rma bility; a nd 
a low-fr iction, ea sy-release 
surface . Beca use 
Temp-R-Ta pe® is a complete 
tape " fam ily" avai lable in a 
variety of materials like 
polyester, polyester /rope 
paper la mi nate, Tefl on*, 
Kapton*, and fibe rgla ss. 
Supplied with thermosetti ng, 
s ilicone, or acrylic pressure­
sensitive adhesive. 

Find your CHR distributor in 
the Yellow Pa ges under 
"Tapes , Ind ust rial" or in 
industrial d irectories. Or 
write for details a nd sam pl e. 
The Connecticut Hard Rubber 
Company, New Haven , 
Connecticu t 06509. 

*T. M . of Du Pont 
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Probing the news 

elected to build their own special 
controllers to keep costs down. But 
this is no longer the most econom­
ical way to go, says David G. Cur­
phey, manager of FMC's Controls 
group, expecially with $2,500 ma­
chines available from companies 
like Texas Inst ruments and Modu­
lar Data Systems. And he adds wist­
fully, " I wish I had a system where I 
could apply one of those right now. " 

One of the most sophisticated ma­
terials-handling systems in existence 
was dedicated this month in the new 
750,000-square-foot Chevrolet disk 
brake manufacturing facility in 
Saginaw, Mich. A pair of Digital 
Equipment Corp. PDP-11130 min­
icomputers in the $6 million system 
provide complete control of mate­
rials handling , inventories , and 
manufacturing processes, as well as 
churning out comprehensive man­
agement reports on the status of all 
materials , production line , and 
equipment. 

"The factory itself is like a ma­
chine," observes Barney 0 . Rae, a 
group manager at Cutler-Hammer's 
Industrial Sys tems division , de­
signer of the Chevrolet materials­
handling system. "Sure, it has indi­
vidual machine tools and transfer 
machines, but they and the mate­
rials they work on are all tied to­
gether through a computer and op­
erate as a unit." 

Similar advantages are being re­
alized in many other industries. 
Warehouses, with the introduction 
several years ago of computer-con­
trolled stacker cranes, have become 
important candidates for automa­
tion. Union Carbide Carp's chem­
ical warehouse in South Charleston , 

W. Va., for example, now uses a 
Honeywell H-20 computer to track 
down and select for shipping as 
many as 2,400 stock items. 

Examples. Among the prime ex­
am ples of automated materials-han­
dling systems are machines for sort­
ing letters in post offices, a system 
being built for a distribution center 
owned by Sears, Roebuck & Co., 
baggage- and freight-handling sys­
tem for United Air Lines and Pan 
American World Airways, and a 
linen and food-tray dispensing sys­
tem for a Kansas City hospital. 

On the frontier of new appli­
cations FMC Corp., Santa Clara, 
Calif., is working on an automated 
system for a major lumber producer 
in an industry which probably is one 
of the least automated. And Cutler­
Hammer hopes to break through to 
bring automated techniques to the 
metal foundry industry, Rae says. 

Relying on the optimistic predic­
tions for total value of these auto­
mated systems to reach $300 million 
this year , Aerojet - primarily an 
aerospace industry giant- regards 
the materials-handling field as one 
of its prime growth areas in the dec­
ade ahead. Consequently, officials 
are seeking to expand the com­
pany's pos\tion in that field through 
acquisitions and joint ventures. 

The need for automation is in­
deed great , many observers agree. 
" Direct labor costs have been 
squeezed until they' re pretty low in 
many cases," comments R.H. Hue­
benthal , senior systems specialists at 
General Electric's Industrial Sales 
division ,, Schenectady, N.Y. " Han­
dling materials is often an excepti­
onally large portion of the cost of 
manufacturing a part." To move 
materials from one machine to the 
next still requires manpower. O 

Crane control. Stacker crane of the kind used in automated warehouses can be operated 

manually in the event the central control computer shou ld fail . 
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Free! The profile chart 
that taltes all the 

compromise (and gamble) 
out of 

fixed resistor selection 

Don't settle for a resistor that is "almost" what you 
need. This chart provides complete electrical and 
physical characteristics for all popular fixed resistor 
types -with relative prices. See exactly what the 
trade-offs are and match up your needs just as if you 
were using custom parts. 

Only TRW could (or would) offer you a chart like this. 
Because only TRW makes every popular type of fixed 
resistor. We never have to push one type over another. 
The choice is strictly up to you. In fact, buying from 
TRW gives you the variety and selection of 22 com­
panies, with all the convenience of one source. 

To prove this even more dramatically, we 've pre­
pared another chart-an industry-wide fixed resistor 
cross-reference. It covers every popular resistor type 
and every major manufacturer. Tells you who makes 
what, and what their competitive part numbers are. 
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To get either or both of these unique charts, just 
fill in the attached coupon and mail it today to TRW 
Fixed Resistors, an Operation of TRW Electronic 
Components. Or contact your local TRW Distributor. 

r-----------------------1 
TRW Fixed Resistors / Distributor Marketing 
P. 0 . Box 12867 
Philadelphia , Penn . 19108 (Phone 215/923-8230) 

This I've got to see. Please send me a free copy of your 
fixed resistor profile and cross-reference charts . 

Name 

Company 

Ad dress 

L~~---------~~~-----~---

TRW 
IRC FIXED RESISTORS 
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Probing the news 

Communications 

Spade system to shrink world 
Satellite links will become available on demand to smaller nations through 

ground switching stations that obviate the need to preassign frequencies 

by William F. Arnold, Aerospace Editor 

The smaller nations of the world will 
find it easier to communicate by sat­
ellite with the advent next month of 
a new system dubbed Spade. As 
part o f a country's ground station 
equipment, Spade will permit inter­
nationa l communications via Intel­
sat 4 without the expense of leas ing 
preassigned frequencies. 

The a bility of a country to use the 
Intelsa t 4 satellite on a dema nd 
bas is is made possible by Spade 
(s ing le-channel-per-carrier, pulse­
code-modulated , multiple- access, 
d e mand- ass igned equipment). 
Spade switches telephone calls be­
tween countries on dema nd by us­
ing a common signa ling channel 
th ro ugh which ground sta tions ca n 
te ll each other when they want to 

talk. This avoids a cen tral switch­
board function and provides exten­
sive flexibility. 

When the Communications Satel­
lite (Comsat) Corp. in Etam, W . Ya ., 
and the Bundespost in Raisting, 
West Germany, start talking to each 
other via Intelsa t 4, Spade will also 
become the first long-haul pulse­
code-modulation communica tions 
sys tem . But apart from these firsts , 
Spade will be just in time to handle 
the burgeoning traffic demands of 
the Intelsat network. 

Sharing channels. Intelsa t o ffici als 
liken Spade service to that of a good 
telephone company that offers cus­
tomers service when they need it 
without m aking permanent assign­
ments of cha nnel capacity. Next 

year, for example , they es tima te 
that there will be 43 act ive earth sta ­
tions in the Atlantic region alone. 
These sta tions will use up about 900 
channels, but only about a qu arte r 
of these channels will be operating 
simultaneously, and only a bout one 
in 16 will be carryi ng enough traffic 
to justify its being preassigned. 

With pre -assig ned c h a nn e ls , 
which large ly use frequency-divi­
sion multiplex ing, Intelsat must al­
locate its channel requirements six 
months in adva nce . It has no way to 
reassign earth sta tion hardware or 
channel space in the interim, ex­
pla ins And rew M . Werth, modu­
lation techniques branch manager 
for Comsat Labora tories, Washing­
ton, D.C. Comsat ma nages the In-

Communicate. Added to an earth station , the Spade system permits international satellite communication without the expense of leasing 

preassigned channels . The DASS unit monitors all conversations and assigns calls to any of the 400 channels handled by Intelsat 4. 
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telsat network for the 82-member 
consort ium . If a country over­
es tim ates its requirements and uses 
only 48 out of 60 pre-assigned chan­
nels until the next reallocation, says 
Werth , twelve channels will be 
wasted. 

By the end of this year, Spade 
equipment will be installed in 12 
ground sta tions. By 1974, there will 
be 30 Spade stations, and eventually 
there will be 62- one in every Atlan­
tic region station. 

Spade equipment, including in­
sta llation and training, adds another 
10% to the cost of a regular ground 
termina l, or abo ut $400 ,000 to 
$500,000, says Werth. "For a $5 mil­
lion investment, a country gets a 
good system, with a maximum error 
rejection rate of 99 out of 100," he 
sta tes. Because Spade is a PCM sys­
tem, it can handle computer-to­
computer, telegraphic, and facsim ile 
transmission simultaneously. Each 
digitized voice channel operates at 
64 kilobits per second. PCM also pro­
vides a two-to-one increase in chan­
nel capacity over frequency-divi­
sion, frequency-modulation systems. 
And, with the assignment capabil­
ity, the 800-channel transponder on 
Intelsat 4 can handle the equiva lent 
of 2,400 preassigned channels. 

Besides PCM , Spade uses four­
phase coherent phase-shift-keying 
fo r cha nn el encoding. Channel 
bandwidth is 38 kHz and spacing 
between channels, 45 kHz. The com­
mon signa ling channel uses time-di­
vision multiple access and two­
phase phase-shift-key modulation, 
with a rate of 128 kilobits per sec­
ond, a frame length of 50 millise­
conds, a nd a burst length of 1 mil­
lisecond. Forty-nine stations are 
ab le to access the channel. 

No central switching. Spade's ca­
pability to handle calls on demand 
without central control was devel­
oped since "we couldn't consider 
having one centra l control because 
it wasn't politically or operationally 
practical ," Werth says. Comsat Labs 
got around that, and also increased 
the system's flexibility, by develop­
ing what it calls the demand-as­
signed signaling and switching 
(DASS) unit. A DASS unit in each 
Spade terminal acts as a common 
signaling channe l, similar to the 
2, 182-kHz channel used for marine 
telephone call s. 
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What DASS does 

So that the Intelsat network wouldn 't need either pre-assigned channels be­
tween earth stations or a centralized switchboard for Spade, Comsat Labs 
developed DASS. The basis of the DASS approach is to have the Spade ter­
minals share a common signalling channel (CSC) so they can tell each 
other whom they want to talk to and on what frequencies . Thus, a station 
will use the CSC to signal the called party, to tell it what frequency it will use 
to send the call , and what frequency the other station should use to reply . 

All Spade terminals share a pool of 800 frequencies (400 two-way cir­
cui ts) . Besides carrying call information , the CSC also transmits a " roster " 
of those channels in the pool that are currently available . Th is roster is con­
tinuously updated by a computer in each ground station. 

The CSC is a time-division, multiple-access channel that allows each 
Spade station in sequence to transmit a short burst of information, indicat­
ing one ground station has a call for another . The bursts are so short that 
49 Spade stations in the system could all transmit them to each other in 50 
milliseconds . 

The DASS units monitor and direct these functions automatically. The 
ground station interface unit-essentially a big switch-makes the connec­
tions between the land lines, the channel units , and the DASS unit. 

Each channel un it is composed of a PCM coder-decoder , a transmit-re­
ceive unit , a phased shift-key modem , and a frequency synthesizer. The 
PCM coder-decoder converts outgoing analog signals to digital and incom­
ing digital to analog. 

A transmit-receive unit ti mes , buffers , and frames the digital bit streams 
representing the actual voice conversation. Its job is to look at the analog 
wave form of the voice 8,000 times a second, and to decide which of 1 28 
possible digital numbers best describe the characteristics of the voice at 
that moment. 

The phased-shift-key modem modulates the assigned carrier frequency 
wi th the outgoing bit stream and coherently demodulates the incoming 
bursts with the aid of the carri er and timing information contained in the in­
coming digital bit stream. The frequency synthesizer selects the fre­
quencies for the call , using codes provided by the DASS unit. 

DASS units mon itor all calls continuously, and when a call is completed , 
returns the two ci rcui ts to the frequency pool for reassignment. This fact 
that the call is completed is instantaneously passed on to the other Spade 
terminals by their computers . 

Spade conserves sa tellite power 
supply because it transmits a con­
versation only when someone is ac­
tually talking. This way, the la rge 
amount of silence in any telephone 
conversation is not carried. A voice 
detector monitors the content of the 
voice channel and swi tches th e 
power on or off accord ingly. 

Spade is not like the Bell System's 
time-a ss igc.ment-speech int er­
polation (TASI) , which uses the ga ps 
in conversation to interpolate pieces 
of other conversations digitally so 
that several are carried on the same 
channel. TASI predisposes a pre-as­
signed channel , whereas the de­
mand-assigned Spade system con­
serves satellite power by using just 
one channel per conversation . Intel­
sat estimates that onl y about 40% of 
the 400 telephone circuits will be 
used at any one time . 

Final acceptance tests are being 

run this month on the Etam ground 
station equipment. This was built by 
Nippon Electric Co., Tokyo, which 
won the $3 13 ,000 contract among 
seven bidders from four countries. 
The R ais tin g , Germany, station 
equipment also is built by Nippon , 
with AEG Telefunken , Munich , act­
ing as systems integra ter. About 10 
othe r countri es a lso have purchased 
the Nippon equipment, Werth com­
ments . 

Although the sa tellites are owned 
collectively by Inte lsa t, the individ­
ual earth stations are owned by the 
respective cou ntri es (or th eir char­
tered representatives as in Comsat's 
case). 

Comsat is proud of Spade. " We 
have a hi gh degree of confidence in 
demand-assignment techniques ," 
Werth says. "Afte r all , the telephone 
company has been usin g them for 
years." D 
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LET MOS/LSI EXPAND 
YOUR THINKING­

AND YOUR MARKETS. 
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Looking back two 
short years, we recall the 
first commercial use of 

lilillil -
would be sufficient incentive for 
using our MOS/ LSI technology. -· 

our MOS/ LSI electronics 
-a multimillion dollar contract 

-~J So would greater product 
reliability. So would lower 
power requirements. 

But, in business, cost to supply microelectronic cir­
cuits for desk-top calculators. 

Since then, we've designed 
hundreds of other MOS/ 
LSI circuits. With produc-

. - reduction is usually the 
key consideration. The cost 
of our MOS/ LSI systems is 
as much as 50% that of 

tion running in the mil­
lions each year. 

Today, under contracts 
with some 20 major com­
panies, we're working on 
nearly 30 product pro­
grams-applicationsofMOS/ LSI 
technology for automobiles, 
trucks, appliances, business 
machines, musical instruments, 
computer peripherals, cash registers, 
calculators, data transmission and 
telecommunication equipment. 

A couple of examples. 
Right now we're working with 

Victor Comptometer Corporation on 
its development of a completely new 
line of business machines and cal­
culators. And we supply the circuits 
for the musical computer of the new 
Allen electronic organ. 

MOS/LSI reduces 
systems costs more than so3. 
Size and weight reductions alone 

conventional electronic or electro­
mechanical systems. 

You'll get the other advantages 
as bonuses, along with the 
savings. 

The state of the art­
by its innovators. 

Our MOS/ LSI technology 
includes many kinds of 
digital systems and circuits: 

switching, arithmetic, count­
ing , driving , multi-
plexing, digital-analog 
and analog-digital 

104 Circle 104 on reader service card 

conversion , frequency genera­
tion and discrimination, digital fil­
tering, modulation, demodulation, 
and memories of different types. 

And right now we're developing 
future generations of microelectron-
ics: new MOS processes, advanced 
packaging methods, multi-layer 
ceramic substrates, nitride passi- "-1 

vation, silicon on sapphire, liquid 
crystal displays and more. 

A joint product commitment. ·-< 
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 plan­

ning, 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'.' Write: A.B. 
Chambers, P .0 . Box ~ 

3669 , Anaheim, Cal­
ifornia 92803. 

North American Rockwell 
Microelectronics Company 
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Probing the news 

Communications 

FCC gets advice 
on digital data 
transmission 
Compatibility of digital with analog modulation 

on microwave radio is biggest problem foreseen 

By Lyman J. Hardeman , Communications and Microwave Editor 

By the mid-1970s, the microwave 
spectrum must undergo an analog 
to digital conversion- at least in 
part. Basically, it must shift from 
handling a lmost entirely analog in­
formation to handling a mixture of 
both analog and digital signals. Dif­
ficulti es are inevitable, and to antici­
pate as many of them as possible, 
the Federal Communications Com­
mission set late last month as the 
deadline for receiving comments 
from the industry on how digital 
modulation will impact microwave. 

Twenty-six respondents generally 
agreed that the modulation tech­
niques used must allow efficient 
transfer of information , and that 
different modulation schemes oper­
ating in the same or adjacent bands 
must be compatible. 

While recognizing the efficiency 
of frequency-division-multiplexed 
frequency-modulation techniques 
for analog voice transmission, the 
respondents were virtually unani­
mous in suggesting some form of 
digital modulation for transmitting 
information from computers, fac­
simile, video, and teletypewriter. 
The digital modulation techniques 
considered in the filings were com­
pared with fdm / fm rather than with 
other digital methods. The modu­
lation techniques proposed include 
phase-shift keying (PSK), minimum 
sh ift keying (MSK), frequency-shift 
keying (FSK) and amplitude-shift­
keying (ASK). 

However, a couple of respond­
ents- General Telephone and Elec­
tronics of New York City, and Mi-

Unscrambled and scrambled. Scope traces from Avantek show how data scramblers dis­

tribute power more evenly over the rf spectrum. The spikes (left) result from a typical square 

wave modulating signal used to phase-shift-key a carrier at 6 Mbps. Scrambl ing the same 

signa l (right) di stributes the power over 12 MHz. A bandpass filte r is used in both cases. 

Procond is 
young 

(electronics 
too) 

Plastic film 
and electrolytic capacitors 

for entertainment 
and professional 

field. 

PROCOND S.p.A. - 32013 Longarone, Italy. 
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INTERCON 

MARCH 20-23, 1972 

It's the big one in New York. The 
most important convention of its 
kind. Meet the influential people 
who call the shots in the rapidly­
changing electrical/ electronics 
industry. "New Horizons for En­
gineering" is the theme. The em­
phasis is on tomorrow - moving 
careers and companies along ... 
how engineering and social 
changes will affect directions and 
assignments, create new concepts 
... new products ... new applica­
tions. IEEE '72 INTERCON is 
where you can set your sights on 
tomorrow. And it's in New York, 
the most exciting city in the 
world. 

3 G1·eat Shows in 1 
Production/ Processing I 
Materials/ 
Fabricating ... Instrumentation/ 
Control/Computer/Display ... 
Components/Microelectronics/ 
Communications/Systems 

Over 80 Technical Sessions 
Applied, state-of-the-art and so­
cio-technological sessions cover 
Transportation, Computers & 
Systems, Microelectronics, Semi­
coductors, Manufacturing Tech­
niques, Packaging ... and much 
more. 

New Science-Technology 
Center 
See avant-garde industry and 
government solutions to control 
traffic, monitor pollution, in­
crease communications, safe­
guard our health ... 

Plus ... Company-Sponsored 
Seminars, "Tech-Talk Centers" 
and other innovations that are 
bound to bring you new ideas in 
fresh, exciting ways! 

Write IEEE Convention Depart­
ment for Advance Program and 
registration discount details. 

IEEE '72 
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INTERNATIONAL CONVENTION.AND EXPOSITION 

New York Coliseum and New York Hilton 

The Institute of Electrical and Electronics Engineers, Inc. 
345 East 47 Street , New York, N.Y. 10017 
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Probing the news 

crowave Communications Inc ., of 
Washington D .C.- disagreed that 
the public would gain from a "green 
light policy" on digital techniques. 
" Digital modulation ," said GTE, 
"should not be employed, except for 
developmental purposes, in bands 
below 13 GHz, until their full com­
patibility with fdm / fm systems has 
been proven. " 

In geographically isolated regions 
where frequency spectrum satura­
tion is not a problem, a number of 
respondents, including the Ameri­
can Telephone and Telegraph Co., 
New York City, recommend unre­
stricted use of digital modulation on 
microwave radio. In most areas, 
however, GTE claims that the inter­
fering effects of digita l modulation 
on fdm / fm may be a serious prob­
lem because the causes of such in­
terference are not well understood, 
that adequate controls have not yet 
been developed, and that effic iency 
below 13 GHz would be endangered 
because of lower bandwidth · utiliz­
ation efficiency with digital tech­
niques. 

Compatibility. The major prob­
lem foreseen by most respondents 
was the compatability of digital 
modulation techniques with each 
other and with fdm/fm. This will 
depend heavily on the ability to 
minimize the sideband energy of 
transmitted signals. Most of the fil­
ings indicated that filtering should 
be used to reduce sideband effects, 
but there were varying opinions on 
how much filtering should be re­
quired and whether the limit s 
should be based on calculated data 
or on data measured in trials . 

According to AT&T's filing wi th 
the FCC, "Experience with 18-G Hz 
digital signals suggests that control 
of the first sideband to 35 or 40 dB 
below midchannel power density is 
enough to protect adjacent channels 
from interference ." But for digital 
systems operating below 15 GHz­
where there is a serious congestion 
problem- AT&T recommends that 
sidebands be controlled to 50 dB be­
low midchannel power density. 

After reviewing AT&T's original 
filing, Data Transmission Co. 
(Datran) , Vienna , Va., objected to 
the side band Ii mi ta ti on on two 
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counts: " First, the requirement is re­
lated to the keying rate and not 
directly to the rf channel spacing­
and for low keying rates this could 
result in a requirement for unneces­
sary in-band filtering. Second, it at­
tempts to regulate only one specific 
form of digital modulation, namely 
four-phase PSK." 

Alternatives. Several others, in­
cluding the Electronic Industries As­
sociation, Raytheon Co., and Avan­
tek Inc. , agree generally that, if out­
of-band emissions are to be regu­
lated , a more flexible and universal 
policy should be adopted than that 
suggested by AT&T. A more viable 
alternative, based on a cross-section 
of comments, might combine a less 
rigidly specified out-of-band limit 
with procedures for resolving poten­
tial interference problems on a case­
by-case basis . 

One of the more serious problems 
considered in the filing is the forma­
tion of spikes in the power spectrum 
due to periodic patterns in the pulse 
stream of data signals. For example, 
the da ta output of a machine may 
go through extended periods with­
out a transition from one logic state 
to another (as when a facsimile 
transmitter is transmitting a blank 
portion of a page). And yet there are 
many situations when the da ta out­
put changes levels at every time in­
crement. 

These periodic patterns in the 
modulating signal result in an out­
put spectrum with large unwanted 
spikes. For a square-wave modu­
lating signal , two large spikes ap­
pear in the spectrum at frequencies 
above and below the carrier at a dis­
tance equal to the square-wave 
modulating rate. 

" A simple method of eliminating 
these spikes," says L.R. Thielen, 
president of Avantek Inc. , Santa 
Clara, Calif. , " is to scramble the 
digital output with a pseudorandom 
generator." This, he says, averages 
the power in the output spectrum 
into many closely spaced discrete 
frequencies with a much more uni­
form distribution ." Thielen says the 
circuitry required to scramble di gi­
tal data is relatively simple and 
inexpensive to build. The pseudo­
random code is of finite lengt h and , 
of course, must be known to the re­
ce iving station where the signa l is 
decoded. O 
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Talk to Gudebrod 
about your tying operation 

this month ... 
A nd about Lacing Tapes , harness rooms and systems. About 

temperature and vibration . . . speed and rejects! About 
Nylon, Dacron, Teflon, N0mex, Glass tapes and cords- treated 
and untreated .. . that meet or exceed military and industrial 
specifications, about cost comparisons with other methods ... and 
all backed up with one hundred years of manufacturing knowledge. 

Dacron, Teflon, Nomex-Du Pont Registered Trade Marks 

Talk to Gudebrod this month! 

Write to this address for prompt return of our 

Product Data Catalog. 

Gfeclronicj ';J)ivijion 
Dept. 852 

@judebrod Bros. Silk Co., Inc. 12 South 12th Street, Philadelphia, Pa. 19107 
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Two ways ta improve 
yaurmema11 

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 the 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 atto, union . 

For further information contact your nearest Microsystems International sales office. 

U.S.A.: Palo Alto, California 94302; Suite 13, 450 San Antonio Road, Telephone: 415-493-0848; TWX: 910-373-1281 

Union, New Jersey 07083; 2401 Morris Avenue, Telephone: 201-964-3131 ; TWX: 710-985-5482 

CANADA: Montreal 101, Quebec; 800 Dorchester Boulevard, West, Telephone: 514-875-2814; TWX: 610-421-4647 

Ottawa, Canada K1Y4J1; Box 3529, Station C, Telephone: 613-828-9191; TWX: 610-562-1910 

Toronto, Ontario; Box 34, Toronto Dominion Centre, Telephone: 416-336-7721; Telex: 02-21585 
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New produc~s ___________ _ 

Medium-speed 
printers aimed at 
minicomputer systems 
by Marilyn Offenheiser, New York staff 

Simplified mechanical and 

electronic assemblies are 

key to faster machines 

in $3,000 price range 

Minicomputer users who wanted 
hard copy at fairly high speed could 
a lways go to line printers, but these 
printers usually cost more than the 
computers. The lower-priced termi­
nals, on the other hand , had a max­
imum printout rate .of about 30 
characters per second . 

In recent months, however, a 
half-dozen or more companies have 
filled the gap with relati vely high 
speed printer.;;- I 00 characters a sec­
ond- and prices in the $3,000 range. 
And more of these units are on the 
way this year. 

• Mohawk Data Sciences' Frank­
lin Electronics division , King of 
Prussia , Pa ., will introduce after 
mid-year two impact-type models 
tha t can reach I 00 characters a sec­
ond and will sell for about $3,000 in 
OEM quantities. 

machine for an OEM price of $1,200, 
will soon introduce a lower-priced 
80-column printer. 

• Digital Equipment Corp. , May­
n a rd , Mass ., the IBM of the 
minicomputer business , will an­
nounce this spring a printer line tha t 
will move the company deeper into 
the peripherals market. 

A common element among the 
various designs is the simplification 
of both mechanical and electronic 
assemblies. 

"This is an infant business now, 
but it's going to grow the way the 
minicomputer industry did during 
the pas t decade," says Philip Swee­
ney, a member of the marketing 
group at Printer Technology. 

The combination of relatively 
high speed for a fairly low price re­
quires several tradeoffs. A major 
one is the type of print mechanism. 
With th e notable exception of 
Printer Technology's model 100, 
most companies have elected to use 
a dot-m atrix configuration. The dot 
matrix is inherently cheaper be­
cause there are fewer mechanics in-

vo lved in getting the character 
printed. However, many users do 
not like the look of the dot-matrix 
character because it is more difficult 
to read. Printer Technology's Swee­
ney says the company decided to 
use a full character printout because 
"we found the dot matrix more 
prone to failure . The solenoids on 
the print head wear faster," he con­
tinues, "and they are difficult to 
maintain." 

Another tradeoff has been 1 n 
opting for the impact-type of 
printer, even though it is more cum­
bersome than the nonimpact type. 
And where the nonimpact printer 
may be cheaper, its disadvantage 
lies in the fact that it can only pro­
duce one copy at a time. An impact 
printer puts out as many as six 
copies. 

Mohawk's new printers, models 
4311 and 4312, will have 132 char:. 
acters per line, 10 characters per 
inch horizontally, and six lines per 
inch vertically. Also offered will be a 
bit-serial interface and ASCII code. 
The printers will use a 7-by-5 dot 

• Centronics Data Computer 
Corp., Hudson , N.H. , will follow up 
its present model IOlA, a 165-char­
ac ter-per-second , $2,595 printer, 
with a 70-character-per-seco nd 
model tha t will sell for $895. 

Adaptable. The Printec-100, manufactured by Printer Technology , accommodates any pa­

per width to 136 columns. An 80-column machine is being developed by the company. 

• Memorex Corp., Santa Clara, 
Calif., fairly new to the printer busi­
ness, this spring will offer a 60-char­
acter-per-second model tha t will se ll 
for $4,875, and the California com­
pany plans to widen its printer lin e 
by mid-year with a series of faster 
models. 

• Printer Technology Inc., Wo­
burn, Mass., which recently an­
nounced a 100-character-pe r-second 
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for connectability 
Need a neat match for standard or 
specialized connectors? Woven Cable 
fits the picture with rollable , foldable , 
stackable adaptability. Woven connects! 

wouen ELECTRODICS 
A DIVISIO N OF SOU TH ER N WEAVING CO M PANY 

P.O. Box 189, Mauldin, S.C. 29662 . (803) 288-4411 
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matrix for most characters, but will 
automatically switch to a denser 7-
by-9 array for those characters that, 
because they have diagonal lines in 
them, tend to be hard to read in the 
standard matrix. 

The $895 Centronics printer, to 
be called the model 303, is designed 
to compete with teletypewriter ter­
minals. Robert Howard, Centronics 
president, says that the printer will 
be manufactured by Brother Indus­
tries Ltd., Nagoya , J apan. The 
mechanisms will be shipped to Hud­
son to be integrated with Centron­
ics-manufactured electronics and 
matrix heads. Other features of the 
303 will include a capability to pro­
duce grap hics, an 80-column config-

Multilingual. The model 101 A from Cen­

tronics prints in any one of 17 languages. 

uration , and 64 character sets each 
on two character generators. 

One of these produces the stan­
dard Roman alphabet; the other 
con tains a ll the specia l characters 
required to permit the printer to 
work in any of 16 other a lphabets 
such as Greek, Cyrillic (Russ ian) , 
and so on . Two optiona l character 
generators will produce the Japa­
nese and Ch inese alphabets. 

The next step planned by Printer 
Technology is to add a keyboard to 
its Printec 100, an impact seria l unit 
that sells for $ l,200 in OEM quan­
tities and prints at 100 characters 
per second. The machine is also 
availab le on an ASC!l level for 
$2 ,200, or $1,760 in OEM quantities . 
Built modularly to reduce cost , the 
100 uses a multiple sp lit -helix 
wheel , six hammers , and five 
printed-circuit boards. The ma­
chine's speed is due in part to its 
three 64-character ASCII fonts. The 
100 also has bit-parallel ready 
strobe, an assortment of se ri al inter­
faces, with and without buffer, and 
a parallel interface with a memory 
buffer. 

Electronics/ February 28, 1972 
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New products 

Instruments 

Communications tester handles 
120-megabit data channels 
by James Brinton, Boston bureau manager 

Checkout system for modems 

and other equipment 

includes time-division 

multiple-access capability 

Data transmission equipment that is 
good for 100 megabits per second 
and more is fast leav ing th e drafting 
ta ble for the tes t lab. But users of 
devices from modems to communi­
ca tions satellites a re findin g them­
selves limited by ava il ab le test 
equipment. Systems equ a l to the 
task o f checking out a 120-mega bit 
multiplexer haven't been availa ble 
commercially until the introduction 
o f th e S-120C co mmuni ca tion s 
channel tester by Ta u-tron Inc. 

Oth er comm erci a l equipment 
tops out at speeds of about 40 mega­
bits, whereas the l 20C reaches 120 
mega bits. Simila rly, whil e other sys­
tems offer only a single channel of 
test da ta , the 120C has up to four. 
And while tim e-di vision multiple­
access co mmuni ca ti o ns sys tem s 
seem to be the route of the futu re, 
today's testers e ither lack the capa ­
bility of inserting T OMA preambles­
nee ded to gain access to a user's 
time slot- or lack th e speed to emu­
la te the high-speed bursts of da ta 
whi ch cha rac te ri zes T OM A. Th e 
120C has both . 

At a bout $ 15,000, it brings wh at 
Ta u-tron considers a la boratory in­
strum ent with in reach of th e com­
munica ti ons service end-user as a 
perfo rmance monitor. The l 20C has 
been built to work in sys tems where 
error rates could be as hi gh as one 
in 10 bits. Sta tistica lly, th en, the 
pro bability of the 120C fa lling out 
of sync is ve ry low- 10-12- a nd, since 
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error ra tes over typi cal " bad" Links 
are fro m 10- 3 to I0-4 , dropo ut s 
should be rare. 

Sync lock-on pro bability is high, 
and it's made poss ible with a mul­
ti pie-integration, cross-correlati on 
technique. The transmitter secti on 
of the 120C houses its own da ta gen­
erator, plu s an ECL ma ximum­
length shift register capa ble of pro­
ducing a pseudo-random bit stream 
more th an a mega bit long 120 ti mes 
a second . Its dupli ca te is in th e re­
ceiver section. The bit strea ms of 
both are identi ca l, and ca n be 
directly compared with one anothe r. 

The 120C is a multichannel de­
vice offering up to four cha nnels of 
phase-shi ft keyed data at front­
panel coaxial connectors. John Con­
nolly, Tau-tron vice presid ent, notes 
th a t, since most fast commerci al 
tranmi ss ion sys tem s a re multi­
plexed, the multichannel output 
eases the problem of spotting cross­
talk . " With sin gle-cha nn e l gea r, 
crosstalk just doesn't appea r in tes t ; 
but with fo ur cha nnels of data ava il­
abl e in the test system, it is possible 
to trou bleshoot not only simple two­
chann el crosstalk, but also compl ex 

HIGH SPHD CATA (0MMUNIU.UQN 

CHA.NNH fUI Sl'SfrM 

multichannel si tua tions," he says . 
But Tau-tron adds cha nnels at th e 

expense o f speed . With fo ur cha n­
nels running, the max imum output 
becomes 30 mega bits. 

Like a lm ost a ll digita l communi­
ca ti ons system testers, the I 20C has 
an error-inj ecti OJl fea ture. It acts as 
a self-test, but more importantly 
serves to pl ant a known se ri es of e r­
rors in a known location in its out­
put. If the errors return intact a nd 
on tim e, everything is working as 
adve rtised . If not, the re's tro uble­
shooting to be done. 

But T a u-t ron' s e r ro r-injec ti o n 
schemes can be " ignored" by the re­
ceiver. "Thi s is an aid to spotting er­
rors in noisy lines," says Connoll y, 
" and in circuits with certa in ty pes of 
cryptographi c gea r on lines , espe­
cially those using memories as a 
code fie ld ." O ften, inj ected erro rs 
result in a cascade of multiplica ti ve 
erro rs in memory-type encoders, he 
notes , a nd since the 120C ca n be 
made to ignore its own errors, it ca n 
locate ma lfuncti ons and get exact 
counts of erro r and error rate. 
Tau-tron Inc., 685 Lawrence Street , Lowe ll, 

Mass. 01852 (339] 
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The mini-maxi machine. 
Kearfott SKC-2000 

Airborne Digital Computer. 

Floating point arithmetic 
eliminates scaling 
problems and perm its 
use of Fortran IV 
compiler. 

True modularity. Machine 
architecture and 
mechanical design permit 
virtually unlimited 
addition of CPU and 
memory modules. 

Here's a general purpose, high per­
formance digital computer based on 
a single data and control bus, and 
an interconnecting series of mod­
ules. Modules that can be combined 
to form a simplex central computer, 
a multi-computer or a multi-proces­
sor-simply, quickly, efficiently. 

But there's more. Through the 
use of asynchronous module opera­
tion, a complete spectrum of input/ 
output capabilities is made possible. 
Because the SKC-2000 modules can 
be mixed and matched, and even 
replaced as new technological ad­
vancements are made. 

Existing , wo rki ng 
hardware designed 
to accommodate 
tomorrow's technology, 

Unique mechanical 
design provides for 
adequate cooling of 
MSl/LSI devices used. 

today. 

We can provide you with a whole 
family of compatible modules for 
our SKC-2000. And one of our ex­
perts can help you put together a 
winning combination, from a mini­
machine all the way up to a maxi­
machine. 

For more information, and a de­
tailed new brochure, write The.Singer 
Company, Kearfott Division , 1150 
McBride Ave., Little Falls, N.J. 07424. 
Or call (201) 256-4000. 

S I NGER 
AEROSPACE & MARINE SYSTEMS 

Large machine archi­
tecture used in compact 
airborne digital computer 
is readily expandable. 

Typical Characteristics (CPU) 
Number Systems Binary, floating point 

Data words, 
Floating Point 
Data words, 
Fixed Point 
Instruction 
Words 

and two's complement 
fixed point 
24 bit mantissa, 
8 bit exponents 
32 bits including 
sign 
16 bits short, 
32 bits long 

Instructions 99 total long & short 
Address Modes Direct, indirect, 

Average Execu­
tion Times For 
1.91' sec 
memory (LSI) 

relative, immediate 
Add-2.125µ sec, 
multiply'-5.8751' sec 
Divide -5 .8751' sec 

Memory words 131,072 
directly 
addressable 
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New products 

Instruments 

Low-cost scope 
covers 15 MHz 

Portable dual-channel unit 

costs $845 , has vertical 

sensitivity to 5 mV I cm 

For computer-peripherals servicing 
jobs, an oscilloscope should be truly 
portable and have a high perform­
ance-price ratio. Ballantine Labora­
tories' entry in this market is a 15-
megahertz scope that weighs just 

t- under 20 pounds, consumes about 
28 watts, and sells for $845. The 
model l066A is a dual-channel in-

~ strument with a built-in delay line, 
sensitivity to 5 millivolts per cen­
timeter (improving to 1 mv/cm at 
reduced bandwidth), front-panel 

~ voltage calibrator, fully regu lated 
power supplies, and a TV sync strip­
per for optimum triggering of the 

~ti sweep when working with cathode­
ray tube displays. 

The scope has two identical verti-
., ca l channels that have 3-decibel 

passbands extending from de to 15 
MHz. Each channel has a rise time of 
24 nanoseconds, and vertical deftec-

~ 
tion factors variable from 5 mv/cm 
to 20 v I cm in 12 calibrated steps. 
Uncalibrated verniers provide con­
tinuously variable adjustment be­
tween steps and extend the min­
im um sensi tivit y to beyond 50 
v I cm. All of the calibrated steps are 
accurate to within 3%. The input im­
pedance is l megohm in parallel 
with 28 picofarads. 

The two vertical amplifiers can be 
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cascaded to provide a single channel 
with a sensitivity to 1 m v I cm over a 
passband from 5 Hz to 5 MHz. The 
cascaded amplifier has a rise time of 
70 ns and a maximum calibration 
error of6%. 

The time base is variable from 0.5 
microsecond/ cm to 1 second/cm in 
20 calibrated steps, with a contin­
uously variable vernier for overlap 
between steps. The accuracy of the 
calibrated steps is within 3% over 
the central 8 cm of the CRT scale. A 
10 x magnifier operates over the 
full time base, thus extending the 
sweep rate to 50 ns /cm. The magni­
fied time base is accurate to within 
5% over the central 8 cm of the 10-
cm CRT scale. 

A novel feature of the 1066A is 
automatic mode selection for the 
dual-trace display. The chopped 
mode is selected for sweep rates 
from 1 ms/cm to 1 s/cm, inclusive ; 
and the alternating mode is chosen 
for time base ranges from 0.5 
ms/cm to 0.5 µs/cm. Z-axis blank­
ing of the switching transients 
caused by the 250-kHz chopping sig­
nal is provided. 

The scope's bui lt-in delay line 
permits viewing of the leading edge 
of the triggering waveform. The line 
is of the printed-circuit type, and in­
troduces a nondistorting signal de­
lay of approximately 150 ns . 

Any supply voltage from 95 v to 
130 v, and 190 v to 260 v, can be ac­
commodated by quick-change six­
position switch on the rear panel. 
The supply-voltage frequency can 
be 45 HZ to 440 HZ. 
Ballantine Laboratories , Inc ., P.O. Box 97, 

Boonton , N.J. 07005 [351] 

Synthesizers keep 0 .1 -Hz 

resolution up to 13 MHz 

Two automatic frequency synthesi­
zers from Hewlett-Packard maintain 
a resolution ofO. l hertz over the fre­
quency range from 0.1 Hz to 13 
MHz. The two units contain read­
only memories for digital control of 
all instrument operations, thus per­
mitting true digital sweeping-that 
is, synthesizer accuracy- at every 
step in the sweep. 

The model 3330A, at $5, 100, has 
a manual amplitude control with 
built-in leveling to ±0.5 decibel. At 
$6,000, the model 3330B provides 
automatic amplitude control- in­
cl uding amplitude sweeping- over a 
100-dB range . This instrument 
maintains an amplitude resolution 
of 0.01 dB over its full output range. 
Maximum power out of either syn­
thesizer is + 13 dBm. 

Both synthesizers use an ovenized 
quartz crystal oscillator as a fre­
quency standard. The drift of this 
oscillator is less than one part in 1 QB 
per day. Higher and lower stability 
references are also available. 

Although no internal amplitud e 
modulation is included in either in­
strument, both can be amplitude­
modulated by an external signal as 
high as 100 kHz. This a-m can be 
applied even when the frequency is 
being swept. 

While synthesizers are wide ly 
known to have excellent long-term 
stability, their spectral purity is usu­
ally not very good . In these instru­
ments, however, spurious signals are 
at least 70 dB below the carrier, 
while harmonics are at least 40 dB 
down. 
Hewlett-Packard Co., 1601 California Ave­

nue, Palo Alto , Calif. 94304 [352] 

Direct-recording oscillograph 

has built-in duration control 

A direct-recording oscillograph, the 
Visigraph-300 offers built-in dura­
tion control. and 12 galvanometer 
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Centralab Rotary Switches ... 
in line with your design requirements 

Write 
Centralab 
for 
Bulletin 
No. 1101S(R)2 

Do you identify with this group? 
The group is Centralab's rotary switch 
line-preferred by over half of today's 
design engineers. In unbiased product 
preference studies conducted annually 
by several leading electronics maga­
zines, design engineers identified 
Centralab rotary switches as their first 
choice by a 2 to 1 margin. 

And for good reason, too! Because 
most of you came to Centralab for 
a special rotary switch capability. 
And you got it. 

Over 35 years of experience in solving 
switching problems is the reason 
Centralab can offer you a most 
extensive and growing line of standard 
switches. Now, for example, you can 
select from four new series of miniature 
and subminiature switches that feature 
a dual-ball sidethrust mechanism 
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for top index performance and 
exceptionally good torque and feel. 
Adjustable stop models require no 
disassembly or removal of stop tabs . 
You can easily change stops by varying 
the placement of one or two stop rings 
in the front plate. For torque adjustment 
you just change index springs on an 
otherwise completed switch. You can 
choose from a wide variety of section 
materials too, including diallyl phthalate 
for the highest insulation resistance. 

When you come to Centralab you 
widen your choice of rotary switches­
types, sizes, configurations, ratings and 
other options. You get the right switch 
at the right price ~ If you're not in that 
group, find out how the other half lives. 
Write Rotary Switch Sales Manager, 
Centralab. 

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

CENTRALAB 
Electron ic s Divi sion 
GLOBE -UNION INC. 

5757 NORTH GREEN BA~ AVENUE 
MILWAUKEE, WISCONSIN 53201 
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Centralab 
distributors 
identify with 
your switch 

requirements 

Centralab Distributors are your 
number one source for the num­
ber one line of standard rotary 
switches. You can select the 
switch you need - off the shelf 
- from all sizes and types, in 
prototype or small production 
quantities with immediate de­
livery. It's this kind of availabil­
ity that lets you obtain the right 
switch for your design require­
ments every time. And, it's been 
that way for over 35 years. 

Centralab Distributors also 
carry component switch parts in 
kit form for convenient field re­
pai r and economical prototype 
switch assembly. 

When you need a rotary 
switch , look to your Centralab 
Distributor first. For a complete 
catalog of Centralab switches 
and switch kits, see your distrib­
utor or write Centralab Distrib­
utor Products, Dept . RS-1. 

DISTRIBUTOR PRODUCTS 

CENTRALAB 
Electron ics Division 

GLOBE-UNION INC. 

Circle 11 5 on reader service card 
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New products 

channels are avai lab le for recording 
data from de to 13 kilohertz. Trace 
identification is a lso provided, along 
with 12 paper speeds from 0.2 to 

-~ 

120 inches per second, and an op­
tional 1,000: I speed divider is avail ­
able. Individual intensity controls 
for both grid ljnes and the signal 
traces permit adjustment for records 
at any chart speed. Price of the 
model 300 is $2,200. 
Dixson Inc, P 0 . Box 1449, Grand Junction , 
Colo . 81501 [356] 

Precision pulse generator 

repeats to 250 kilohertz 

Both stability and versatility are 
provided in the model PB-4 pulse 
generator. The temperature stability 
of the output pulse is better than ±5 
parts per million / °C, and the line­
arity is within ±5 ppm. The gener­
ator may be loaded into 50 ohms 
without affecting these specifica­
tions. Independently adjustable rise 
and fall times are also provided, and 
the unit has a maximum repetition 

rate of 250 kilohertz. Price of the PB-
4 is $1,450. 
Berkeley Nucleonics Corp., 1198 Tenth St., 
Berkeley, Calif. 94710 [355] 

lntegrator-fluxmeter holds 

deviation to 1 % of full scale 

The model 701 integrates any volt­
age signa l applied to its input termi­
nal. The unit includ es digital 
switches and a light-beam meter. 
The instrument can also be used as 
a fluxmeter or Gaussmeter a nd in 

( • 

such equipment as permeameters, 
magnetic field surveyors, ferro­
magnetic detectors, instrumentation 
systems, production test equipment, 
stray flux detectors, and hysteresis 
loop tracers. The 701 is accurate to 
within I% of full scale, and outp ut 
terminals provide a signal adequate 
for drivi.ng an X-Y recorder. 
LDJ Electronics Inc., 741 Owendale, Troy, 
Mich . 48084 [357] 

Lock-in photometer offers 

synchronous detection 

The model 20 lock-in photometer 
provides synchronous detection to 
extract small light signals from high 
ambient noise. The unit operates 
with voltage or current sources. Fre-
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Quality and reliability are key design 
parameters built into Adlake's com­
plete line of DRY REED RELAYS. 
Advanced electrical, mechanical and 
packaging features qualify these stand­
ard, intermediate, and miniature size 
devices for an extremely · wide range 
of commercial, industrial, and military 
switching applications, such as con­
trol panels, machine process control 
instrumentation, and telephone and 
communications apparatus, to men­
tion just a few. 

ELECTRICAL DETAILS: 
Contact Arrangements: 

Up to 4-A or 2-B 
Contact Current Ratings: 

Switch 0.5 A; carry 3 A 
(Miniature & Intermediate) 
Switch 1.5 A; carry 6 A (Standard) 

Contact Resistance: 
lnitial-50 milliohms, max.; 
end-of-life-2 ohms max. 
(Standard) 
lnitial-200 milliohms max.; 
end -of-life-2 ohms max. 
(Intermediate & Miniature) 

Contact Life: 
Rated Loads-20 x 106 operations 
Dry Circuit-500 x 1 os operations 

Contact Voltage Ratings: 
100 VDC or 150 VAC 
(Miniature or Intermediate) 
150 VDC or 250 VAC (Standard) 

Insulation Resistance: 
1012 ohms (min .) 

Operating Speed: 
1 to 2.5 ms 
(Miniature & Intermediate) 
2.5 to 4.5 ms (Standard) 
(Varies with sensitivity and 
number of poles; including 
contact bounce and coil time) 

MERCURY WETTED 
CONTACT RELAYS 

Low, stable contact resistance and 
" 1-billion-operation" life qualify Sensi­
tive Mercury Wetted Contact Relays for 
a wide array of switching applications, 
such as digital and analog computers, 
telecommunications system, multiplex, 
industrial control equipment, power 
control devices. New Series MWK and 
AWK Sensitive Relays offer contact 
form K (SPDT, center off)-ideal for 
multiple channel switching. 

Miniature Dry 
Reed Relays Series 

ARAM & ARBM 
(typical) 

14"•00~ 

~1TYP 
~~.025 Square, TYP 

~ 
> FORMB~ 

I 1-- 1ooc·-1 I 
~ I 200M MAX.~ 

PACKAGING DETAILS: 
Environmental Protection: 

Hermetically sealed contacts. Rhodium 
plating on contacts for higher loads 
and longer life characteristics. 

Shelding: 
Magnetic shielding layer 

Shock: 
200G max. 11 ± 1 ms 
(Miniature & Intermediate) 
1 OOG max. 11 ± 1 ms (Standard) 

Vibration : 
30 G max. 0-1700 cps 
(Miniature & Intermediate) 
0-600 cps (Standard) 

Temperature Range: 
-55 to 105' C 

Choose from 123 cataloged items. Dry Reed 
Relays with special features are available on 
special order with surprisingly short 
delivery times. 

MERCURY 
DISPLACEMENT 
RELAYS 

Time delay and load relays meet the 
toughest, most demanding switching 
applications .. Non -adjustable time delay 
relays offer contact forms A and B with 
delays up to 1 hour, current ratings to 
15 amps. Load relays switch from 30 to 
100 amps with contact forms A and B . 

USE READER SERVICE NUMBER FOR COMPLETE INFORMATION 

THE ADAMS & WESTLAl<E COMPANY 

ELKHART, INOIANA 46514 • 219 · 264 114 1 • TWX 219 · 522 3102 • TEL EX 25 84 58 • CABL E AO L.A.KE 
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New products 

quency is continually tunable, refer­
ence signal locks automatically, and 
digita l phase shifting is stable and 
accurate in resolution. Of modular 
construction, the model 20 includes 
phase shifter, a mplifier, and de­
modul a to r. 
Pacific Photometric Instruments, 5745 Pe­

ladeau St. , Emeryville , Calif. 94608 [353] 

Counter in kit form 

covers 1 Hz-100 MHz range 

A frequency-counter kit, designated 
th e IB-1 101 , ranges from 1 hertz to 
over 100 megahertz. The input cir­
cuit acce pts levels from less than 50 
millivo lts to more than 200 volts, 
d epending on frequency, without 
dam age to the instrument. The full 
five-digit readout can be expanded 
to eight-digit capability by using the 
overrange circuitry. The decim al 
point is a utomatically placed in the 
selected range, while megahertz, 
kilohertz, over-range, and gating are 
indica ted by front panel lights. Price 
is $269.95. 
The Heath Co., Benton Harbor, Mich . 49022 

[354] 

Generator combines many 

signal sources in one unit 

A multifunction generator, the 
model 146, offers many signal 
sources in one package. Features in­
clude sweep frequency modulation , 

•• <.."' •·· ~ ··• -e • c ••••••••• 

a mplitude modulation , frequency­
shift key ing, triggered and gated op­
eratio n, and swept amplitude modu­
lation. The unit requires no external 
drive modules, and calibrated sweep 
and modulation of frequency a nd 
a mplitude are provided. Price is 
$ 1,495 
Wavetek, P.O. Box 651 , San Diego, Calif . 

92112 [358] 
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· Sensitive & versatile 

i 

New RCA Picoammeter measures 
direct current from 1 picoampere to 30 mA 

• Solid-state components 
• AC or battery operated 
• Price $250* 
• Full 12-month warranty 

on parts and labor ... 
complete replacement 
parts avai~ability 

A high quality, extremely sensitive pre­
cision test instrument , with many capa­
bil ities usually found only in more costly 
equipment, the new easy-to-use RCA 
WV -511 A is available through local 
RCA distributors . 

Electronics / February 28. 1972 

This picoammeter measures low levels 
of direct current from 1 picoampere to 
30 mA in 18 overlapping ranges. Ac­
curacy is independent of source resist­
ance. All ranges are easily selected 
with convenient pushbutton switches. 

The WV-511A also serves as a high 
input-res istanc e voltmeter , as a 
megohmeter, and as an amplifier. 

Versatility of its design gives this 
picoammeter wide appl ication in elec­
tronics, chemistry, metal lurgy, biology, 
medicine, radiation , and other sciences. 
Specific uses include the measurement 
of minute currents in solid -state de-

vices, electron tubes-vidicons, image 
orthicons and photomultipliers, and 
mass spectrometry applications. 

For further information, contact your 
local RCA Distributor or write RCA Test 
Equipment Headquarters, Harrison, N.J . 
07029. 

•optional Distributor Resale Price 

Rell Electronic 
Components 
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This little converter has twice the dynamic range 
of any little converter you've been able to 

buy before. Even from us. 

Thi$ is the first modular analog to d igita l converter that 
can measure from 150 µV to lOV. That takes 16 Bit 
resolution. 

It's ou r ADC 160. 
As you can see, we've put this binary A/D converter on a 

compact 4%" x 611 printed circu it card. 
It does the job you can only do now using both a 12-Bit 

A/D converter and a programable ga in amplifier. 
And it's faster. 

One of its two modules is the proven DAC 160M digital 
to analog converter we've been giving you right along. The 
other is a carefully designed 1/0 module. 

For components, we've used closely matched switches 
and resistor networks. And the most stable zener diode 
around. 

You get relative accuracy of±0.0015% and even high 

common mode reject ion. Which makes our 150 µ,V 
measurement mean something. 

You can apply our ADC 160 anywhere you 're measuring 
over a wide dynamic range. Like gas chromatographs, 
mass spectrometers, electro optical instruments, and 
multi-point data acquisition. 

And you can apply it now because units are available. 
One of the reasons this little converter is a lot of converter 

is because we made it. And .we make a lot more little 
converters than anyone else 

You can see them all by asking for our 1972 Product 
Guide. 

Analog Devices, Inc., Norwood, Mass. 02062 Tel. 
(617)1329-4700. 

r.ANALOG 
m..DEVICES 

AOC-160. lli.El..Ll CMRR of Input Buffer. OC to lOOHz: lOOdb typ. ACCURACY Linearity Error- 20"C to 30'C. ± 0015% +.0005% max. Temperature Coefficient-Gain: ±.CXXl8%t'C max. 
Stability-24 hours. Linearity:±00005%. Gain: ±.0003% max. Zero:±0002% max. 
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New products 

Data handling 

Disk challenges 
data cassettes 

Flexible recording medium 

offers 60-ms random access, 

1 .2-megabit transfer rate 

The digital ta pe cassette offers a n 
economical way to store data with­
out spending $8,000 to$ I 0,000 for a 
disk file system . Now there is an-

. other alterna tive, the Iodise series I, 
a flexible magnetic disk storage sys­
tem from Iomec Inc. 

Avery Blake, vice president of 
marketing, says that Iodise offers 
disk-dri ve performance at cassette 
prices. A 250-kilobyte system, for 
example, costs about $4,000. 

But unlike the casse tte syste m, 
Iodise has a random-access time of 
only 60 milliseconds, and a da ta­
transfer ra te of 1.2 megabits per sec­
ond . Blake says that to write 2,000 
128-character records would require 
3 to 6 minutes with a casse tte sys­
tem, compared wit h 9 seconds for 
Iod ise series I. The comparison is 
even more dramatic in reading out 
data: to seek and read out the 2,000 
128-character records at random 
would take 3 minutes with Iodise, 
but the cassette sys tem would need 
from 5 to 11 hours, he says. 

Iodise employs a flexible mag­
netic disk developed by Iomec a nd 
ca lled Cartridisc. In some ways, the 
concept is simila r to IBM 's fl oppy 
disk [Electronics, Aug. 16, 1971 , p. 
84] and Memorex 's model 650 fl ex­
ible disk drive. But the Iodise head 
does not contact the disk. 

Blake says that the Iodise seri es I 
is intended fo r both program a nd 
data storage. For users who want 
both at the same time, a dual-drive 
unit is availab le. Other configura­
tions include a single master di sk 
and both one- and two-slave di sk 
units that share the masters' elec­
tronics, but contain their own servo 
drive electronics. The third type is a 
basic unit that con tains drive elec­
tronics, read / write decoding and 
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drive status, as well as address ing 
and line drivers and receivers that 
wi ll connect to an external control­
ler. 

Cartridiscs are available in fo ur 
versions, each with 64 tracks. The 
differences are in the number of sec­
tors per track. Sector informa ti on is 
permanently recorded on the disk. 
Prices range from $2,000 for a basic 
unit ordered in quantity to $6 ,500 
for a dual-drive master unit. 
lomec Inc., 345 Mathen St., Santa Clara , 

Calif 95050 [361] 

Now, converse with 

your calculator 

Anyone looking for a top-qua lity 
calcu lator or an easy-to-use mini­
computer without a rtificial machin e 
rules, procedures, o r languages, may 
find that the new H ewlett-Packa rd 
Co. 9820A programabl e desktop 
calculator is the answer. At least, it's 

a $5 ,475 answer. To solve a prob­
lem, the user simply enters the 
equa tions on the key board exactly 
as he would write them on paper, 
and then commands the ca lcul ator 
to start. 

This interactive te rmin al , with in­
stant displ ay capability, can be pro­
gramed in algebraic language. Not 
only will the calculator solve the 
problem, but, depending on the pe­
ripheral chosen , the a nswer will be 
displ ayed on an X-Y plotter or a 
typewrite r. In addition, a broad se­
lection of input peripherals provides 
an option of choos ing the best­
suited format. 

The digiti ze r is perhaps the most 
unusual of the input options. It 
automa ti ca ll y converts graphics into 
digital data to be ana lyzed by the 
ca lcula tor. 

Model 9820A can accept both 
programs and d a ta. It combines the 
traditiona l programable calculator 
keyboard with the best fe atures of 
simple computer language, such as 
Fortran and Basic. 

Once the entire algebraic expres­
sion is entered , it' s executed o r 
stored in the calculator's registers, 
and a the rmal printer provides ha rd 
copy. If a language syntax error has 
bee n ma de, an error note appears 
immediately, and the calculator will 
no t accept further entries un til the 
error is corrected. Moreover, there is 
full editing capability. For example, 
a symbol or complete line can be 
deleted o r changed, and a different 
request or instruction inserted with­
out destroying the rest of the pro­
gra m. When a line is added , the en­
tire pro g ram is automatically 
adjusted to use minimum memory. 

The bas ic model 9820A is sup­
pli ed with 173 registers and can be 
expanded interna lly to 429 registers. 
With this expanded power, the 
9820A can solve up to 36 simulta­
neous linear equa tions with 36 un­
knowns ; the basic model can handle 
17 equations with 17 unknowns. 

Of the five ban ks of standard 
keys, three ca n be customized by in­
serting a plug-in read-only memory 
module and placing on the key bank 
the associated templ ate defining the 
new key functions. These plug-ins 
now includ e mathem a tics , user­
definable functions, and peripheral 
devices. The ma thema ti cs module 
allows the user to perform common 
trigonometric and loga rithmic fun c­
tions on the information stored in 
any register, the use r-definable 
modu le a llows five to 25 keys to be 
dedicated to a particula r progra m, 
and the peripheral module provides 
the proper interfacing. 

Delivery is from stock. 
Hewlett-Packard Co , Box 301 , Loveland , 

Colo . 80537 [362] 

Impact line printers have 

variable operating speeds 

Two impact line printers offer vari­
able-speed operation, depending on 
the number of print columns used . 
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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 S24fil! 
Semiconductor Division 

SCHAUER 
Manufacturing Corp. 

4514 Alpine Ave. Cincinnati, Ohio 45242 
Telephone: 513/791-3030 

New products 

The model 246 prints the full 132-
colurnn format at 200 lines per min­
ute, 96 columns at speeds to 400 
lpm , and 48 columns to 600 lpm. 
The model 306 prints 132 columns 
at 300 lpm and can operate at 600 
lpm when using 96 columns. Both 
models provide 64-character drums, 
8-chan ne l vertica l formatting. and 
several options, such as special char­
acter fonts, 12-channel vertical for­
matting, and parity check. Price 
starts at $5,500 each in OEM quan­
tities for the model 246 and at 
$6, I 00 for the 306. 
Data Printer Corp., Msgr. O'Brien Highway, 
Cambridge , Mass. [363] 

Minicomputer line tailored 

to wide range of jobs 

Six models of the SPC-16 mini­
computer line are aimed a t the low 
end, middle range, and high end of 
the market. The 16 / 45, 65, and 85 
are designed for applications that 
require basic hardware at a min­
imum price, and the 16/ 40, 60, and 
80 are for the middle range when 
self-contained processing power and 
input-output are required. The 
16 145, 65, and 85 can be upgraded 
when extensive 110 capabi lity, large 
memory capacity, and a full reper­
toire of software are needed. The 
low-end machines have a minimum 
memory of 4,096 16-bit words , op-

120 Circle 120 on reader service card 

tional processing features, and an 
external 110 package, each of which 
can be expanded. At the high end, 
the minicomputers have 65-milli on­
word memory capacities and speeds 
as fast as 80 nanoseconds. Prices 
range from $3,950 to $8,550. 
General Automation Inc. , 1055 S. East SL , 
Anaheim , Calif. 92805 [364] 

Data coupler links computer 

to industrial machines 

A data coupler ca ll ed the model 
400M accepts the control vo ltage 
signals from industrial machines 
and provides an isolated output that 
is compatible with multiplexed cab­
ling systems. The coupler may be 
used with any of a number of com­
puters , including the IBM System/7. 
In put signal surge suppression, an 
input signal level threshold, and a 
long-time-cons tant filter prevent 
damage to the co upl er and e r­
roneous output signals caused by 
cond iti ons in industrial environ­
ments. Price is $2 1.34 each in quan­
tities of250. 
Greentron Inc ., 112 Perimeter Rd ., Donald­
son Center, Greenville, S.C. 29605 [365] 

Contacting keyboard aimed 

at calculator market 

A contacting keyboard for desk cal­
cu lators and other devices provides 
keyboard assemblies with both mo­
mentary and alternate action. Fea­
tures include normal typewriter 
keystroke, snap closure action, life 
expectancy in excess of IO million 
operations, and contact bounce time 
of less than I millisecond. The unit 
is particularly suited for switch ing 
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LOWEST PRICE IS39SI 
C02 CHAMBER ... .______ ______._ 

0 

RW-1100 

Now you can Go Fail Free without going broke! $395 buys 
Associated's Model RW-1100 full range low/ high tempera­
ture chamber, a compact bench unit lab-engineered spe­
cifically for small parts and assembly testing and quality 
control. Associated hasn 't scrimped on quality at your 
expense either. Look at the full performance features 
you'll get: -l00°F to + 350°F range(% 0 stability) . .. half 
cubic foot work area . . . door-mounted temperature read­
out ... solid state temperature control . . . liquid CO, cooling. 

LOWEST PRICE 
MECHANICAL CHAMBER ... 

ENVIRONMENTAL CHAMBERS 
M A N UFACTURED BY 

SW-5101 

For a full range military testing capa­
bility, Associated's benchtop model 
SW-5101 extends from -l00 °F to 
+ 350°F at a phenomenally low cost. 
Add a host of other advantages such 
as single compressor design for sim ­
plified maintenance . .. all solid state 
control ... high temperature failsafe. 
All for $970! 
Both units are fully presented in the 
all -new, complete Associated Environ ­
mental Equipment Catalog M-7-2. Why 
not get the whole story today? 

ASSOCIATED/ JADE HUNTINGTON VALLEY, PENNA. 19006 • (215) 947-3333 
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The new 
McGraw-Hill 

Building 
in Rockefeller Center 

Eight floors available 
Approximately 330,000 square feet 

available for sub-lease. Choice loca­
tion at 1221 Avenue of the Americas in 
Rockefeller Center. 51 stories high, 
plazas, promenades, underground con­
courses. Unequaled operational stand­
ards. IND Subway Station "in the build­
ing:· Theatres, restaurants, hotels and 
stores just minutes away. Modular office 
design provides ultimate layout flexibil­
ity. 280 seat auditorium. 1,200 seat 
cafeteria. 

Rental information 
Contact McGraw-Hill 's real estate 

consultant, James D. Landauer Associ­
ates, Inc., 200 Park Avenue, New York, 
NY 10017, telephone (212) 687-2323; 
or your own broker, or John M. Holden, 
Vice President, McGraw-Hill, Inc., 330 
West 42nd Street, New York, N.Y 10036, 
telephone (212) 971-2382. 

New products 

low-current loads found in metal 
oxide semiconductor and transistor­
transistor logic 
Colorado Instruments Inc., 1 Park St., 

Broomfield , Colo , 80020 [366] 

Prog ramable coupler permits 

replacement for printer 

Systems now using Hewlett-Packard 
printers can be interfaced to tele­
typewriters, paper-tape punches, 
cassette tapes, calculators, or small 
computers with the model 305-5050 
plug-to-plug replacement. The unit, 
which connects to the printer input 
cables, accepts parallel BCD data 
that is serialized, formatted, de­
coded, and used to drive the record­
ing device. Data can be generated in 
any sequence with any character de­
sired so that tapes can be produced 
in compliance with existing soft­
ware. 
Data Graphics Corp., 8402 Speedway Dr ., 

San Antonio , Te xas 78230 [367] 

Digital printers operate 

at 180 lines per minute 

The DM-500 series of digital printers 
is ava ilab le as a complete unit or 
with the electronics on a printed­
circuit board. Printout. rate is 180 
lines per minute , and the print 
mechanism can be supplied as a 

separate unit. The printer 
subassembly can interface with a 
Seiko print mechanism. The print 
motor drum operates either contin­
uously or on demand . The motor, 
which is automatically cont rolled , 
operates only during the print cycle. 
Prices range from $600 to $720. 
Keltron Corp. , 225 Crescent St., Waltham, 
Mass. 02154 [368] 
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Faceplates 
are Bright, 

Sharp, Clear, 
and Cheap. 

Yes, cheap. 
Over the last ten years, Bendix developed 

and produced our first 250,000 fiber 
optic faceplates for the military. 

They were the expensive ones - what with 
the cost of R&D, prototypes, tool-ups and 

all . But they were excellent; met or 
exceeded all government specifications 
for br ightness, resolution, contrast, etc. 

And now, with the costly part behind 
them, ou r FO face plates have been de­

class if ied by the military. So, they're on 
the open market. 

At very competitive prices. (Or they would 
be if we had any real competition). 

Actual ly, the units we're producing now 
wi 11 cost you about 1 I 6th of what one of 

our first 250,000 would have. 
That's cheap. 

But only the prices have changed. Which 
means you can improve your products 

wi th increased contrast, hard copy 
options, or off-axis filter characteristics 

of f iber optics in - video displays, business 
machine readouts, cockpit annunciators 

- just as the military has done in 
advanced facsimile equipment and air­

craft. At a fraction of the cost. 
And fiber optic faceplates are available 

for immediate delivery . 
Doesn't that turn you on? 

For more information contact: The Bendix 
Corporation , Electro-Optics Division, 
Galileo Park, Sturbridge, MA 01518. 

TEL (617) 347-9191. 

Circle 151 on reader service card 

pmJlrfi filters ... , 
I" 

STOC 
-TO 

?JWO 
WEEKS 

"' .... from USCC/(entralab 
T/$ ~ 

If you hav~dn EMl/RFI problem-contact us 1-

first. Jhat's because !Ne 've amassed an exten-
/s'I~_, distrib(u..tor in r entory on pbpula ~ site' 

EMl/RFI filterlf eady for immedid e tdelfvery. 
ln ~addition , we 'v~ stock <@· our productioo 
shelves with all the components necessary to. 
l:Ieliver oth; r sizes jn not more than two weeks. 

--------------~ 
~ ISi(' \..G..1 

Capa ci to rs. 1 
/ 

/ 
/ j -- / .. ' / 

~ 
CENTRALAB "% U.S. CAPACIT_9R 

CORPORATION Elect ronics Division • GLOBE-UNION INC. 
.1 
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STROKE 

At Ledex we shape solenoids to give 
you the exact force and stroke you need. 

All about oomph ... and where to get it 

The engineer needed a 
2" stroke. Little force 
at the start , t hen a 
40 lb. wallop in the 
middle. To reduce im­
pact at the end , he 
wanted the force to 
tail off. 

We call our answer 
the solenoid with the 
oomph in the middle. 
Just as the curve 
shows , it 's designed 
so the maximum out­
put comes out near the 
center of the stroke. 

rtewtJiings 
~ep 

Jiappel/jng 
atLedex 

••• like this hybrid 
thick film driver 

For other actuating applications, there are over 300 Ledex shelf 
model solut ions to choose from . Here are just three examples : 

QI short Move a short stroke load in 5 to 10 
fast milliseconds with a Ledex flat-face 
stroke pancake shape solenoid. 

long 

~ 
You can move big loads far with Ledex 

linear tapered plunger cylindrical solenoids. haul 

swift -
For action in an arc or uniform linear 

rotary movement, or both, consider a Ledex 
action rotary solenoid. 

To get the exact force, stroke and speed you need, just describe 
your application to our actuating technology people. If your ex­
act answer isn't already on our shelf, we 'll design one for you. 

tf?,Jh1J tfie total techrz,ology-people 
LE DEX INC. 
123 Webster Street 
Dayton, Ohio 45401 

(513) 224-9891 

POSITIONING · SWITCHING · MICROELECTRONICS 

Over 400 ways to turn .. . push . . . pull . . . 
index . .. step . .. and switch , plus new 
microelectron ic interface c ircuits. All from 
the shelf. 
Ask for Catalog A-9500 

If you 're working with a control ~ignal that can only deliver 10 
milliamps and you really need 5 to 7 amps, consider the Ledex 
LMD-5 power driver. r--------.., 

I I 
I OPTIONAlO!lllf,lil I l_, lie 

l ICfOl!MUlf!IU r iO' fllOOl 
I 1ahlte#lll!Ol I l(OlX 
I I MltROHlCTAO fll lC 

l-- ------' 
OUUlAlUrlll;f\A1(g 

CUllCUJT 
ICUST OfrllEASUffl. tlO I ,,JUl 

With the LMD-5 you can switch up to 325 watts. It 
has an expander node term inal , so you can add 
multip le inputs. An internal d iode protects the cir­
cuit from damage when driving inductive loads. 

Avai lable from the shelf in 1-9 quantities at $32.07 
each. Only $14.30 each in 1,000 lots. 

124 Circle 124 on reader service card Electronics/ February 28, 1972 

.. 

\-

~ 

• 



... 

11 
~ 

.. 
I) 

New products 

Semiconductors 

And now-
a DVM on a chip 

Almost all the logic for 

4 Y2 -decade voltmeter is built 

into silicon-gate MOS IC 

An e lectronic ca lcula tor o n a single 
mo no lithic IC a nd even a dig ital 
cl ock o n a chip a re now co mm on­
pl ace . But Fairchild Semiconductor 
has gone one bette r step a nd put a 
dig ita l voltmete r o n a chip. 

The Fairchi ld 3814 p-cha nnel sili­
con gate MOS IC contains almos t all 
th e logic required for a fo ur-and-a ­
ha lf-decade digita l voltmete r. That 
in c lu de s a ll the BCD co unte rs, 
la tches, a nd di splay multipl ex ing 
logic, plus gene ra tio n o f the control 
sig nals needed fo r dual -slope inte­
g r a ti o n . Th e BCD o utput s will 
directly dri ve a 93 15 BCD to ixie or 
a 9307 /9337 BCD to seven-segment 
decoder, a nd feeding back the digit­
se lec t output will generate zero sup­
press ion o n-chip . Outputs are a lso 
ava ila ble for over- ra nge and und er­
ra nge indi ca tio n. 

As the di agram shows, the 38 14 
chip consists o f four- a nd -a-ha lf dec­
ades o f BCD counters wit h a modu­
lus o f 40,000 cl ocked by a se pa rate 
TTL-compatibl e input. To mask any 
noise gene rated by the ana log cir­
cuitry, a 10-count pause is incorpo­
ra ted a t the start o f each cycle. The 
output o f the seco nd decade is ga ted 
with the cl ock a nd brought out o ff 
the chip to p rovide a clock-pulse 
output fo r eve ry 100 input clock 
pulses- thi s is the divide- by-1 00 out­
put at the to p o f th e diagram, which 
is used to drive th e o utput multi­
plexe r. Al so, th e output of th e first 
flip-fl op of the 1,000-decade is bu f­
fe red and b ro ug ht directl y off the 
ch ip- this is the divide-by-2,000 
output th a t ca n be used to down­
ra nge in an autorang ing se tup. 

Other logic outputs brought out 
as contro l functio ns includ e QE I a nd 
QE2 , which a re the outputs of both 
fl ip-fl ops of the fifth ha lf-d ecade, 
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TEST A 
B }4 C D E 

H ~ DIVIDE DIVIDE DIVIDE DIVIDE DIVIDE 
BY 10 El,Y10 BY10 BY 10 BY 4 

'MR ~~y y y y 
l: 

10 - COUNT ~l----tl--~+-~-+~~~~+-~~~-+t---' 

~b~: - fir J 
SYNC ill:C 
TRANSFER IL _i .T ~ ~ I~ ~ 

4-BIT 11 _ 4-BIT ] 4-BIT ] 4·BIT 4-BIT 
. LATCH j"C LATCH LATCH LATCH LATCH 

gETECT gETECTJ gETECTJ gETECTI I gETECT 

I j •¥•t'J, ~ DECIMAL 
POINT 

A B C D E 2t 

BLANK 

BLANKI NG 
CONTROL 

ill[ 
INPUT 
MULTIPLE XER 

5 ·BIT 
RING COUNTER _._ 

Tr 
ABC DE 

and QE2L, which is the la tched state 
o f the mos t signi fica nt bit. These 
outputs control the integratio n pe­
riod o f the dua l-slo pe circuitry. By 
ga ting QE I, QE2, the d ivide-by-2,000 
o utput , and the compara tor, an un­
der-ra nge signa l ca n be generated . 

A t ra nsfe r input causes the da ta 
in the counters to be stored in 
la tches. This input is edge-se nsitive, 
and is synchronized inte rnally with 
the cl ock. When the transfer in put 
goes from high to low, the circuit is 
ena bled, so a t th e time the clock 
goes low, data will be stored . 

A tra nsfe r comm a nd is permitted 
only once during a count cycl e a nd 
occurs when an inte rn al flip-fl op is 
rese t by the termina l count transi­
ti on fro m 39,999 to 00,000. It is set 
when th e fi rst transfe r occurs, a nd 
remain s se t until the nex t count. 

The la tched sta te of each decade 
is multipl exed o ut as BCD data on 
the outputs labeled 1,2 ,4,8. The 
multiplexe r is d ri ve n fro m a 5-bit 
ring counter with outputs tha t a re 
also ava il a bl e as A, B, C, D, E. T he 
ring counter is c locked by th e ste p 
input whi ch ca uses the stored da ta 
to appear, decade by decade, on the 
I, 2. 4, 8 outputs. One of the A- E 
o utputs will be hi gh, indica ting 
which decade is bein g di splayed so 

TSTEP 
INPUT 1 2 4 8 

tha t it will strobe the display. The 
bla nk input makes a ll fiv e A- E o ut­
puts go low, and , since these outputs 
are used to turn on displ ay la mps in 
a multipl exed displ ay sche me, the 
displ ay will go b la nk. Th e 38 14 wi ll 
be ava il ab le by mid-M a rch and wi ll 
cos t $ 16.25 each in qua ntities o f 100. 

Fairchild Semiconductor Corp . 313 Fair­

child Drive, Mountain View , Calif. 94040 

[411] 

RF power amplifier delivers 

5 W over 500 MHz to 1 GHz 

A tra nsisto ri zed rf wideba nd power 
a mpli fie r operates fro m 500 
mega hertz to I giga hertz and puts 
o ut 5 wa tts. Called the mode l LW A 
5 10-4, th e unit, operating as a linea r 
amplifi er, will deliver a minimum of 
4 w a t th e I-dec ibel compress io n 
po int, and will exhibit second har­
mo ni cs down to a least 33 dB below 
the fund a mental signa l. The input 
VSWR is typically 1.5 : I, and the o ut-
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New products 

put vswR is typica ll y l.8: I. Price is 
$2,850. 
Microwave Power Devices Inc. , 556 Penin­

sula Blvd , Hempstead, N .Y. 11550 [ 413] 

LED numeric readout 

is 0.6 inch high 

Beli eved to be th e largest seven­
seg m e nt num eri c li g ht- e mitt ing 
diode d isp lay on the marke t, the 
Da ta- Lit 62 prov ides a charac ter 

height of0.6 inch. It is built fo r con­
tro l pa nels, di gita l clocks, a nd o th er 
b eyo nd- a rm 's -l e n g th d is pl ays . 
Power requirem ents a re the sa m e as 
fo r 0.3-i nch characte rs. Ho used in a 

· du al in -lin e package, th e Data- Lit 
62 prov ides a typi ca l o utput of 500 
foo t-l a mberts a t 3.4 vo lts and 20 
milli a mperes per seg me n t. Price is 
$9 .45 in qu antiti es of 1,000. 
Litronix Inc ., 19000 Homestead Rd ., Cuper­

tino , Calif. [ 414) 

2-by-4-bit multiplier uses 

internal carry lookahead 

A 2-by-4-b it tra nsisto r-trans istor 
logic multiplie r, the model 9344, 
uses inte rna l-ca rry looka head a nd 
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has suffic ient ca rry inputs to com­
bine a ll equal-weight outputs. This 
a llows the design o f intera ti ve mul­
ti plica tio n a rrays without using any 
o ther co mponents. Each 9344 gener­
a tes eight parti a l p roducts and sums 
the ca rries from adjacent ce ll s. The 
multipli er is ex pa nda ble to any size 
a rray. Price in 100 to 999 qua ntities 
is $ 17.50 each. 
Fairchild Camera & Instrument Corp ., Semi­

conductor Components Group, 464 Ellis St , 
Mountain View , Calif . 94040 [415) 

Monolithic op amp 

has high input impedance 

A n ope ra tiona l a mplifier, µPC 15 2A, 
is useful as a n integra tor, sample­
a nd-hold circ uit , and in medi ca l, 
meas uring, and contro l equipme nt. 
An o utput voltage ca n be fed back 
to th e source of meta l ox ide semi­
conductor fi e ld -e ffect tra nsistor in­
put so that the unit ca n be used as a 
hig h-input-imp ed a nce in verting 
a mpli fie r circuit. The p-chann el en­
hancem ent dev ice has in put imped­
ance of 107 megohms typica l, and a 
low input leakage o f 0. 1 picoampere 
typica l. T he o p amp offe rs a wide 
dyna mi c ra nge, interna l frequ ency 
compensa tion, and offset voltage 
null capa bility. Price is $7.20 each in 
lo ts of 1,000. 
NEC America Inc , Pan Am Building , Suite 

4321 , 200 Park Ave ., New York, N.Y. 10017 
[416) 

IC op amps are available 

in drift-matched pai rs 

T he mode l 3500MP is a pa ir of o per­
at io na l a mpli fie rs th a t have initia l 
offse t voltage and dri ft matched to 
200 microvolts max imum and 1.0 
µv / °C m ax imum. T he pa ir is said to 
p rovide low dri ft in many two-a m­
p li fier c ircuits a t a cos t lower th a n 
two indi vidua l ampl ifiers. T he 
3500MP a lso can be connected to 
simula te a single low-dri ft op a mp. 
The units a re computer-m atched 
ove r th e full temperature ra nge to 
guarantee a max imum differenti a l 
o ffse t vo ltage between the two unit s 

of 200 µv. P rice is $ 16.70 each in 
quanti t ies of 100. 
Burr-Brown Research Corp. , International 
Airport Industrial Park , Tucson , Ariz . 85706 
[417] 

5-ampere planar diodes 

recover in 150 nanoseconds 

Desig ned for high- re li ability switch­
ing a ppli ca ti o ns, the SDD 500 se ri es 
o f 5-ampere pla nar di odes o ffers a 
ty pica l recovery tim e o f 150 nanose­
conds. Packaged in D0-4 cases, the 
diodes use 12-mil 99 .999% pure 
a lum i num w ire, ult raso ni ca ll y 
bo nded to 99.999% pure a luminum 
a node m eta lizatio n. In additi on to 

fast recovery, the diodes have a n op­
era ting ra nge fro m- 55° to + 200°C, 
ty pica l lea kage curre nt of 15 mil­
li a mperes a t 200°C, and storage 
te mpera ture greater tha n 300°C. 
Solitron Devices Inc ., Semiconductor Div ., 
Riviera Beach , Fla. [ 418] 
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The one and only Nitrox,. Reactor. 
Reliability guaranteed. 

If you're in multi-layer, dielectric films for 
semiconductor devices, and demand ultimate control of 
your process over a broad temperature range, we have 
the one reactor that can support you. 

Whether you're involved with Si0 2, S3N4, Al 20 3 , 

polysil or refractory metals, our reactor can handle it 
automatically. From 400° C to 1000° C. With automatic 
flow control, automatic temperature control, and tirne 
sequence programming. 

All with our own performance-proved power 
supply. Radiant energy. Quiet! There is no RF noise to 
disturb sensitive lab instruments. And the radiant energy 
unit is built-in, so you also save on valuable floor space, 
installation costs and maintenance required by bulky RF 
power supplies. 

We guarantee our reactor's reliability for 1000 
hours over its entire 600° operating range. From 400° 
to 1000°C. We also have complete three-zone thermo-
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couple temperature control. Meaning greater uniformity, 
repeatability, better temperature control by far than 
optical methods. This is especially important in multi­
layer devices. 

Our cold wall chamber insures better yields than 
diffusion furnaces. And because there are no RF 
coils to adjust, you can achieve a perfectly uniform 
temperature profile within the turn of a dial. You can 
process up to thirty 2" wafers at a time. 

Our new Nitrox reactor is the finest unit available. 
Write for our free literature pack. Call collect for 
immediate requirements. 

Applied Materials Technology, 2999 San Ysidro 
Way, Santa Clara, California 95051, ( 408) 738-0600. 

~ Applied Materials 
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EMPLOYMENT OPPORTUNITIES 

RESEARCH SCIENTISTS 
and 

PRINCIPAL ENGINEERS 
Inaugural company effort in advanced development requires the establishment ·of a 
prime Research and Development Group. The expertise of this group will be applied in 
advanced studies, systems research and development of 

ELECTRONIC SWITCHING SYSTEMS 
These positions provide stability and continuity due to long range commitments in ad· 
vanced development in a commercially-oriented company. 

Cand idates for consideration must have a minimum of a Masters Degree and 5 years 
experience in Research and Development in one or more of the following fields: 

• Electronic Switching Systems 
• Digital Communication Systems (PCM t:,. M, Digital Filtering, 

Digital Switching and Communications theory) 
• Computer architecture and design of micro-programmable control 

systems 
• Software architecture for real time control systems 
• Maintenance and diagnostics of digital systems 

This Research and Development Group has excellent working conditions in our new, 
ultra modern research center. This center is located near Colum bu s, Ohio, and several 
large universities and colleges, including Ohio State University. This location provides 
unusually broad selections of life styles, i.e.; metropolitan, suburban, small city and 
rural. Salaries are commen surate with experience and abilities. Send your resume in 
confidence 

Mr. E. L. Epperson 
Manager Salaried Employment 

Dept855 

NORTH~~~ 
PAUL HENSON 

RESEARCH CENTER 
ELECTRIC COMPANY ... P.0.Box20345 

An equal opportunity employer Columbus, Ohio 43220 
A subsidiary of United Utilities Incorporated 

CLASSIFIED ADVERTISING 

CIRCLE 952 ON READER SERVICE CARD 

Somebody­

Somewhere 

needs your idle equipment! Reach 
that buyer quickly and economically 
thru the 

"SEARCHLIGHT SECTION" 

The meeting place of 
Used Equipment Buyers and Sellers 
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DESIGN 
ENGINEER 

The DeVilbi ss Company, a divi sion of Champion Spark 
Plug, is seeking an individual with experience and interest 
in the field of medical electronics. Duties will include de· 
signing and developing components for medical equip· 
ment. 

A BS in EE, plu s 1·3 years indu strial experience is desi red ; 
Salary based on qualifications and ability. 
Send resume in conf idence to: 

Mr. A.G. Hammond 

De VILBISS COMPANY 
Box 913 • Toledo, OH 43692 

POSITIONS VA CANT 

Electronic Technicians, Relay Technicians 
~Rapidly growing southwestern utili ty 
has immediate openings for qualified elec­
tronic and relay technicians. Electronic 
technici a ns must have a minimum of three 
yea rs experience in installation, testing 
and troubleshooting all types of telemeter­
ing, supervisory, load control, power line 
carrier, microwave and mobile radio sys­
tems. First or second class F.C.C. license 
is required . Relay technicians must have a 
minimum of three years experience in in­
stallation , testing and troubleshooting all 
types of protective relaying, plant and 
substation control equipmem. Experience 
with solid state relays desirable. Starting 
rate of both positions is $5.49 per hour 
with excellent fringe benefits. Address 
complete resume of experience and educa­
tion in confidence to: P-7004, Electronics. 
An Equal Opportunity Employer. 

New books 
Modem Data Processors and Sys­
tems, Donald Eadie, Prentice-Hall, 
pp. 448, $14.50 

Donald Eadie has written a book for 
those who know something about 
basic computer and programing 
concepts, but who aren't quite ready 
for advanced studies in specific as­
pects of the technology. As stated in 
his preface, he covers "the middle 
ground"- computer organization, 
system design, and the soft­
ware / hardware interface. 

As Eadie promises, the book con­
tains no chapters on logic design or 
Boolean algebra. The first few chap­
ters begin at an elementary level 
and work up to such topics as fast­
carry adders and microprograming. 
Other chapters cover software, real­
time systems, time-sharing, system 
design, and future trends. 

Although the book's subject mat­
ter is complete and its organization 
seems well-planned, some sections 
are inadequate. For example, one 
might expect the chapter on "The 
Fortran Compiler" to describe what 
the compiler is, but the chapter is 
really a short course in how to write 
programs in Fortran. 

In the chapter on business data 
processing, the au thor uses the IBM 

7080 as an example of a computer 
in this application. But the 7080 had 
been obsolete for seven years before 
this book was copyrighted. Surely 
the author could have found a typi­
cal example of more recent vintage. 

Eadie's book also contains a num­
ber of typographical and spelling er­
rors. This reviewer found the section 
on error-correction codes difficult to 
follow, and he wondered if the fault 
was in himself, in the writing, or in 
those typos. Wallace B. Riley 

Computer editor 

Modern Operational Circuit Design, 
John I. Smith, Wiley Interscience 
pp. 256, $14.95 

This is a highly readable and well­
organized text for the nonspecialist 
who wants to know how operational 
amplifiers are used in linear and 
nonlinear analog circuits. Chapters 
cover inverters, integrators, differ­
entiators, followers , and precision­
diode circuitry. 
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The 4th National Conference on Electronics 
in Medicine provides a major forum for the inter­
change of ideas and information between the men 
who make and the men who use electronic equip­
ment for one overriding purpose-the betterment 
of worldwide health care. 

Sponsored by McGraw-Hill's Medical World 
News, the focus of this year's conference will be 
on what is available and practical in the diagnostic, 
therapeutic and monitoring phases of medicine. 

Neither physician nor engineer can afford to 
miss this 3-day dialogue. Both electronics and 
medicine are two of the fastest changing and 
growing professions in the world-and today's 
physician, nurse and hospital administrator must 
have every available input. 

And engineers and manufacturers need the 
information exchange that comes from these inval­
uable conferences in order to develop the kind of 
sophisticated equipment necessary for modern 
health care. Only through knowledge of the medi­
cal profession's needs can industry develop and 
produce that equipment. 

Speakers and panel members wil l include Howard Rusk, M.D., 
Director NYU Rehabilitation Center; Tom Bird , Manager, Monitoring 
Systems, General Electric; William Kerr, Director Medical Division, 
IBM ; Merlin K. DuVal , M.D., Assistant Secretary for Health and 
Scientific Affairs ; Dwight E. Harken, M.D., Clinical Professor of 
Surgery, Emeritus, Harvard Medical School; J. Willis Hurst, M.D., 
Professor and Chairman, Dept. of Medicine, Emory University 
School of Medicine, President American Heart Association; Thelma 
Schorr, R.N ., Editor, American Journal of Nursing. 

Date: March 27, 28, 29, 1972 

Place: Chicago, Drake Hotel 

Take advantage of the pre-registration price of $165 (regis­
tration at Conference-$200) by filling out the coupon and mailing 
today. The Drake Hotel has a number of rooms reserved-please 
make your room reservation directly with the Drake, and indicate 
that you will be attending the Conference. 
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where 
medicine and 
electronics 
come together 

Conference Highlights 
• Applications of instrument and computer 

technology 
• Hardware obsolescence and problems of repair, 

maintenance and cost 
•Continuing government role in developing 

device legislation 
• The trend toward minicomputers 
• Emergency care: growing role for electronics 
• Applications of space technology to medicine 
• Multiphasic screening-demonstration session 
• New Problems in Liability and Malpractice-what 

does the increased use of electronics portend? 
• Man and machine-is dehumanization a problem? 

• Problem-oriented Medical Record-getting ready 
for the computer 

• Meet-the-experts (evening session) 

Medical World News, 299 Park Avenue, New York, N.Y. 10017 
Yes, I would l ike to be pre-registered at the 4th Nat ional Conference on 

Electronics in Medicine at the special advance rate of $165. Plea se make 
checks payable to Donald Rubin, Conference Chairman. 
D Check enclosed D Please bill me 

Name Title 

Company (Hospital) 

Address 

Cit State Zip 
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New literature 

PCM system. General Electric Co., 
Telecommunications Products 
Dept., Section P, P.O. Box 4197, 
Lynchburg, Va. 24502, has issued a 
four-page brochure outlining the 
company's 24-channel pulse code 
modulation cable carrier system. In­
formation on the repeater housings 
used with the system is also in­
cluded. Circle 421 on reader service 
card. 

Microminiature assemblies. A 21-
page applications note on special­
ized techniques for the rework, re­
pair, modification and prototyping 
of microminiature electronic assem­
blies is available from Pace Inc., 
9329 Fraser St. , Silver Spring, Md. 
20910. [ 422] 

Data test set. International Com­
munications Corp. , 7620 N.W. 36th 
Ave. , Miami, Florida 33147, has 
available a four-page data sheet de­
scribing the model 220 data trans­
mission test set. The bulletin in­
cludes a technical description and 
functional information. [ 423] 

System power monitoring, General 
Microwave Corp., 155 Marine St., 
Farmingdale, N .Y. 11735, has pub­
lished bulletin N425 describing inte­
grated assemblies of thermoelectric 
power sensors and de amplifiers for 
power systems monitoring. [424] 

Data acquisition systems. Datel Sys­
tems Inc. , 1020 Turnpike St., Can­
ton, Mass., has available an appli­
cations handbook detailing 
information about modular data ac­
quisition systems such as analog 
multiplexers and sample-and-hold 
circuits. The 23-page booklet is di­
vided into six comprehensive sec­
tions. [425] 

Semiconductor packages. A catalog 
from Texas Instruments, P.O. Box 
5012, . Dallas, Texas, describes the 
company's line of semiconductor 
packages. Included are specifica­
tions, measurements, and recom­
mended applications. [426] 

Doppler radar module. Hewlett­
Packard Co., 1601 California Ave. , 
Palo Alto, Calif. 94304, describes a 

Circle 130 on reader service card 

10-GHz doppler radar module in an 
applications manual that also de­
tails basic principles and engineer­
ing calculations. [427] 

Insertion handbook. A 16-page 
guide to the insertion of com po­
nents into printed-circuit boards is 
available from Universal Instru­
ments Corp., East Frederick St., 
Binghamton, N.Y. 13902. [428] 

Ac volt-amp recorder. Rustrak In­
strument Div., Gulton Industries 
Inc. , Municipal Airport, Manches­
ter, N.H. 03103, has issued a data 
sheet on an ac volt-amp recorder 
called the model 230. Included are 
specifications and general informa­
tion. [429] 

Rotary position transducer. Bulletin 
1240 from the Permalink Corp. , 327 
Valley View Rd., King of Prussia, 
Pa., 19406, provides a technical de­
scription of the model FAl rotary 
position transducer. [430] 

Printed-circuit relays. An eight-page 
catalog details custom and standard 
features , dimensions , modes of op­
eration, and ratings of printed-cir­
cuit relays, and is available from 
Printact Relay Div. , P.O. Box 1430, 
Long Island City, N .Y. 1110 I. [431] 

Choppers. Solid State Electronics 
Corp. , 15321 Rayen St. , Sepulveda, 
Calif., has made an application 
sheet available that covers the com­
pany's Line of solid state electronic 
choppers. [432] 

SCR devices. Sarkes Tarzian Inc., 
415 N. College Ave., Bloomington, 
Ind. , 47401 , has published a 12-page 
catalog listing seven series of SCR 

devices with ratings ranging from 3 
to 35 amperes. [433] 

Test equipment. Kearfott Div. , 
Singer Co., 1150 McBride Ave. , 
Little Falls, N .J. 07424, in a 16-page 
brochure, describes a variety of 
automatic testers custom-designed 
to check out equipment. Covered 
are inertial systems and compo­
nents, circuit cards and modules, as­
semblies, computers and their pe­
ripherals. [434] 
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WIDEBAND 2 MHz PORTABLE 
? RECORDER WITH 6 SPEED 
: 14 TRACK REPRODUCE 
~ FOR DATA ANALYSIS 

COMPLETE 14 TRACK 7 SPEED RECORD/REPRODUCE: 
~ ' 

DIRECT, FM, AND DIGITAL• COMPLETE MODULARITY 
FOR EASE OF MAINTENANCE AND OPERATOR 

"' CONVENIENCE 

' ASTRO-SCIENCE A TRAcOR COMPANY ~ 

Total Front Access 
To All Modules 

ASTRO-SCIENCE CORPORATION • 9700 Factorial Way• South El Monte, California 91734 • (213) 443-3211 • TWX 910-587-3440 

' . 

•• 
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Respected the world over for "leadurship in the science of electron 
beam control" . CELCO. 

CONS T ANTINE ENGINEERIN,G LABORATORIES C OM P ANY 

MAHWAH , N. J . 07430 T E L . 201-327-1123 TWX : 710-988 - 1018 

UPLAND , CAL . 9178 6 TEL. 714-982 · 021!5 TWX : 910 - 581 -3401 

132 Circ le 132 on reader service card 

CELCO makes YOKES. 
They make them good. In fact , 
CELCO has been making 
the best CRT deflection yokes 
and focus coils in the industry 
for the past twenty years. 
CELCO makes yokes for precision 
displays when you must have 
the highest performance 
available. 
And CELCO makes yokes for 
computer terminal displays 
when you need reliable 
repetitive scan yokes for 
commercial purposes, at low cost. 
Not only does CELCO make 
good yokes, but they make sure 
you get the right yoke 
for your particular CRT display 
requirements. 
Call CELCO on your present display 
problem. A CELCO yoke will solve it. 
(It might even be one of the 
standard CELCO yokes listed below:) 

CELCO PRECISION DISPLAY YOKES: 
DNA702 " superfastDYNAYO KE " 

(2 JLSec recove ry time to 0. 1 % ) 
HDN428 Low-Zero App roach 
HDQ428 Mini -Spot , (CRT / Yoke matched) 

CELCO COMPUTER TERMINAL DISPLAY YOKES: 
PW Position-Write Yokes 
PWM Position-Write, with Pincushion Correction 
YA Resonant Dri ve , Hi-Q 
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• '· INVESTMENTS 

.) Capturing profits 
when a situation 
becomes "special" 

For several months in late 1970 and 
early 1971, a stock known as Dentsply 

f International was quietly trading in the 
$30 range on the New York Stock Ex­
change. Last May, dealing in the shares 
picked up sharply , and the price romped 
to $54.50. The reason: Dentsply , a lead­
ing manufacturer of dental and oph­
thalmological supplies, was reported to 
have come up with a revolutionary sys­
tem for preventing tooth decay. 

., As is often the case, Wall Street en-
thusiasm ran its route , and at year's end 
Dentsply shares were again selling at 
about $30. But for those who had acted 
on the news early-and sold before the 

@ Copyright 1972 McGraw-Hill , Inc . 
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INVESTMENTS 
On capturing profits 
from "special situations" 

Are no-load mutual fu nds 
all they are said to be? 

INSURANCE 
Rich man, poor man-both 
can protect their incomes 

EDUCATION 
Spreading the bills for college 

HOBBIES 
Starting small, thinking big 
in your own home workshop 

SPORTS 
Sai li ng on ice-fastest, 
frostiest way to go 

THE GOOD LIFE 
Brandy 's dandy , but Cognac 
is an experience 

HEALTHY, WEALTHY AN D WISE 

bloom was off the rose-Dentsply was a 
perfect example of what is known in the 
investment world as a "special situ­
ation " stock. By definition , this can be 
any stock that goes up for special rea­
sons of its own and regardless of what 
other stocks are doing. They are the 
stuff of which many a private investor 's 
dreams are made , and trying to spot a 
special situation occupies much of the 
time of many professionals as well. 

There are a variety of conditions that 
can make a spec:al situation . In his In­
vestor 's Handbook , Jacob 0 . Kamm 
points particularly to securities " that are 
selling at prices below their intrinsic 
value as represented by the net assets of 
the corporate issuer." Arnold Bernhard , 
founder of the Value Line services (in­
cluding the Value Line Special Situations 

PERSONAL BUSINESS 
like all McGraw-Hill publications, is written 
for a select audience. Prepared each 
month by the Personal Business staff , 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. 

Service) , thinks of them also as stocks 
issued by " new and potentially great 
companies. ·· 

One of the more widely accepted defi­
nitions is that of Lin Tso , in his book, 
Techniques for Discovering Hidden­
Value Stocks . He says , " It (special situ­
ation) is one in which a development , 
non-recurring in nature , is expected to 
occur which will substantially increase 
the value of the stock Alternately, 
(it is one) in which such a development 
has occurred but the significance of it is 
not generally realized ." 

The Dentsply development is prac­
tically a case-book example, an anatomy 
lesson in special situations. Actually , the 
anti -cavity system that sparked it all was 
known to dentists a full year before the 
spectacular market rise ; it was first men­
tioned in the February, 1970, Journal of 
the American Dental Assn . Briefly, the 
Caulk Nuva System , as it is called , is a 
two-part method of applying a plastic 
sealant to the molars of the young-the 
special Nuva Seal is applied then pol­
ymerized by an ultraviolet Nuva light . 

A year later, last February, Dentsply 
displayed its system at a meeting of the 
Chicago Dental Society. Still nothing 
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happened for nearly three months. Then 
something-it may have been a fuller ar­
ticle that appeared in the May issue of 
the ADA Journal or, more likely , gossip 
among brokers-turned Dentsply into a 
" special situation ." Even Dentsply 's 
management cannot explain it . They stil l 
have not promoted the Nuva system in a 
big way. Indeed , Nuva has yet to con­
tribute materially to company earnings. 
But , although the Nuva system promised 
cavity protection only for the healthy mo­
lars. (not even the incisors) of only ado­
lescent and younger children (and is 
certa inly not the only plastic-coating 
sys tem on the market) , it captured 
enough investor attention to boost 
Dentsply 's shares more than 80% in 
value. 

Why the stock then slid back to " nor­
mal" can only be ascribed to an FDA de­
cision to include such systems within its 
purview. This spelled delay to some in­
vestors , and they sold . 

For the special-situation seeker, there 
is a moral in the Dentsply story . Time is a 
vital factor in profiting from special situ ­
ations . The trick is to recognize them 
early. Nothing is a special situation once 
it becomes a matter of common knowl ­
edge, and fully discounted in advanced 
prices. Further , such deals are largely 
speculative . They usually involve some­
thing in the future-which may or may 
not be realized . If it develops as ex­
pected , the best-advised investor will 
take his profit. (Of course , if the stock re­
mains attractive it can be held , but it's 
no longer a special si tuation . It 's a 
growth stock.) Conversely, if the situ­
ation fails to mature , the wisest course is 
still to sell , swallow one 's disappoint­
ment-and look for a new one . 

Finding one is largely a matter of 
keeping an ear to the ground. A busi­
nessman may recognize the potential of 
a new product before it becomes widely 
known. A dentist may read in his journal 
of another Dentsply. Attorneys , geolo­
gists, mining engineers , chemists-all 
occasionally hear of developments in 
their own fields before the rest of us do. 

Indeed, a merchant noting the initial suc­
cess of a new product on his counters 
may wel l have a " special situation" 
within his grasp. 

There is , too, a wealth of professional 
help in this direction. Brokerages such 
as Seiden & DeCuevas , First Manhattan , 
and L.F. Rothschild devote considerable 
research to uncovering their versions of 
what a special si tuation might be. At 
least half a dozen New York houses and 
about an equal number of regional firms , 
such as Hambrecht & Quist of San Fran­
cisco, are active in this area. So are 
such broad-based firms as Wil liam D. 
Witter and E.F. Hutton , both of which 
prepare special reports on special-situ­
ation issues. Brokers with large orders in 
mind take pains to uncover such devel­
opments for their institutional customers, 
and such advisory outfits as Value Line 
Special Situation Service and the Capital 
Gains Research Bureau sell simi lar ser­
vice to their subscribers . 

For the individual investor, examples 
may best point the way for recognizing 
situations that could become " spec ial ." 
The entertainment industry is often a fer ­
tile field. Some years ago, Columbia Pic­
tures was a relatively small company 
with no theaters of its own , and thus 
largely dependent on the profitability of 
its films. After a doldrum of poor box-of­
fice , Columbia produced From Here to 
Eternity and The Caine Mutiny, two big 
hits . Those who saw the previews-and 
correctly appraised them-had a real 
special situation . The stock , which had 
been selling under $10 , advanced 
sharply to $30. The more recent success 
of Airport similarly bolstered the .earn­
ings of MCA, Inc , which owned Univer­
sal Pictures, producers of the film , and 
snapped MCA stock from the low-$20 
range to nearly $30 last fall. 

The automobile industry , with its 
yearly introduction of new models, is an­
other area to watch. The introduction of 

the first small cars under the then presi ­
dent, George Romney , for instance, 
made American Motors a special situ­
ation in its time . Chrys ler may be suffer-
ing today, but in 1962 a change in man- ,. 
agement that ushered in a couple of 
years of rising earnings drove Chrysler 
shares from below $7 to almost $70-a 
spectacular special situation reaction. It ~ 
must be noted, however, that a success 
like Ford 's new Mustang may occasion- -" 
ally come along, but there have also 
been such things as the Edsel . 

Reports of new discoveries by mining 
and petroleum companies have pro­
duced their share of special situations. ~ 
The 1964 discovery of the Kidd Mine ran 
the stock of Texas Gulf Sulphur from $9 
to more than $50 by 1967, although it 
also produced several lawsuits. Atlantic t 
Richfield, among others, had a major ,. 
rise in 1968 when oil was discovered in 
Alaska. Starting around $50 in 1968, At- ,,. 
lantic Richfield hit about $135 by 1969. 

New products, such as Dentsply 's ,,.. 
anti-cavity system , are perhaps the most 
notable inspiration for special situation 
speculation . There are many examples­
Dupont's Cellophane, Polaroid 's picture­
in-a-minute process, Eastman Kodak 's 
lnstamatic camera , Syntex and " The 
Pill ," and Xerox 's magical duplicator . A 
recent example is Bausch & Lomb , the 
optical company. Its stock sold as low as ~ 

27 Ya at the bottom of the market in 1970. 
It recovered with the market but then 
went on to new highs above $1 60-
mainly on the potential for a big jump in 
earnings that investors saw in Soflens, 
B&L's "soft " contact-lens development. -t 

Knowing in advance about a possible 
takeover can also be very profitable , for -. 
those who act quickly . In the summer of .~. 
1968, for instance, Goodrich was selling 
at about $40. By January of 1969 it had 
advanced to just under $70 on the news 
that Loew's Theatres had acquired a 
large block. Shortly, Northwest Indus-
tries offered a securities package valued ~ 
between $75 and $80 a share. But , as 
does happen, Goodrich's management ~ 
fought off the takeover. By summertime, 
the stock was back to $40. In 1970 it 

r 

was below $20. ... 
-GERALD M. LOEB 
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There's only one 
way to spell Sonoco. 
With an 0. 

So if you ever 
see it spelled with a U, 
that isn't us you're 
seeing. That's Sunoco, the 

Is somebody misspelling our name? 

gasoline people, with whom we are in no way related. Except in sound only. 
At Sonoco we make paper and plastic products for industry in 

plants in the United States and in 16 foreign countries. And most of them 
_ we develop in our own laboratories with our own technical groups. 

For the textile industry we make cones, cores and spools. For 
paper manufacturers and converters we make cores and tubes. For 
packagers we make cans, containers, folding cartons and fibre partitions. 
For the construction industry we make forms for columns and one and two­
way joist systems. For the utility industries we make underground vaults, 
meter boxes and bituminized pipe for sewer and drain lines. And for a lot 
of other industries we make specialty paperboard. 

So how can anybody make the mistake of thinking we pump gas 
for a living? 

Maybe it's because all our products are -made to solve specialized 
industrial problems. Which hasn't exactly given us the opportunity to 
become a household word. 

But whatever the reason, we'd like to be better known than we 
are throughout the world. Especially the industrial world. That's why we've 
written..a booklet that tells all about us. Write Sonoco Products Company, 
Department B, Hartsville, S.C. 29550, and we'll send you a copy. And there's 
only one thing we'll ask in return. 

Please, when-you're spelling our name, don't put a U where the O's 
supposed to go. 

·sonoco Products Company . 
Innovators in paper 

and plastics. f'e 
~® 
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INVESTMENTS 

Are no-load funds 
all their sellers 
say they are? 

OR DO HIGHER COSTS 
AND BREAK-EVENS 
NIP THE INVESTOR? 

Back in March of last year, several in­
vestment men got together and formed 
the No-Load Mutual Fund Association, 
an organization conceived to promote 
the best interests of those funds which 
do not charge a sales commission when 
investors purchase them. The move was 
a clear sign that an idea had come of 
age. 

In just 16 years, no-load funds have 
grown from a scant 20, representing 
$200-million in assets, to 149, with more 
than $5-billion of investment under their 
management. This is still just a fraction 
of the business enjoyed by the front -load 
funds , the assets of which are now well 
over $50-billion. But, whi le the mutual 
fund industry in general has been suffer­
ing from what amounts to a " run on the 
bank " in the form of heavy redempt ions 
compared to sa les, no-load fund inves­
tors have proven themselves to be in­
tense ly loyal. In the fi rst nine months of 
1971 , new sales of no-loads amounted 
to $709-million , while redemptions to­
talled on ly $460-mil lion. Indeed, roughly 
half of the new money coming into the 
mutual fund business these days flows 
into the no-loads. Th is wou ld seem to in­
dicate that , in the eyes of a large part of 
the investing public , the no-load people 
must be doing something right. 

Just what they are doing to merit this 
fol lowing , however , is somewhat less 
clear. Like the load funds, performance 
varies; no-load funds can be aggres­
sively growth-oriented , or they can also 
perform like income-pinching conserva­
tives . They can be top-heavy in common 
stocks, or they can concentrate the ma­
jority of their assets in bonds . Like their 
load-fund brethren , they can range in 
size from $1-mil lion or so in assets to a 
giant like the T. Rowe Price Growth 
Stock Fund of Baltimore , with around 
$900-million under its wing. 

With so much in common with the 
front-load funds , and minus any " sa les 
charge" (no-loads, by definition , are 
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sold at net asset value), why would any 
mutual fund investor buy anything but a 
no-load? There are some reasons. 

For one thing , the no-load fund in­
vestor can oftentimes find himself buying 
in a vaccuum of information. There is, 
after all , no salesman to consult. 

" The mutual fund salesman ," says 
one investment expert, " does serve a 
useful purpose , despite all the criticism 
of the 'excessiveness' of some sales 
charges. He can help the investor sort 
out the chaff , and he can educate him to 
the experience and performance of vari­
ous funds , in terms of the investor's own 
goals. I've yet to hear of a no-load fund 
taking the time to interview the prospec­
tive investor to make sure that he is mak­
ing the right choice." 

The objection is particularly to the 
point, since no-load funds, which gener­
ally have small minimum investment re­
quirements, have largely appealed to the 
investor of the "li ttle guy" variety who is 
usually not overly informed in the market 
nuances. The no-loads attract him pri­
marily two ways: Through adverti se­
ments in financial iournals and business 
pages of maior newspapers, or through 
word-of-mouth. (A smaller amount of 
sales comes from brokerage houses 
which, for pushing the no-load, are re­
warded with commission, generating 
brokerage business.) 

When a potential investor fills out the 
coupon in one of the advertisements, he 
receives a prospectus Unless he is a 
student of mutual funds , however, the 
pro~ectus alone may not tell him all he 
needs to know, either about the fund or 
its investment objectives. And , of 
course, w hen it comes to Judging 
whether this particular fund is " right " for 
him, he is strictly on his own. 

There is also the problem of the no­
load fund 's characteristical ly high break-

Behind the scenes in mutual fund trading: 
Manhattan office of Lionel D. Edie & Co. 

even point. Since no-loads must channel 
money heavily into advertising and pro­
motion , and since their operating in­
come is derived largely from the man- ., 
agement fee (and brokerage fee , if the ., 
fund is operated by a stock exchange 
member firm) , the break-even point , by ~ 

some estimates, is nearly tw ice that of 
funds which charge a sales commission . 

" I don 't know whether you can quan­
tify it ," grouses one front-load fund offi -+' 
cial, predictably critical of no-loads, " but 
I suspect that this sort of thing may well " 
lead to cu tbacks elsewhere-in re-
search, service 1 and, most important, .,. 
maybe in performance." 

Indeed, with generally higher annual 
operating expenses, including advisory . ' 
fees deducted from gross income before 
dividends are paid or reinvested , no- ;. 
loads sometimes cost the investor more 
than a front-load fund over the long pull , "' 
according to their critics. I' 

There may be other drawbacks as 
well. Many no-load funds were estab-,.. 
lished by investment-counseling and 
brokerage firms simply as repositories ... 
for investors who did not have enough 
money to command separately-man­
aged accounts. The charge was made­
but largely discounted by most mutual 
fund men today-that investors in these 
funds got less than first-class service. 

Another criticism of mutual funds , and ... 
particularly the no-loads, is the tendency 
of some investors to use them as a !rad- ~ 

ing medium, like common stocks. No-
loads are particularly attractive for this ;. 
purpose , since the trader pays no com­
mission charge on his purchases. For -~ 
long-term investors, however, it can 
mean a di lution of their interest in the • 
fund. Nonetheless, since no-load funds ._

11 
deal directly with their investors, this can 
be easily avoided-providing the fund 
operators make an effort to do so. 

In the end, an investor interested in 
mutual funds is simply looking for the 
best performance vehicle compatible "' 
with his own objectives , and most no-

~ loads can serve this purpose as well as 
front-load funds. For the ser ious in- ~ 

vestor, it is nevertheless wise to investi­
gate the mutual fund evaluation services -.. 
available, such as that offered by such 
New York firms as Weisenberger Finan- • 
cial Services or the Arthur Lipper Corp. 
Prices vary, but less than $1 00 a year ,. 
should yield a nice cross-section of in­
formation. Don 't forget , too , that a man 's 
regular broker-if he really knows his .. 
customer's requirements-can be the 
handiest advisor on what fund's right for.,. 
his particular needs. 

-PETER F. EGAN '-

.. 
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. :Jf you need more 
' ~than just a simple 
answer 

j 

. .. 
• 

Any calculator can give 
you answers. But if you 
need more - if you need 

solutions - then bring on 
your toughest problems 

and see what Wang calcu­

lators have to offer. 

Power, for one thing. 

Power to whi z you through 

,,_ interest rates or static values 

., . 

.. 
.. 

of pre-stressed concrete bridges. 

Or just about anything in between. 

Versatility: each Wang calculator 

is field-expandable to fit your changing 

needs, to handle more difficult challenges . 

And value: each Wang calculator has the 

greatest price/performance ratio in its respective class. 

-

"- ... " ... 
~ .. ~ ., , , ' ,. 

~ ,. . ~ ~ ~ 

-· ¥ • 

Wang is the largest American calculator manufacturer and offers the most extensive line of calcu lators 

in the world . We 've earned a reputation for exce ll ence and we intend to protect that reputation with 
· r superior products and factory-direct service. 

_. So thin k about it: do you need answers? 

Or do you really need us instead? WANG 
LABORATORIES, IN C. 

836 North Street 
Tewksbury , Massachusetts 01876 

Telephone : (617) 851 ·7311 
TWX 710·343-6769 

Telex 94-7421 

Dept. PB -2 
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FTD 
Speed-A 

Gift 

Now you can wire a beauti ful, 
fresh fl owers and gift combination 
almost anywhere in the country. 

Just call or visit y0u i FTD florist 
and choose from his Speed-A-Gift 
collect ion. 

It's so easy. No wrapping, no 
mailing, no worries. Why not surpri se 
a loved one, thank a friend . . . or just 
remember someone in a very spec ial 
way for no special reason? 

Available through your FTD 
Florist . 

Pictured above is SG-17, Cups and 
Caddy. Colo rfu l, footed mugs designed 
for display on functio nal see-through 
caddy. Has easy-ca rry handle fo r 
no-spi ll se rvice. 

lhegift 
thit 

travels 
by wire .. 

.5£.oorl A -G1'# 
~,_; fERVICE ye.,. 
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INSURANCE 

Rich man or poor, 
now both can get 
income protection 

" Loss-of-income coverage ," says an in­
dependent Boston insurance consultant 
with obvious enthusiasm, " is really big 
today. " Indeed it is. About 60-million 
Americans pay well over $1-billion in 
premiums , quite apart from their medical 
coverage, to be sure that at least part of 
their income continues if they become 
lengthily sick or disabled by accident. 
Equally dramatically, disability insur­
ance, once thought of as the protector 
of the modest wage earner , has come up 
in the world. 

In the past several months , company 
after company has come forth with cov­
erage that will pay up to $3 ,000 a month 
to a policyholder suddenly unable to 
work. No one is allowed , of course , to 
turn a profit on his misfortune-the rule 
of thumb is that policies will pay out on ly 
50% of usual income, plus $50 , to a 
maximum of $3 ,000 a month . Still , the 
new levels are high enough to provide 
respectable protection even for those 
whose occupations put them in the 
$75 ,000-and-up brackets. 

Most common coverage spans two 
years of sickness disability or a lifetime 
of accidental disabling . Insurance ex­
perts advise any family 's income-pro­
ducer, particularly the executive or pro­
fessional , to insure himself against these 
eventualities up to age 65 at least " If a 
family needs $.2 ,000 a month to live on in 
the event of the principal 's death ," the 
Boston consultant points out , " surely 
they ' ll need the same amount if he lives 
but cannot work~ Besides, it only makes 
good sense to be covered for medical 
expenses beyond those covered even in 
some of the more generous major-medi­
cal policies. " 

Brokers stress the importance of disa­
bility income insurance for the self-em­
ployed , particularly professionals. The 
message is equally clear for executives 
whose assets may not yet be enough to 
sustain them through a long-term illness. 

In former years , insurance companies 
have often limited top-cash benefits to 
terms of five years or up to age 55 , 
whichever is longer. Now, insurers are 
following one of the leaders in the field , 
Union Mutual , by extending the benefit 
periods to cover any term up to age 65 . 

A typical loss-of-income policy cov­
ering a 50-year-old , $50 ,000-a-year pro­
fessional man would be one providing ... 
benefits of $2 ,000 a month to age 65 , 
with a 30-day " elimination period " -the "" 
time span before benefits begin-for a 
premium of about $1 ,360 annually . Pre­
miums drop as elimination period s 
lengthen-they can range from as brief a 
time as seven days to an entire year . The 
choice, of course, depends on how long"' 
a policyholder figures his resources can .. 
carry him . 

Additional benefits are available 
through endorsements . " Accidental 
death or dismemberment '' coverage (the , 
latter: severence or loss of use of a limb) 
costs a man of 50 with a $50 ,000 annual • 
income about $1 .80 per $1 ,000. Partial 
disability benefits are much more .,. 
costl y-$78.20 per $1 ,000. Another idea ,. 
is " guaranteed insurability ." People be­
tween the ages of 18 and 49 are offered r 
up to 10 option dates, one every two 
years , to increase coverage by $100 at*" 
15% of the base price, regardless of 
their health. Another trend , begun by k 

Provident Mutual Life , is to hedge 
against inflation . Say the insured buys 
coverage to take effect from the onset of 
long-term disability to 65 years of age. 
The month ly payout rises 2% starting at 
the end of each year, a modest percen­
tage, but a help in offsetting those cost- ~ 

of-living increases that have become an 
annual occurrence. 

Newest twist in some states is the re­
turn-of-premium policy. Aetna , for one, 
has a policy which is gett ing quite a bit 
of atten ti on. If the policy continues until ·\ 
age 65, the insurance company will re- ~ 
turn 100% of the premiums paid, less 
any claims. Other disability income in- . .. 
surance companies offer 80%-20% 
" tenure roll-over" endorsements . With 
these , the insured holds onto the policy 
for 1 0 years . If claims within that period 
do not exceed 20%, then 80% of the 
premiums will be reimbursed . But the ... 
price is dear for return-of-premium pol- 1..­

icies-the increase in cost is anywhere 
from 30% to 55%. ~ 

A very popular coverage for self-em­
ployed businessmen and professionals 
is business-overhead expense protec­
tion . It defrays everyday operating ex- .. 
penses up to $3 ,500 a month of the indi­
vidual 's business or profession , in • 
addition to any benefits he may receive 
from an individual income-replacement 
policy. These are issued as separate pol- ,. 
icies , and are available to a man of 50 on 
a $2000-a-month payout basis-after a ...,. 
30-day waiting period-for about $550 . 

-MARGARET DONOVAN ._ 
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~ Brandy's dandy, 
but Cognac is 

.. an experience 

The perky little white daisy is, in truth , a 
~,..· chrysanthemum, but it bears little resem­

blan.ce to one. The same may be said of 
a brandy when it is compared with the 
ineffable brandy of Cognac. A family re­
semblance-yes. But that's as far as it 

"' goes. 
If you distill any wine, the distillate will 

'"I be brandy. Only if you distill wine fer­
mented from the Charente (in West Cen-

• ..... tral France, just north of Bordeaux , on 
the Atlantic) , do you get Cognac. The 
name is fiercely defended, and the area 
is sternly circumscribed. 

Aging is vital to Cognac. The oak of 
Limousin supplies the wood for the ag­
ing barrels (with a little from Troncais)­
and each barrel is made by hand and 
"signed by the artist. " Slumbering in 
their oaken vaults, the great Cognacs 
age three years (the least that is legal in 
Britain-two in the U. S.) to upwards of 
50 or even 60 years . After that, to avoid 1---------------------------------­

. . 
woodiness, it is put in glass, to await the 
blender . The blender is the Merlin of the 
distillery . He must blend Cognacs old 
and new; mix Cognacs of all the demar­
cated areas, AND he must remember to 

• • achieve continuity of the House style. 

J 

Labels may no longer carry designa­
tion of years of age because France it­
self does not police age after five years. 
However, it is generally accepted that 3-
star is about 5; V. S. 0. P. (Very Special 
Old Pale) would approach 20; and and 
the Reserve, Extra, etc. special marks in­
dicate Cognacs up to 40 and 50 years . 
Bisquit Doubouche 's " Extra Vielle " is 40 
to 60. Their "V. S. 0. P. Napoleon " is 
50% Grande and 50% Petite Cham­
pagne and hence can call itself " Fine 
Champagne " This is exceptional. Other 
great Houses-Hennessy , Martel , Otard , 
Courvoisier, Remy-Martin , Hine , Briand , 
and many others-have their special 
types and styles. 

The drinking of Cognac is an experi­
ence. The bouquet is to begin with , al-

• .- most impossible to describe . That is why 
the glass is so important. In Cognac one 
hardly ever sees one of those great bal ­
loon affairs, capable of holding a small 
aquarium. They use palm-sized glasses 
of thin glass (so the heat of the hand 
comes through) sometimes with a funnel 
neck to concentrate the fumes . 

-ROBERT J . MISCH 

Combine Europe 
with a new Mercedes-Benz. 

This coupon will bring you, 
free, the Mercedes-Benz Guide 
to European Delivery. 

How to order a Mercedes­
Benz here, pick it up there. The 
advantages of touring Europe 
in your own car. The facts on 
shipping it home. 

Plus a full-color brochure, 
factory-delivered prices and a 
work sheet to figure costs. 

r----------, 
Mr. Peter Grassl @I I Mercedes-Benz of North America, Inc. 

I 
158 Linwood Plaza, Fort Lee, N.J. 07024 I 
Please send me the Mercedes-Benz Guide to 

I 
European Delivery. I 
Name ______________ ~ 

I Addres I 
I 

City 

State _____ __ ~ip __ _ PBl-2 1 

L----------J 
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SPORTS 

Frostbite 
is their 
co-pilot 

If there ever was a sport that should 
have gone with the wind-the way the 
hapless dinosaur went with the wind­
it 's ice boating. It is at its best only under 
fairly rare and usually frightful condi­
tions . The weather has to be abysmally 
cold , to make thick ice, and there has to 
be a wind, which makes it feel even 
co lder. But there can't be much snow. 
Thus in many parts of the country , ice 
boaters can coun t their good times for 
the year on the numbed fingers of one 
hand . 

So why do so many Americans make 
such pets of these mosquito-like con­
traptions, and pick frostbite as their fa­
vorite co-pilot? Why , indeed, has ice 
boating survived? Probably because it is 
still the fastest way for a man to go with ­
out a motor, short of falling out a win­
dow. Aerodynamic effects drive ice 
boats at four and five times the wind ve­
locity, and speeds of over 100 mph . are 
not uncommon. Ice boating hasn 't gone 
with the wind , simply because the wind 
hasn' t caught up with it. 

The Dutch are credited with starting it 

Dick Wolters 

all. Authentic records date the first ice 
boat in the year 1768. The story is that a 
young man was ice skating with a girl 
friend on a frozen canal when the wind 
caught her skirt, and away she went. 
The swirling dirndl suggested to the 
young Dutchman a sailboat for ice. 
Dutch settlers later brought their own to 
America , and for a century made New 
York's Hudson Valley the center of ice­
boat activity . 

The sport caught on as a rich man 's 
pastime . Sails in the early days ran to 
1 ,000 sq . ft ., and expenses were high ; 
runners cost as much as $1 ,000 . Thus 
names like Astor , Vanderbilt , Roosevelt , 
and Ruppert dominate the early racing 
annals. But anonymous professionals 
usually did the racing , and it was a 
rough business. On nights before a big 
race , such as the Challenge Pennant, 
crews slept with their boats, to beat off 
marauding competitors and perhaps do 
a little marauding of their own . A more 
acceptable diversion was to race New 
York Central trains as they steamed 
down the Valley. It was no contest, when 
the wind was right. 

The early designers theorized that the 
bigger the sail, the faster she would go . 
But the giant boats became obsolete as 
the science of aerodynamics came 
along to tell the ice sailor that the wind 
not only could push his boat but could 
also pull it along much faster. The prin­
ciple was the same as in the " lift " 
created by airflow over an aircraft wing. 
With his sail set in relation to the wind to 
create this effect , the ice boater found 
he could move at far greater speeds 
than the wind itself. 

Despite this new dimension, the hey­
day of the sport seemed to be over by 
the 1930s. Ice breakers had opened the 
Hudson to commercial winter traffic , and 
many of the rich families found other 
amusements. But the sport sprang up in 
the Midwest. The Hearst and Stewart 
Cups became coveted prizes , and inter­
state and even international ri valry went 
on to new heights . 

The new era has brought new de­
signs . Where the old boats, steered by 
rear ti llers, used to spin out when the 
wind heeled the steering blade off the 
ice, the new boats have their steering 
blades in the fr ont. Masts are now 
higher , and raked , but sails are smaller. 
One of today 's biggest boats , the 
" Skeeter ", carries 75 sq. ft . of sai l, but 
hits speeds of over 100 mph . There are 
only about 700 in the U.S., and they can 
cost up to severa l thousand dollars. 

Actually , there has been a place for 
the little man in the sport since 1937, 
when the Detroit News ran a how-to 
story and a set of plans for a smal l ice­
boat at " depression " cost. It became the 
DN (for Detroit News), and today there 
are nearly 3,000 DN -60 boats in the U.S. 
and 500 abroad . They carry 60 sq. ft . of 
sail , and do a smart 60 to 70 mph. 

What started as a " depression " boat 
now costs $695 complete. But it can be 
bought in kit form (sails included) for • 
$450 , or built from plans for $200. Rob-
ert Wotton of Montvale , N.J ., a dealer 
and manufacturer of DNs, however , has 
come up wi th something even smaller 
and less expensive, the " Wisp. " It car­
ries 34 sq. ft . of sail , can do 45 mph ., 
and costs $295 complete. It is so simply 
designed , that just unstepping the mast ... 
makes it ready to be popped onto the 
cartop and carried wherever the ice may 
be. 

Although many ice boaters build their 
own, four major builders have emerged ..... 
in the Middle West . William Boehmke of 
Walworth , Wisc ., and KEM Marine, Wau- • 
kesha, Wisc ., will build anything from a 
" Skeeter" to a DN . Mel Holman, Toledo, '"° 
0 ., and Gougeon Bros., Bay City, Mich., 
spec iali ze in DNs. 

While iceboating is now enjoying 
some thing o f a renaissance-you 
couldn 't tell it from the amount of liter- ,._ 
ature available . There seems to be only 
one really good book on the subject. It 's .... 
Ice Boating by S. Calhoun Smith , pub­
lished by A . Van Norstrand in 1962. It's 
out of print, but your local library may 
have a copy. _,.. 

Getting started in the sport is mainly a 
matter of local geography and climate. 
Wherever ice boating abides, local ~ 

newspapers usually carry feature stories 
on c lubs to join . Otherwise , the National 
Ice Boat Authority , Box 40 , Williams Bay, 
Wisc ., 53191 , can direct would-be ice 
boaters to the cl ub nearest their home. 

As for c loth ing, the word is warmth . 
Ski clothes under a snowmobile coverall 
will do it. Thermal boots are a must . Mit- " 
tens, not gloves, are best. Metal-spiked 
"c reepers " for walking on ice are ad­
vised . Ski goggles are excellent for eye 
protection. Even though racers wear 
crash helmets, they shun visors-these 
can frost up . And , while some purists 
like to " feel " the wind with their face, 
there are times when a ski mask is ab­
solutely essential. 

If that catalogue doesn 't deter the be­
ginner , there are some purists who wish 
that it might . Says one past national 
champion, " There are so few good 
week-ends during the winter, so few 
good places to sai l. Why should we pub­
licize the sport , and turn our frozen lakes 
into ski slopes?" 

He is fighting the eli ti st 's losing battle . 

.. 

Ice boating has su rvived because it is 
fun , as safe as any winter sport, and a 
heartily soc iable way to play. The people -,, 
joining the sport are a friendly lot , and it 
looks as though a lot more of them wi ll 
be DN-ed and Wisp-ed away this winter . 

-RICHARD A. WOLTERS 
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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. 
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---- BOSTON'S HEIGHT OF ELEGANCE ---- Business Week's 

Guide to 
Personal 
Business 

We!'re 
29 stories up. 
And closer to 
lieave'' tlian 
'nost places. 

I 

This unique book , distilled from the pop­
ular " Personal Business" section of 
Business Week, offers you a wealth of 
new ideas on planning and managing 
your personal finances. Real estate, in­
vestments , insurance , school costs . 
taxes . estate planning-even advice on 
how to choose and evaluate an advisor! 
The money you can save-or make­
from just one of the ideas in this 320-
page guide should more than pay for its 
modest cost. 
Get it now from your favorite book store 
for $9.95. Or send your order (enclose 
payment please) to the address below. 
Note: a special deluxe edition, bound in 
buckram. gold stamped, slipcased is 
available at $2 .50 more per copy, by mai l 
only. 

~ ·· ~ 
Sheraton-Boston Hotel rs\ 

PRU0( N l1AtCIN 11U ~ 
SH( Rll TQ N HQIHS ANO MOIOR INNS A WORtQW10[ SlRVIC[ or 1n 

Business Week Guide 
Book Servi ce Office 
330 Broadway 
Marion, Ohio 43302 

If you read the May 31 
issue of TIME, you won't want 
to miss the 1971 issue of 
Georgia's Industrial Survey. 

If you caught the 
cover story of the 
May 3 I issue of 
TIME, you read 
that "the Southern 
boom has urbanized 
and industrialized 
G eorgia more quickly and 
completely than the rest 
of the D eep South. 

"G eorgia leads the 
region's indexes of growth 
and change." 

Of course, you don 't 
have to take TIME' s 

1 O Personal Business 

word for what 's 
happening 

in Georgia. 
You can send for 

your free copy of our I 9 7 I 
Industrial Survey and get it 

straight from the source. 
r C:;;."o.;r;:e;;;-ofind:s:;; &Tu;<le - - - - - --,I 
I Industry Division, Dept. MH-5. P.O. Box 38097. 
I Atlan ta, Georgia 30334. I 
l Please send me a copy of your 197 I Industrial Survey. l 
I Name Title I 
I Company I 

ddress---------"=-----

EDUCATION 

Spreading 
the bills 
for college 

Since Yale announced it last year, the 
Ford Foundation has come up with 
$500,000 to study it . More than 100 col­
leges have sought information about it. 
Duke University is giving it a try , and fully 
one-third of Yale 's freshman class is on 
it . It , of cou rse, is the Tuition Post­
ponement Option (TPO), as it has been 
dubbed at Yale. 

It 's a new way of financing college 
costs that is stirring debate in just about 
every bursar's office across the coun­
try-and considerable interest among 
students and parents looking for any 
reasonable way to ease the crunch of 
the rising cost of a college education. 
TPO and similar plans are even captur­
ing the hopeful attention of the moder­
ately we ll -to-do, whose income excludes 
them from most low-interest loans and 
nearly all scholarship aid , and who find 
the only way to keep ahead of mounting 
college expenses is to rifle their savings 
accounts and portfolios. 

Students who elect TPO are, in effect, 
offered an alternative to the traditional 
college loan with its stipulated repay­
ment sum. Instead. a student will face 
repayments of .4% of his after-gradu­
ation income per $1 ,000 borrowed , 
whatever his income-be he cashless 
hippie or moneyed tycoon in later life. 
There is a minimum payment , but it is 
only $29. While borrowing so far is lim­
ited to $800 a year , the pay-back time 
can stretch all· the way to 35 years, in­
stead of the usual 1 0-year maximum on 
student loans. 

The idea of repaying education loans 
at a sum based on later earnings is not 
revolutionary . Conservat ive economist · 
Milton Friedman suggested it back in the 
1950s, and Jerrold Zacharias, current 
president of MIT, picked it up in the 
1960s. But some educators deplored the 
idea . They insisted that society benefits 
as much as the student from his educa­
ti on. and thus shou ld subsidize it. Be-
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sides, they worried that colleges would 
use the mechanism to justify willy-nill y 
tuition rises 

But the red ink in college budgets­
and strapped parents-have put the idea 
in vogue. " Because of the financial 
pinch , we had to raise tuition ," explains 
Yale 's Associate Director for Student 
Services , C.P. Howland. " But in the 
past, a lot of the raise was. diluted by the 
additional financial aid we had to give . 
So, to get us-and the student-over the 
hump, we came up with TPO." 

While it is the student who ultimately 
bears the burden under TPO, there are 
some dispensations. For one thing , a 
newly-employed graduate is not clob­
bered with stiff repayments at the very 
moment when his career is at bottom 
earnings . Then , too, his choice of voca­
tion is not circumscribed by the need to 
make money fast . 

A rich Yale alumnus, on the other 
hand, can end up subsidizing his poorer 
classmates. To fulfill his obligati on to 
Yale , each TPO recipient is placed in a 
repayment " class ". He continues to pay 
back .4% of his income until the total 
" class " debt is paid A wealthy man 
could end up paying back three times 
what he borrowed, while a poor one 
might pay back only a fraction. The ri ch 
man , however , has an escape under 
TPO-paying back 150% of what he bor­
rowed , with 7% interest , clears his obli ­
gation. At Duke , where there is some 
" need" requirement, grads can pay only 
their own freight by repaying their loan , 
with 8% interest. 

" From the school 's point of view ," 
says Bruce Johnstone , who is studying 
the idea at the Ford Foundation , " there 
is just an incredible number of variables 
to consider. " For starters, there is deter­
mining potential average incomes for a 
long period of time , ascertaining who 
might elect such a program, and-more 
crucial-finding a source of money to 
make such long-term loans . Yale has 
been able to borrow , but not all school s 
have Yale 's backing in endowment and 
prestige. Duke has simply allocated 
$50 ,000 of its scholarship money for the 
experiment , lending it out on the basis of 
need at the rate of .36% over 30 years . 

Obviously, as yet, deferred tuit ion 
loans are barely a trickle in the flood of 
tuition borrowing . Johnstone estimates 
the national education loan outflow at 
$1 .5-billion this year alone. 

While colleges are cautiously juggling 
the variables that may lead to other in ­
come-contingent plans, parents con­
tinue juggl ing their finances to pay for 
schooling . Of course, Yale's costs of 
$4 ,400 (probably $300 higher next year) 
are higher than most, but it is the rare 
parent who can look at current bills from 
any college without blanching . Scholar­
sh ips, always hard to come by, now go 
only to students in real need . At most 
schools, scholarship students also get 

Do you need 
a few copies? 

Ill 

A versatile 
duplicator? 

1ab 
- .-

Or a complete 
reproduction department? 

Making a few copies with a duplicator is like hiring 
a bus to take the baby-sitter home. 

Duplicating lots of copies with a copier is like bor­
rowing a bicycle to take the Ladies Auxiliary Club home. 

Th ere's no such thing as an effic ien t " copier/ 
duplicator". That's why Gestetner- th e world 's leading 
maker of duplicating equipment-now offers an equa lly 
superior copier, too. 

For fascinating details mail the coupon or ... 
Call toll f ree- (800) 243-6000. 

(In Connecticut, call 1-800-942-0655.) 
r-------- - ---------------------1 
1 Gestetner Name 1 
II Dept. PEB-2 . . I 

Gestetner Park Organ1zat1on I I , 
I 

Yonkers, N.Y. 10703 I 
Please send Address I 

1

1 

information about: I 

I 
D Duplicators City I 
D Copiers I 

I D Repro Center State Zip I 
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The 
Sheraton-Park 
in Washington, 

o.e. 
Where a little 
meeting goes 

along way. 
Lectu re room s. Co nfe rence 

ro o ms. Recepti o n room s. 

Ro oms for meet ings of 20 
or 200. Spacious suites in 

our Congressional Wing for 

all-day sessions in complete 

pr iva cy. At y ou r di sp osa l 
afte r your m eeti n g, all the 
s u perb faci li ties of the 

Sherato n -Pa r k, i n cludi n g 

I uxu rio usly refu rbished ac­

com m odations at moderate 

rates. Write for our confer­
ence brochure or ca ll our 
sales office collect at 202-
265-2000. 

(':.s·:'\ 
i i 
~ 

Sheraton·Park 
Hotel & Motor hln 

2660 WOODLEY ROAD, NW 
SHERATON HOTEL S AND MOTOR INN S 

A WORLDWIDE SERVICE OF IIT 

Director of Sales 
Sheraton-Park Hotel & Motor Inn 
2660 Wood ley Road, N.W. 
Washington, D.C. 20008 

Please send me your conference 
brochure, including complete in­
formation on smaller meeting 
facil i ties. 

Name _________ ~ 

Titl€ __________ _ 

Organiza ti on _____ __ _ 

Address, ______ ___ _ 

City ______ State __ _ 

Zip ____ _ 
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all the campus jobs. Although some 
schools help find off-campus work , 
many will not let freshmen take it. Low­
interest loans are also reserved to those 
with average incomes of about $7 ,500. 
Better-heeled parents can only dream of 
the 3% National Student Defense Loans. 

There are alternatives. The govern­
ment guarantees 7% loans , with a lid of 
$1,500 a year and $7 ,500 per customer. 
These become payable only nine months 
after graduation. While they are made by 
many banks, bankers do not publicize 
them , since there is so little profit in­
volved. Also , these loans are restricted 
by need , since they are insured by fed­
eral , state, or United Students Aid Funds 
programs. 

It should be noted , however , that dif­
ferent states have different stipulations , 
and "need" is not always equated with 
income. With colleges that use the Col­
lege Scholarship Service to allot scholar­
ship money, need is determined by a 
number of things: size of famil y, number 
of children in college, elderl y depen­
dents , medical or emergency expenses, 
current debts, and even the ages of the 
parents and their probable retirement 
needs . Fully 15% of such guaranteed 
loans go to families in the over-$15 ,000 
bracke ts-although they , unlike less 
prosperous borrowers, pay interest on 
the loan while the student is still in 
school . 

Still , the going rates for education 
loans can pinch even the upper-income 
parent . Interest ranges from 11 Y2% to 
nearl y 13%. And , though big banks 
make such loans, smaller ones are often 
reluctant , giving them only to old cus­
tomers. Then , too , the payments are due 
practically before the money reaches the 
college. Some banks do offer plans to 
stretch tuition costs, say , by paying two 

' 

Students are now borrowing $1 .5-billion . 

years over a four-year period , or fou r 
years over eight. But this can boost ef­
fective interest above 15%. 

Bankers concede that if a parent must 
borrow from them , he gets his best deal 
by putting up stock or other col lateral, or 
re-mortgaging his home. There are other 
optional plans for the parent who can 
foot schooling costs but simply does not 
want to part with two large lump sums, 
one for each semester , each year. 

The largest and oldest of these is The 
Tuition Plan, Inc. (575 Madison Ave , 
New York , N.Y.) . It has a dozen different 
ways of financing an education , and of­
fers its services through some 800 col­
leges or directly to individuals. There are 
options to repay on a monthly or quar­
terly basis , spread ing the cost over five 
or six years , all the while borrowing each 
semester's funds when they come due , 
thus holding interest charges down. St ill , 
this is not cheap- interest runs to 1 Y2% 
per month , or 18% annually. 

Borrowing on one 's insurance is prob­
ably the best answer for the parent with 
whole-life coverage . " This is a touchy 
subject with some insurers, " says one 
insurance man , " but , no matter what the 
company , anyone can borrow the full 
cash value of his policy. " It 's a losing 
proposition for the company- interest 
only runs 5% or 6%. But a man of, say , 
45, who has had a $20,000 policy for 20 
years will have access to cash value of 
about $5 ,680 . Furt11ermore , he can set 
his own terms of repayment. Or he may 
not pay it back at all , but have the bor­
rowing , plus interest , subtracted from his 
policy 's worth . 

With costs going in only one direc­
tion-and fast at that-there is a question 
in many minds as to how much of the 
burden parents can go on bearing. What 
makes Yale 's TPO and Duke 's tuit ion op­
tion plan particularly interesting to 
educators is their emphasis on giving the 
student himself some of the load to 
carry . Redistribution of the burden has a 
special appeal as U.S. students continue 
to go on to graduate and professional 
schools . Indeed, graduate schools at 
both Yale and Duke are trying the op­
tional plans , and Stanford 's president , 
Dr. Richard W. Lyman , has said , half­
wistfully , that he would like to see the 
university 's business school using one. 

Perhaps not surprisingly , many stu­
dents seem delighted at the idea of tak­
ing on some of the cost , and some 
educators even think such a plan could 

,,, help de-fuse campus disorder by making 
~ the student feel more a part of the col­
~ Jege establishmen t Everet te Weath-
6 erspoon , administrator of Duke's plan , 

makes an additional point: " It 's a good 
scheme to link students to the institution. 
It's not just a loan , but an arrangement 
that makes them contributors to the in­
stitution over the years." 

- BARBARA RADLOFF 
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l~~n FOtx TALKS "When we established UniCom in 
mid-1971, we set a fairly ambitious 

ABOUT BECOMIN
ob1ecGtive f~:r~u;~~~~e~~ ~:~~~ ili: 

dominant company in the 
calculator industry. Noth-

THE Do ing less. The laughter you heard 
was from our polite competitors. 
The less polite simply called us 

C:ALCULATOR crazy. D In a fiercely competitive market, 
how could a new, little company hope to 
compete with the really big guys-Friden, 

COMB~ 
Sharp, Monroe, SCM, Burroughs, Olivetti-and the 
dozens of others crowding the industry? D So that 
our announced objective wouldn't sound like an 

idle boast, we explained how we were going to become number one. We said that 
we were going to put together a management team that knew how to react. 
With products and with service. We said that we would establish a broad distri­
bution network to reach every nook and cranny of the market. We said that 
we would offer the broadest product line available in terms of both price and per­
formance. That's what we said we were going to do. And we have done it. D UniCom 
is already a larger calculator company than many well known, older com­
panies. In fact, recently we shipped more machines in a single month than one of 
the greatest names in the American calculator industry. D Our nationwide distri­
bution network of company-owned branches, franchise dealers, consumer product 
dealers, and mass merchandisers is being established right on schedule. New products 
are being introduced at a pace that many long-established companies cannot match. And 
finally, in the only meaningful test, sales have reached levels that might have seemed 
outrageously high for a new company-before UniCom. Suddenly there isn't much 
laughter from the polite competition. But the less polite still say we're a little crazy'.' 

THEY'RE CRAZY All RIGHT. 
CRAZY LIKE A FOX. 

Un1Cam 
Systems, Inc. 

Cup e rtino, Calif. 95014 
Telephone : (408) 255-3650 

Theo L. Fox, President 
UniCo m Systems, Inc. 
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HOBBIES 

Home workshop: 
Start it small, 
but think big 

Since the do-it-yourself boom started 
about 25 years ago, the home workshop 
has advanced to a stage of virtual 
space-age sophistication . So have the 
skills of some of the business and pro­
fessional men who descend during these 
long winter evenings into their private 
workshops for their more creative recre­
ation . Much is due to the versatility of 
tools now available. But , while cabinet 
work , refinishing and fix-it jobs still are 
the main products of U.S. home work­
shops , a growing number of amateur 
craftsmen have branched into work for­
merly reserved for professionals. 

A Pennsylvania physician , for in­
stance, restores - old violins and other 
musical instruments (with rave reviews 
from critics). A midwestern lawyer, spe­
c ializing in metalworking, has become a 
notable sculptor-in-metal. And a Con­
necticut doctor with a bent for 
astronomy has built a complete home 
observatory, largely with sophisticated 
equipment turned out in his own work­
shop at home. 

Even if one 's workshop goals are 
more modest , knowing how to set up a 
workshop, or expand an existing one 
properly , can make a major difference in 
final results And today , of course , a 
minimal workshop of some sort is essen­
tial just for surviving in a world where 

plumbers seldom make house cal ls and 
a good repairman is more than just hard 
to find . 

First rule is to start with a good loca­
tion. Most commonly , workshops are set 
up in the basement or garage , but there 
are plenty of other possibilities. Work­
shops have been located in attics , 
closed-in porches, spare rooms , and 
separate structures. In a pinch , a mini­
shop can even be set up in a closet. In 
his The Complete Book of Home Work­
shops (Harper & Row , $8.95) , David X. 
Manners describes how it 's done by 
hanging essential tools and a fold-down 
table in the closet interior. 

A serious workshop should start with a 
minimum floor area of 8x12 ft. with a 7-
ft. ceiling height-larger if big stationary 
tools are contemplated . If future plans 
are flexible , the rule is to start small and 
think big ; pick a location that can easily 
be enlarged . Besides space for tools and 
working area, the provident do-it-your­
selfer also allows elbow-room for han­
dling large sheets of plywood and long 
lumber. That also calls for a convenient 
and comfortably large outdoor entrance. 

For safety 's sake-and for the sanity 
of others in the family-it 's usually best 
to enclose a workshop within its own 
four walls, if possible. If there are chil­
dren around, a lock should go on the 
door. Good , bright illumination is essen­
tial , and fluorescent lighting gets the nod 
over conventional bulbs because of its 
low-glare, high illumination character­
istics . Adequate wiring (for three-prong 
outlets) should be instal led, of course, 
for power tools . 

Depending on location , a small heater 
may have to be installed. Naturally , good 
ventilation is important. Fumes from 
paints, stains and other finishes can be a 

hazard , so an adequate built-in exhaust 
fan is recommended . 

Storage space for lumber and mate­
rials depends, in the main, on the ambi­
tions of the workman involved. Ceiling­
high bins , such as one sees at lumber 
yards , conserve floor space, and are a 
boon in storing long lumber. Convenient 
storage should also be planned for those 
inevitable odd-sized leftovers. 

If the workshop is to be any fun at all , 
it should be easy to clean. Choose low­
maintenance materials , and if the floor is 
the usual basement concrete , paint it or 
put down asphalt tiles . 

As for tools , Rule No. 1 is : Don 't skimp 
on quality. Even the simple hand tools 
should be good quality. The same cer­
tainly goes for power tools like the elec­
tric drill , the most commonly needed 
power tool of all. Models can be bought 
for $10 or $15 , but it almost always pays 
to spend the $30 to $40 fo_r a top-quali ty 
drill , one with double insulation to pre­
vent shocks, for example. 

The biggest mistake in assembling 
tools , however, is failing to think througt:i 
one 's tool requirements, and buying a lot 
of expensive power equipment that is 
rare ly needed. Wi th the attachments and 
accessories available today, the ubi­
quitous '!. -in. power drill fills a multitude 
of needs-as electric screwdriver, 
sander, grinder, saw, polisher, or paint 
mixer. There is even a new attachment 
(about $7) that turns the drill into a pump 
to bail out a damp cellar or boat . 

The ult imate step is buying stationary 
tools, with their own working surfaces. 
The three prime items are the 10-in . saw , 
a combination jointer-planer-miller 
(chiefly for fi ne cabinetry), and rad ial 
drill press (especially for metalwork). All 
three will cost about $500 . For consider­
ably less , a less than all-out enthusiast 
might do well to consider one of the ver­
satile stationary tools , such as a radial­
arm saw with accessories . 

A good look around before leaping 
into the big-tool market is essen tial. This 
will require visiting stores , and some 
reading . One of the best books for the 
beginner is America's Handyman's Book 
(Scribner 's, $8.95) , with excellent sec­
tions on tools and workshop practices . 
Another is the perennial best-seller , How 
to Work with Tools and Woods, first pub­
lished 45 years ago , since revised, and 
still available for $1 .25 from Stanley 
Works , Dept . P l.D ., Box 1800, New Brit­
ain , Conn ., 06050 . 

One area certainly worth scouting is 
the adult education program of the local 
high school or community college . Many 
have well-staffed manual arts depart­
ments which run after-hours classes in 
the workshop crafts for everyone-from 
skilled amateur to the all-thumbs, ele­
mentary beginner . 

-ARTHUR M. WATKINS 
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You have a lot more going for 
you when you make Lyon 
your single source for all your 
steel equipment needs. Be­
cause we must offer the best 
products and services to 
maintain our leadership. 
We must live up to our repu­
tation for precision quality. 

We must offer the broadest 
selection (more than 1600 
stock items). Our products 
must be the easiest to order. 
Our packaging must be the 
finest. Our delivery must be 
the fastest. And our field ser­
vice must be outstanding. So, 
we put more manpower in the 

field, maintain the largest 
dealer network, and three 
strategically located plants. 
We see that you get personal 
help when you need it. Call 
your Lyon Dealer for all your 
steel equipment needs. There 
is a lot to be said for staying 
with the leading name. 

~ alotto be said 
folsfaY.ingwi1h 

the leaaing name 
LYON METAL PRODUCTS, Inc. 
75 Monroe Avenue, Aurora, Illinois 60507 

Please send me a copy of catalog No. 100 

_______ state ___ _ 

Look for us in the Yel low Pages under LYON 
"STEEL SH ELVING," " LOCKERS" o r "SHOP EQUIPMENT" 

LYON METAL PRODUCTS, INC. L y (I N 
General Offices : 75 Monroe Ave .. Aurora . Ill. 60507 

Plants in Aurora , Ill. , York, Pa., Los Angeles 
Dealers and Branches in All Principal Cities 

METAL ® 

PRODUCTS 
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Healthy, Wealthy and Wise 

Investors' ploy: 
stamps at 2¢ each 
-up to $280,000 

Que nos vemos 
maftana 
en Mexico 

Vintage '71 
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These days the stamp collector is more and more the dead serious investor with a 
sizable bankroll. Stamps can give you a hedge against inflation as well as rapid ap­
preciation . Consider the recen t sale of a 1 ¢ lone surviving British Guiana stamp, 
auctioned for $280,000; the buyer was no rich eccentric , but a bidder representing 
a syndicate of investors. Since 1960, collections of American and European 
stamps have appreciated an average 10% a year, and anybody with a good Japa­
nese collection might have seen his holdings soar in value as much as 1,000% . 
. . . Today, floating currencies provide an added lure. Foreign stamps fluctuate in 
the same way as the value of a foreign currency. So , for example, a German collec­
tion-on the basis of the currency relationship alone-would bring more in dollars 
than it did a year ago. 

To get started, it may be wise to consider having a good dealer assist in building 
a basic collection. His fee will be 5% to 10% of stamp value; but the quality will 
show up when you undertake later dealings. Dealers belonging to the Collector 's 
Club are reliable ; here, though , more checking is needed . There are many sources 
for adding to a collection . October to May there is an auction in the U.S. almost 
daily , with frequent bidding by mail. Auctions are followed in Linn 's Weekly Stamp 
News (Sidney, Ohio 43565) and Stamps Magazine (153 Waverly Pl. , New York 
10014). For general Background : The Foundations of Philately, by Boggs and 
Strange (Faber & Faber, London) .. .. Caution: Stamps , too , take some patience. 
There can be bad years , such as 1970 when collections had little or no apprecia­
tion-like stocks in 1970. 

Mexico : An Extraordinary Guide is by Loraine Carlson , a journalist who for 20 years 
has covered the territory in the course of repeated expeditions. She knows the chic 
restaurants of Mexico City 's Zona Rosa as well as the remotest archeological sites 
from the Yucatan to southern Chiapas on the border of Guatemala. Anyone plan­
ning a trip-even a week 's trip-would do well to bone up on Mrs. Carlson 's ideas 
for "digging into Mexican soil. " She gets you past the tourist veneer (Rand 
McNally , $9.95) .... Fodor 's Caribbean, Bahamas and Bermuda 1972 keeps its 
rating as possibly the best of many guides. Practical information is excellent, as is 
treatment of the island cultures (McKay, $8.95). 

Insurance scene: J. K . Lasser, the tax firm , has been telling clients about the " fifth 
option " under some life insurance policies . Dividends on a policy can be taken in 

cash , applied to cut premiums, used to buy paid-up coverage , or left 
with the company to draw interest. A fifth option , notes Lasser, lets the 
insured use his dividends to buy more coverage in the form of one-year 
term insurance. This idea is being used by younger men with children ; 
it's a way to build protection during a time of greatest need . It is also 
used by older men who are in poor health since the term coverage is 
available without a physical examination .... Managing math : A 14-oz. 
battery-powered electronic calculator with an 8-dig it capacity has been 
put on the market by Royal Typewriter (Litton ). The 

pocket-size Royal Digital Ill adds, subtracts , multiplies, divides, performs mixed cal­
culations ($139 .95) . 

If you lay away just an occasional few bottles of wine , you may have wondered 
about the 1971 s of France. Wine expert Robert J. Misch labels '71 a " good " year 
and notes that the Bordeaux and Burgundy productions are of high quality ; the 
Beaujolais crop is excellent , while the '71 Rhines and Moselles are beautiful-but 
prices of all are high due to small crops . . . . PB's restaurant-of-the-month : Green 
Tulip in New York 's Plaza Hotel-but tabs are high here, too . 
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U.S. aerosat 

veto angers 

Europeans. 

. . . who may build 

their own 

Atlantic system 

ESRO awards 

contracts for 

regional comsat 

West Germans 

to woo Soviets 

with instruments 

Electronics/ February 28, 1972 

International Newsletter 
February 28, 1972 

European electronics firms and space officials are shocked- but not 
speechless-over White House rejection of the aerosat agreement that 
would have given U. S. and European governments 50-50 ownership of 
the $140 million air navigation satellite system for the Atlantic and 
Pacific. The decision junks the accord painstakingly worked out last 
summer by the Federal Aviation Administration and ESRO, the Euro­
pean Space Research Organization [Electronics, International News­
letter, Aug. 16, 1971]. 

The White House, which favors private ownership of aerosat, has 
shifted future negotiation responsibility to its Office of Tele­
communications [see p. 38]. Europeans had given up their demand to 
write in a 50-50 hardware contract provision in the F AA-ESRO accord 
and settled for a clause promising a "fair and reasonable" portion of the 
development and production of components. 

The White House move indicates that U.S. will push for ownership 
by one U. S. company, leaving some European firms a minor share of 
production under subcontract. Space officials are so irked that they 
warn privately that failure to work out an amicable agreement will 
"jeopardize all areas of space cooperation" with the Americans. 

But "the door is still open," says one informed Paris space official, 
warning. "if we can't have half ownership, we have alternative plans­
such as our own system for the Atlantic." 

For a regional communications satellite, the European Space Research 
Or.ganization is thinking in terms of a single satellite weighing about 
1,800 pounds or of two spacecraft weighing half that amount. In both 
cases the total capacity is likely to be between 8,000 and 25,000 tele­
phone channels, plus two color TV channels, through 12 repeaters in 
all. According to definition study contracts just awarded, the two small 
craft may have an edge because they offer less risk of total failure of the 
project due to launch troubles, and partly because they could use 
smaller launchers. The small-craft study will be carried out by the pan­
European Cosmos consortium, led by Marconi Space and Defence Sys­
tems Ltd. The large craft will be studied by the STAR consortium led 
by British Aircraft Corp. Launch date will be near the end of this dec­
ade, preceded by the flight of a smaller experimental craft. 

In an effort to establish a bridgehead on the Soviet Union's instruments 
market, two West German test and measuring equipment makers are 
getting set for a big demonstration of their wares in that country. Sig­
nificantly, the two firms-Rohde und Schwarz and Wandel und Golter­
mann-have picked as a site of their exhibition the West Siberian city of 
Novosibirsk, the oft-quoted center of electronics research activities in 
the Soviet Union. At the nine-day specialists-only show in June, the 
two companies will exhibit an across-the-board program of their latest 
equipment and will hold a concurrent series of technical sessions. A 
Rohde und Schwarz spokesman says his firm is hopeful of getting a 
foothold in the Russian instruments market, but that it is also aware of 
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Tokyo supermarket 

sells eight-digit 

calculator for $87 

$150 million seen in 

decade for Norway 

computers . .. 

. . . as shipboard 

systems sell well 

Japanese makers 

push color TV 

in Yugoslavia 

International Newsletter 

still-enforced, albeit relaxed, embargo regulations that could bar the 
sale of some sophisticated equipment. 

Japan's consumer calculator age is being ushered in with two private 
label calculators, built by Crown Radio Corp., now on sale at super­
markets operated by Dai-Ei Inc. One calculator is an eight-digit unit 
that sets new low price for calculators of $87 in Japan. The other is 
same basic calculator with built-in AM-FM clock radio for $129. The 
lowest previous price was $10 higher for a 12-digit calculator announced 
late last year by Eiko Business Machines Ltd. The calculators use 
single chip LSI, made by Texas Instruments, which feature a constant 
key and suppression of zeroes before the first significant digit. 

Crown last year got into the domestic private label business with 13-
and 18-inch color TVs for Dai-Ei. But Crown's exports are doing badly 
and there are rumors that Dai-Ei will take over company as its con­
sumer electronics subsidiary. There is no precedent in Japan for a su­
permarket having such a subsidiary. 

Norway expects sales in its relatively small computer industry to reach 
about $150 million annually in a decade. Sales last year amounted to 
$40 million-including data-processing services-and that was 25% more 
than in 1970. The increase will come through concentration in highly 
specialized Norwegian industrial areas-primarily shipping, ship­
building, smelting, and chemicals-according to Finn Lied, minister of 
industry. Lied made the prediction at his nation's first industrial elec­
tronics export trade show in Stockholm earlier this month. Displaying 
wares were 10 companies, including the two Norwegian computer 
makers, Kongsberg and Norsk Data-Elektronikk. Lied, an EE, said that 
the two companies sold or took orders for 350 machines, including 
Kongsberg's military minicomputers. 

The leading Norwegian supplier of shipboard computer systems, Nora­
tom-Norcontrol A/S has sold a total of 27 data bridge systems and two 
chief systems. The bridge system is primarily for navigation and colli­
sion avoidance; the chief system is for engine room control and main­
tenance. Sales last year, according to lbb Hoivold, managing director, 
reached $3 million. He estimates his company will sell at least 20 sys­
tems annually in the next few years. The Norcontrol units use Norsk­
Data computers. Meanwhile, the other Norwegian computer maker, 
Kongsberg, has delivered two machines for installation on Swedish-built 
and -owned supertankers. 

Now that Yugoslavia's market for color television sets is taking shape, 
Japanese firms are lining up to get in on the action. One, Hitachi Ltd., 
is negotiating with a Zurich-based import-export agency about deliv­
ering to Yugoslavia some 5,000 sets. Another Japanese firm is said to be 
discussing a deal to sell receiver components to firms in Yugoslavia for 
assembly there . Color broadcasts based on the West German PAL sys­
tem were started officially in Yugoslavia a few months ago, but test pro­
grams have been aired for the past two years. 
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Japanese makers 
turn out new 
110° color tubes 
Hitachi is latest to 

announce a narrow neck, 

wide angle tube ; first 

version is a 20-incher 

The move to 110° defl ec ti o n-an gle 
color picture tubes is picking up 
stea m in Japan with announcement 
by Hitachi Ltd . o f a 20-inch tube 
with a 29-millim ete r na rrow neck, 
which it will show at th e upcoming 
IE EE show. The tube fo r Japan will 
have a black ma trix , but the o ne for 
the U.S. a nd parts of Europe will 
not because o f a Zenith pa tent. Hi­
tachi will follow thi s tube with 18-
and 16-in . sizes. 

This strong 110° effort by Hitachi 
will ma ke it the second big 110° 
company in Japan, a fter Mitsubishi , 
a nd it will have greater effect be­
cause Hitachi se lls tu bes outside 
company as well as to own TV divi­
sion , while Mitsubishi tubes a re fo r 
in-house use o nly. Toshiba has just 
unveil ed a 36-mm neck 110° tube, 
a nd both Matsushit a a nd New Nip­
po n Electric Co. have distributed 
sa mples o f 11 0° tubes with 29-mm 
neck s to customers. Industry o bserv­
ers say tha t by April a ll Japanese 
compani es will market se ts with 
110° tubes. 

In a departure from usual prac­
tice , Hitachi has ta lked more a bo ut 
th e me thod it uses fo r m a king th e· 
tube , which can o perate with o rdi­
na ry components a nd circuits. th a n 
a bout the tubes themselves. 

In most 110° tubes. the la rge con­
ve rge nce angle near the edges of the 
tube upsets the static converge nce 
adjustm ent , a nd dynamic conver­
ge nce compe nsa tio n causes shape 

Electronics/ February 28, 1972 

distorti on . Thus, the three electron 
bea ms passing through an aperture 
in the shadow mask no longer land 
on corners of an equilat era l triangle. 
Thi s ca uses misla nding, which ca n 
degrade purity. 

A connection lens used when bak­
ing phosphor do ts onto the facep late 
with ultraviolet lig ht during fabrica­
tion is supposed to make the light 
rays more nea rl y correspo nd to 
electron beam paths, which puts 
dots where beam s actually la nd and 
thus prevents mi slanding. Hitachi 
says tha t a continuous lens is inade­
quate for the tas k and has devel­
oped a stepped plasti c multibloc k 
lens, which resembles a check er­
boa rd with 3 15 facets . 

Hitachi 's tube permits building a 
TV set with components a nd circuits 
simi la r to those used with 90° de­
flecti on-angle tubes, rathe r tha n re­
quiring use o f special deflecti on 
coils or complex a nd expensive cir­
cuits. such as those used by Philips 
and othe r European manufacturers. 

Hitachi fabricates the tube to 
ma tch the distorted tri o produced 
by three electron bea ms. rather than 
correcting the sha pe o f the e lect ro n 
bea m pa ttern . This limits tra ns­
parency a t edges o f shadow mask so 
dots do not overl ap . a nd may limit 
tran sparency of th e mas k near the 
center, so the ratio of t ra nsparencies 
is not too great. 

Meanwhile Toshiba a nno unced 
its 110° tube with in-line gun [Elec­
tronics, Nov. 22, 1971, I nt ern a ti o n a l 
News le tter] . which it says has a n 
electron-beam shape error of a bo ut 
one quarter th a t of Hitachi tube. 
permitting grea ter brightness. Tosh­
iba says it has a lready di stributed 
sa mples to Japanese a nd fo re ig n set 
ma kers a t the end of last year. Be-

cause of a sm a ll shape erro r, Tosh­
iba 's tube ca n be m ade with ordi ­
nary continuous correction lens. 

France 

Barium titanate with iron 

will store trillion bits 

Le s Grands Inform aticie ns- th e 
computer architects responsible for 
the next generation of Fre nch data ­
processing ha rdware- are th inkin g 
big when it comes to memories. 
They want a fast random-access 
memory that can sto re up to I 012 o r 
even I 03 bi ts. 

To pack such a staggering quan­
tity of inform atio n into a m anage­
able package- say a few tens of cu­
bic centimeters- m agnetic cores o r 
even se mico nductor memories are 
out of the questi o n. But a "stack" of 
millions of holograms each o ne a 
" page" of some 105 bits, is one an­
swer [Electronics, Feb. 14, p . 60]. 

Compact. Researchers a t T ho m­
son-CSF think they've fo und a tech­
nique tha t eve ntua ll y could lead to 
m emori es with milli ons of ho lo­
gra ms cra mm ed into a workable 
volume . Fran<~ois M icheron has suc­
cessfully de mo nst ra ted tha t ho lo­
gra ms can be "s tacked" into ferro­
e lec tri c ma teria ls. Another team 
hea ded by Erich Spitz is a t work try­
ing to transla te Micheron's essen­
tially phys ica l discove ries into full­
fl edged mass memories. 

There are hundreds of fe r ro­
electric mate ri a ls, but Mi che ron has 
found o ne with the three m ain prop­
erti es needed fo r a mass hologram 
m e mory. It ' s a bariu m tit a na te 
d o ped with iron impuriti es. Becau se 
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or the: impuri ties, the transpa rent 
crystals are highly photosensitive, 
and that 's the first property neces­
sa ry to reco rd the interference 
waves that make up a hologra m. 
Secondly, the hologram patterns ca n 
be fixed rapidly in the crysta l so 
they won ' t be wiped o ut when 
they' re read out by a beam of light. 
Fina lly, once fixed in the crystal, 
holograms can be erased with little 
trouble and new ones written in . 

Fix. The CSF people were not the 
first to look a t ferroelectric crysta ls 
for optical memories. A team a t RCA 

last summer recorded a nd fixed 
holograms in a complex material ­
LiNb03. To fix its holograms, 
though, the RCA team has to hea t its 
crystals to l00°C a nd hold th em at 
that tempera ture fo r 30 minutes. To 
erase. the crys ta l has to be heated to 
300°C. 

In the French method, proved out 
for the first time las t fall , fixing a nd 
erasing are accompli shed electri­
cally and take between a millise­
cond and a second . Micheron ex­
p lained the t ech niqu e at th e 
Internationa l Solid Circuits Confer­
ence in Phil adelphi a. 

Wh en there 's a holographic pat­
tern projected into the ferro-electric 
crystal, space charges build up at 
th e bounda ries between lit a nd unlit 
areas beca use of the migration of 
excited impurity elec trons. The elec­
tric fields associated with the space 
charges vary the refractive index of 
the crystal to record the pattern . 

The readout, of course, has to be 
by light. Ordinarily, then , the elec­
trons would be exci ted once again. 
ln other words, no more pattern . 

Ionic. Ions, howeve r, don' t mi­
grate when they are illumin ated and 
thus the hologram pattern can beef­
fective ly fixed by setting up an ion 
pattern that matches the electron 
pattern . This is what the RCA crew 
do when th ey hea t their crysta ls. 
The ions become mobiJ e a nd mi­
gra te under the influence of the 
space charges associa ted with the 
hologram pattern . 

Micheron , too , sets up an ionic 
pattern, but he makes the ions move 
by means of electric field s. There's 
no externa l applied field on the 
crystal during writing, a lthough 

there is an internal one, the rema­
nent fi e ld characteristic of a ferro­
electric material. The space charges 
set up by the electron migrations in­
teract with the coercive field , which 
becomes spatia lly modulated inside 
the crystal. 

Now, applying an external field 
ca uses partia l switching of ionic 
polariza tion and therefore forces the 
ions to take a pattern matching that 
of the electrons. The fixing field is 1 
kilovolt per centimeter. Erasure is 
accomplished by applying a field 
hig h enough to sa tu ra te the crystal 
and thus reestablish a uniform dis­
tributi on of the ions. Th.e erasing 
field has to be between 4 and 5 
kv /cm. 

Using capacitances to 

measure microdistances 

A private electronics laboratory 1n 
Grenoble ha.s developed what it 
ca ll s a new concept in measuring 
microdi stances, one that can pro­
vide precision up to 1/ 160 of a mi­
cron without contact. Its developers 
foresee a broad spectrum of appli­
ca ti ons for the principle involved, 
ranging from gas ana lys is in pollu­
ti on control to acce le rometers in the 
aerospace field . 

Th e first prototype last month got 
ce rtifica tion from Cetim La bora­
to ries (Centre Technique des Indus­
tries Mechaniques), a French bu­
rea u of stand a rds . The prototype 
measures the distance between two 
e lec trodes so accurate ly th a t a 
ge ntl e draft from an open door 
ca uses the digita l di splay to register 
the contraction of the metals. When 
the door closes, the tern pera tu re 
rises a degree or two, and the di s­
play shows the metals slowly return­
ing to the ir prescribed size, 1I l60 of 
a micron at a time. 

Center. Resea rchers a t LEAD 

(Laboratoire d ' Electronique et 
d 'Automatiq ue Da uphinois) have 
been working fo r a bout I 0 yea rs on 
the principle of measuring di stances 
and materi al consistency by record­
ing changes in capacitance. The first 
successful applica tion that LEAD 

made was in a centering device , us-

ing a rotating probe that finds the 
center of a hole by seeking the point 
where capacitance is equal in a ll di­
rections inside the hole . LEAD presi­
dent Ferdy D . May er ha s so ld 
French license rights for the center­
ing device to Sagem and a license 
option to the Industria l Metrology 
division of the Bendix Corp. 

Switching. Mayer says patent 
searches indicate that he is original 
in his technique of making measure­
ments by switching between a 
known capaci ta nce and an un­
known, varying the unknown until it 
matches the known. The swi tching 
is constant a nd the two circui ts sym­
metrical, e liminating the danger of 
error by frequency drift o r acciden­
tal vibration. The principle, Mayer 
ma inta ins, can be used in the mea­
surement of resista nce, inductance, 
or even optical parameters as in­
dicators o f distance . He is now ha rd 
at work on new p rototypes and new 
ap plications. 

He dem onstra ted a t Ce tim's labo­
ratories near Pari s a prototype of a n 
instrument to measure the distance 
between two electrodes. The refe r­
ence capacity was 240 picofarads 
and the variable capaci ty was ad­
justable between two electrodes se p­
ara ted by 1 millimeter of a ir. The 
numerical di splay ticked off 160 di­
gi ts for each micron of di sta nce the 
two electrodes were separated. 

Noncontact. Mayer says a major 
point of originality is the abi lity of 
the instrument to make meas ure­
ments without contac t between the 
two parts being measured. Thu s, he 
sees applications in the measure­
ment of the density of gases and in 
the aerospace field , where he ex­
pects to ga in at least one or two or­
ders of magnitude in precision in ac­
celerometers in inertial pla tforms. 

Great Britain 

Spotting IC pin holes 

with liquid crystals 

As oxide laye rs get thinner it be­
comes more difficult to stop pin 
holes from forming. Pin holes, or 
some times merely areas of oxide 
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that are too thin , cause short cir­
cuits. Until recently there has been 
no convenient way of loca ting pin 
holes without destroying the oxide, 
which makes it difficult to work out 
why they are there. 

Now a Briton at the Roya l Radar 
Establishm ent has come up with a 
simple method of producing a strik­
ing display of hole locations. What's 
more, the approach doesn' t affect 
the .holes and can be repeated in­
definitely. But there's one hitc~ . Al­
though IC makers in Brita in say that 
the method looks good, the only one 
that se t out to use it regula rly- Fer­
ranti Ltd.-dropped it earl ier this 
month after a few weeks, despite ex­
cellent results . The snag: the tech­
nician must constantly handle a 
liquid crystal that Ferranti 's_ chief 
chemist has adYised mi ght cause 
cancer. 

Details. Basically, the technique 
consists of putting a couple of d ro ps 
of a liquid crysta l on to a slice, a nd 
placing a thin glass sheet on the 
drops so that they spread over the 
wafe r and support the glass. The 
glass has a transparent layer of tin 
oxide on its underface , which forms 
one electrode . A vo ltage is app lied 
to the back of the wafer. Where the 
thin ox ide is not effective, as above 
pin holes , th e crystal becomes vis­
ible instead of transparent. The 
crystal becomes turbulent- a pin 
hole display looks rather like a mi­
croscope image of active bacteria­
and is very easy to see. If a pin hole 
connects with surface metalization, 
all the crystal above the shorted 
meta l becomes turbulent. 

At low voltages only obvi ous de­
fects in the oxide produce a displa y. 
As the voltage is turned up, the less 
obviously defective areas, such as 
those that are simply too thin , pro­
duce a display. Switching off the 
voltage makes the crystal tran s­
parent agai n, and the tests can be 
repeated indefinitely, provided the 
oxid e breakdown voltage is not 
grossly exceeded. 

The problem. The tro uble is that 
the only general ly avai lable liquid 
crysta ls that give a good display at 
room temperature using suitable 
vo ltages- 3 to 4 volts and up- are 
the MBBA negative nematic types, 
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Store house. Analog memory device can 
also act as multiplier of signals. 

which conta in benzylidene com­
pounds. There a re gro und s for 
thinking these compounds can stim­
ul a te ca ncer , a nd nobody h as 
proved they don' t. 

John Keen, the RRE inventor of 
the technique, works in a fume-free 
area, wears surgica l gloves, and 
takes care over disposing of the so l­
vents he uses for cleaning crys tal off 
the slice. However, Ferranti's chem­
ist recommended stricter precau­
tions, which IC development engi­
neer Alan Worrell says take up too 
much time, and he has stopped rou­
tin e use of the m ethod until a 
known safe crystal is ava il a bl e. 
Worrell will certainly use it for rou­
tine quality control if a trustworthy 
crysta l does come a long, because it's 
so simpl e and so effect ive. "A test 
takes only a couple of minutes to set 
up" he says. 

Drops. Keen, who described the 
technique a t the Interna tion al Solid 
State Circuits Conference, says th e 
size of the display over a pin hole is 
in proportion to the thickness of th e 
crysta l laye r and is on ly slightly af­
fec ted by the size of the hole. Two 
drops of crystal on a 2-inch slice 
produce a layer about IO microns 
thick, which is about opti mum. He 
reckons a I 0 cubic centimeter bott le 
of MBBA crysta l will provide about 
280 sli ce displays. 

In England the cheapest suitable 
crystal is Vari-Light VL- 1047 a t the 
eq uivalent of $32.60 for IO cm3 , or 
about 11.5 cents per slice. Howeve r 
VL- 1047 is not a full MBBA crysta l 
and strips off positive resists, though 
it is all right with negative resists. 
Fu ll MBBA crysta ls, which don ' t 
harm positive resists, a re the equiva­
lent of about $50 for IO cm3. 

Japan 

Analog memory provides 

nondestructive readout 

Even though the demand for analog 
computers as such is not grea t, 
equipment with a nalog-type com­
puting circuits continues to prolife­
rate. So there should be a good mar­
ket fo r a nond estructive readout 
ana log memory under development 
at the Analog Information Research 
Section of Japan's Electrotechnical 
Laboratory. The memory can a lso 
function as a vari able coefficient de­
vice that ca n multiply a second in­
put by the stored value. 

The new memory makes use of 
severa l physical properties tha t oc­
cur simultaneously in single-crystal 
slabs of triglycerine sulphate, a fer­
roelectric material. Characteristics 
of TGS make it very suita ble for use 
in memory applications. It is spon­
taneously polarized by an applied 
field , and the hysteresis cha racter­
istics of its polarization have a 
square shape. 

Locked in. Thi s characteristic is 
the most important for writing in in­
formation, because when the pola­
rizing field is removed the polariza­
tion remains a t the same level as 
before the field was removed . How­
ever, polarization is essent ia lly a 
charge locked in the mate ria l, and it 
is not ava ilable for direct readout. 

The piezoelectric characteristics 
of TGS offer the method of non­
destructively reading out the stored 
information. For example, consider 
a device consisting of slab of TGS 
with two sets of electrodes, each set 
consisting of an identica l electrode 
on opposite sides of the slab. 

T he material under each set of 
electrodes must be polarized by a 
vo ltage applied to the electrode pa ir 
to obtain piezoelectric character­
istics. Then a voltage applied to one 
set of electrodes will se t up a vibra­
tion in the slab, and the vib ra tion 
wil l generate a voltage at the second 
set. 

The voltage at the second set of 
electrodes is proportiona l to the 
polarization a t the second se t multi-
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plied by the polariza tion at the first 
set multiplied by the voltage a p­
plied to the first set. Thus, polariza ­
tion at the second set can be read 
out, if the polarization of the first set 
and the voltage applied to it a re 
standardized . 

Saturation. For the actu a l oper­
ation as an analog memory, the ma­
terial under the first set of electrodes 
is polarized to sa turation value for 
maximum readout vo ltage. Excita­
tion is provided by connecting a n IC 
comparator circuit to the first set of 
electrodes, leading to self-excited os­
ciUations as in a crys tal oscillato r. 
Oscill a tion occurs a t the self-reso­
nant frequency o f the slab, whi ch is 
optimum for high output voltage. 
Oscill a tion waveform , a nd thus vo lt­
age applied to the first set of elect­
rodes, is a squ a re wave beca use of 
characteristics of the IC. Beca use the 
exciting waveform is a unidirec­
tional vo ltage varying between a 
value close to 0 and a valu e close to 
the power supply voltage , po lariza­
tion is not changed by the driving 
voltage. 

When the device is used as a 
memory circuit , the voltage applied 
to the oscillato r circuit is set at 
precisely 10 vo lts. As for other 
ana log memory or hold circuits, a 
feedback a rrangement is used to 
compare and se t th e stored voltage 
equa l to the a na log input voltage. 

Multiplier. Wh en the analog de­
vice is used as a varia ble coeffi cient 
circuit, operation is initiall y similar, 
except that the stored voltage corre­
sponds to the variable coeffici ent. 
Then the a nalog input to be multi­
plied by the adjustabl e coefficient is 
connected to the oscillator circuit in 
place of the precise 10-v supply 
used for standa rdization. In thi s 
mode the output voltage is the prod­
uct o f the stored adjustabl e co­
efficient mult iplied by the a nalog in­
put vo ltage, which can vary between 
0.4 and IO v . 

For the vo ltage ran ge over which 
the memory device and its associ­
ated circuit s pro v id e va ri a ble 
coefficient operation , linea rity is 
within about 3%. The nonlinearity 
appears to be closely related to the 
varia tion in th e stored value with 
ti me. At present , the stored va I ue 

a ppears to fall about 3% during th e 
first 30 minutes, after whi ch its 
value stabilizes. 

Programable MAS ROM 

comes to market 

A versa til e programabl e read-only 
me mory developed by Nippon Elee­
tri c Co. packs Jong-term non-volatil ­
ity, on-chip address decod ing, ex­
tre me ly hig h speed , tr a nsisto r­
transistor logic co rn pa ta bi Li ty, a nd 
high yield into one product. Initia lly 
it will be availa ble in a 256-bit ve r­
sion, the µ PC45 ID, with a 1,024-bit 
ve rsion scheduled to become ava il­
a bl e this summer and eve n la rge r 
ve rsions la ter on. 

Me mory transistors a nd all o ther 
acti ve elements oh the me mory chip 
use th e metal alumina semicon­
ducto r, n-channe l, enhancement­
type fi eld effect tra nsistor structure 
develo ped two years ago by Nippon 
Electri c [Electronics, Feb. 16, 1970, 
p. 7 1 ]. This includes the decoder 
transistors, load transistors, and se­
lecto r tra nsisto rs. 

Inclusion of on-chip decoding has 
greatly increased memory density 
by decreas ing the a mount o f periph­
eral connections required . Nippon 
Electric ca n fit a 256-bit me mory on 
a 2-by-2-mm chip, compa red to th e 
3-by-3-m m chip used ea rlier. 

Structure. All fie ld e ffect tra nsis­
tors have a 150 a ngs trom, th erm a lly 
grown silicon dioxide laye r with 
overly ing 1.300 a ngs trom a lumin a 
layer as ga te insula tor under alumi ­
num ga tes. This structure gives a 
sta ble initia l threshold voltage, ri gid 
criti ca l voltage, a nd hi gh cha nn el 
mobility. In add ition, re li ability is 
improved 0y using heavy boron di f­
fusions as cha nnel stoppers between 
adjace nt tran sistors to suppress 
leakage current, which would oth er­
wise be caused by the hi gh pos iti ve 
vo ltage a pplied to the gate electrode 
during the write opera ti on. 

MAS memory chips of this type 
ca n be e rased with e ither ult rav io let 
li ght or X rays, a nd a pa per a t th e 
Internationa l So lid Sta te C ircuits 
Conference desc ribes a method o r 
elec tri ca ll y eras ing th e memory with 

a large nega ti ve vo ltage. But th e 
me mo ry will not initia ll y be speci­
fi ed in the ca ta log fo r reprogram­
ing- its package prevents use of ul-
tra vi o let rays a fte r assembly, and X ;. 
rays a re consid ered too da ngerous. ... 
Electri ca l erasing will not be speci -
fied because of the poss ibility that • 
vo ltage spi kes during erasing may 
des troy the m emory devices. 

Lines. A 256-bit m em o ry has ,., 
eight X lines, fo ur Y lines , and eight 
Z lines. F or pro per circuit operation, • 
tra nsisto rs are des igned so tha t th e 
mutual conducta nce of th e me mory f' 

transistors, load tra nsistors, se lecto r 
tra nsistors, a nd decoding tra nsistors 
is in the ra tio of 6: I : 18:24. 

Th e load t ra nsisto rs ge t th ei r 
na me because of the resembla nce of ""' 

( 

th e c ircuit configuration to the loa d i.. 
tra nsistors often used in MOS ga te 
circuits. Load tra nsisto rs prov ide a 
hig h-resista nce return pa th for the 
me mory t ra nsisto r d ra ins to th e read 
line during write. T he se lector tra n­
sistors provid e a pa th for readout 
current during read and block snea k -<1 

curre nts during write. Whe n pro-
vided wi th a separate termina l, they ,... 
p rovide a method of selec ting out-
put from one chi p a mong ma ny. 

T o progra m a se lected bit, 25 
vo lts is applied to th e read lin e a nd 
a selected Y terminal, while 60 v is 
a pplied to a se lected Z termin a l. _4 
The termina ls are connected to + 25 
v, with vo ltage of th e se lec ted X te r­
minal lowered to 0 v, if the se lec ted 
bit is to have a 0 written in. T he 25-, 
60-, a nd 0-v pulses should occur si- 1o­

m ul ta neo us l y a nd be 10 mill i­
seconds or longe r fo r re li a ble pro- '~ 
gra ming while th e writing voltages 
are a ppli ed . 

Readout. To read co nt ent s of 
me mo ry, TTL hi gh output level ­
a bout 4.5 V- is a pplied to th e selec- ... 
ti o n term ina l and to th e selected Z , 

~ 

Y, a nd X termin a ls. Output current 
flows into the X te rm ina l th roug h 
decoding t ra nsisto r. memory t ransis-
tor, selec ti on tra nsisto r, and a re­
sisto r conn ected be tween read te r- '· 
min a l a nd gro und . A se n se 
a mpli fie r boos ts output across th e 
res isto r to d rive subsequent ga tes . 
T his configura tion gives a one- bit ­
a t-a- tim e out p ut fo r each of 256 
words. 
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The most compact Solderless Connector 
... and a NEW Lower Installed Cost 
New, miniature connector gives you 75 to 90% time saving over 
present compression technique. Its high reliability factor re­
sults from the no-heat requirement as well as complete visibil­
ity for inspection of the one-piece connection before, during 
and after termination. 
Only three sizes are needed to handle the range of shielded 
cables from .055 to .205 over braid dia. 
The installing tool features the exclusive Shure-Stake® me­
chanism which assures that the proper, preset compression will 
be reached before the tool will release the connector. The 
Thomas & Betts Company, Elizabeth, New Jersey 07207. 
In Canada, Thomas & Betts Ltd., P .Q. 

New Shield-Kon® Wrap Around Connector Features 
• miniature size, light weight, one piece construction 
• lower installed costs 
• higher reliability, meets or exceeds the applicable performance 

requirements of MIL-F-21608. 
• mid-span termination capabilities 

-.. THOMAS & BETTS 
Sold Coast-to-Coast 
Through Authorized 
T&B Distributors 

Division of TluJTnas & Betts Cari:3cn-atian 486 
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• For more information on t:omplcte produc1 line ... el" ath t..:r­
ti~cml"nl in the latc :-. t Electronics Buyer" !> Guide 

.:; Advcrti">cr.., in Eh::c1ronics International 
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... for Dana's 5300 ... A five digit, premium quality, high per­
formance DVM . .. Take a look . . . You get a standard instrument 
featuring 5-DC Ranges (.1-1 OOOV) with 1 u V resolution ; .005% DC 
accuracy , complete auto-ranging ; 74 dB noise rejection at 60Hz ; 
analog output ; and 10,000 megohm input resistance. But that 's 
not all ... by usi ng field expandable plug-in options you can extend 
the capability of the 5300. Add 6 ranges of 4-terminal ohms with 
1m!1 resolution ; 4 ranges of AC (1-1000V) with 10nV resolution 
over a broad band from 30 Hz to 250 kHz; 5 ranges of bipolar 
4-wire DC / DC ratio ; isolated remote programming and BCD out­
put ; 100 readings per second (fully programmable) .. . There is 
much more to the 5300 than we can possibly tell you here . .. so 
let us show you . 

You have the budget and the decision , Dana has the Digital 
Voltmeters. 

DIGITAL VOLTMETERS 

Dana Laboratories, Inc. 
2401 Campus Drive, Irvine 
California 92664 (714) 833-1234 

When Test and Measurement Count 
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Slide 
Actuated 
P Ots ~~::~r~l:~ltr~!~~s a 

ated potent1omet 
combines infinite resolution with long Ii 
- and at low cost. The series 200 desi 
features "touch-~tivity," enabling the 
operator to feel the action disturb­
ing the smoothness of motion. 
used widely in audio control consoles 
the recording and broadcast industries, 
commercial sound systems and (with 

· SCRs) as "dimmers" in lighting conlrot . . 
Key features include: single or dual resist-
ance elements, Ii near or 1

1 
audio tapers, standard tap 1 

positions, all-metal housing. 
Write for new free catalog! 

DUNCAN ELECTRONICS 
SUSSIOIARV 

SVSTRON DONNER 

04 

2865 FAIRVIEW ROAD 0 COSTA MESA, CALIFORNIA 92626 
PHONE: !7141 545-8261 O TWX 910-595-1128 
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A CAMBION® Double "QQ" Product Line 
When your design calls for handles, standoffs, solder termi­
nals, spacers, insulated terminals, battery holders, and basic 
hardware, it's nice to know there's a source that believes in 
quality - CAMBION. And it's also nice to know· that you can get 
CAMBION quality in quantity. That's the CAMBION Double "Q" 
approach. 
CAMBION puts tile extra finish on handles, precise plating on 
significant surfaces of terminals, and long-life in plugs and 
jacks for almost infinite cycling. The quality stands up as the 
quantity goes on. All CAMBION hardware items are available 
"off-the-shelf." 
Try the CAMBION Double "Q" approach. Tell us of your needs 
and we'll supply a jumbo catalog, No. 747, full of answers. 
Cambridge Thermionic Corporation, 445 Concord Avenue, 
Cambridge, Mass. 02138. In Los Angeles, 8703 La Tijera Blvd. 
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