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Dialight 
sees a need: 
(Need: The widest choice for your every application.) 

521-9205 

ill 521-9202 

.192" 

521-9165 

.04511.7 500" 
(MIN.) 

.240" 
Now available in green, yellow and red. Mini-sized for 
maximum front panel density and easy panel mounting. 
High luminous intensity, low cost. Vibration/shock resist-
ant. Solid state for long life. Wide viewing angles. Ideal 
for applications like panel lighting, film annotation and 
alpha-numeric displays. 

550-0204 550-0405 

.340" 

-.I 1.-.100-

550-0306 

MIN. 

4 -.020" 

Mix 'em or match 'em. LED logic state fault indicators 
are available in red, yellow and green, in a variety of 
shapes, some with a built-in integral resistor. Can be 
driven from DTL and TTL logic. Designed for easy align-
ment on PC boards so that multiple functions can be 
displayed. 

I-. .343 
— " 411 .— .030" 

4  
.185" 

.430"-4+- .550" MIN. 

521-9184 

521-9183 

Available in red or clear LED packages with or without a 
built-in current limiting resistor. Red LED is also made 
without resistor. Suitable for circuit status indication, 
alpha-numeric displays and visual indicators. Features 
long wire-wrappable leads. IC ccmpatible with solid state 
reliability. High luminous intensity, low power consump-
tion, low cost. 

0.500" MIN. 
+10.210" 

0.120" irib'm 

11L0.190" 
521-9207 

521-9206 

eV- 52-1-9189 

Your choice of green, yellow and red, with axial leads for 
dense packaging requirements. Wide viewing angle for 
easy readability. Low power consumption, low cost, IC 
compatible. 10mA operation for typical brightness. Size 
is identical to the most popular red LEDs. 

.281" 
MIN. 

.040" 

L. 
LED logic state fault indicators available in 14 models 
with voltage ratings from 1.7 to 14. Suitable for dense 
packaging on printed circuit boards—up to 10 units to 
the inch—IC compatible. With built-in series resistor. 
Polarity identified. Low power consumption. 

Dialight, the company with the widest choice in 
switches, LEDs, indicator lights and readouts, 
looks for needs . . . your needs . . . and then they 
develop solutions for your every application. No 
other company offers you one-stop shopping in all 
these product areas. And no other company has 
more experience in the visual display field. 
Dialight helps you do more with these products 
than any other company in the business, because 
we are specialists that have done more with 
them. Talk to the spe- , „ 
cialists at Dialight first. ijiAl'Lim 
You won't have to talk Dialight, A North American Philips Company 

203 Harrison Place, Brooklyn, N. Y. 11237 
to anyone else. (212) 497-7600 

See 
Dialight 
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You've got one chance to do a field recording job 
that demands laboratory performance. 

With HP's 3960, you can carry it off. 
Not all high 
performance 
recorders 
are big, bulky 

lab consoles. 
One is different: 

HP's 3960 Portable 
Instrumentation Tape Recorder. 

The compact 3960 goes virtually 
anywhere. Yet it's still designed to 
come through when you've got one 

chance to get it right. And that's the 
kind of confidence you need whether 
you're gathering data across the 
room or across the desert. 

Operable on either AC or DC, the 
rugged 3960 has a built-in DC calibra-
tion source and high accuracy DC or 
AC peak meter for input or output 
monitoring. Signal to noise ratio is 
outstanding. And HP reliability helps 
insure that what goes in is exactly 
what comes out. 

HEWLETT 

Ample options are available to let 
you customize your recorder to exactly 
the kind of work you do. The choice 
includes voice channel, DC-AC 
inverter, remote control, tape speeds 
and more. 

Get complete details on HP's high 
performance 3960. The portable 
recorder built to carry it off both in 
the field and in the lab. Write 
Hewlett-Packard, 1501 Page Mill 
Road, Palo Alto, California 94304. 

PACKARD 

11410 

Sales and service from 172 offices in 65 countries. 
'Sol Paae Mdi Road Palo Alto. CaMena 94304 
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SUR 

Optical isolation al 0.5 mA input 
Now there is a new series of opto couplers from HP that will interface 

with most logic families. HP's 5082-4370 series isolators can be driven directly 
from CMOS, MOS, LTTL or TTL. 

The unique construction of the 5082-4370 series offers a TTL 
compatible output voltage with speeds 50 times greater than conventional 

photodarlington isolators. Current transfer ratio of the 5082-4371 is 
typically 800'7i at 0.5mA input current and current transfer ratio of the 

5082-4370 is typically 600% at 1.6mA input current. 
Select the 5082-4370 for logic and TTL applications; 5082-4371 

for CMOS, LTTL and other lower current uses. Performance of 
both models is guaranteed from 0°C to 70°C. 

In 100 quantities, price for the 5082-4370 series starts at $1.80. each. 
For a complete design package on our new 5082-4370, hermetic, 

dual and high speed isolators contact Hall-Mark, Schweber, 
Wilshire or the Wyle Distribution Group. 

Or write us, we're sensitive to your needs. 
01407 'Domestic USA price only. 

- HEWLETT h 'hi PACKARD 

Sales end service from 172 offices in 65 countries. 
'sot Pao., 7.11 Road Palo Alto Ca ,.1o,n.a 9430. 
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Highlights 

The cover: Can the FCC cope? 106 

In grappling with the spread of data commu-
nications and cable TV, the FCC has in ef-
fect produced new national communi-
cations policies. But the agency's limited 
manpower and budget could critically ham-
per the new leadership in its fight to imple-
ment those policies. Congressional action is 
called for (see p. 54). Cover is by Art Direc-
tor Fred Sklenar. 

Wanted: narrower bandwidths for digital video, 69 

Though digital video communications 
squander the limited frequency resources 
available, they are vital to reconnaissance 
by remotely piloted vehicles, satellite trans-
missions, and Picturephones. That's why 
the military, NASA, and Bell Laboratories 
are all busy researching bandwidth com-
pression techniques. 

Tubes containing diodes excel as rf amplifiers, 85 

Electron-bombarded semiconductor (EBS) 
devices, in which an electron beam is aimed 
at a photodiode, have now added reliability 
and long life to their main attraction—out-
standing performance as high-power rf am-
plifiers and modulators. 

How to design easy-to-test logic boards, 100 
The cost of testing logic boards has soared 
along with their increasing complexity, but 
can be reduced if board layout is designed 
to complement the capabilities of automated 
test equipment. 

And in the next Issue . . . 

New advances of charge-coupled devices in 
memories and analog signal processing 
. . . programed logic arrays in digital de-
sign . . . technology update on color TV 
tubes. 
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Publisher's letter 
n ur cover story this issue is a 
'thoughtful and thought-provok-
ing story about the problems facing 
the Federal Communications Com-
mission as it tries to cope with the 
impact of new technology. Looking 
at it another way, the story is about 
what the electronics industries can 
expect as the FCC implements the 
various decisions it has made since 
the landmark Carterfone ruling. 

Senior editors Ray Connolly, 
chief of our Washington bureau, 
and Steve Scrupski, who heads our 
communications department, put 
together the report after scores of 
interviews with Government and in-
dustry officials. Their conclusions: 
the task facing the FCC is enormous 
and it is going about its work with a 
distinct handicap in manpower and 
budget resources. While a lot has 
been accomplished, there are still a 
number of obstacles in the way of its 
top management's desire to accom-
plish a lot more. Turn to page 106 
and read for yourself about the FCC 
and its new national communi-
cations policies. 

T he nation's computers hold a vast 
amount of data about the na-

tion's citizens. And there is growing 
concern about misuse of that infor-
mation. For example, there are 
more than 100 proposals in Con-
gress that would in one way or an-
other safeguard the privacy of mate-
rial stored in these data banks. 
The big stumbling block, though, 

is cost. As Larry Marion, of our 
Washington bureau, points out in 
the Probing the News story starting 
on page 78, "if legislation requires a 
catalog of facts—such as which parts 
of the data bank was accessed, and 
what was reviewed and for how 
long—the resulting need for memory 

and the operating costs would be 
exorbitant." And he cites testimony 
before Congress that the increased 
memory capacity required for ac-
cess-control devices and the devel-
opment and sale of such systems 
would have a major impact on the 
computer industry. For example, 
one expert is quoted as saying: "Ei-
ther a computer data bank has ac-
cess controls or lots of insurance." 
The movement toward rigid con-

trols on data banks is just getting 
under way, but in a few years all 
such banks—public and private— 
may be covered by controls. Indeed, 
some expect that the Federal, state, 
and local government data files will 
come under new legislation this 
year. The big question, though, is 
whether hardware—and software— 
will be available to meet the letter 
of the law. 

T he computer-privacy story, by 
the way, carries the first Probing 

the News byline for reporter Mar-
ion, who just recently joined our 
Washington bureau. After gradu-
ating from Drexel University, where 
he earned a bachelor of science de-
gree in 1972, Larry worked for the 
Department of Housing and Urban 
Development. His main assignment 
was helping coordinate the disaster 
recovery operation in Wilkes-Barre, 
Pa., following devastating floods. 
Then, while working for a master of 
science degree in journalism at 
Northwestern University, he spent 
several months gathering news in 
Washington. That led to a job on an 
energy newsletter and then to Elec-
tronics. 
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A new digital phasemeter 
that's accurate to .05°? 

.05 accuracy and .01° resolution 

continuous precision measurement 
from 0 '-360.00 

no 0/360 ambiguity, right down 
to readings as small as .01' 

5 digit Sperry readout accuracy unaffected by amplitude differences 

frequency range 10Hz to 5MHz 

Precisely. 

g—ell-e" KROHN- 10-1 I T E 
ILB coi=a=cDF=1A-TICZIIN 

and the best performance 
at the best price, 
only $1995.— 

for immediate action call 
(617) 491-3211, -rvvx 710 
320 6583, or contact your 
local KH representative, 
listed below. 

SALES OFFICES: ALA. Huntsville (205) 534-9771; ARIZ., Scottsdale (602) 947-7841; CAL., San Jose (408) 292-3220, Inglewood (213) 674-6850; COLO., Denver (303) 934-5505; 
CONN.. Glastonbury (2031 633-0777; FLA., Orlando (305) 894-4401; HAWAII, Honolulu (808) 941-1574; ILL., Des Plaines (312) 298-3600; IND., Indianapolis (317) 244-2456; MASS., 
Lexington (617) 861-8620: MICH., Detroit (313) 526-8800; MINN., Minneapolis (6121 884-4336; MO., St. Louis (314) 423-1234; N.C., Burlington (919) 227-3639; N.J., Haddonfield (609) 
795-1700; N.M., Albuquerque (505) 299-7658; N.Y., E. Syracuse (315) 437-6666. Rochester (716) 328-2230. Vestal (607) 785-9947. Elmont (516) 488-2100; OHIO. Cleveland (216) 
261-5440. Dayton (513) 426-5551; PA., Pittsburgh (412) 371-9449: TEX., Houston (713) 688-9971. Richardson (214) 231-2573; VA., Alexandria (703) 354-1222; WASH., Seattle (206) 
624-9020; CANADA, Montreal, Quebec (514) 636-0525, Toronto, Ontario (416) 444-9111. Stittsville, Ontario (613) 836-4411, Vancouver, British Columbia (604) 688-2619. 
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Readers comment 

RAYTHEON 
DC WELDERS 

ARE 
ALIVE AND 

READY TO GO 
WHERE THE 
ACTION IS... 

We have the broadest 
power range of DC welding 

equipment available. 

If you want to weld the 
coolest package in town, 

contact the 
Marketing Manager, 
Raytheon Company, 
Production Equipment 
Department. 676 Island 
Pond Road, Manchester, 

N.H. 03103. (603) 668-1600. 

RAYTHEON 

Counting functions 

To the Editor: In your interview 
with Charles Clough, Texas Instru-
ments' vice president for semicon-
ductor marketing ["Everybody's 
popping circuits," Electronics, 
March 21, p. 66], he estimates that 
"the average [U.S.] home now has 
3,000 transistor functions." 
We would be very much obliged 

if you could tell us how Mr. Clough 
has come to this conclusion, which is 
far beyond all of our estimates for 
Tv and radio sets, two cars, anti-
burglar systems, and air-condi 
tioning. 

J. Hieke 
Siemens Aktiengesellschaft 

Munich, Germany 
• Mr. Clough has since increased his 
estimate to 30,000 transistor func-
tions. The key word is 'functions." A 
simple calculator chip has 6,000 
functions, and it's logical that a cal-
culator, several solid-state television 
sets, a car or two, and radio could 
easily boost the total that high. 

Protecting with zeners 

To the Editor: The idea presented 
by your Engineer's newsletter, "Ze-
ner diodes can give you fast protec-
tion" [May 2, p. 118], is not as effec-
tive as claimed. This item states that 
a zener-diode clamp will be made 
much faster by the addition of a 
compensating junction. While this 
does add a small junction capaci-
tance in series with the large zener 
capacitance, it does not provide the 
order-of-magnitude reduction in 
clamp capacitance, as claimed. 
The total clamp capacitance is not 

the series combination of the junc-
tion and zener capacitances. To 
demonstrate this, the required con-
nection from A to B is added to the 
diagram of the clamp. Note that the 
voltage that must be developed on 
each capacitance is determined by 
the diode it shunts. Addition of the 
compensating junction does not re-
duce the voltage to which the zener 
capacitance Cz must be charged, so 
the charge required by Cz is still qz 
= CzVz. In addition, the capaci-
tance of the compensating diode CF 
must be charged with qF = CFVF. 
Thus, the total equivalent clamp ca-
pacitance is 

C = q/ V 
CTOTAL = VZ CZ + VFCF)/( VZ + VF) 

(CZ CF)/(CZ + CF) 

For a 6-v zener diode, 

CTOTAL = 0.9Cz + 0.1 CF #0.1 CZ 

While the above total capacitance 
is about 9% less than Cz, the clamp 
voltage is increased around 10% by 
the added junction. Thus, the time 
to reach the clamp level is in-
creased—not decreased—by addition 
of a compensating junction. 

Jerald Graeme 
Burr-Brown Research Corp. 

Tucson, Ariz. 

Microwaves for rails 

To the Editor: This office is engaged 
in feasibility studies for future trans-
portation systems in the Adelaide, 
South Australia, urban area. It has 
occurred to us that microwave com-
munications systems could be used 
for train-signaling control. We 
request information on such a sys-
tem that could satisfy our needs. 

Preliminary analysis indicates 
that the system should have immun-
ity to power-frequency interference 
from electric trains, the ability to 
confine signals to railway property, 
immunity to copper thieves, and 
ability to measure each individual 
train's location and velocity at any 
instant. 
Any information on such a system 

may be forwarded to: 
Roger M. Pullem 
Director-General 

of Transport's Office 
Box 1599, G. P. O. 

Adelaide, South Australia 5001 
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The last time 
someone 
announced 
74C, 
it was 
a national 
campaign. 

.ate typical power dissipation. Operation on 3V to 15V power supplies. 
A big, guaranteed 1V noise margin. Typical noise immunity 45% of the 
supply voltage. Hefty outputs that drive MOS and bipolar logic (at least two LPTTL loads). 

And 740 really simplifies design. 74C logic functions, pinouts and even numbers are identical to 
7400 TTL, and every 740 device is compatible with every other 74C device. I/O specs are consistent (no 
interpreting a pile of data sheets to calculate what's compatible with what). Not to mention drastic cuts in 
hr need for supply regulation, bypass capacitors and noise filtering. 

The first batch is available now. 
MM74C00 Quad 2-Input NAND Gate 
MM74C04 Hex Inverter 
MM74C20 Dual 4-Input NAND Gate 
MM74C42 BCD-to-Decimal Decoder 
v1M74074 Dual D Flip-Flop 

MM74C107 
MM74C160 
MM74C161 
MM74C192 
MM74C195 

Dual J-K Master-Slave Flip-Flop 
Synchronous Decade Counter 
Synchronous 4-Bit Binary Counter 
Synchronous Up/Down Decade Counter 
4-Bit Parallel-Access Shift Register 

our national platform for 740. But Teledyne's CMOS campaign has just begun. We'll soon be 
speaking softly about big values in proprietary devices compatible with 740 and custom CMOS for linear 
1••••••! ,-1;r7ii>7 1 n•-••-* ,--, ;•-••-•,,, AI! •••;.I- -1.rr,.!•-••• -,„nunity, 

O'TELEDYNE 
SEMICONDUCTOR 
1300 Terra Bella Avenue Mountain View, California 94043 

(415)968-9241 TWX: 910-379-6494 Telex: 34-8416 
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CIRCUIT DESIGNERS... 

GET MORE VERSATILITY 
AND FLEXIBILITY IN 
YOUR BREADBOARDING. 

Experience the convenience of 

MULTI-COMP® 
DIP Multiple-Section 
Ceramic Capacitors 

Breadboarding is a 
lot easier with 
Sprague Multi-
Comp Monolythic® 
Ceramics. They 
readily plug in and 
out of standard DIP 
sockets for fast 
changes during ex-
perimentation. They come as 4-, 7-, 
and 8-section capacitors, in popular 
most capacitance 
values. By connecting capacitor sec-
tions in parallel, you can obtain 

practically any value your circuit 
needs. With a few Multi-Comp ca-
pacitors on hand, there's no need 
to keep heavy stocks of individual 
capacitors for breadboarding pur-
poses. There's less soldering and 
unsoldering, too. 
And when your final capacitance  

determinations are made, you can  
either stay with DIP Multi-Comps, or 
switch to Sprague Single-Section 
Monolythic® Capacitors, which have 
the same layer-built construction and 
the same electrical characteristics. 

GET THE DIP HABIT - 
TRY MULTI-COMP® MONOLYTHIC® CAPACITORS IN YOUR NEXT 
BREADBOARD DESIGN - THEY'RE READILY AVAILABLE FROM 
YOUR SPRAGUE INDUSTRIAL DISTRIBUTOR! 

For more information, write or call 
Ed Geissler, Mgr., Specialty Components 
Marketing, Sprague Electric Company, 
35 Marshall Street, North Adams, Mass. 01247. 
Tel. 413/664-4411. 

THE BROAD-UNE PRODUCER OF ELECTRONIC PARTS 

45,4111 

SPRAGUE 
THE MARK OF RELIABILITY 

40 years ago 

From the pages of Electronics, July, 1934 

AN EDITORIAL: 

Synchronized broadcasting° 

On July first, the new Federal 
Communications Commission took 
over control of radio. It is to be 
hoped that the new regulating au-
thority will be more receptive to 
new ideas and technical develop-
ments than was the old Federal Ra-
dio Commission. 
Take the matter of synchronizing 

broadcast stations for common fre-
quency operation, at which the old 
F.R.C. repeatedly balked. Today 
equipment is all ready, complete ex-
periments have been made, and sev-
eral successful individual installa-
tions are in use. Synchronizing is 
now a demonstrated fact. 

Synchronizing, indeed, seems the 
only ultimate avenue for solution of 
a whole group of problems that are 
facing broadcasting. Here are some 
of the needs for which synchro-
nizing supplies prompt answers: 
• Wider channels (15 to 20 kc.) for 
high-fidelity broadcasting 
• Efficient use of broadcast chan-
nels 
• Channels to meet demands of 
Canada, Mexico and Cuba 
• Common-frequency broadcasting 
by chain stations with high fidelity 
• Positions in the spectrum for sta-
tions requiring good local coverage 
• Higher wattage on channels, but 
distributed among synchronized 
transmitters. 

In fact, all the present "head-
aches" of broadcasting seem to find 
their solution in this panacea of syn-
chronizing, intelligently applied. We 
hope the new Commission will give 
the subject of synchronizing on the 
broadcast channels careful and sym-
pathetic study. 
*Synchronized broadcasting, a tech-
nique scarcely heard of today, was de-
signed to eliminate annoying beat-
frequency notes caused when two sta-
tions transmitted on the same nomi-
nal frequency but were, actually, 10 
to 20 hertz apart. Such common-fre-
quency operation of a pair of stations 
many miles apart was used in the 
early days of radio to increase the 
broadcast range of a radio station. 
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Model 8120 Time Code Generator 

Systron-Donner's time code instrumentation is 
compatible with most, if not all, analog tape trans-
ports. Your transport manufacturer will probably 
recommend Systron-Donner —the leading man-
ufacturer of quality time code instrumentation. 
Exactly what does S-D provide? 

1. Time code generation and reading, IRIG for-
mats, NASA formats, and others. 
2. Automatic tape search using your transport to 
automatically locate selected tape segments dur-
ing playback. 
3. Computer-controlled tape search to permit 
automatic location and identification of selected 
tape segments for data reduction. 

SYSTRON 

C 

Model 8134 Time Code Reader/Tape Search and Control Unit 

Because S-D offers a complete line of time code 
instrumentation, we can meet your specific re-
quirements. Request our new brochure Time 
Code Instrumentation". (Free) 

For an authoritative and practical treatise on 
timing, S-D offers a newly revised timing hand-
book entitled "Precision Timekeeping and Tape 
Search". Price $3.50 

Contact your Scientific Devices office or Systron-
Donner at 10 Systron Drive, Concord, CA 94518. 
For immediate details, call our timing products 
department (415) 676-5000. In Europe: Munich, 
W. Germany; Leamington Spa, U.K.; Paris (Le 
Port Marly) France. Australia: Melbourne. 

DONNER 
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AMD/MOS/AUGUST ONE 
More than 40 mainstream MOS memories, 
all in one place: Advanced Micro Devices. 
More than o dozen new devices since 

May. 
Every one is silicon gate. (Five are N-

channel.) Every one is available in military 
temperature range. Every one is built to 
MIL-STD-883 at no extra charge. Every one 
is tested over 100 percent of its power 
supply range. 

Every alternate source MOS part we 
make is guaranteed to be as good or 
better than the original. Our proprietary 
products are in a class by themselves. 
Every part is available for immediate 
delivery. 

If you're getting into MOS, if you want 
spec sheets or app notes or o thousand 
ports, talk to Advanced Micro Devices, the 
next giant. 

Am1002 
Dual 128-Bit Static Shift Register 

Am1101A 
256-Bit Random Access Memory 

Am1402A 
Quad 256-Bit Dynamic Shift Register 

Am1403A 
Dual 512-Bit Dynamic Shift Register 

Am1404A 
1024-Bit Dynamic Shift Register 

Am1405A 
512-Bit Dynamic Recirculating Shift 
Register 

Am1406/1506 
Dual 100-Bit Dynamic Shift Register 

Am1407/1507 
Dual 100-Bit Dynamic Shift Register 

Am2102 
1024-Bit N-Channel Static Random 
Access Memory 

Am2505 
512-Bit Dynamic Recirculating Shift 
Register 

Am2512 
1024-Bit Dynamic Recirculating Shift 
Register 

Am2521 
Dual 128-Bit Static Shift Register 

Am2524 
512-Bit Dynamic Recirculating Shift 

Register Am2525 
1024-Bit Dynamic Recirculating Shift 
Register 

Am2533 
1024-Bit Static Shift Register 

Am2602 
1024-Bit N-Channel Static Random 
Access Memory 

Am2802 
10MHz Quad 256-Bit Dynamics Shift 
Register 

Am2803 
10MHz Dual 512-Bit Dynamic Shift 
Register 

Am2804 
10MHz 1024-Bit Dynamic Shift Register 

Am2805 
512-Bit Dynamic Recirculating Shift 
Register 

Am2806 
1024-Bit Dynamic Recirculating Shift 
Register 

Am2807 
512-Bit Dynamic Recirculating Shift 
Register 

Am2808 
1024-Bit Dynamic Recirculating Shift 
Register 

Am2809 
Dual 128-Bit Static Shift Register 

Am2810 
Dual 128-Bit Static Shift Register 

AM2812/281 2A 
32x8-Bit FIFO Memory 

Am2813/2813A 
32x9-Bit FIFO Memory 

Am2814 
Dual 128-Bit Static Shift Register 

Am2833 
1024-Bit Static Shift Register 

Am2841 
64x4-Bit FIFO Memory 

Am2855 
Quad 128-Bit Static Shift Register 

Am2856 
Dual 256-Bit Static Shift Register 

Am2857 
512-Bit Static Shift Register 

Am3114 
Dual 128-Bit Static Shift Register 

Am3133 
1024-Bit Static Shift Register 

Am3341 
64x4-Bit FIFO Memory 

Am4055/5055 
Quad 128-Bit Static Shift Register 

Am4056/5056 
Dual 256-Bit Static Shift Register 

Am4057/5057 
512-Bit Static Shift Register 

Am4102 
1024-Bit N-Channel Static Random 
Access Memory 

Am 5058 
1024-Bit Static Shift Register 

Am7552 
1024-Bit N-Channel Static Random 
Access Memory 

Am9102 
1024-Bit N-Channel Static Random 
Access Memory 

(To be continued ) 

Advanced Micro Devices 
Corporate offices ore at 901 Thompson Place, Sunnyvale, California 94086. Telephone (408) 
732-2400 or toll free from outside California (800) 538-7904/southern California office: 

Beverly Hills (213) 278-9700/Mid-America: Oak Brook. Illinois (312) 323-6900/Edina, Minnesota 
(612) 835-4445/Eastern United States: Roslyn Heights. New York (516) 484-4990/Baltimore, 
Maryland (301) 744-8233/Lexington, Massachusetts (617) 861-0606/Britain: Advanced Micro 

Devices, Telephone Maidstone 52004/West Germany: Advanced Micro Devices, Munich, 
Telephone (089) 53 95 88. Southern Europe: Advanced Micro Devices, S.A., Neuilly, France, Telephone: 

747-4194. Distributed nationally by Hamilton/Avnet. Cramer and Schweber Electronics. 
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Announcing 
the Battery 
Status 
Indicator 
a new 
LED/IC 
combination 

GaAsP LED. 
0.2 mcd at 3V. 
O mcd at 2V. 

Miniature 
T-1 lamp 

1/8 

Voltage-sensing 
IC controls LED 



I 

Dead batteries! Everyone hates 'em. And most 
battery powered equipment—cameras, tape recorders, 
calculators—don't warn you until it's too late. 

Now Litronix —the world's largest manu-
facturer of LEDs—introduces the RLC-400 Battery 
Status Indicator. It's a red GaAsP warning light and 
voltage-sensing IC combined in one little T-1 lamp 
package. The light is on at 3V, off at 2V. 

One of the nation's most prominent camera 
manufacturers uses it. Any battery-powered device 
that uses it may acquire an important competitive 
advantage at low cost. 

The Litronix Battery Status Indicator will 
cost you only 600 in quantities of 1000. And you 
keep production costs down because you don't 
have to test, assemble and inventory several 

components. 
If you need a warning light that goes on 

and off at different voltages, get in touch with us. We 
may be able to help you. 

You can get a free sample of the Battery Status 
Indicator by writing us on your company letterhead. Or 
if you want more information quick, contact Litronix, 
19000 Homestead Road, Cupertino, California 95014. 
Phone 408-257-7910. TWX 910-338-0022. 

No wonder 
we're No.1 
in LEDs 

litronix 
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The world's leader 
in solid-state power amplifiers. 

Our Model 5031 is an ultra-wideband 
RF power amplifier whose wide range 

of frequency coverage and power 
output provides the user with the 
ultimate in flexibility and versatility 
in a laboratory instrument. Easily 

mated with any signal generator, this 
completely solid state unit arnplifies 
AM, FM, SSB, TV, pulse and other 

complex modulations with minimum 
distortion. 

Constant forward power is continuously 
available regardless of the output load 
impedance match, making the 5031 
ideal for driving highly reactive loads. 

Unconditional stability and 
instantaneous failsafe provisions in the 
unit provide absolute protection from 

damage due to transients and overloads. 
This low cost instrument, covers the 

frequency range of 1.6 to 540 MHz with 
a linear power output of 3 watts... 

and there's no tuning. Priced at 5995.* 

Applications include: 

• Laboratory 
instrumentation 

• Communication 
systems 

IN Laser modulation 

• RF1/EMI testing 

• Spectroscopy 

'USA and Canada 

For further info .rmation or a 
demonstration contact 

ENI, 3000 Winton Road South, 
Rochester, New York, 14623. 

Call 716-473-6900. 
Or TELEX 97-8283 ENI ROC. 
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Zone refining leads 

to Science Academy 

A reviewer of Bill Pfann's now clas-
sic text, Zone Refining, took him to 
task back in 1957 for suggesting that 
the floating-zone technique for pu-
rifying materials would work 
"ideally in a space station." That 
was just before the launch of the 
world's first satellite, Sputnik I, and 

Founder. High purity semiconductors began 

with Bell Labs' William G. Pfann. 

the reviewer reproached Pfann for 
making such a frivolous remark in a 
serious scientific work. But Pfann's 
foresight proved to be accurate. Sev-
eral months ago—and some 17 years 
later—the very experiment Pfann 
proposed was conducted aboard 
Skylab II. 

William G. Pfann, not only in-
vented zone melting—a means of 
making materials of the highest pu-
rity—but he also fathered an indus-
try. That is the refining of semicon-
ductor materials, a business esti-
mated to total $150 million a year. 
More than one third of all chemical 
elements now can be produced to 
the highest purity through zone re-
fining. And Pfann expects that the 
basic technique will be applied still 
further. 
Now, the 56-year-old, soft-spoken 

researcher from Bell Laboratories 
has been named a member of the 
National Academy of Sciences and, 
in October, he will receive the In-
dustrial Research Institute's award 
for creativity in science and tech-
nology. He is now investigating the 
possibility of producing new compo-

sitions of matter. In particular, he's 
concerned with making metastable 
phases of materials, such as dia-
monds, which, he points out, defy 
existence according to the usual 
phase-equilibrium diagrams. 

Messenger. In many ways, Pfann 
is an embodiment of the Horatio Al-
ger experience, but he didn't head 
west. He came to Bell Laboratories 
in Murray Hill, N.J., at 17, and, 
given the prevailing economics in 
those years, was glad to have a job 
as a messenger boy at $15 a week. 
At the same time, Pfann also began 
night school at the Cooper Union 
School of Engineering in New York 
and was graduated with a degree in 
chemical engineering in 1940. 
Today, Pfann holds more than 60 

patents and is credited with conceiv-
ing and developing the prototype of 
the first point-contact transistor 
to be manufactured. As a result of 
his efforts, he holds the basic patents 
related to alloying and diffusion 
methods for making transistors. 

Lemmons maneuvers 

Signetics in C-MOS 

When John Lemmons, former man-
ager of the American Microsystems 
Inc. Santa Clara plant, left that 
company recently to head Signetics 
Corp.'s newly formed comple-
mentary-mos department, rumors 
were rampant. Rumor logic went 
something like this: AMI is in c-mos 
and digital watches, c-mos is used 
in digital watches, Lemmons was at 
AMI and is now at Signetics in 
c-mos. Ergo, Signetics is set to jump 

Logical. John Lemmons will set Signetics 

straight on the path to c-mos. 



Fast and easy... 
MOSTEK's MUM-6 
static 1K RAM. 
275 ns! 
MOSTEK's MK4102P-6 is fast-275 ns 
access time! But speed is only one of 
its features. Just as important, it's easy 
to use, requiring only one +5 V power 
supply. All inputs are TTL compatible. 
And the processing technology is strict-
ly state-of-the-art utilizing a combination 
of N-channel silicon gate plus ion 
implantation. 

Also, you can accomplish large mem-
ory array construction with a minimum 
of additional circuitry because of the 
high impedance "off state" coupled with 
"chip select" input 

What else? Well, the MK4102P-6 is a 
pin - for - pin alternate for the 2102. But 
there's no comparison in access time. 
Check for yourself. 

MOSTEK's line of 1K RAMs gives you 
plenty to select from, static or dynamic. 
They range from the MK4008-9 (at 800 
ns) through two other versions of the 
MK-4102 (450 ns or 1 j sec) up to the 
popular MK4006 (at 400 ns). Check the 
table below for the part number you need. 

MOSTEK moves forward.., in memories. 
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When your design requires an MOS 
memory, remember MOSTEK. Call your 
nearest MOSTEK distributor or repre-
sentative or contact MOSTEK, 1215 W. 
Crosby Road, Carrollton, Texas 75006, 
(214) 242-0444. In Europe contact 
MOSTEK GmbH, TALSTR. 172, 
7024 Bemhausen, West Germany, 
Tel. 798038. 

MOSTEK 
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People 

Stop 
spoon 
feeding 
your DIP 
tester 

If you're still hand-feeding your DIP tester for 
incoming or outgoing inspection, you're working too 

hard. Put our table-top Model 800 to work. Or any one 

of our other high-speed, automatic DIP 

test handlers and you can multiply your DIP test 

throughput by as much as ten—or more. To get all 
the profitable particulars . write or call 
IPT Corporation,1140 W. Evelyn Ave., Sunnyvale, 

California 94086. Phone (408) 732-7550. 

11.11 ç. MI 

pr Corporation 
High-Speed Automatic Test Handlers 

into the digital-watch market. 
The unflappable Lemmons ad-

mits that the facts are essentially 
correct. However, the logic, and 
therefore the conclusion, is faulty 
and somewhat simple-minded. "Sig-
netics is planning a major push into 
c-MUS," he says. "And, eventually, 
that may mean watches. But that is 
not in the immediate future. What 
comes first is establishing Signetics 
as a broad-based high-volume pro-
ducer of c-mos devices. 
At first glance, this may seem to 

be a little difficult. Signetics is about 
the last of the major semiconductor 
houses to get into the c-mos act. 
However, Lemmons feels this tardi-
ness has certain advantages. "In any 
marketing situation, the best place 
is, of course, to be first, as the in-
novator," he says. "But when you 
are last, the market trends are set, 
the technology is established. And 
you've got the advantage of know-
ing the market strategies that suc-
ceeded—as well as those that failed." 
Lemmons concedes, however, that 
bringing up the rear is an advantage 
only as long as the market is still ex-
panding. 

"Certainly, the marketplace for 
c-mos, in particular, and logic de-
vices, in general, is not expanding at 
the rate it was a year ago," he says. 
"But the demand is still greater than 
the supply, and as long as it stays 
like that for at least a year or so, 
Signetics has a good chance of es-
tablishing itself. 
To be successful, this kind of mar-

keting strategy also requires the 
man who manages it to have, not 
only a knowledge of c-mos tech-
nology, but also other logic families 
and processes, plus experience in 
engineering, production amd mar-
keting. "I guess that is why Signetics 
was interested in me," Lemmons 
says. 

His career has provided him per-
fect background for the job. Follow-
ing graduation from Arizona State 
University with a master's degree 
in electrical engineering, Lemmons 
worked for six years at Motorola 
Semiconductor. There he was prod-
uct manager, successively, of consu-
mer linear IC and high-frequency 
power and mos transistors. 
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Universal MATE-N-LOK Connectors 
meet HL and VDE requirements 
of 600 volts. 
These AMP connectors have dual-lance contacts to provide superior 
stability. Crimp snap-in contacts rated at 25A. And because pins and sockets 
can be intermixed in the same housing, a wide variety of keying combinations 
is possible. 

Both contacts and housings have a dual-wire capability, which reduces 
pin requirements and facilitates daisy-chaining. 

Nylon housings are fully polarized, highly resistant to 
shock and vibration, and include 2 through 15 circuit 
configurations. 

Preloaded pin headers are available for cable-to-pc-
board connection. 

For today's power requirements: 
.140 special 
MATE-N-LOK Connectors. 

This addition to our standard product 
line has .140-diameter contacts, which 
accept insulation up to .180"diameter— 
and carry 25A. Contacts cover 24-10 AWG 
and incorporate the dual-lance feature 
described in our Universal range. 
Available in 2 through 9 circuit 
configurations. 



AMP terminating equipment. 
For low applied cbst. 

The contacts are supplied in reel-fed form and are 
designed for use with the versatile, quick-change 
mini-applicator. So termination is possible with 
semiautomatic or the latest AMPOMATOR equipment. 
They can provide up to 11,000+ terminated leads 
per hour. To take advantage of these savings circle 
number 150. We have over 1,000 field service and 
sales engineers to assist in every design and 
production application—no matter where in the 
world you're using Universal MATE-N-LOK connectors. 



MR II Connectors. 
For economical, 
high-density connections. 

Pule Pit, 

A highly reliable means of connecting I/0 leads, cable-to-cable or to pc 
boards. With new housing latches for easy disengagement irrespective of 
which half is mounted. Sizes range from 1 through 36 configurations, 
and include a pc board header with tails to accommodate 1/16" through 
1/8" thick boards. Contacts are rated up to 10A, with low insertion/ 
extraction forces. 
So if you're looking for connectors, be assured AMP has the technical 

experience and plant locations to satisfy your needs. For more infor-
mation call (717) 564-0100. Or write AMP Incorporated, 
Harrisburg, Pa. 17105. 

AMP, MATE-N-LOK and AMPOMATOR are trademarks of AMP Incorporated 

1V111:1 
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LET ERIE DESIGN and BUILD YOUR HIGH VOLTAGE 
POWER SUPPLIES and VOLTAGE MULTIPLIERS 
When you talk about designing and packaging miniature, low current High Voltage Power Supplies and 
Voltage Multipliers, the name ERIE should come to mind first. Why? No other manufacturer of these 
sophisticated devices has its own capacitor and rectifier technology in-house. Only ERIE does it all. Our many 
years experience in producing State of the Art high voltage capacitors and high voltage silicon rectifiers — 
plus an unsurpassed technology in circuit designing, packaging and encapsulation, 
makes ERIE an ideal source for your high voltage component needs. From very 
low input voltages, ERIE can produce output voltages up to 50,000 volts. 

Write for our 32-page catalog . 
Application for these compact, high reliability devices includes night-vision image High Voltage Components and 

intensification systems. Apollo TV cameras. CRT displays. Avionics systems Devices . . . or for technical 

exposed to rugged environments. Industrial, commercial and military equipments assistance, call 

613/392-2581 . . an almost infinite variety of applications. So bring ERIE in early. Let us 
design and build your High Voltage Power Supplies and Voltage Multipliers. We're 
equipped-to handle large or small volume orders . . . in-house. 

ERIE TECHNOLOGICAL PRODUCTS, INC. 
Erie, Pennsylvania 16512 
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•  From CPU 
8080 Microcom 

Intel's new 8080 n-channel microcomputer is here— 
incredibly easy to interface, simple to program and with up 

- to 100 times the performance of p-channel 
MOS microcomputers. 

Best of all, the 8080 is real—in production 
• at Intel and available in volume quantities, 

today. It's also available through distributors 
along with a growing line of peripheral 

circuits and a new version of the 
- Intellec 8, a program and hard-

ware development 
system for the 8080, 

all supported with software 
packages, design documenta-
tion and manuals, and backed 
by more than 100 man years 
of microcomputer expertise. 

The 8080 is the inevitable 
successor to complex custom 
MOS and many large discrete 
logic subsystems. It is the 
industry's first general purpose 
n-channel microcomputer and 
the first high performance 
single-chip CPU, with extremely 
simple interface requirements and 
straightforward programming. It runs a 
full instruction cycle in 2 microseconds. 

As such, the 8080 extends the economic 
benefits of Intel's p-channel microcom-
puters to a new universe of systems that need 
fast, multi-port controllers and processors. These 
systems include intelligent terminals, point of sale 
systems, process and numeric controllers, advanced 
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to software,the 
puter is here. 

calculators, word processors, self-calibrating instruments, data loggers, communica-
tions controllers, and many more. 

You can use 256 input and 256 
8101 2501WSTATIC 

output channels, handle almost 8111 256 x 4 STATIC WITH COMMON I/O 
8102 1024 x 1 STATIC 

unlimited interrupt levels, directly 8107.Afaba6,1 DYNAMIC 

access 64 kilobytes of memory, 
and put many satellite 8080 proc-
essors around a single memory. 

Interfacing is minimal and 
design is easy with the 8080 
because all controls are fully 
decoded on the CPU chip 
itself and inputs and outputs are TTL 
compatible. There are separate data, 
address and control buses. 

The 8080 microcomputer has 
INTEL 8080 PRODUCT FAMILY 

78 basic instructions, including the 
8008 set plus new ones that make possible such features as vectored multi-level 
interrupt, unlimited subroutine nesting and very fast decimal and binary 
arithmetic. 

Program development for the 8080 can be done either on a large 
computer using the Intel software cross products (PL/M systems language 
compiler macro- assembler and simulator), or on an Intellec 8 development 
system with a resident monitor, text editor and macro-assembler 

The new 8080 product family includes performance matched peripheral and 
memory circuits configured to minimize design effort and maximize system 
performance. Large, low cost RAMs, ROMs, PROMs and I/O devices are available 
now and we will soon announce other 8080 LSI support circuits. 

The 8080 is easier to use and more economical than any high performance 
microcomputer in sight. It's here now, in volume, from the inventors of the micro-
computer and the people who lead the industry in production and design support. 

Intel Corporation, 3065 Bowers Avenue, Santa Clara, California 95051. 
(408) 246-7501. 

intei8 Microcomputers. First from the beginning. 

!128111111.,  
8704 512 x 8 AVL: 4TH 

x 8 AVL: 4TH 0 

RAmraMill.p11.11111111111111111.1.11111.111110111111i 

AVL: 
AVL: 3RD 0 
AVL: NOW 
AVL: NOW 

PERIPHERAL CIRCUITS 

8205 
8210 
8212 
8216 
8201 

1 of 8 DECODER 
4K RAM CLOCK DRIVER 
8 - BIT I/O LATCH 

DRIVER 
INTERFACE 

AVL: NOW 
AVL: NOW 
AVL: NOW 
AVL: 3RD 
AVL: 4TH Q 
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FLAT INTERCONNECTS 
YOUR COMPLETE SOURCE 

Ribbon Cable / IC Interconnects / Custom Harnesses 

You're sold on flat cable, now buy it at its best. 
Precise, compact cable packages to fit your specifi-
cations perfectly, computer-loomed for unmatched 
versatility by Woven Electronics. 

Handling ease of independent non-bonded leads 
speeds production, cuts cost, while technical charac-
teristics outrank other flat cable forms. 

Make Woven your source for jumpers, continuous 
rolls, special harnesses, all your interconnect needs. 

unuEn ELECTRONICS 
P.O. Box 189 Mauldin, South Carolina 29622 

Meetings 

IFIP Congress, International Feder-
ation for Information Processing, 
IFIP, Stockholm, Aug. 5-8. 

Computer Communications Inter-
national Conference, IEEE, Stock-
holm, Sweden, Aug. 12-14. 

National Electronics Conference of 
New Zealand (Nelcon), New Zea-
land Section, IEEE, University of 
Auckland, Auckland, Aug. 26-30. 

Fifth Conference of the Canadian 
Medical and Biological Engineering 
Society, Queen Elizabeth Hotel, 
Montreal, Sept. 3-6. 

International Congress on Data Pro-
cessing, AMK, Congress Hall, West 
Berlin, Sept. 4-7. 

Preparation and Properties of Elec-
tronic Materials, Metallurgical 
Society of the American Institute of 
Mechanical Engineers, Sheraton-
Boston Hotel, Boston, Sept. 9-11. 

International Switching Symposium 
1974, VDE, Sheraton Hotel, Munich, 
Sept. 9-13. 

Compcon Fall, IEEE, Mayflower Ho-
tel,Washington, D. C., Sept. 10-12. 

Western Electronic Show and Con-
vention (Wescon), IEEE, Los An-
geles, Sept. 10-13. 

Fourth European Microwave Con-
ference, Microwave Exhibitions and 
Publishers Ltd., Maison des Con-
grès, Montreux, Switzerland, Sept. 
10-13. 

European Solid State Devices Re-
search Conference, Institute of 
Physics, IEEE, University of Notting-
ham, England, Sept. 16-19. 

International Conference on the 
Technology and Applications of 
Charge Coupled Devices, University 
of Edinburgh, Centre for Industrial 
Consultancy and Liaison, et al., 
Edinburgh, Sept. 25-27. 

Minicomputers in the Factory, New 
York Management Center, Del-
monico's Hotel, New York, Oct. 7-8. 
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Industrial designers like the way they look. 
Engineers like the way they work. 

TV 

POWER 

REWIND 

• START RESET RESET RESET 

REC I 2 3 

CHAN 

2 

ri SYNC 

CHAN 

3 

NO 3 

If you've got a particular idea about what a lighted push-
button should look like, we've got four important numbers for you: 
Series 1, 2, 3 and 4. 

They represent one of the biggest selections of lighted 
pushbuttons in the world. 

So you get to choose from a long list of options, depending 
upon the switch you select. Like buttons available in popular, 
highly consistent colors. Either transmitted or projected. 
Legending includes hot stamp, engraved or film insert, with an 
optional hidden legend available. Barriers and housings come in a 
choice of colors. Lighting is single or multiple lamp. Mounting 
either single unit, strip or matrix. You can also choose between 
round or square configurations, and most of them offer front-of-
panel relamping without tools. 

But your choice doesn't end at the front of the panel. In 
back of the button, there are three energy levels available — 
solid-state, low-energy and power. You can choose among solder, 
quick-connect, PC. board mount or screw terminals. They're all 
U.L. and C.S.A. listed, with military-listed variations available. 
Circuitry can be single-pole, single-throw through four-pole, 
double-throw. With momentary or alternate action. 

And, even though each of the four Series has its own 
particular advantages, they all have one thing in common: the 
kind of reliability you'd expect from the company that pioneered 
lighted pushbutton switches. 

If you'd like more information on any or all of the MICRO 
SWITCH lighted pushbuttons, call toll-free 800/645-9200 (in N. Y. 
516/294-0990, collect) for the name of your nearest Branch Office 
or Authorized Distributor. 

MAIN PHOTO: 
Series 3 (right) and Series 4 (left) 

LOWER PHOTO: 
Series 4, (left) lowest cost, all three 
energy levels, snap-in mount. 

Series 2, (back) with modular design, 
up to 4 lamps and 4 poles, military 
versions. 

Series I. (right) with bushing mount, 
panel seal, military versions. 

Series 3, (front) the smallest in our 
line, with snap-in or matrix mount. 

MICRO SWITCH 
MICRO SWITCH products are available worldwide through Honeywell International 

FRLE PON1 ILLINOIS 61,,32 

A DIVISION OF HONEYWELL 
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SEE THE INTERFACE FOREST 

75450A Dual Peripheral Driver 
75450 Dual Peripheral Driver 
75451A Dual Peripheral AND Driver 
75451 Dual Peripheral AND Driver 

) 75452 Dual Peripheral NAND Driver 
75453 Dual Peripheral OR Driver y75454 Dual Peripheral NOR Driver 

/? 
8T18 High Voltage to TTL Translator 
8780/90 Interface Buffers 
54/7406 Hex TTL to High Voltage Buffer 
54/7407 Hex TTL to High Voltage Buffer 
54/7416 Hex TTL to High Voltage Buffer 
54 '7417 Hex TTL to High Voltage Buffer 
54/7426 Quad 2 NAND TTL to High Voltage 
Gate/Buffer 
1017 Dual TTL to ECL Translator 
1039 Quad ECL to TTL Translator 
10124 Quad TTL to ECL Translator 
10125 Quad ECL to TTL Translator 
10190 Quad MST to ECL Translator 
10191 Quad ECL to MST Translator 

521 Dual Ultra High Speed 
Comparator 
522 Dual Ultra High Speed 
Comparator 
526 High Speed Comparator 
527 High Speed Comparator 
529 High Speed Comparator 
pA710 Differential Voltage 
Comparator 
µA711 Dual Voltage Comparator 

8709 Quad Tri-State Driver 
8T10 Quad Tri-State 0-Latch 
8713 Dual Party Line Driver 
8T14 Triple Line Receiver 
8715 Dual Communications 
Line Driver 
8716 Dual Communications 
Line Receiver 
8723 Dual IBM Party Line 
Driver 
8T24 Triple IBM Line 
Receiver 

For a logical look at interface problems, consider Signetics. Interface 
devices in depth. Priced to move. Moving in carloads. 

Beyond our host of industry standard interface circuits, Signetics' 
own family of dual high speed comparators is light years ahead. 
They've smashed the barriers of speed vs. input parameter tradeoffs 
and packed high speed TTL gates with a precision linear amplifier on a 
single monolithic chip. Our full spectrum of interface circuits covers 
A/D conversion, memory sensing, optical data coupling and ECL/TTL 
combinations with elegant solutions to a whole gamut of interface 
problems. 

Signetics finds solutions to problems before others will even 
tackle them. Like our 8T23-8T24 combination 
for IBM channel-to-control interface, or the 
8T26 which cuts out a bunch of circuitry in 
high speed, bi-directional, tri-state bus trans-
ceivers. Within the 8T family, there are 
built-in latches, tri-state outputs, 
built-in hysteresis—a slew of 

8726 Quad Tri-State Transceiver 
8T30 Dual Transceiver/MOS 
Port Controller 
8T34 Quad Bus Transceiver 
8T37 Hex Line Receiver 
8738 Quad Bus Transceiver 
8T93/94 Hex Bus Receiver 
8T95/96/97/98 Hex Tri-State Driver 
8T380 Quad Line Receiver 
10114 Triple Differential Line Receiver 
10115 Quad Differential Line Receiver 
10116 Triple Differential Line Receiver 

&t;,r§roce 

e teMn% 

GU077'g 

26 Electronics/July 25, 1974 



(BECAUSE OF THE TREE). 

10129 Quad Bus Receiver (w Latch)• 
10192 Bus Driver 
10216 Triple Differential Line Receiver 
54/7438 Quad Bus Driver 
54/7439 Quad Bus Driver 
54/74124 Quad Tri-State Driver 
54/74125 Quad Tri-State Driver 
54/74128 Line Driver 
54/74S40 Dual 4 NAND Buffer/Line Driver 
54/74S140 Dual 4 NAND Buffer/Line Driver 
78/8820 Dual Line Receiver 
78/8830 Dual Line Driver 

\ocn=..e 

8T51 5 mA Source LED Decoder Driver 
8T59 50 mA Source LED Decoder Driver 
8T74 20 mA Sink (w Latch) LED Decoder Driver 
8T75 20 mA Source (w Latch) LED Decoder Driver 
54/7445 BCD to Decimal Decoder/Driver 
54/74145 BCD to Decimal Decoder/Driver 
8880 Sperry Display Decoder/Driver 

8725 Dual MOS Sense Amplifier/Latch 
3207A Quad MOS Clock Driver 
3207A-1 Quad MOS Clock Driver 

7520 Dual Core Memory Sense Amplifier 
7521 Dual Core Memory Sense Amplifier 
7522 Dual Core Memory Sense Amplifier 
7523 Dual Core Memory Sense Amplifier 
7524 Dual Core Memory Sense Amplifier 
7525 Dual Core Memory Sense Amplifier 

501 Video Amplifier 
592 Video Amplifier 
0A733 Differential Video Amplifier 

555 Timer 
556 Dual Timer 
8T20 Bi-Directional One Shot 
8T22A/9601 Retriggerable One Shot 
8T363 Dual Zero-Crossing Detector 
9602 Dual Retriggerable One Shot 
54/7413 Dual Schmidt Trigger 
54/7414 Hex Schmidt Trigger 
54/74121 One Shot 
54/74122 Retriggerable One Shot 
54/74123 Dual Retriggerable One Shot 
54/74132 Quad 2 NAND Schmidt Trigger 
54/74232 Quad 2 NOR Schmidt Trigger 

dam busting solutions for simpler, more reliable systems. Low 
current PNP inputs give greater design freedom and you can 
interface with any data source—TTL, memories and MOS micro-
processors. It's all spelled out in our information package. 

Whatever you're interfacing, you can 
count on Signetics. Before you accept a 
tradeoff in design, or in price or in delivery, 
give us a call.We're specialists in solving 

problems and if we haven't hit yours 
yet, we'd sure like to try. 

CL IP THIS COUPON AND ATTACH TO LETTERHEAD FOR FAST ACTION 

Signetics-lnterface 
P 0 Box 3004-33 
Menlo Park, California 94025 

No more out on a limb for me Send me your new interface 
information package 

Name Title 

Mail Stop 

Slqnefics Corporafion a subsichary of Corrung Glass Works 811 E Arques Ave Sunnyvale 
Ca 9408614081739-7700 

SglUtiCS 
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SSB, FM, AM, MUX-10 Hz to 400 MHz 

SimplItied Communications 
Signal Analysis 

( tec•own .., 

The Nelson-Ross CSA-290 pinpoints and analyzes all 
your communications signals from 10 Hz to 43 MHz — 
to 400 MHz with Range Extender (Model RE-7292). 
Resolution capability is 6 Hz! 

CHECK THESE FEATURES: 
III Frequency Counter provides 0.1% tuning accuracy and 

10 Hz fine F tuning precision. 
• Preset operation. Completely self-testing. Spurious-free 

displays. 

• 70 dB range for two-tone IM distortion tests. (Two-Tone 
AF Signal Generators, Model TTG-29, optional.) 

• Field proven reliability; meets rigid U.S. Government 
environmental specifications. FSN -6625-450-4312 

• Lowest cost. 

Testing, monitoring and troubleshooting modern high 
density SSB and FM communications signals requires 
exceptional selectivity, stability, and a wide dynamic 

CENTER fliEWENCY-----

1 

Two Tone 1M test. CSA-290 
rated for .≥-70db 1M range. 

range free of internal spurious responses, image fre-
quencies, and IM. The versatile Nelson-Ross CSA-290 
includes all these capabilities, plus foolproof self-test-
ing operation and unique accessories. 

And the cost is modest: 
Model CSA-290A — Spectrum Analyzer & Probe, 
10 Hz — 43 MHz $4,600. 

Model TTG-29 — Two-Tone AF Signal Generator 
20 Hz — 20 kHz $1,200. 

Model RE-7292 — Range Extender, for analysis 
to 400 MHz $2,000. 

The CSA-290A's calibrated Display Main Frame can 
also be used with more than a dozen popular Nelson-
Ross Spectrum Analyzer Plug-Ins; 0.5 Hz to 6.5 GHz. 

For complete specifications, please phone, write or 
circle the Reader Service Number. 

nelson • ross electronics 
A Division of Po/arad Electronics Corp. 

5 Delaware Drive / Lake Success, New York 11040 / 516-328-1100 / TWX 510-223-0414 
3W) 
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Electronics newsletter  

C-MOS on sapphire 

replaces bipolar 

at McDonnell 

Monolithic 1.2-GHz 

decade divider 

due from Plessey 

H-P turns 9830A 

into interactive 

data terminal 

Cheaper LSI may 

affect views on 

avoidance gear 

McDonnell Douglas Electronics Co. has decided to replace its bipolar 
lc facility with one devoted solely to C-mOS on sapphire. Although 
parts won't be produced in quantity for about a year, the first part—a 
ROM designed to test the process—is due off the line by year-end. 

Because of the low power requirements of C-mOS technologies, 
McDonnell Douglas is convinced that military avionics is fast moving 
toward C-mOS on sapphire. "And it's our opinion, from what we see in 
Government installations, that a large proportion of future mili-
tary/aerospace requirements are going to be C-mOS on sapphire," notes 
John W. Buttrey, director of solid-state technology for the St. Charles, 
Mo., firm. Planned as a fast-response, low-volume line, the facility is 
now aimed at satisfying custom needs in-house, but it may eventually 
solicit a limited amount of outside business. 

Plessey Semiconductors next month will introduce a monolithic 1.2-
gigahertz decade divider—double the operating range of previous mod-
els of this device. The highest frequency now attainable in decade divi-
ders is a 600 megahertz part, also sold by the English-based firm. The 
new device extends direct frequency synthesis and instrumentation to 
the upper limit of 1,215 MHz. The divider uses a form of emitter-
coupled logic, and it is compatible with MECL II and 10K. Unusual 
for this frequency range, the lc is packaged in a 14-pin dual-in-line 
package. The part is pin-compatible with the 600-MHz divider. 

A new interface from Hewlett-Packard Co. is closing the communi-
cations gap between its 9830A desktop calculators and computers. Con-
sisting of cable and a plug-in read-only memory, the data-communi-
cations interface makes the 9830A the first desktop calculator to offer 
both asynchronous and synchronous data transfer. H-P says this, in ef-
fect, turns the calculator into an interactive terminal. 
The terminal can talk to other 9830As as fast as 9,600 bits per sec-

ond. It can also be operated as a remote batch terminal or as a time-
sharing terminal for a large computer system. The basic interface pack-
age will sell for $1,500, while the calculator itself has a $6,475 price. 

Now that the cost of making LSI chips is dropping, previous opinions 
on various collision-avoidance systems by the Federal Aviation 
Agency, the Air Transport Association, and general-aircraft users may 
change. The FAA, recognizing a need for new studies on comparative 
costs of various airborne avoidance systems has awarded a $116,000 
contract to Arinc Research Corp., Annapolis, Md., for a six-month 
study of systems containing LSI. 
And alterations to the forthcoming ground-based discrete-address 

beacon system may be able to provide CAS capability for commercial 
aircraft over the Atlantic and Pacific Oceans. The Institute for Defense 
Analyses, Arlington, Va., has received a $223,000 contract for studies of 
CAS communications capability and reliability. 
FAA assistant administrator Gustav Lundquist had promised a rec-

ommendation on CAS to Congress by July 1975, but at a recent Senate 

ElectronIce/July 25, 1974 29 



Electronics newsletter  

committee hearing, he said that it might not be ready until January 
1976, more than six years after the ATA formally advocated the air-
borne CAS made by McDonnell Douglas. 

MLS to be installed 

at 50-100 airports 

Terabit memory 

returns with 

new look 

Bendix switches 

to Eaton's 

antiskid system 

Microwave landing systems will go into operation at 50 to 100 airports 
by late 1977, according to a new Federal Aviation Agency deployment 
schedule. Says FAA's project manager for MLS, Joseph DelBalzo, 
"heavy pressure from the user community" has forced earlier deploy-
ment of an MLS system, so a low-performance modular version will re-
place category I instrument-landing system radar (200-foot ceiling, 
quarter-mile visibility) in certain test locations. Several industry repre-
sentatives will be asked for recommendations on where MLS test sys-
tems should be installed. 
There were no surprises in MLS testing at Wallops Island, Va., last 

June, DelBalzo says, and the agency will soon begin reviewing data 
from six months of flight tests on two doppler and two scanning-beam 
microwave systems. A contract for two prototype units—based on either 
scanning beam or doppler—will be awarded in March 1975, he says. A 
limited production option for "between 50 and 100 units" will be exer-
cised in June 1976 with the successful prototype manufacturer. 

A new, less expensive version of Unicon's trillion-bit laser memory sys-
tem is on the market. The original, which records data with a laser that 
burns microscopic holes in a thin metallic film, was available only in 
the trillion-bit capacity, cost $1.7 million, and was quite bulky. Now, 
Precision Instrument Co. of Santa Clara, Calif., following a company 
reorganization, is offering the new model 190 in modular form, with a 
minimum capacity as little as 200 megabytes, for lease or for sale for as 
little as $400,000. 

The Bendix Corp., the country's biggest maker of truck air brakes, has 
taken itself out of the antiskid competition [Electronics, July 11, p. 74]. 
Instead, Bendix dealers will supply the Eaton Corp. system. Marvin 
Flaks, vice president and group executive, denies that Bendix has 
dropped its antiskid development. Rather, he says, there isn't enough 
time before implementation of Federal rules requiring antiskid devices 
on trucks to test them adequately. 

Addenda The FAA has decided to continue funding development of Philco-
Ford's electronic voice switch prototype to the tune of $100,000 a week. 
The agency will decide by the end of the summer whether to seek new 
bids. The project is running far beyond its January 1975 target date. 
. . . Scarcely a month after ordering 100 shipboard terminals for its 
Marisat maritime communications satellite [Electronics, June 13, p. 78], 
Consat has ordered another 100. This increases its total purchase from 
Scientific Atlanta to about $4 million. . . . Look for samples of sap-
phire wafers from Monsanto by the first quarter of next year. The sili-
con giant is eyeing the market—now dominated by Union Carbide—and 
expects a pilot line for slicing and polishing wafers to go on-stream 
within a few months at its St. Peters, Mo., materials facility. 

30 ElectronIcs/July 25, 1 974 



Choose the plastic 2N5060 Series, or IP100 Series 
now available to 300V. Or the hermetically-sealed 
ID100 Series now available to 400V. Both with typical 
dv/dt capability of 75V/i/sec. 

Unitrode also offers many other low-level SCR's. 
The widest choice in the industry. The right SCR for 
your specific environmental requirements, at the right 
price. All part of a growing family of Unitrode plastic 
or hermetic SCR's designed for a wide range of 
sensing and control applications. 

Place an order. Well deliver 10,000 of any of the 
SCR's listed — in three weeks or sooner. 

Write for our latest data sheets. Or for faster action, 
call Vin Savoie at (617) 926-0404. 

Type 
Maximum Gate Gate 

Blocking Current. Trigger Trigger Holding 
Voltage RMS Current Voltage Current 

IGT VGT IHX 

TO-92 TO-92 TO-18 

2N5060 IP100 10100 30V 
2N5061 IP101 10101 60V 
2N5062 IP102 ID102 100V 
2N5063 IP103 10103 150V 
2N5064 IP104 10104 200V 

IP105 10105 300V 
10106 400V 

0 8A 

5mA 
200µA 0.8V Maximum 

Maximum Maximum at RGK =1K 

See Electronics Buyers Guide Semiconductors Section for more complete product listing. 
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HERMES 
LOOP 
ANTENNA 

THREE SAMPLE SITES 
ON THE NORTH AMERICAN 
CONTINENT — 

DIFFERENT LATITUDES 
DIFFERENT CLIMATE 

FROBISHER BAY, CANADA 

MARSH FIELD, MASS. 
Even in the solitude of the forest depths, from rooftops, 
arctic tundra, swamps to sweltering tropics, 'neath snow, 
sand or ice, 
the Hermes Loop antenna keeps an ear to the sky. 
The amazing aperiodic antenna does away with vast log 
periodic and rhombic arrays - those towering antenna 
farms. 
Excellent directional characteristics in rosette 
configuration, the Hermes loop antenna provides an 
omnidirectional broadband receiving array in space 
merely 1/100th that of the traditional antenna farm. 
More than 53 government agencies around the world have 
pressed the loop antenna into service. 
A new, even more compact version is available. 
Only Hermes Electronics makes it. 

ASK US Send for our Brochure 
Hermes Electronics Limiteci 
Suite 315 
2020 F Street NW 
Washington, DC 20006 USA 

202-296 2978 
TWX 710 822 1106 

eb 
2-32MH: 

BROADBAND 
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Electronics review 
Significant developments in technology and business 

Silk-screening prints 
conductors, resistors 
on circuit boards 
Printing replaces usual 

chemical deposition or 

etching; price reductions 

of 10% to 30% promised 

"I've been thinking for the past 10 
years there must be a better way to 
make printed-circuit boards," says 
Christos G. Alex, division manager 
of tiny Ohmtec Inc., in Burlington, 
Mass. From his background in mi-
cropackaging, he realized that 
people in the circuit-board business 
dislike handling the chemicals 
needed for etching and plating and 
the effluents they produce. 
And so, after searching for that 

simpler way, he's come up with a 
method that does away with those 
chemicals entirely and relies instead 
on simply silk-screening the conduc-
tor pattern onto the circuit board. 
Moreover, the same silk-screening 
process is also used to put resistors 
on the board. 

Besides its ecological tidiness, the 
new technique, which Ohmtec calls 
Econostrate, has a cost advantage, 
as well. Alex asserts it will yield cir-
cuit boards 10% to 30% less expen-
sive than comparable boards fabri-
cated by chemical methods. Tooling 
and set-up time are not reduced be-
cause separate masks are needed for 
each conductor layer and for each 
type of resistor. However, because 
the process requires no lamination 
or etching, the number of steps in-
volved is reduced. With patterns de-
posited in one step some 1,000 to 
1,500 4-by-5-inch units can be 
turned out in an hour. Board size is 
limited only by the size of the cus-
tom-designed silk-screen printing 

system, and the company soon 
hopes to modify the system and 
offer larger boards. 

Double layer. Not only is Ohmtec 
able to deposit single-layer conduc-
tor patterns, but double-layer pat-
terns can be screened on only one 
side of the board, as well. A pro-
prietary insulating layer separates 
the two conductive layers, while 
connection pads are left exposed. 
This eliminates plated-through 
holes, a source of unreliability in pc 
boards that have one layer on each 
side of the board. 
The idea for silk-screening the 

conductor patterns seems simple, 

Imprinted. Printed-circuit board measures 4 by 5 inches, limited 

by the silk-screening process. Light lines on the board are con-

ductors, the two dark patches are printed-on resistors. 

In addition to being solderable, 
the conductors can also be handled 
the same way as a ceramic substrate 
for wire and chip bonding, Alex 
says. The Econostrate process is best 
suited for glass-epoxy boards, he 
continues, but it can be used with 
such other materials as polyester, 
glass, and phenolic. And Ohmtec is 
investigating using the process on 
flexible circuits, since it appears that 
the conductor material will not 
crack under stress. 

Resistors. Ohmtec deposits resis-
tors simply by changing masks and 
materials in the silk-screen system. 
Again, the material is proprietary—a 

carbon resin with 
additives. Resistors 
can have tolerances 
of 5%, 10%, or 20% 
and power ratings 
as high as 0.25 
watt. Temperature 
coefficient is a few 
hundred parts per 
million per degree 
C, varying with re-
sistor value. This is 
quite acceptable 
for inexpensive 
consumer products 
produced in high 
volume, such as au-
tomotive electron-
ics and watches, 

but Ohmtec spent two years devel-
oping proprietary conductive mate-
rials, based on silver resins with ad-
ditives. The materials must adhere 
tightly to the boards, have sufficient 
conductivity, and be printable with 
line definitions as small as 10 mils. 
Conductors also must have a high 
dielectric strength, offer constant 
surface roughness, be free of cracks, 
and be solderable. 

Alex points out. In the future, he 
hopes to make available resistors 
with tighter tolerances and lower 
temperature coefficients. 
While Ohmtec has not yet li-

censed the system, it is investigating 
the possibility, says Alex. However, 
the custom-designed deposition sys-
tem can use customer-supplied 
masks, as well as masks designed by 
Ohmtec engineers. Customer de-
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signs, however, may have to be 
modified to eliminate plated-
through holes or to change spacing 
in the pattern. El 

Radar 

Accurate 3-d system 

has one antenna 

Three-dimensional radar, which 
pinpoints a target's height, as well as 
its range and bearing, has received 
considerable attention through the 
years. The latest design comes from 
the ux's Plessey Radar division, 
which, by applying new trans-
mitting and frequency-processing 
techniques, has developed a simpli-
fied antenna to provide an accurate, 
long-range 3-d radar. Called the 
AR-3D, the system is intended for 
military air defense and civil-air-
traffic-control systems. 
Normally air-surveillance radar 

systems derive their data through 
two antennas—one for range and 
bearing, and the other for altitude. 
These systems are usually limited by 
the slower-scanning altitude an-
tenna. A recent trend is to get a 

single 3-d antenna by using 
"stacked-beam" techniques. These, 
in effect, create one large antenna 
from many small ones, but the sys-
tem needs complex and sophis-
ticated processing equipment to in-
tegrate all the data. 

Instead, the Plessey radar radiates 
a pencil beam, formed by an an-
tenna with a feeder having a squint 
angle in the vertical plane that is a 
function of the carrier frequency. 
The beam may be electronically 
scanned over a chosen vertical angle 
by changing the transmitter's carrier 
frequency. Intercepted targets will 
return signals at frequencies that are 
a function of the target's elevation. 
And the height, in turn, can easily 
be derived from the elevation infor-
mation contained in the measure-
ment of the frequency. Moreover, 
the radar inherently scans for eleva-
tion with each rotation, considera-
bly speeding up analysis of this 
data. 

Range. Plessey claims the AR-3D 
radar will with 90% probability de-
tect bombers 300 nautical miles 
away and fighters out to 180 nau-
tical miles, both flying at 60,000 
feet. 
The company also boasts of mili-

tarily important performance 

against ground and rain clutter, 
chaff, and noise jamming, princi-
pally because the high-resolution 
pencil beams carry a range cell of 
only 15 meters. 
The price of the cheapest mobile 

version will be about $2.5 million 
after Plessey gets into production in 
1976, says marketing director Allan 
Carnell. 
Thomson-csF in France and ITT-

Gilfillan, Hughes, and West-
inghouse in the U.S. are marketing 
competitive systems. The British 
Ministry of Defense has put up part 
of the estimated $5 million to $10 
million cost of development and 
may contribute further toward pro-
duction. 

Selective. The system is fre-
quency-selective within S band, op-
erating in a 200-mhz bandwidth. 
There are independent frequency 
selectors, for each of the 13 eleva-
tion channels, each having a band-
width of about 20 megahertz. The 
receiver has a compression ratio of 
130 to 1. 
But Plessey couldn't build the sys-

tem until it had developed the 
equipment to analyze the frequency 
spectrum. Its Allen Clark Research 
Centre in Addlestone, Surrey, came 
through with an acoustic surface-

Triple threat. Only a single reflector curved in the horizontal axis is needed by Plessey's 3-d 

radar. Pencil beam, below, is scanned in vertical plane by varying transmitter frequency. Tar-

get altitude is derived from frequency of return signal. 
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wave filter to do the job. 
To obtain elevation measure-

ments, the received signals are sepa-
rated by filters into a number of 
channels equalling elevation sectors 
of about 2° each. Measurements fi-
ner than 1/16 of each of the sectors 
are obtained by measuring simulta-
neously the frequency of the com-
pressed target responses in each 
channel. 
The range resolution is deter-

mined by the target-echo band-
width, and, since the target return is 
a swept-frequency signal, the com-
pany applies pulse compression to 
get high resolution. The acoustic-
wave-surface equalizers compress 
the received signals to pulses of 0.1 
microsecond, giving the radar a 
range cell size of 15 meters. 
The antenna design has been sim-

plified by a corrugated waveguide 
structure that produces a slow wave-
guide feed. Plessey describes the an-
tenna as a linear array and para-
bolic cylinder having bandwidths of 
1° in azimuth and 2° in elevation, a 
30° scanning angle, and 41.3 deci-
bels of gain. It rotates at six revolu-
tions per minute. 
The transmitter has peak pulse 

power of 1.11 megawatts, mean 
power of 10 kilowatts, and pulse 
length of 36 microseconds. J.K. 
Coldwell, AR-3D technical manager 
explains that each target is "hit" 
eight times and the system averages 
the results to derive accurate 
heights. The minicomputer-driven 
radar system, which will automatic-
ally track a maximum of 80 targets 
simultaneously, will see about 100 
targets per scan and handle about 
1,000 in all. 

Communications 

Police to get portable 

digital terminals 

Car thieves are being arrested in 
greater numbers, and stolen cars are 
being tracked down faster—thanks 
to digital communications links in 
police patrol cars. So successful 
have the in-car systems been that 

Corrigan named Fairchild president 

as Hogan becomes vice chairman 

Corrigan 

Now that Fairchild Camera & Instru-
ment Corp. has reversed the flow of 
red ink that until recently plagued it, 
the man brought in to mastermind 
that turnaround—C. Lester Hogan— 
has stepped aside. He has turned 
over the offices of president and 
chief operating officer to his 36-
year-old protege, Wilfred J. Corri-
gan. 
Hogan becomes vice chairman, 

where his main duties will be to 
"represent Fairchild in major busi-
ness and governmental forums." 
The move comes as a surprise only 
to those who haven't watched re-
cent corporate changes at the 
Mountain View, Calif.-based com-
pany. 
Jumpers. Corrigan is one of the 

original seven managers who in Au-
gust 1968 jumped from Motorola 
Semiconductor with Hogan when 
Hogan left as general manager of 
the Semiconductor division to be-
come head of Fairchild. Starting as 
group director of discrete devices in 
1968, Corrigan became manager of 
the Semiconductor Components 
operation in 1971. Last September 
he was elected an executive vice 
president and member of the board 
of directors, with added responsi-
bility for the three divisions compris-
ing the company's Commercial Sys-
tems group: Systems Technology, 

Industrial Products and Inland Man-
ufacturing. 
Over the last nine months, the 54-

year-old Hogan relinquished more 
and more of his control over the 
day-to-day marketing and produc-
tion activities to Corrigan, spending 
most of his time acting as a spokes-
man for WEMA, the electronics in-
dustries trade association, and for 
the semiconductor industry. "This is 
something that Walter (Burke, chair-
man of the board) and I have been 
discussing for about two years," he 
said. "We made up our minds that 
at the 'right time,' I would step aside 
and Wilf would take over." 
The decision that the right time 

was now was based on two things, 
he says. One was the apparent turn-
around of the company during the 
first quarter of this year when it 
chalked up record profits. The sec-
ond was Hogan's growing involve-
ment in Government affairs. 
When Hogan arrived at Fairchild 

the company was a technological 
leader, but in chaos. With a cus-
tomer base of about 600 com-
panies, Fairchild had an unhealthy 
dependence on digital circuits and 
the computer industry, component 
yields barely 20% of those of some 
of its major competitors, and a repu-
tation for late delivery. 
Hogan temporarily de-empha-

sized state-of-the art product devel-
opment in favor of "second sourc-
ing," sunk $56 million through 1970 
into modernizing "antiquated" man-
ufacturing facilities, centralized 
scheduling and production, and 
reorganized the marketing group. 

Payoff. Hogan's own strategy utili-
mately paid off. In the first quarter of 
this year, Fairchild's customer base 
was about 5,000. Its product lines 
now include linear, memory, and 
discrete as well as digital devices, 
and its diversified customer mix de-
pends on no single industry or com-
pany. Moreover, Fairchild earned 
$10.6 million on $103.8 million in 
sales. Corrigan, says, "I think the 
company has reached the point 
where it can emphasize both high 
technology and high volume." 
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tests will soon begin on hand-held, 
battery-powered terminals to be car-
ried by patrolmen not travelling in 
cars. 
The program, funded by the Law 

Enforcement Assistance Adminis-
tration, would give the patrolmen 
the same freedom with digital com-
munications that their portable 
voice transceivers now give them 
with voice communications. The ter-
minals would give them direct ac-
cess to information stored in local 
law-enforcement data banks. 
Three such data banks are used, 

for example, with the in-car digital 
system established in Oakland, 
Calif. One bank contains a state-
wide list of stolen cars, another, a 
nine-county most-wanted-persons 
list, and a third, a local stolen-prop-
erty list. 

In addition, it would be possible 
for a patrolman to obtain informa-
tion, once his queries are relayed 
through a control center at his head-
quarters, from such national data 
banks as the FBI's National Crime 
Information Center in Washington. 

Hand-held. Telephone-type keyboard and 

LEDs characterize portable digital police ter-

minal from Electromagnetic Sciences. 

Run-off. Officials at LEAA say two 
contracts, each with an estimated 
value of $120,000 and covering five 
transceivers and a headquarters 
control unit, will be awarded during 
July to Burroughs Corp., Paoli, Pa., 
and Electromagnetic Services Inc., 
Atlanta. The two systems, which are 
similar, will be evaluated next year 
by the District of Columbia police 
department and LEAA. About the 
size of a "large calculator," the ter-
minals will contain a keyboard and 
some sort of alphanumeric display 
such as light-emitting diodes. After 
six months of evaluation, bids may 
be requested for a larger-scale eval-
uation, say LEAA officials. 
These officials predict that the 

units will sell for about $500 or $600 
each when mass-produced. Digital 
communications terminals in police 
vehicles cost five to six times more, 
and the potential market is "prac-
tically every police force in the 
country." 

Success. The impetus for the de-
velopment of the portable terminals 
comes from the success of the in-car 
terminals. More than 15 metropoli-
tan police forces throughout the 
country already have tested or or-
dered in-car digital communications 
systems. They include New York, 
Los Angeles, Kansas City, Mo., 
West Palm Beach, Fla., San Fran-
cisco, Atlantic City, N.J. and Cleve-
land, Ohio [Electronics, Dec. 6, 
1971, p. 39]. 
One of the oldest and best-devel-

oped systems, which is in Oakland, 
has been operating since late 1971. 
Oakland police lieutenant John J. 
Vomacka praises its helpfulness in 
combatting car thefts and says that 
the officers who have worked with 
the digital systems installed in 31 
police vehicles were "unanimously 
enthusiastic" about them. One hun-
dred vehicles in the Oakland fleet 
will be equipped by December 1975 
with the units, which have cathode-
ray tubes for displaying alphanu-
meric information. 
Oakland will also be installing a 

digital dispatching system. A control 
operator will punch into a computer 
terminal the location of a trouble 
spot. And the nearest police vehicle, 
selected by the central computer, 

automatically will receive the sum-
mons information on the vehicle's 
CRT, according to Vomacka. As part 
of the system, digital equipment in 
the vehicle will transmit its location 
to the central station. 

Solid state 

Fairchild to push 

Isoplanar MOS 

If you had mentioned Fairchild 
Semiconductor's capability in mos 
technology around Silicon Valley a 
few months ago, you'd probably 
have heard chortles, at best, from 
the division's competitors. Many of 
them didn't take Fairchild very seri-
ously in mos, but that could be 
about to change. Fairchild is plan-
ning a "blitz" of mos parts, includ-
ing a microprocessor that will use 
the division's proprietary Isoplanar 
processing technology. 

Introduced in 1971, the Isoplanar 
technique uses oxide isolation to re-
duce circuit size, boost speed, and 
lower costs by allowing higher cir-
cuit-packing density and higher 
yields. First applied to bipolar de-
vices, it got Fairchild into high-den-
sity bipolar-memory devices [Elec-
tronics, March 1, 1971, p. 52]. Now, 
the process has been found to ben-
efit mos designers as well. By elimi-
nating an oxide step and reducing 
sidewall capacitance, it produces 
faster devices. 
"By the first quarter of next year, 

we will have very strong lines of 
shift registers, random-access 
memories, and one-chip calculators, 
as well as the microprocessor," says 
Philip Thomas, general manager of 
Fairchild's mos Products division, 
Mountain View, Calif. 

In addition to the microprocessor 
(see "Micro CPU to star"), the new 
products include: 
• A line of high-speed static shift 
registers, as well as the first of Fair-
child's first-in, first-out memories. 
• "Much improved" high-speed 
versions of the 1,024-bit 1103, 2101, 
and 2102 random-access memories. 
• A high-speed version of the 4-
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1000 cm/iisec stored writing speed, 
four storage modes, and more. 

100 MHz oscilloscope 
Tektronix 7633 oscilloscope gives you 
100 MHz bandwidth and 1000 cm/sec 
stored writing speed. So you can retain and 
view fast rise, low repetition rate, single shot 
or slow moving waveforms. All with one 
instrument. This allows you to solve prob-
lems in computer sciences, aerospace, 
ballistics, communications and various other 
applications. 

Multi-mode storage 
The 7633 offers four operating modes: Non-
store, normal and fast Variable Persistence 
and Bistable modes are available at the 
touch of a button. And, an 8 x 10 div. 
(.45 cm/div.) mode gives the instrument's 
top writing speed. 

Bright, burn-resistant CRT 
No special operating safeguards are 
necessary with the 7633's rugged, burn 
resistant CRT. This makes it a dependable 
unit for design bench, hospital laboratory, 
service facility or classroom. The large 8 x10 
div. CRT is easy to read in both cabinet and 
rackmount configurations. An alphanumeric 
readout, exclusive on Tektronix instru-
ments, makes quick on-screen reference 
and easy interpretation of photographic 
records. Or, the instrument may be ordered 
without the readout for $400 less. 

Part of the 7000 Series 
Select from thirty different 7000 Series 
plug-ins. You can custom tailor your instru-
ment to meet your immediate need. And 
expand its capabilities later as the need 
arises. A 7633 mainframe costs $3650. A 
typical configuration with dual trace vertical 
amplifier and delaying sweep timebase sells 
for $5,550. For rackmount add $100. 

Specifications 
Vertical System—Accepts all 7000 Series 
vertical amplifiers. Bandwidth determined 
by mainframe plug-in unit up to 100 MHz. 
Left, Alternate, Add, Chop, Right display 

modes. Chopped rate approximately 1 MHz. 
Horizontal System—Compatible with all 
7000 Series plug-ins. Fastest calibrated 
sweep rate is 5 ns/div. Phase shift between 
vertical and horizontal is 2°, DC to 
35 kHz for X-Y operation. 
CRT and Display—Internal 8 x10 div. 
(.9 cm/div) graticule with superimposed 
8 x10 div. (.45 cm/div) reduced scan area. 
Nonstore, variable persistence, and bistable 
in normal or fast and full or reduced scan 
storage modes push-button selected. 
Writing Speed and View Times—From .03 
div/psec until erased up to 2222 div/sec 
at 30 sec view time. View time may be 
increased more than 30 times by using 
reduced intensity in the SAVE 
display mode. 

Circle 36 on reader service card 

For a demonstration circle 37 on reader service card 

See for yourself 
For a "hands-on" demonstration, contact 
your nearby Tektronix Field Engineer. 
Or write: Tektronix, Inc., P.O. Box 500, 
Beaverton, Oregon 97005. In Europe write: 
Tektronix Ltd., P.O. Box 36, St. Peter Port, 
Guernsey. C. I., U. K. 

TEKTRONIX 
commmod to 

technical excellence 
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Micro CPU to star 

An 8-bit, n-channel micro-
processor, the F-8, will be the 
star attraction in Fairchild's forth-
coming introduction of Isoplanar 
products. Sampling of the I/0-
oriented device will begin by De-
cember. 

Cycle time of the F-8 will be 
about 2 microseconds, the same 
as that of the Intel 8080. But 
Fairchild engineers say it will be 
faster in certain applications. 
An important aim of the device 

design is to eliminate the need 
that other microprocessors have 
for substantial numbers of exter-
nal parts. Both the central-pro-
cessing unit and a read-only 
memory chip, which Fairchild 
also is developing, will have on-
board I/O ports and clock gener-
ators. And the CPU will include 
64 bytes of random access 
memory, as well as the on-chip 
interface circuitry. There's 
enough there so that an F-8 can 
function in a minimum system 
with a ROM chip alone, accord-
ing to Fairchild's Philip Thomas of 
the MOS Products division. 

Overall, Thomas says, "We 
can save the customer at least 
10% in parts cost alone in a typi-
cal system". 

kilobit RAM that Fairchild is now 
second-sourcing for Mostek, which 
will be 100 nanoseconds faster than 
the original part. 
• A family of one-chip, eight- 10-
and 12-digit calculators, and a one-
chip printing calculator. 
"We are sampling this month and 

will be into volume production 
within three months with three ver-
sions of the n-channel 1,024-by-1 
static RAM," Thomas says. They'll 
be designated the 2102, 2102-1, and 
2102-F. 
"The first two at 650- and 350-na-

noseconds cycle times, respectively, 
match the standards for these 
speeds," Thomas continues. "But 
the 2102-F at 350 nanoseconds is 
faster, we think, than anything on 
the shelves". 

Fairchild is already sampling 
1,024-bit 1103s rated at 220 nanose-
conds and has completed testing 

parts rated at 150 nanoseconds, ac-
cording to Thomas. "And I sus-
pect," he adds, "that we can make it 
significantly faster." 
Of the Mostek 4-kilobit RAM, the 

4096, Thomas says, "we will have 
one part meeting the Mostek specs 
at 350 nanoseconds. But another 
part will be at least 100 nanoseconds 
faster. It will be designated the 
4096-3, which implies we expect to 
have -1 and -2 versions." 
Sampling of these Isoplanar RAMS 

will begin late in the fourth quarter. 
Originally introduced in a prod-

uct in 1971, the Isoplanar process 
made quite an impact for Fairchild. 
While most of its competitors were 
still struggling to get their first high-

density bipolar processes on stream, 
Fairchild even extended the Isopla-
nar concept to a family of emitter-
coupled-logic devices. The process 
brought about much tighter circuit 
designs than before, which allowed 
operation at subnanosecond speeds 
and reduced powers per gate [Elec-
tronics, Feb. 15, 1973, p. 41]. 

These ECL devices were followed 
by an Isoplanar complementary-
mos family that is directly inter-
changeable with RCA 4000 devices, 
but operate at higher performance 
levels [Electronics, Dec. 20, 1973, p. 
25]. The company's first mos Isopla-
nar memory product—the 3355, a 4-
megahertz static shift register—was 
introduced in September 1973. 

Lasers 

Distributive gallium-arsenide laser 
moves optical ICs a step closer 

In the same way that current is 
channeled and controlled in silicon 
integrated circuits, optical ics can 
be developed to manipulate light. A 
recent major step toward such inte-
gration of optical systems was the 
operation of distributed-feedback 
injection lasers built into monolithic 
chips of gallium arsenide. 

Experimental devices have been 
demonstrated by both the Aero-
space Corp. and Xerox. The new la-
sers—electrically pumped gallium-
arsenide devices—depend for the 
feedback that sustains their lasing 
action on a grating deposited on 
their upper surfaces. Conventional 
semiconductor lasers depend on op-
tical feedback from mirrors cleaved 
into their opposite ends, something 
that can be done only in discrete de-
vices. The new lasers, however, 
could be integrated in a substrate of 
gallium arsenide that contains other 
optical components as well. 

Integrated optics are being pur-
sued vigorously in many research 
laboratories because of the promise 
they offer for communications sys-
tems. Data rates and bandwidth 
could be much higher—theoretically 
10,000-fold—because of the higher 

frequencies. The military is espe-
cially interested in optical data ex-
change because it appears impos-
sible to intercept, and is resistant to 
electromagnetic interference. 
The use of distributed-feedback 

lasers as oscillators and amplifiers 
with other light-frequency equiva-
lents of such elements as modulators 
and waveguides should make pos-
sible integrated optical circuits for 
compact, low-loss optical-processing 
systems. The components have been 
available individually. But they are 
generally too bulky, and interface 
losses are too high as signals pass 
from one element to the next. 

Ripple. The lasers developed by 
Xerox Corp., Palo Alto, Calif., and 
by Aerospace Corp., El Segundo, 
Calif., are similar in many respects, 
and both are developments of ear-
lier concepts. The key to their oper-
ation is the use of a periodic pertur-
bation in the surface of a gallium-
arsenide chip to which a pulsed 
high-density current is applied. 

Because of refraction, the surface 
acts like thousands of small mirrors, 
providing the feedback necessary 
for lasing. This structure, first de-
scribed two years ago by Herwig 
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DIVA high•performance magnetic 
tape system for your mini. 

At dropdead low prices. 

The big-computer-only mag tape drive system is 
now available to your mini computer. High per-
formance and quality for the lowest cost/byte 
in the industry. The mag tape system we're 
talking about has all the features mini needs, 
plus the strength and endurance that spell re-
peatable accuracy over a long life of hard day-
and night use. 

With a DIVA mag tape system you can use your 
mini's software and any 1/2 -inch industry standard 
tape reels of 10.5", 8.5" or minireels, as well as IBM 
wrap-around cartridges. You can read and write at 
speeds of 125 or 200 ips, 9-track 800 bpi NRZI or 1600 

DMT-1000 

SPECIFICATIONS 

bpi phase-encoded. You can hang eight 
e drives on one DIVA controller! 
o The drives rewind tape at 500 ips around 
„ air-bearing turn points through photo-
') electrically monitored vacuum columns. 
Tape can automatically be loaded in a few 
seconds under the gentle and positive 
action of a single capstan (non-pinch) drive. 

All this for the lowest cost/byte in the industry. 

If you need a mag tape drive system and want 
the best the least money can buy, then you want 
DIVA's system. All shipments are made in 30-45 
days. For complete details call any DIVA office. 

DMT-1001 

Tape drive 

Tape speed 

Recording density 

Recording format 

Tape loading 

Rewind 
Speed 
Time 
Start/stop time 

Speed variation 

Transfer rate 

Tape characteristics 
Type 
Reel 

Environment 
Temperature 
Relative humidity 

Power 

Dimensions 

Weight 

Controls 

Indicators 

Single capstan 

200 ips 

800 bpi NRZI or 1600 bpi phase encoded 

9 track — 0.6" nom IRG 

Fully automatic: 7 secs approx 

500 ips 
45-70 secs 
IBM compatible (2 msec nom) 

±:3% 

320KB max 

V2 inch 
Std reels of 10.5", 8.5" or minireel; or IBM cartridge 

50° to 110°F (op)/ -30°F to 150°F (non-op) 
20% to 80% (op)/5% to 80% (non-op) 

208/230 VAC, 3 phase, 60 Hz 

67"H x 30"W x 29.5"D (stand alone drive) 

900 lbs approx 

Load/rewind • Rewind/unload • Start • Reset • Power on/off 

Select • Ready • Load Check File Protect • BOT • EOT 

Single capstan 

125 ips 

800 bpi NRZI or 1600 bpi phase encoded 

9 track —0.6" nom IRG 

Fully automatic: 7 secs approx. 

500 ips 
45-70 secs 
IBM compatible (2 msec nom) 

±-2% 

200KB max 

1/2  inch 
Std reels of 10.5", 8.5" or minireel; or IBM cartridge 

50° to 110°F (op) -30° + 150°F (non-op) 
20% to 80% (op)/5% to 95% (non-op) 

115/208/230 VAC, single phase, 50/60 Hz 

241/2 "H x 19"W x 19"D (rack mtd drive) 

230 lbs approx 

Load/rewind • Rewind/unload • Start • Reset • Power on/off 

Select u Ready • Load Check • File Protect • BOT • EOT  

OMMini maximizer systems 

. . DIVA, Inc. 607 Industrial Way West / Eatontown, N. J. 07724 / Phone: 201-544-9000 / TWX 710-722-6645 
1111Val REGIONAL SALES OFFICES: California: 213-889-4180 / Massachusetts: 617-275-1436 / Washington D.C.: 703-370-5211 
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n-TYPE SUBSTRATE 

CONVENTIONAL SEMICONDUCTOR LASER 

CLEAVED FACET 
1110 PLANE) 

I CURRENT METAL ELECTRODE 

p-TYPE C> LASER OUTPUT 

n-TYPE SUBSTRATE 

DISTRIBUTED-FEEDBACK LASER 

IC laser. Feedback for integrated laser comes from grating on surface. Without cleaved 

ends, laser could be built into chip with other devices to form optical IC. 

Kogelnik and C. V. Shank of Bell 
Laboratories, had been demon-
strated with optical pumping, a 
technique incompatible with min-
iature integrated optical systems. 
The Aerospace laser, developed 

by Harold M. Stoll and David H. 
Seib, members of the technical staff 
of the Electronics Research Labora-
tory, is a homojunction device. Al-
though it now operates best at 77 K, 
it may ultimately be refined to oper-
ate at room temperature. The laser 
is fabricated on a chip 15 mils by 65 
mils by diffusing p-type material 
(zinc) into heavily doped n-type gal-
lium arsenide, forming a thin (1.5-to 
1.7-micrometer) junction (see illus-
tration.) The distributed feedback 
was introduced with a shallow 
ripple structure machined into the 
surface with argon ions. 
The ripple was made by first spin-

coating the surface with photo-re-
sist, then exposing it to a grating 
pattern (with a 3,500-angstrom peri-
odicity) formed by the standing 
waves between two interfering laser 
beams. The pattern was then ma-
chined into the material with a 
beam of argon ions. A single ma-
chining went to a depth of only 
500 Á, insufficient for lasing. This 
was followed by shadowing the 

GaAs grating with aluminum at a 
glancing angle, then ion-machining. 
This was repeated three times to fi-
nal depth of about 1,200 A. 
The grating was then covered by 

a 3,000-Á layer of evaporated silver-
manganese, and an additional 800-A 
gold film. This metalization was 
chosen because of its minimal pene-
tration into the surface of the GaAs. 
The ohmic contact, which is about 
35 mils by 6 mils, is perpendicular 
to the grating ridges. The unmeta-
lized region surpresses Fabry-Perot 
oscillations, the feedback mecha-
nism for conventional lasing. 
The Aerospace lasers have line 

spectra at 8,420 A and 8,459 A. De-
finitive measurements haven't been 
made yet, but spectral width ap-
pears to be less than that of injec-
tion devices. By changing the grat-
ing periodicity, the output 
wavelength can be varied over ap-
proximately a 100-À range. Power 
has not been measured, either, but it 
appears comparable to output of 
diode lasers. 

Xerox's laser is similar in struc-
ture, except for an additional gal-
lium-aluminum-arsenide layer 30 
gm thick, deposited on top of the 
grating, which gives a smooth finish 
that is easy to metalize. 0 

Communications 

OTP favors ways 

to aid AT&T rivals 

The White House communications 
policy chief has urged Congress to 
rewrite Title II of the 1934 Commu-
nications Act to separate and per-
haps free competitive communi-
cations services from the rigid 
Federal Communications Commis-
sion regulation that applies to the 
AT&T telephone network monopoly. 

Clay T. Whitehead, director of 
the Office of Telecommunications 
Policy, also told Congress that "anti-
trust laws should be enforced so that 
regulatory mechanisms cannot be-
come a haven for escape from com-
petition." Whitehead testified dur-
ing hearings on the communications 
industry before a Senate subcom-
mittee on antitrust and monopoly, 
chaired by Sen. Philip A. Hart. The 
Michigan Democrat is holding hear-
ings on his bill, the Industrial 
Reorganization Act (S. 1167), to 
break up large corporate concentra-
tions of industrial power in the U.S. 
Congressional observers give the bill 
little chance of enactment. 

Support. Nevertheless, Whitehead 
used the Senate hearing as a plat-
form from which to support limita-
tion of AT&T'S "natural monopoly" 
to the public telephone network, 
while opening it to free inter-
connection of customer-provided 
equipment. Whitehead, who later 
told the chairman that "the general 
thrust of my statement does reflect 
Administration policy," called for 
change in the 1934 Communications 
Act, under which FCC operates, to 
recognize the existence of new tech-
nologies and to make it more equi-
table for a potential competitor to 
enter the market with them. The 
way the FCC operates, Whitehead 
observed, "the would-be provider of 
a new communications service, 
rather than the monopolist, is now 
required to justify his existence, and 
the monopolist, rather than the 
would-be customer, receives the 
protection of the regulatory machin-

40 Electronics/July 25, 1974 



mew/ems 

Thêi MACRODATA MD-107e 
MEmory SystEm AnalyZEr! :I 

kieeri 

Pia 

Imagine a tester that can handle plated-wire, 
core, or semiconductor memories ... that can 
test complete computer memory systems, mem-
ory boards, or memory chips ... that can oper-
ate at 10 MHz and compare up to 160 data bits 
at any of 16,000,000 addresses. 

The Macrodata MD-107 Memory System Ana-
lyzer does it all. 
• Macrodata's Cascaded Computer Control 
Testing Concept • Minicomputer, Micropro-
grammable Processor, and CRT Display • Key-

CRT 
Keyboard 

Cl, 

board Entry of Test Programs • Split Cycle 
Timing Capability • Sophisticated Address 
Manipulation Capability • Simple Software Lan-
guage with Display of Directive Action for 
Operator Based on Test Results • Extensive 
Sync Capability • CRT Display of Device 
Inputs/Outputs for Test Monitoring • CRT Mes-
sage Display for Easy Program Debug • Com-
plete system under $50,000. 

For the full story, send for the MD-107 brochure, 
or call us directly. 

SYSTEM BLOCK DIAGRAM 

Processor 

Data Buffer 
Memory cOot,^o 

System Under Test 

Rilacrodata 

3721 

Macrodata Corporation, 6203 Variel Avenue, Woodland Hills, California 91364, Phone: (213) 887-5550, Telex: 65-1345 
Sales Offices: Northern California Area Tel. (408) 735-9560 • Southwestern Area Tel. (213) 644-3611 • Scottsdale Tel. (602) 947-7841 • Minneapolis Area 
Tel. (812) 636-1770 • Chicago Area Tel. (312) 455-5100 • Cleveland Area Tel (216) 461-8333 • East Coast Tel. (516) 343-8600 International: West Germany 
Munich Tel. (0811) 34 56 00 Te/ex. (841) 521-5969 • Milan, Italy Tel. 871-988/899-248 Telex: (843) 34314 • Sweden and Norway — Stockholm Tel. (08)-380-370 • 
Switzerland and Austria — Ben Tel. (031) 22 44 81 Telex: (845) 33172 • Tel Aviv, Israel Tel. 25 55 69 • Tokyo, Japan Tel. (03) 985-5266 Telex: (781) 

272-2171 • Betkinghamsh ,re, England Tel. High Wycombe (0494) 36 3 81 Telex: (851)837236 
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ery" (see "Can the FCC cope with 
changing technology?" p. 106). 
Monopoly. Future communi-

cations policy, the OTP chief said, 
should recognize four principles: 
• The public-utility monopoly in 
conventional telephone service is 
still appropriate today. 
• The monopoly concept should not 
be extended to other communi-
cations services. 
• New competitors should be free 
to offer any service except conven-
tional public telephone service. 
• Any telephone customer should 
be allowed to buy and use any com-
munications device over telephone 
lines. 
Whitehead hit hard on the inter-

connection issue, striking indirectly 
at FCC'S pending Docket 20003, 
which will consider the economic 
impact of interconnection. He also 
issued a warning that the Govern-
ment may look into AT&T'S increas-
ing political and legal activity to 
protect its position. "Business suc-
cess should be won competitively in 
the marketplace by providing goods 
and services that customers want," 
he said. "It is unbecoming for a 
company the size and the stature of 
AT&T to use its legal, political and 
economic power to seek to extend its 
monopoly by Government fiat into 
areas where monopoly is not called 
for. In my judgment, the Govern-
ment cannot let such an effort go 
unnoticed or unchecked." 
The efforts by AT&T and other 

telephone companies were called by 
Whitehead "the recent aggressive 
campaign" to declare a moratorium 
on competition, which he said will 
injure "the development of new 
communications services by slowing 
the infusion of capital and raising 
the legal fees required to challenge 
the established carriers in the courts 
and at the FCC." 

Rebuttal. With more witnesses to 
testify in its behalf at the end of 
July, AT&T's rebuttal at the session 
where Whitehead appeared was 
limited to consulting economist 
Robert R. Nathan and Robert E. La 
Blanc, respectively vice president 
and technology group manager of 
Salomon Brothers. Challenging 
Whitehead's assertion that rate-av-

News briefs 
Commercial service starts on Wester 
Western Union, pulling hard and successfully against governmental foot-
dragging, began commercial service on the U.S. 's first domestic communi-
cations satellite on July 15. Using the original Morse telegraph key, Western 
Union chairman and president Russell McFall sent Morse's own first mes-
sage "What hath God wrought?" from New York to Los Angeles via Westar. 

Originally planned in January 1970 as part of the White House's "Open 
Skies" recommendations, the domestic satellite did not receive a go-ahead 
from the Federal Communications Commission until December 1972, al-
most three years later. However, anticipating the move, Western Union had 
contracted in August of that year with Hughes Aircraft Co. for the Westar 
which, finally, was launched last April 13. 

Modem firm builds display system 
International Communications Corp., Miami, Fla., is venturing outside of the 
data-modem field for the first time with a new cathode-ray-tube data-display 
terminal that's a teletypewriter replacement with editing capabilities. Built 
around the Intel 8008 microprocessor, the 40+ terminal has all the control 
functions built into a read-only memory. The microprocessor also aids in 
editing and fault diagnosis, and it performs calculations on displayed data. 
The 40+ operates at 1,200 bits per second in an asynchronous mode or 
2,400 b/s, synchronously. 

Fairchild's Polish deal rejected 
Fairchild Camera & Instrument Corp.'s March 1973 petition for a license to 
supply Poland with integrated circuits and production know-how has been 
rejected by the Commerce Department's Office of Export Administration on 
the grounds that the ICs may be used in Polish military applications. How-
ever, Fairchild may yet appeal the decision to Commerce secretary Fred-
erick Dent or to the National Security Council. 

Bunker Ramo wins $10 million bank contract 
Bunker Ramo Corp.'s Information Systems division, Trumbull, Conn., and 
the Bank of America have signed a $10 million contract to equip the bank's . 
domestic offices with a newly developed data-communications system built 
by Bunker Ramo. Called the Community Office On-Line System (Cools), the 
system will enable the bank's 5,500 counter and desktop CRT terminals 
around the country to access information in the bank's central computers. 

Electronic equipment sales rise 7.1% 
U.S. electronic equipment sales rose 7.1% to $31.6 billion in 1973 from 
$29.5 billion in 1972, according to the Electronic Industries Association. 
Communications and industrial electronics recorded the biggest gain, up 
12.9% to $12.9 billion for a 41% share of the total U.S. market. Sales to the 
Federal Government rose 1.9% to $10.8 billion, but the small increase was 
insufficient to prevent the Government share of the total market from regis-
tering its third consecutive annual decline, down 1.8% to 34.2%. 

In addition, consumer electronics also posted a dollar increase for the 
year of 4.2% to $6.6 billion, but the consumer share of the total market also 
dropped fractionally to 21.5% in the face of the large industrial market 
growth. Replacement component sales of $920 million reflected a sharp 
29.6% increase from the year before. 

FAA's bright-radar order totals $2.5 million 
The Federal Aviation Administration has ordered 111 extra-bright radars 
costing about $2.5 million from ITT Aerospace/Optical division, Fort 
Wayne, Ind. The systems will be used at approximately 35 airports by traffic 
controllers in towers that are subject to extremely high and variable light 
levels. The FAA has already installed 213 of the units at other airports. 
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Ask 
The Man 
Who Uses 

ne .. About Cost Effectiveness 

He works for these companies 
Fairchild 
Hamilton Standard 
ITT-Avionics 
ITT-Europe 
NCR 
Rank Xerox 
Raytheon 
RCA 
Siemens 
Sperry 
Sycor 
U.S. Air Force 
U.S. Navy 
Western Electric 
Xerox 

He knows how to evaluate auto-
matic test systems and their cost 
effectiveness on the basis of ... 
• Hardware costs 
• Software-controlled switching 

of peripherals, eliminating 
adaptors 
Use of sophisticated resident 
software system 

• Use of efficient test-oriented 
English language, such as 
ATLAS 

• Use as a MANAGEMENT 
INFORMATION SYSTEM 

He also understands test system 
cost savings that can result from 
data logging for trend analysis 
reports, quality control reports, 
and configuration control. And he 
knows he can test new products 
and save costs by meeting test 
specification changes through fast, 
economical field modifications. 
Ask the man who has proven the 
cost effectiveness of the System 
390. He has paid for the system 
through cost savings realized over 
5-to-15 months of use. 
Send us your test requirements, 
and we'll show you how the 
System 390 can solve them effi-
ciently and economically. We'll - 
also send you our User Catalog. 
Contact: 
Instrumentation Engineering, Inc. 
769 Susquehanna Avenue 
Franklin Lakes, N.J. 07417; 
telephone: 201-891-9300 

Instrumentation 
Engineering n  

141i 
The System 390 

Ask The Man Who Uses One. 

Los Angeles Office: 213-973-6611 
Washington, D.C.Office: 
703-451-1422 
Europe Offices: 

Siemens AG 
D 7500 Karlsruhe 21; 595-2591 
D 8000 Munich; 7200-7131 
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AMERICAN MADE 

Tolerance 

SCHAUER 
1-Watt 

ZENERS j 
Immediate Shipment 

Low Prices 
ANY voltage from 2.0 to 16.0 

Quantity 
1-99 
100-499 
500-999 
1000-4999 
5000 up 

o 

Price each 
$1.07 

.97 

.91 

.86 

.82 

All welded and 
brazed assembly 

No fragile 
nail heads 

Gold 

plated 
leads 

Write for complete 
rating data and other 
tolerance prices. 

Buy the kit-
Save 
a lot 

0.0.0 

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 
di rect. 

A $54.57 value for 

ONLY  
Semiconductor Division 

SCHAUER 
Manufacturing Corp. 

4514 Alpine Ave. Cincinnati, Ohio 45242 
Telephone: 513/791-3030 

Electronics review 

eraging could be retained for the 
basic telephone network, while al-
lowing competitive pricing for the 
5% of Bell System revenues that are 
subject to competition, Nathan as-
serted, "You can't draw such a nice 
line." Putting communications on a 
cost basis completely will mean that 
"we are in for trouble." ij 

Calculators 

Reaction is cool 

to TI patent 

In the wake of the announcement 
by Texas Instruments that the com-
pany had been issued a patent cov-
ering a miniature electronic calcu-
lator, [Electronics, July 11, p. 43] it's 
still difficult to tell how well the 
semiconductor and calculator giant 
intends to protect its development— 
or if it can. 

Ti's announcement of the patent 
award included a terse statement 
that the company would make li-
censes available to the industry "in 
the near future." But there doesn't 
appear to be any stampede of com-
petitors toward Dallas to get li-
censes; nor has TI been after them to 

start any licensing negotiations. 
Harvey Lowhurst, patent counsel 

for National Semiconductor Corp., 
says the TI patent doesn't apply to 
National. In its specific inter-
pretation, he says, the TI patent 
would apply to a specific design. 
And because National's calculators 
are of a different design, they 
wouldn't be subject to the TI patent. 

"If the patent is interpreted gen-
erally as applying to all calculators," 
he continues, "National is covered 
by a cross-licensing agreement the 
company signed with T1 in the mid-
1960s which encompasses all ICs. 
And in our view, the calculator chip 
is just another IC." 

Officials at Bowmar/Ali Inc. 
haven't been contacted by TI about 
a license, and they believe their own 
patent, issued last December, pro-
tects their calculator business. A 
spokesman says, "Our patent covers 
a broad combination of an IC chip 
and hand-held calculator using a 
keyboard and LED readout." And 
Berry Cash, executive vice president 
of Mostek Corp., says he's "sure it 
will be challenged," referring to the 
TI patent. Mostek, which marketed 
the first single-chip calculator, now 
manufactures and sells personal cal-
culators through Corvus Corp., a 
wholly owned subsidiary. E 

Detective. User keys in 

fingerprint. Fingerscan does the rest. 
number, provides a 

Commercial electronics 

Fingerprint file 

controls access 

With about 100 bills in Congress 
aimed at safeguarding data in com-
puter installations [see p. 78], the 
search is about to begin for a most 
vital part of any security system: a 
device that limits access to author-
ized persons only. Orders already 
have been placed for the first auto-
matic fingerprint reader capable of 
controlling access to commercial fa-
cilities, including computers, ac-
cording to Calspan Technology 
Products Inc., Albany, N.Y. 

Calspan's Fingerscan unit is used 
by a person wanting to access a 
computer data bank or a controlled-
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Pick The General-Purpose Scope 
Chosen By Thousands 
of Specialists ..., 
HP's 180 System. 

Specialists choose the 180 System for its flexibility, perfor-

mance, and price. Its variety of mainframes and plug-ins 
lets them select the optimum system for their specific appli-
cation. Consider these examples. 

Specialists working in the very demanding low-frequency 
areas, such as biomedical and control circuits design, use the 
large-screen, dual-channel system. They do this because it 
offers maximum visibility of their waveforms, highly repeat-

able measurements, excellent dependability, and it costs less 
than $2,000*. 

Digital designers working with RTL to ECL logic make 
their measurements on a 100 MHz, dual-channel system that 
gives them delayed sweep, DC offset and selectable trigger 
source.. all for only $3,100*. 

Specialists in communications and high-speed digital ap-
plications frequently use the dual-channel 250 MHz real-

  «Del 1•111eSM 

time 180 systems with prices starting at $3,900*. 
Plug-ins extend the system's capabilities to include Spec-

trum Analysis, TDR and Sampling to 18 GHz. Variable per-
sistence mainframes are available too. With this breadth of 
measurement capability, there's a 180 System to meet your 
needs. For more information, contact your local HP field 
engineer. Or, write Hewlett-Packard, 1501 Page Mill Road, 
Palo Alto, California 94304. 

• Domestic USA prices only 

HEWLETT hPACKARD 

Sales and service trorn 172 offices in 65 countries. 
.501 Page AIM Road Palo Allo C,aldcama 94306 
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Efficiency 
Experts 

Built to save er)ergy— modular STM switching-transistor power 
supplies from Sorensen. Exceptional power density and efficiency. Up 
to 1.5 watts per cu. in., and up to 75% efficiency in half the space of 
comparable competitive units. 40 models offer outputs from 72 to 780 
watts (3 to 56 volts)— al l with these features: cool running ... excellent 
performance characteristics ... built-in overvoltage protection ... quiet 
operation ... adjustable current limiting. For complete data, contact the 
Marketing Manager at Sorensen Company, a unit of Raytheon Company, 
Mai ichester, N.H. (603) 668-4500. 

Representative Specifications— STM 

Regulation 
(comb. line & load) 0.05% 

Ripple (PARD) 
rms: 3 to 10 mv. 
p-p: 30 mv. typ.; 50 mv. worst case 

Module Size Price 

Ill 5.12"x 3.31"x 9.50" $240-270 
Module Sizes IIIA 5.12"x 3.31"x 14" $300-330 
& Prices IVA 7.5" x4.94" x10.5" $475-495 

VI 7.5" x4.94" x 14" $600-650 

sp nseii olefRIPPUES 

access area such as a bank vault or 
apartment complex. The person 
seeking entry first registers an iden-
tifying number on the small key-
board in a console the size of a coin-
operated telephone. Marketing 
manager Frank G. Woods says that 
a scanner then compares the appli-
cant's fingerprint to the file print 
stored in a central-processing unit. 

If the scanned image and the file 
image match, the applicant is per-
mitted access within 2 seconds. If 
the two do not match, the applicant 
is instructed to place another finger 
on the scanner. If the second finger 
image and file image do not match, 
then the processor sounds an alarm, 
denies access, or sends a signal to 
the police. 

PotentiaL Widespread commer-
cial applications are being predicted 
by Calspan officials, who say that 
computer-access accounts for only 
25% of the potential market. "Com-
puter-access was something totally 
unexpected when we first planned 
the unit a few years ago," says one 
Calspan official. Then, the unit was 
anxiously awaited for use in police 
installations, banks, and apartment 
buildings. 

System prices will vary according 
to the number of terminals and stor-
age capacity of the central unit. A 
standard system can store a max-
imum of 500 sets of fingerprints and 
handle 15 terminals, Woods says. 
The unit's maiden commercial ap-
pearance is at the International 
Identification Association's annual 
meeting July 29 through Aug. 1 in 
Washington, D.C. 

Fingerscan's accuracy is rated at 
one incorrect access in 1,000 at-
tempts, although Calspan officials 
said the system can be "tightened 
up" to reduce this to one error in a 
million or less. 

Systems will sell for $20,000 to 
$30,000, or more, depending on the 
number of Fingerscan terminals. A 
computer-access consultant said the 
system "is much too expensive" for 
widespread use by data banks with 
hundreds of terminals, but one 
Government official familiar with 
the potential market said intensive 
commercial development could 
bring the price down. 
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NEW TOP-SPEED MOS RAM. 
N-CHANNEL, OF COURSE 

With a guaranteed maximum access of 60 ns, EA's 
new 1024-bit RAM is ready to take its place in the 
fastest MOS memory system you can build. 

We designed the EA 1500A to make your system 
as simple as possible. 

For example, the RAM is fully decoded, can be 
OR-wired to expand capacity and needs only two 
supplies, +15v and-15v. Power dissipation is only 
0.22 mW/bit in action and 0.045 mW/bit on standby. 

To achieve low power, we had to make the RAM 
dynamic —but we made the refresh technique as 

simple as you can imagine. One pulse on 
one pin refreshes the entire memory. The re-

fresh pulse may occur anytime within a 2-millisec-
ond interval, and it will not interfere with read/write 
cycles. Your memory is never busy. 

The EA 1500A in an 18-pin silicone DIP costs only 
$13.00 in quantities of 500. 

It's in stock right now at our nationwide distributors, 
Cramer Electronics, and at Electronic Arrays, Inc., 
550 East Middlefield Road,Mountainview, Calif. 94043. 
Phone (415) 964-4321. 

electronic 
arrays 
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Your key to the "LITTLE BLACK BOX" 

1. CONNECTORS, Printed Circuit 
2. PRINTED CIRCUITS, Multilayer 
3. CONNECTOR SYSTEMS, 
I C Logic 

4. SOCKETS, Tube 
5. BARRIER TERMINAL BLOCKS, 
"Jones- Type 

6. FILTERS, RF Bandpass 
7. CONNECTORS, Rack and Panel 
8. DIODES, High Speed Power 
9. DARLINGTONS, Monolithic 

10. AMPLIFIERS, Magnetic 
11. TRANSFORMERS, IF and RF, TV 
12. CAPACITORS, Variable Mica, 

Compression 

13. CAPACITORS, Solid Tantalum 
14. SOCKETS, Transistor 
15. TRANSISTORS, 

RF Communications 
16. RESISTORS, Wire Wound, 

Molded 
17. RESISTORS, Thick Film 

(Metal Glaze) 
18. SOCKETS, Integrated Circuit 
19. RESISTORS, Flame Proof 
20. RESISTORS, High Voltage, 

High Frequency 
21. TRIM MERS, Wire Wound 
22. POTENTIOMETERS, Multi Turn 
23. CAPACITORS, Metallized Film 

24. TRANSISTORS, Power, 
Switching 

25. CAPACITORS, Film 
26. FANS, Miniature Precision, 

AC or DC 
27. CONNECTORS, Cylindrical 
28. FASTENERS 
29. TRANSFORMERS, Pulse 
30. MOTORS, Miniature 
31. POWDERED METAL 

PRODUCTS 
32. RESISTORS, General Purpose 
33. TRANSISTORS, Single 

Sideband, Linear 
34. CABLE HARNESS & ASSEMBLIES 



The world's 
biggest "little black box" 
is heading home. 
We're about ready to wrap up our road show on state-
of-the-art electronic components. By the time we're 
through, we'll have visited over 150 plants in 27 states 
and had a chance to meet thousands of people. 
Executives, design engineers, manufacturing and 
purchasing managers. 

Hopefully, you've had a chance to see our display 
of over 1,000 different circuit components from the 
14 separate divisions which form TRW Electronic 
Components. 

We also hope you've had a chance to ask 
questions, found the answers you needed, and proved 
to yourself that TRW is doing things— the right things — 
to help you solve your problems quickly and efficiently. 

If you missed our "little black box;' we're sorry. 
In that case, the above sketch should give you a 
general idea of what it was all about. 

We're always ready to show that we want — and 
deserve— your business. And we'll do almost anything 
to prove it. Because we are TRW. 

TRW ELECTRONIC COMPONENTS 
108.80 Wilshire Boulevard, Los Angeles, CA 90024 

For a free copy of our DIRECTORY OF OPERATIONS, write TRW Electronic Components at the above address. 

Circle 49 on reader service card 



News update 

Low-price TV camera The Japanese 
selling well in Japan were presented a 
year ago with a portable TV camera that was priced 
at $770 [Sept. 13, 1973, p. 62]. The price since 
then has risen to $1,028, but Tokyo Shibaura Elec-
tric Co., developer of the single-tube camera, says 
it's selling the 200 or so units it's producing each 
month. Sales are 40% each to schools and indus-
try, with the remainder to individuals. When will the 
camera be available in the U.S. and other coun-
tries? Just as soon as the equipment gains Under-
writers Laboratory approval, says Toshiba. Why 
the low price? Toshiba manages to get good per-
formance from vidicon with a standard antimony 
trisulphide photoconductor rather than having to 
use an expensive photoconductor. 
Electronic license plates If you're intending 
to be road tested soon to hijack a truck, it 
might be a good idea to carry out the caper soon 
because the Department of Transportation has a 
plan to make the job much harder. The plan cen-
ters on an electronic license plate that was an-
nounced prematurely last year [Sept. 13, 1973, p. 
50]. But now that bugs have been worked out by 
Information Identification Inc. of Fort Worth and its 
parent, Hoffman Electronics Corp., El Monte, 
Calif., tests will start soon. Ten trucks and a police 
helicopter in the New York City area will be 
equipped with the plates—actually, transponders— 
and interrogation gear in the copter. 
Maker of road call box Electronic license 
to do own marketing plates are fine for 
truckers, you might say, but what has anyone done 
lately for the poor motorist? Well, here comes 
help—specifically, the so-called Help Box, a road-
side call box from which a computer is signaled 
when a motorist needs help. The boxes were to be 
sold by ADT Corp. of New York [May 24, 1973, p. 
36], but now the manufacturer, Solid State Tech-
nology Inc. of Wilmington, Mass., will do its own 
selling. Solid State is setting up a U.S. distributor 
network, while ADT retains international rights. The 
reason for the switch, according to Solid State's 
Bob Santoro, director of operations, "We are a 
younger and more aggressive company." 
Victor puts off systems, The last major 
still eyes point-of-sale electromechanical 
calculator maker to convert to electronics was Vic-
tor Comptometer Corp., and a year ago it was still 
in the throes of that change [Sept. 13, 1973, p. 
41]. Since then, it has solidified its high-end posi-
tion with the industry's least expensive line of pro-
gramables and entered the low-end derby with a 
$49.95 hand-held unit. But plans for more sys-
tems-oriented products, such as a small billing and 

Intended to bring ElectronIcs readers up to date on news stories of the past months 

accounting system scheduled for this year, have 
been tabled for the present, indicates James Sheri-
dan, new Victor president and formerly Litton In-
dustries senior vice president responsible for Mon-
roe, Sweda, and Kimball Systems divisions. The 
firm is still considering the point-of-sale business, 
and will bring its first stand-alone electronic cash 
register to market later this year. 
Fairchild seeks buyers There was some 
for its CCD camera excitement among 
competitors and on Wall Street last summer when 
Fairchild Camera & Instrument Corp. introduced a 
commercial charge-coupled-device camera [Aug. 
30, 1973, p. 36]. Although not intended to meet TV 
broadcast standards, the MV-100 was aimed at 
surveillance, medical instrumentation, and pro-
cess-control markets. And perhaps equally impor-
tant, Fairchild hoped its little marvel would help it 
gauge the market potential for a CCD camera. In 
fact, the MV-100 was billed as the first in a series of 
cameras that eventually would replace vidicon-
tube TV cameras. A year later, Fairchild says it's 
"negotiating" with potential customers in an at-
tempt to increase sales from the "several" it has 
sold to individual experimenters, R&D labs, and 
Government labs. 
Hughes delivering parts Hughes Aircraft 
made with pad-relocation Co. decided to re-
vive its pad-relocation technique last year [Sept. 
13, 1973, p. 40] with a $428,000 contract for parts 
for a data-transmission system. Pad relocation, the 
Hughes version of full-wafer LSI (something like 
the discretionary-wired LSI promoted but dropped 
by Texas Instruments) was said by Hughes to be 
highly reliable. Since then, the firm has been deliv-
ering parts to its customer, General Atronics Corp. 
of Philadelphia, a Magnavox subsidiary that's 
building high-frequency codem (coded modem) 
equipment for the U.S. Naval Systems Command. 
The parts, using pad relocation to substitute good 
logic cells for bad ones, will be delivered during the 
rest of 1974. 
Macrodata soft-pedals Macrodata Corp. is 
patent-protection actions playing its patent 
cards close to the vest. Last year, president William 
C.W. Mow said that, since his company had re-
ceived a patent covering the basic techniques used 
in memory testing, he has decided to "protect his 
interest" [Sept. 13, 1973, p. 35]. He added that he 
intended to get royalties from competitors who he 
said are violating his patent, or make them quit 
manufacturing. Now, Mow won't say much about 
his fight. He discloses that a few letters have been 
written, but that Macrodata hasn't gone to court. 
Beyond that, Mow is mum. —Howard Wolff 
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ON 3/4 A AND 4A BRIDGE RECTIFIERS 

1—Who has a 4A rated bridge rectifier? 

That does not require heatsinking?  

At 85¢* each in 10K quantities?  

2—Who has a 3/4 A rated bridge rectifier?  

Available in three case styles?  

All at 20it* each in 10K quantities?  

3—Who has a bridge rectifier that can replace 4 rectifiers at no 

additional cost?   

4—Which is the first and only company using flame-retarding materials 

(classified 94V-0) in the construction of its rectifiers and 

bridge rectifiers?   

5—Which company should be checked for the lowest priced bridges, 

anywhere?   

I. a 

75WOM 75A 20e 7SKOD 7SA 70Ie 
WOM 1 SA 25e KBD I SA 254 

75KBP 7SA 20e 
KW> 1 SA 25s• 
Mk 4 OA ISSC• 

•PRV (it 400V or lower, 10,000 units scheduled within 60 days. 

ge. .07 
d e 
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Grs •Gorr irr 
For complete information on GI's bridge rectifiers. call toll-free 800-645-1247 (In New York State cell 516-733-3235) 

or write. General Instrument Corporation, Semiconductor Components Division, 600 W. John St., Hicksville, N.Y. 11802. 

GENERAL INSTRUMENT CORPORATION 
SEMICONDUCTOR COMPONENTS El 
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MV5050-series GaAsLITEs: 
Worth looking into. 

Viewing angle for 
various devices ranges 
from 50 to 110 degrees. 
Choose from full-flooded 
diffused, or pinpoint 
lens effects, either red 
or clear. 

Long life and shock 
resistance are inherent 
to the GaAsLITE design. 
No filament or glass to 
break. .001" -dia. gold 
connecting wire is 
bonded by thermo-
compression to die and 
anode lead, and 
encapsulated. 

Automated handling 
becomes a possibility 
with a new cylindrical 
barrel design that makes 
the MV5050-series 
lamps fit precisely into 
.200-inch aperture. 
Flattened flange, denot-
ing cathode, speeds 
handling. 

MV5050 

- 'è-gass;1 

M 5052 . 

MV5051 

MV5055 

V5 S3 

Six solid-state indicator lamps 

Ins 
our 
sup 
no 

on is a snap 
tinting gromm 
,on request a 

*a cost. 

Here's our newest family of low-cost, long-life 
solid-state indicators and illuminators. 
They're all IC-compatible and use new high 
brightness materials. Like all our GaAsLITEs, 
they shine with very little power and are a snap 
to design into your equipment. Compact, rugged 
and reliable, the MV5050-series gives you the 
widest selection of lens effects in the industry. 
Pin-point. Soft diffused. Flooded. And your 
choice of viewing angles. All the details are on 
the data sheet. 

High brightness GaAsP 
chip is eutectically 
bonded to header. 

The virtually unbreak-
able "bulb" can take 
temperatures up to 
125°C without deform-
ing. Its made from a 
unique formulation of a 
modified bisphenol 
Type A epoxy system. 

Bendable, solderable, 
wire-wrappable leads 
are plated copper for 
best heat transfer and 
stability characteris-
tics. They mount easily 
in PC boards on 100-mil 
centers. 

MVÏ054.1 
(2 encd putout) 

t i 
. M 05 3 

(4 mcd Output) 

50 -2 
C output) 

Three solid-state illuminators 

For illumination, our MV5054-series GaAsLITEs 
use high-performance GaAsP to light up a 
3/4"-dia. circle. Choice of three brightness levels. 
And the MV5054-1 has a new reduced price. 
For complete specs and pricing information, ask 
any of our distributors or write 
Monsanto Commercial Products Company 
Electronics Special Products 
3400 Hillview Avenue 
Palo Alto, CA 94304 
(415) 493-3300/ 

Putting innovation to work 

Monsanto 
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Washington newsletter  

U.S. not opposed to The Federal Communications Commission is aiming for a September 

IBM/Comsat lan; decision on Ism Corp.'s proposal to enter the domestic satellite busi-
nessp  in a joint venture with Comsat General Corp.—and the Justice De-

FCC to decide by fall partment's antitrust division has no plans to oppose it. This disclosure 
came from officials at the two agencies as IBM and Comsat General for-
mally filed with the FCC their plan to acquire the two-thirds interest in 
CML Satellite Corp. now held by cash-hungry ma Communications 
Corp. and Lockheed Aircraft Corp. [Electronics, July 11, p. 26]. IBM 
Satellite, a new subsidiary, would hold 55% of the stock, while Comsat 
General would increase its present one-third share to 45%. 
The Lockheed-designed satellites proposed for use by CML may not 

be used by the new company. In any event, since the would-be owners 
plan a joint system study to evaluate the needs of a commercially at-
tractive system, the old CML target launch date of 1977 for its first satel-
lite will slip at least a couple of years—possibly more if opposition to the 
venture develops before the FCC. 

Economics of solar Systems design engineers in industry and the universities are calling 
the Naval Research Laboratory by the score to express interest in its plant confound 
plan to develop energy-collecting components for the first solar-powered 

systems designers electrical generating plant [Electronics, July 11, p. 26], but they find the 
economics of the NRL proposal mind-boggling. Respondents are being 
asked "to brainstorm" systems "that may be fabricated and installed in 
large quantity for perhaps one tenth or less of the cost of ̀radar' types of 
platforms and reflectors, as well as low-cost reactors." 
The 100-megawatt plant, as conceived by NRL, "may consist of thou-

sands of upward-reflecting, off-axis paraboloidal solar collectors," 20 to 
60 feet in diameter, that, by causing the "dissociation of a polyatomic 
gas like SO3 in a closed-cycle circulation system" would provide chem-
ical energy for ultimate transformation into electricity. 

FCC policy post Watch for Werner H. Hartenberger to be named chief of the Office of 

to be headed Plans and Policy at the Federal Communications Commission by chair-
man Richard E. Wiley. Hartenberger, now administrative aide to Wi-

by Wiley aide ley, will fill the vacancy created late last year when Walter R. Hinch-
man left the post to become chief of the FCC Common Carrier Bureau. 
In a related move, a new FCC consultant position will be created for 
Walter E. Sutter, now assistant director of the White House Office of 
Telecommunications Policy. Sutter will advise the commission on a va-
riety of matters, including spectrum management. 

Space Shuttle 

orbiters, controls 

make progress 

Rockwell International has just received $483 million as NAsA's second 
payment toward the $2.6 billion cost of designing and building two 
Space Shuttle orbiters, and Honeywell has already delivered the first 
breadboards of the shuttle control subsystems to the agency, having 
spent only $14 million to develop them—less than the budgeted cost, 
says an official. After tests and evaluation, the two-axis accelerometer, 
servo-actuator drives, and other controls will be manufactured for two 
shuttles. Remaining design and development of major components will 
begin in fiscal 1975, NASA says. 
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Washington commentary   

Changing the status quo in communications 

If the Federal Communications Commission, 
just turned 40, is showing its age, so is one of its 
principal concerns, the American Telephone & 
Telegraph Co. The difference in the two pat-
terns of aging, however, is that the FCC cannot 
adapt to change without a mandate from the 
Congress, while AT&T does not want to change 
at all. 
Clay T. Whitehead, director of the White 

House Office of Telecommunications Policy, 
summed it up neatly in early July when he ad-
vised a Senate subcommittee that "our regu-
latory mechanisms and the structure of our 
common carrier communications industry are 
becoming obsolete." Whitehead believes "we 
should seek to redefine the regulatory frame-
work within which the FCC and the industry op-
erate, rather than cast blame on those who seek 
to do the best they can under an outdated regu-
latory framework." The redefinition, he sug-
gests, will have to come from the Congress 
through a revision of Title II of the Communi-
cations Act of 1934, by which the FCC was 
created and under which it operates (see p. 35). 

Saving the FCC 

The need to rewrite the rules under which 
the FCC operates is critical if the commission is 
to continue to function effectively. As things 
stand at the moment, it is on the verge of being 
overwhelmed both by petitions for new appli-
cations of communications technology spawned 
by two decades of rapid innovation in electron-
ics and by continuing disputes with AT&T and 
its competitors over who may serve a given 
market and how. 
Some communications specialists find it re-

markable that the FCC has somehow thus far 
succeeded in bending a 40-year-old regulatory 
system, designed with only telephone and tele-
graph services in mind, to accommodate alto-
gether new technologies and services. To 
Whitehead, however, what is more remarkable 
about such decisions is "the difficulty and the 
slowness with which they were made." This, he 
says, shows "how the regulatory apparatus of 
the 1930s has come to be a major impediment 
to the natural growth of new communications 
services." 
Though Whitehead and AT&T agree—along 

with many others in communications—that the 
time has come to change the rules under which 
the FCC operates, they are poles apart on the 
nature of those changes. Where Whitehead fa-
vors limiting AT&T's monopoly to telephone 
services and permitting competition for new 

communications services, AT&T is vigorously 
opposed. Still, an increasing number of com-
munications interests are beginning to agitate 
for congressional action to alter the FCC's out-
moded regulatory structure (see p. 106). 

Priorities and prospects 

But the Congress has yet to receive anything 
resembling a firm proposal to reconsider the 
1934 communications act. And with the pres-
sures of an impeachment proceeding and a na-
tional election still before it, the Congress is un-
likely to give much thought to the FCC this 
year. In 1975 the story may be different. 
Whenever the time comes, there are many 

opponents of the AT&T monopoly, as well as a 
few of its supporters, who believe the com-
pany's adamant stand against competition of 
any kind will cast it as the corporate bad guy in 
any congressional hearing. Calls for the dis-
memberment of AT&T into a number of inde-
pendent operating companies are few and in-
significant now, although there is an increasing 
number of voices heard in Washington suggest-
ing that AT&T be required to spin off its manu-
facturing arm, the Western Electric Co. 
Even the OTP's Whitehead has touched on 

this politically sensitive subject, noting that "a 
restructuring of the communications industry 
may be necessary if competition and monopoly 
are to co-exist constructively." And last year 
the Department of Justice indicated its antitrust 
division's interest in AT&T's activities by issuing 
an eight-page civil investigative demand for 
company documents relating to interconnection 
of customer-provided terminals to the tele-
phone network [Electronics, Dec. 20, p. 50]. 

Interim action 

Yet any antitrust action would involve years 
of litigation before it could be resolved. And 
since there is no promise of any congressional 
consideration of the FCC regulatory structure 
for at least a year, where can the communi-
cations industry look for relief in the interim? It 
must of course look to itself. 

Altering the status quo cannot be done easily 
or quickly. But if the communications services 
industry is to flourish in a competitive atmo-
sphere, the people who develop the technology 
that make innovation possible must give more 
thought to the politics of its implementation. 
To generate support for competition, rather 
than monopoly, will require much more lobby-
ing in many more places than the industry has 
undertaken in the past. —Ray Connolly 
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Yes We Can 
is a two-way street 
Aword to Brand-Rex customers on ways to help reduce supply problems. 

As our most valuable asset, there's something you 
should know. 

We understand the trouble you're having in getting 
the wire and cable you need. And we're doing some-
thing about it. 
Our "Yes we can" program is not a hollow slogan, 

it's a coordinated, company-wide effort to make supply 
shortages less of a burden to you. And we've taken 
dozens of specific steps, large and small, in pursuit of 
this goal. 

But we're not there yet. To make the program really 
work, we need your help. 

Here are some things you can do: 
I. Keep us posted, as far in advance as possible, 

of upcoming wire and cable needs so we can schedule 

your requirements and obtain long-range commit-
ments from our vendors. 

2. Order only what you need, to be delivered 
when you really need it. If we accept your order, 
we'll deliver it — on time or as soon as humanly 

possible. Placing the same requirement on several 
vendors only increases pressures on available supply. 
So everybody suffers. 

3. Talk with our engineers before finalizing specifi-
cations, so we can match your requirements against 
available materials — and where necessary be open to 
recommended substitutes or design changes. 

4. Understand that there is only so much either we or 
our vendors can do to eliminate supply shortages. You 

can help by accepting the shorter-than-specified cable 
lengths that are part of all manufacturing processes — if 
you can use them. That's one way to minimize waste. 

None of us can do everything. But it's amazing how 
much we can do if we all work together. 

Brand-Rex 
Willimantic, Conn. 06.22() 

BRAND-REX CO . A PART OF Akzono INCORPORATED 
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Proven Performance. 
Computer: General Automation SPC-12/ 20. Step 

and repeat, mirror image, automatic 
rewind. Handles variety of formats. 

Spindle feed rate: 20-250 ipm. Accuracy to within 2% of 
setting. Stroke limit adjustable,-
0.001-in. increments. 

Table travel speed: 400 ipm each axis. Computer-driven, 
high-torque, high-speed, low-inertia 
servo motor gives instant acceleration. 

Drill hit rate: 200/min. Quality holes on 1/4 -in. 
movement with 3-high stacks and 
0.002 chip load. 

Spindle motor 
speed: 

15,000-45,000 rpm electric motors; 
15,000-60,000 rpm liquid-cooled, 
frequency-controlled motors; 
30,000-80,000 rpm air-bearing 
frequency-controlled motors. 

The Excellon Mark III. 
Nobody's equalled it yet. 

The Excellon Mark Ill is the most advanced 
p.c. drilling system in the industry today. 
We've had more than our share of 

advances over the years. The fact is, 
when we added up the knowledge 
we've gained from our successes 
(and failures), we had all the makings 
of a major breakthrough. 
The magnificent Mark Ill, for instance. 
World-wide, the Excellon Mark Ill 

is giving unequalled performance with 
highest production rates possible ... at 
the lowest hole costs possible, with high 
accuracy and clean, smear-free holes. 

It has no competition because 
nobody's equalled it yet. Call or Write 
Excellon International, Arkwright 18, 
Astmoor Industrial Estate, Runcorn, 
Cheshire. Phone: Runcorn 66545. 
Telex: (851)627496. 

Excellon Automation 
A Division of Excellon Industries 

23915 Gamier Street 
Torrance, California 90509 

Phone: (213) 325-8000 
Telex: 67.45.62 Cable, Excel Ion Torrance 

Excellon Sales and Service in ENGLAND • FRANCE 
SCANDINAVIA • W. GERMANY • HOLLAND • AUS-
TRALIA • HONG KONG • TAIWAN • JAPAN 
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Electronics international  
Sgn,ficant developments in technology and business 

Ship positioning system 

works in heavy weather 

When a midget submarine was 
missing off the coast of Florida last 
year, not even the most sophis-
ticated tracking and rescue gear 
could locate the vessel in time to 
save the crew's lives. To avoid that 
happening again, the Florida foun-
dation that operated the sub turned 
to a new and far more accurate 
French acoustic measuring tech-
nique. Others are interested in the 
approach, too, and crr-Alcatel, de-
veloper of the technique, is moving 
into the much bigger market of off-
shore oil rig positioning. 
By next summer a modular com-

puter-controlled dynamic position-
ing system based on this technology 
will be in operation aboard the 
French-owned Pelican deep-sea oil 
drilling ship. At depths of up to 
3,000 feet—almost 10 times deeper 
than most current drilling oper-
ations—the system locates position 
on the seabed with an accuracy of 
less than 1% of water depth in good 
weather or about 6% in storm condi-
tions. 

Noise. The French company is in 
competition with Honeywell, the 
world's biggest manufacturer of 
acoustic positioning systems. Key to 
ciT-Alcatel's technique, developed 
from its work with the French 
navy's advanced submarine fleet, is 
its ability to operate effectively 
amid all the din of propellors, thrus-
ters, and drilling rigs—which would 
put most acoustic devices out of ac-
tion. 
The fully redundant system is 

based on one or two on-board 
acoustic interrogation transducers, 
two seabed transponders located 
close to the drilling hole on the sea 
floor, and a series of directional hy-
drophone arrays suspended about 6 
feet under the hull of the drilling 
ship. The position is calculated by 
analysis of the pyramidal geometry 
formed by signals from the three 
sets of instruments. 
The transducers transmit signals 

to the transponders. Each tran-
sponder has its own interrogation 
frequency—plus special identi-
fication code, if necessary—on which 
signals are received from the trans-
ducer above. The two transponders 
signal back up to the hydrophones 
on a shared frequency. This has two 
advantages: only a single reception 
channel is needed, and detection er-

rors on the hydrophone can be 
picked up independently of the 
transponder. 
The programed interrogation of 

the transponders allows oil drillers 
to leave transponders in position at 
a drill hole, move off to tap another 
potential site nearby, and return to 
the first hole later, using the trans-
ponders as homing beacons. 

Around the world 
Multiplexing slashes shipboard spaghetti' 
Modern ships carry a host of electronic equipment—for communications, 
radar, navigation, and other duties. But, even with the increasing use of dig-
ital technology, the various elements still talk to each other through bewil-
dering mazes of wires and cables. Now, Ferranti Ltd. 's Digital Systems divi-
sion is turning to digital-multiplexing techniques so that the navigation and 
radar-gear can communicate through only two twisted pairs of wires, cut-
ting the shipboard "spaghetti" by many orders of magnitude. 
The Ferranti Serial Signaling Scheme divides the various inputs from 

compass, rudder, radar, and input terminals into encoded 14-bit data pack-
ets and transmits them digitally over the single cable. A demultiplexer then 
redivides the packets and sends them to their designations. Because the 
transmission speed is 3 megabits per second, the system can handle ex-
tremely high data rates from the many terminals and sensors in large ships. 
Optimum transmission distance is 300 meters, ideal for most warships. 

Digital control shifts bus gears 
The bus driver's lot often isn't a happy one. But to help him out, the Ford 
Motor Co. and Ferranti Ltd. have developed a prototype of a transmission 
that's shifted by digital circuitry. Called the electronically synchronized 
transmission assembly, the system uses an almost old-fashioned non-
synchromesh transmission with a conventional clutch to connect the en-
gine to the gears. But it employs a host of digital circuits to operate the hy-
draulic actuators, which avoids the drift problems of analog controls. 

Ford and Ferranti claim that the system makes gear changing a finger-tip 
operation. A driver sets the lever of a smaller version of the normal gearshift 
to the desired gear. The system does the rest, operating the clutch, gear-
shift mechanisms, exhaust brake to slow the engine, and accelerator. Six 
prototype units are now participating in a 12-month road test. 

40 heads made on one substrate 
Multiple fixed heads allow faster access to magnetically stored data than 
movable heads, but they increase cost and make it difficult to obtain the 
high track density possible when conventional heads are used. What's 
more, the number of heads that can be bunched together has been limited. 
Now, though, researchers at Hitachi Ltd. 's research laboratory have devel-
oped batch-processed 40-head units made on a single ferrite substrate. Ini-
tially, leads and two-turn coils are fabricated by deposition and etching of 
conducting and insulating layers using hybrid-ic manufacturing techniques. 
The two-turn coil is built as a multilayer helix perpendicular to the substrate. 
Subsequent deposition and electroplating of permalloy over the coil is used 
to form magnetic yokes, with thickness of the coil setting the air gaps. 
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REI has one question 
for people who buy 

electronic test 
equipment. 

Why? 
When you need it fast . . . rent it. Purchasing equipment usually involves long delivery lead times. 

When you rent your electronic equipment from RE! it's a safe bet that you can get what you need within 36 
hours of the time you call in your order, sometimes sooner. This fast service is possible because we maintain 9 
Instant Inventory Centers throughout the U.S. and Canada, stocking millions of dollars worth of equipment. 

When you need it for only a short time . . . rent it. Need equipment for a short-term project? 
Rent it from RE!. When you don't need it any more, return it to us. It's the easy, low-cost way to use the 
equipment you need for just the time that you need it. 

When you care about what it costs . . . rent it. Renting from REI can be less expensive than 
purchasing. There's no capital investment to adversely affect your company's cash flow. This means you'll get 
more mileage from your equipment budget. And, since you can treat your monthly payments as an expense in 
most situations, you'll also achieve tax advantages from renting. 

All REI rental equipment is guaranteed to meet manufacturers' specifications and is operationally 
checked out prior to shipment. Routine maintenance is provided free of charge. Certification and calibration 
are available upon request. Our flexible arrangements include rental, rental-purchase and leasing packages to 
give you the use of equipment from one week to three years or more. 

Get your free copy of our 1974 catalog that lists virtually every item in our rental inventory. Use reader 
service card, or write Rental Electronics, Inc., 99 Hartwell Ave., Lexington, MA 02173. For immediate infor-
mation, call your local RE! Instant Inventory Center listed below. Once you rent from REI, you may never buy 
electronic test equipment again. 

Rental Electronics, Inc. 
PEPOSI LEASING COMPANY 

Burlington, MA (617) 273-2770 • Gaithersburg, MD (301) 948-0620 • Oakland, NJ (201) 337-3757 • Ft. Lauderdale, FL (305) 771-3500 
Des Plaines, IL (312)827-6670 • Dallas, TX (214) 661-8082 • Mountain View, CA (415) 968-8845 • Anaheim, CA (714) 879-0561 

Rexdale, Ontario (PLC Leasing Ltd.) (416) 677-7513 

Think about renting. 
It's the smart way to go. 
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International newsletter  

NATO Starfighter Decision on replacement of 350 to 400 aging F-104 Starfighters and F-
100s by Belgium, Holland, Norway and Denmark w ill probably come replacement awaits 
in early 1975. U.S. government officials promised a steering committee 

U.S. Air Force move of the four NATO countries, which visited the U.S. last month, to push 
up the U.S. Air Force's choice between the Northrop YF-17 and the 
General Dynamics YF-16. That would give the Europeans a chance to 
phase in with the U.S. program. Previously, the Belgians and possibly 
the Dutch were expected to decide on a Starfighter replacement before 
the end of this year. 
Though the four NATO countries have agreed to coordinate their se-

lection, it is not clear that they will manage to do so. The Belgians, who 
are considered likely candidates for the French Super Mirage F-1, 
could make their decision this fall in what some observers see as an ef-
fort to pressure their NATO colleagtes into buying the French planes. 
Involvement with the U.S. would offer the advantages of standard-

ization within NATO, help in sharing R&D costs, and would probably 
result in a lower cost per airplane. Total Starfighter replacement costs 
for the four countries are estimated at about $2 billion—part of which 
would be offset by manufacturing deals with the four countries' aircraft 
and electronics industries. A substantial part of the offset packages con-
sist of avionics. 

French look to Russia, The French government is working out new ways to dodge u.S. domi-
nance in the European computer business. One long-term bet is a plan elsewhere for 
to build fourth-generation computers and the components to go with 

computer support them in partnership with the Soviet Union. Senior Russian officials con-
ferred with top French government computer planners in Paris earlier 
this month and agreed to work together to produce a successor to the 
current East European third-generation systems. 

In the meantime, France's Compagnie Internationale pour 
l'Informatique is struggling to find enough money to keep it finacially 
abreast of its Unidata partners Siemens and Philips. While its private 
industry shareholders, Compagnie Générale d'Electricité and Thom-
son-Brandt, continue to bicker with each other, the French government 
is re-examining the case for a foreign partner for CH as an alternative to 
nationalization. The European Community's recent accord to put more 
political muscle behind the European computer industry has made Sie-
mens the current favorite to take a share in the French company—a 
move which would establish it as effective leader of Unidata. 

CH's partners would be just as happy to see the French accept a U.S. 
partner, like Honeywell-Bull, in the hope of an eventual foothold in the 
U.S. market, but the French still want an all-European solution. And 
the sooner the better, since all the uncertainty is beginning to damage 
cll's image among computer buyers, both in France and elsewhere. 

Sweden may ban The Swedish government has named a commission to study different 
commercials on possibilities of prohibiting or significantly lim iting advertising on 

videotapes or disks. The government's directive to the commission sug-
video recordings gested that tapes designed for private use, at home, or in libraries or 

hospitals have no commercials. Ads might be allowed, however, for 
tapes shown specifically as sales promotion aids. Should the commis-
sion find a total prohibition impossible, it might suggest limits—such as 
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International newsletter   
allowing advertising only in special parts of a tape, similar to the adver-
tising trailers played at European movie houses. 
Behind the government move are worries that the video recording 

business might boom in the future, seriously affecting advertising in-
come to the press. Moreover, there is no commercial television in Swe-
den, and there is some indication that the government sees a threat to 
the publicly-owned Tv system. Viewers may stop watching broadcasts if 
inexpensive, commercial video recordings were to become popular. Al-
ready a commercial video-cassette operation is being tested in Sweden. 
A company headed by American advertising executive Andrew Kar-
nig, a former vice president of J. Walter Thompson, is supplying cas-
sette players to restaurants and pubs. Programs feature sports and en-
tertainment, and there are 30-second commercials between the 15-
minute programs. 

Budget squeeze The French target of 12 million telephone lines in operation by 1978 is 

slows French 
beginning to move out of range of the government's financial fire-
power. The manufacturing plants are there, but the orders are slowing 

phone expansion down. Companies claim that the problem is money. Inflation has eaten 
away at the budgets, and the available cash can not pay for the number 
of lines scheduled for this year. 
A parliamentary commission has called for an extra $640 million this 

year, and it now seems likely that telecommunications and posts min-
ister, Pierre Lelong, may be able to find an extra $250 million or so— 
probably through higher call fees. Next year, the commission wants to 
hike this year's current budget of $2.2 billion to a massive $3.8 billion. 
The best that ministry officials are hoping to arrange for is $3.1 billion. 

Meantime, cu-Alcatel has pulled off a big export order for its E-10 
electronic switching system with a sale to Syria. The French company 
will deliver four exchanges to start with and will follow up with a man-
ufacturing plant to supply the electronic exchanges for the rest of the 
country's phone network. 

Japanese announce Toshiba and Sanyo Electric Co. have introduced another contender in 
the home video-tape-recorder sweepstakes. They have jointly developed 

another cassette system an 0.5-inch cassette color system based on a cassette introduced earlier 
for home video by Sanyo for a black-and-white portable recorder. The cassette has two 

reels side-by-side. That arrangement contrasts with the one-reel car-
tridge recorders made by Matsushita Electric Industrial Co. and Sony 
Corp. and the two-reel, back-to-back cassette recorders developed by 
Philips. The initial announcement only disclosed details of the cassette 
system, but each company says it will soon announce and start sales of 
recorders. Standard playing time of the cassettes is 30 minutes, using 20 
micrometer thick tape. 

Membrain dickers Fast-growing Membrain Ltd. is seeking to greatly expand its share of 
the automatic test equipment market by attempting to buy Honeywell 

for Honeywell Ltd.'s test systems division. Informed industry sources say that merger 
test division talks are underway in a deal that could increase Membrain's expected 

1974 turnover of $3.3 million by 50%. A merger asset would be the con-
solidating of Membrain's almost exclusively commercial market with 
Honeywell's largely military one. 
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Meet a 
brand new company 

with a 15-year reputation 
for reliability. 

The Components Group 
of 

Digital Equipment 
Corporation. 



Now you can buy 
the components 
and peripherals 

that support the world's 
most popular 
minicomputers. 



Separately. 
In quantity. 

At extremely low prices. 

From us. The Components 
Group of Digital Equipment 
Corporation. A new group, 
formed to supply proven, relia-
ble computer components to 
the volume buyer at the lowest 
possible prices. 
The products, described in 

detail on the following pages, 
are all used by Digital as com-
ponents and peripherals in the 
PDP-8 and PDP-11 minicom-
puter systems, the most popu-
lar minis in the world. Our 
components— like our compu-
ters— are designed to deliver 
maximum price/performance. 
Our peripherals can be interfaced readily with 

all commonly-used minicomputers. Additional 
products will be available in the near future; 
product families are planned to provide a range 
of capabilities. 

Until now, if you wanted Digital components, 
you had to buy an entire system. 
Not any more. 
Now, if you order fifty pieces or more, you can 

buy any of these components completely unbun-
dled. Volume buying will get you price breaks you 
won't believe—just check out the prices on the 
next couple of pages. 
And you can have our components off the shelf. 

When we've established our nation-wide network 
of warehouse/depots (due this fall), volume deliv-
eries will be made as fast as we can process 
your order. 
Behind our commitment to deliver stands the 

entire Digital manufacturing capability—over 

two million square feet of 
manufacturing space in the 
United States, Puerto Rico, 
Canada and other countries 
overseas. These are the same 
facilities that have produced 
more minicomputers than any-
one else, the facilities that 
manufacture and test the 
peripherals that support these 
computers. To meet your 
demands in the next year alone, 
we're planning several new 
plants in the United States and 
Canada and retooling present 
production lines to Components 
Group specifications. 

To deliver these components quickly and to 
maintain our high standard of reliability, the 
Components Group is planning a network of 
warehouses. At these depots, products meeting 
our rigid specifications will be stocked for off-the-
shelf delivery. 
Our warranty is simple: all hardware is fully 

warranted for a specified time. If, during this 
period, any product should prove defective, 
you simply return it to the nearest depot for 
fast repair or exchange. 
Over the next few years, we expect the cost of 

computer hardware — especially the cost of the 
computer itself—to keep going down. Entirely new 
applications will open up. Volume production of 
proven components and peripherals enables us to 
sell at greatly reduced prices. Our low-cost, high-
quality products will provide our customers with 
an opportunity for enhanced profits and a com-
petitive edge in an increasingly price-conscious 
market. 
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Terminals 
and peripherals. 

Our cassette mag tape system. 
Under $1600 in quantities of 100. 

Priced below even paper tape, the TU60 is a 
truly reliable dual cassette system. We designed it 
to stand up to repeated use —with cassettes spec'd 
at a minimum of 1000 passes, and an error rate 
that's a full order of magnitude lower than most 
other systems. 
Our proprietary cassette design reduces the 

possibility of hard error. The extra-thick 1 mil 
mylar tape is specially coated to resist extreme 
temperature and humidity. 
The TU60's reel-to-reel drive increases tape life 

even more —there are no capstans, pulleys, pinch 
rollers, or brakes. DC servo-controlled motors 
reduce stretching and provide precise start/stop 
characteristics. 
To reduce noise interference and ensure that 

even very low data levels will be read accurately, 
the TU60 employs an independent high-threshold 
data block detector and low-threshold data peak 
detector. 
And the TU60 can't accumulate error from 

tape-speed fluctuation due to power variation or 
mechanical difficulties: the read electronics adapt 
themselves to the tape speed by means of a phase 
lock loop. Other error-reducing features include 
redundant dual-track recording, automatic leader 
detection, and CRC-type error control. 
Because the TU60 places the burden of record-

ing-reliability on its electronics, not its mechanics, 
less maintenance is required to keep the system in 
good working condition. And when maintenance is 
necessary, it's no problem. The top flips open, 
everything is accessible, and the two main modules 
can be replaced in minutes. 

Our new DECscope video terminal. 
Under $950 in quantities of 100. 

The VT50 is the most inexpensive CRT display 
terminal in the world. It'll give you fast, quiet 
alphanumeric video capability for the cost of a 
slow, noisy teletypewriter. Hardcopy output is 
available too, with our optional low-cost copier. 
For a groundlevel budget price, you get 12-line, 

80-column good-quality display —64 ASCII-

standard upperface characters, each on a 5x7-dot 
matrix. After displaying 12 lines, the page scrolls 
upward from the bottom; its speed can be adjusted 
by the user. 
The keyboard is an easy-to-use, audible, type-

writer-style board, with 3-key rollover to permit 
fast typing. Our optional copier fits right into the 
desktop display cabinet. 
The VT50 is fast — a full range of baud rates are 

switch-selectable up to 9600. Interfacing is with a 
standard 20mA current loop, with inexpensive 
E IA option. 

Installation is easy, just plug it in. The VT50 
has few moving parts, so maintenance is simple. 
Its keyboard is the same field-proven model we 
use on the LA36 teletypewriter. And its low heat 
output means no fans, less noise, and low power 
consumption. 
At such an incredibly low price, the VT50 will 

go far. And fast. 

Our remote terminals. 
Starting at less than $600. 

The RT01 and RT02 terminals provide easy, 
low-cost interactive data entry and retrieval. 
Uncomplicated keyboards make it easy for 

untrained personnel to enter or retrieve data. 
There's no need for confusing, numerically-coded 
instructions. The RT02 will even prompt the inex-
perienced operator by spelling out on the display 
what information is needed next. 
The RT01 displays up to 12 digits of data in a 

NixieTM numeric readout. For non-numeric 
response, it has programmable status indicators. 
The 16-key pad will input 30 ASCII characters. 
The RT02 costs more and gives you more. A 

64-character gas-discharge alphanumeric readout 
that displays up to 32 characters at once. 16-key or 
58-key input. Interactive display prompting. 
Both terminals are ASCII-compatible, so you 

can interface them to any computer with a 
Teletype' port. EIA modem interface is also 
available. 
Both have simple displays and few moving 

parts, for built-in reliability and ease of 
maintenance. 



Logic modules 
and interfacing. 

Digital is the world's largest seller of solid-state 
modules. We give you the widest choice you can 
get—over 400 pretested modules, most of which 
we use ourselves, in our computers and controllers. 
We also carry a full line of compatible hardware, 
power supplies, plug-in boards, cabinets, racks and 
related equipment. 

If you do your own interfacing, our Logic 
Products Handbook and Logic Systems Design 
Handbook will provide general support and 
solutions to specific standard problems. The 
Components Group will also supply, in volume, 
custom interfaces, custom modules, and custom 
variations of our standard terminals. Complete 
descriptive literature on any of these topics is 
available. 

M Series modules. 
These high-speed logic modules for computer 

interfacing use monolithic TTL circuitry to give 
you high speed, high fanout, large capacitive drive 
capability and excellent noise margins, in frequen-
cies up to 6MHz. Some of our newer M Series 
modules also employ current MOS technology. 

K Series modules. 
These noise-resistant modules are principally 

used for industrial control applications where 
noise-resistance is more important than speed. 
Frequencies from DC to 100KHz are typical, 
5KHz frequencies can be obtained. K Series 
modules are designed for easy system checkout 
and troubleshooting and will fit both standard 
NEMA enclosures and computer mounting racks. 

A Series modules. 
For communications between the com-

puter and the outside world, these analog modules 
give 10-bit and 12-bit performance in a family of 
mutually compatible functions — multiplexers, 
operational amplifiers, sample-and-hold circuits, 
A/D and DIA converters, reference voltage 
sources, and multiplying A/D converters. 

DECkit interfaces. 
Our DECkits provide pre-tested, fully-docu-

mented interfaces for a number of common inter-
facing situations. Basically just a few modules 
and a prewired systems unit, they eliminate 
design time, breadboarding, and wirewrapping in 
a number of areas. Complete descriptions of the 
specific interfaces are available. 



The start of a new family 
of component computers. 

The PDP-8/A. 
$572 in quantities of 100 

(CPU & 1K RAM). 
For minicomputer applications, the PDP-8/A 

computer-on-a-board gives you speed and 
performance at an extremely low price. 
The newest, smallest member of the PDP-8 

family of minicomputers, the 12-bit PDP-8/A uses 
only proven, readily available, multi-source MSI 
semiconductor technology. We know it's reliable, 
and we can deliver in quantity, starting in late 
1974. 
To reduce the size and enable low-cost, user-

tailored memory capacity, we've added expand-
able semiconductor memories: ROM, RAM, 
PROM, and ROM/RAM combinations, expandable 
from 1K to 32K words. Cycle time is 1.5µsec. 
The PDP-8/A uses the same powerful instruc-

tion set as the PDP-8/E and is fully compatible 
with other PDP-8 family hardware, operating 
systems, and high level languages (such as BASIC, 
FORTRAN IV, FOCAL). 
The PDP-8 Omnibus' backplane facilitates 

direct interface with more than 60 PDP-8 options 
and peripherals. Seven commonly-used options 
are available on two option boards: serial-line 
interface, 12-bit parallel I/O, front-panel control, 
and real-time clock on one board: powerfail/auto-
restart, memory extension, and bootstrap loader 
on the other. 
The PDP-8A gives the user the flexibility, 
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The MPS microprocessor series. 
$476 in quantities of 100. 

(CPU & 1K RAM). 
The MPS microprocessor series of modules gives 

you a simple, versatile 8-bit controller that's 
inexpensive and easy to use. It will replace hard-
wired logic in control applications and perform 
processing tasks in many new applications. 
The MPS consists of four building-block modules 

and an optional control panel. A basic fully opera-
tional processor can be assembled from as few as 
two modules: the CPU and a memory module. 
The CPU module with 8-bit parallel processor, 

48 data-oriented instructions, and 12.5 µsec 
cycle time, can directly address up to 16K words of 
memory. There are two memory modules: the 
Read-write Memory module consists of a fully-
self-contained random access memory (1K, 2K or 
4K words) and all address decoding logic; the 
Programmable Read-only Memory module con-
tains up to 4K words of UV-eraseable, completely 
reprogrammable semiconductor memory. The 
External Event-Detection module provides power-
failure detection and automatic start, with 6 
interrupt request inputs. The Monitor/Control 
Panel, which can be cable-interfaced to the CPU, 
will perform such typical functions as monitoring 
data paths, memory, and addresses, handling 
general system operational and diagnostic checks, 
and entering programs. 
We designed the MPS to be immediately avail-

able, using proven P-channel MOS/LSI silicon 
gate technology. 

Control programs are prepared on a small, low-
cost PDP-8 minicomputer, using the MPS soft-
ware-development kit of six basic programs. 
The MPS will give you processor hardware with 

the convenience of building-block modularity and 
a design-development package that allows you to 
customize to your application. And all MPS 
modules are completely compatible 
with Digital's logic modules, 
programmable controllers, and 
minicomputers. 

opo 
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COMPONENTS 
GROUP 

Unbundling the worlds 
most popular minicomputers. 

Meet the Components Group now 
— we've got a lot to talk about. Call us direct at 

800-225-9480 
Toll-free from 8:30AM to 5:00PM your time.* 

'US only. Massachusetts residents, please dial (617) 481-7400. 

Digital Equipment Corporation, Components Group, 
One Iron Way, Marlborough, Massachusetts 01752. 

In Canada: Digital Equipment of Canada Limited, 
P.O. Box 11500, Ottawa, Ontario, K21181{8, (613) 592-5111. 
Prices quoted are in US dollars and will vary outside the United States. 



EVEN THE BIGGIES HAVE TO BEAT THEIR CNYIN DRUM 
SOMETIMES. 
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It's about 
time we made some noise about - 

the fact that we're one of the top three 
manufacturers of modular regulated DC power 

supplies. What does that mean to you? Plenty! ACDC 
Electronics provides one of the most extensive lines of standard 

power supplies in the industry...over 500 models ranging from 
approximately 6 watts to over 500 watts. There are five series in 

our series-pass power supply line. Of these, the most popular is the 
OEM. Although they are known for their economy, these OEM power 

supplies offer the same reliability you have come to expect from all ACDC 
products. Our new high efficiency switching power supplies offer the latest 

in technology.They're smaller, cooler, and more efficient than series-pass supplies 
and operate quieter and more reliably than most other competitive models. 
And, there's even more for us to "boom" about. ACDC's ability to tailor 
a power supply to specific applications is virtually unlimited. Some typical 
units range from miniature 400 Hz airborne power supplies to 3000 amp power 
systems for state-of-the-art computer complexes, incorporating such features 
as auto-progression, margining, sequencing, transistor switching, phase control 
and series regulation as well as special 
plete information is contained in our new 
copy, just write to us on your letter-
is enough, just circle the reader 

drum, you just can't 
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packaging configurations. Corn-
1974 catalog.To get your personal 
head, or, if our short form catalog 
service number. Like the broken 
beat ACDC power supplies. 

City 

Company Name 

Address 

State Zip code 

acdc electronics Inc 
Oceanside Industrial Center Oceanside, CA 92054 

(714) 757-1880 
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CENTRALAB 
Electrontcs 

GLOBE-UNION INC. 

5757 NORTH GREEN BAY AVENUE 

MILWAUKEE. WISCONSIN 53201 

With the options now available, 
standard cermet and carbon trimmer resistors 
take on new dimensions of application. 
Centralab is meeting the 
high performance demands 
of navigation equipment, 
aircraft radio, calculators, 
instrumentation and 
automotive electronics. 
High volume and low cost 
are ancillary benefits. 

Regardless of the application, if 
you're looking for a trimmer resistor 
with power handling capacity, small 
size, reliability, or any number of 
other critical parameters, you'll find 
the right combination in the exten-
sive line of standard designs and 
options available from Centralab. 
And if you're looking for high vol-
ume at low cost you should know 
that Centralab can provide produc-
tion runs in the millions with unit 
costs of less than 10 cents, depend-
ing on the type you select. 

Compare the Centralab 
Series M trimmer 
with a conventional 
TO-5 size. The 
Centralab 1/20 watt 
unit requires 2/3 less 
space. That's a 
significant advantage 
for miniaturization. 

Our four series of carbon or cer-
met trimmers offers you 18 standard 
models, in sizes from 1/4" to 3/4", 
from single to quad sections, in rat-
ings from 1/10 to 3/4 watt. You can 
select from a wide range of resistor 
values — 100 ohms to 10 megoluns 
in carbon, 100 ohms to 1 megohm in 
cermet. With standard resistor tol-
erances as low as ± 10%. To simplify 
assembly, all units can be furnished 

There's maximum versatility in the Centralab trimmer ri,istor line. 
Four serles are available with a variety of options including mounting 
brackets, leads, knob styles and colors. 

for vertical or horizontal mounting 
with your choice of three tab leads 
— including the new Snap-Tite® 
rigid PC mount — or with tinned 
wire leads. 

Knob selection is equally varied 
and gives you the choice of univer-
sal, screwdriver, edge-adjust and a 
new thin-profile style just .130" high. 
All knobs are flame retardant and 
come in four standard colors. 

FIXED RESISTOR 
CAPABILITY 
Complete resistor networks can be 
supplied on the trimmer base plate. 
As many as 9 fixed resistors can be 
added to the quad units, 3 on a single 

Multiple sections — double, triple 
and quad — plus fixed resistors are 
every-day requirements being met 
by Centralab trimmers. 

section. And, because you also want 
the assurance of better tracking and 
stability, we offer ratio matching as 
a part of our fixed resistor capability. 

Even with all these features, there 
are other reasons why you can con-
fidently specify Centralab trimmers. 
One is the ceramic substrate that 
gives them performance unmatched 
by phenolics. First of all it gives 
you the setability you need. But in 
addition, you get higher wattage in 
a smaller space. They're conserva-
tively rated at double the wattage 
capability of phenolics. Ceramic 
bases mean they'll withstand higher 
operating temperatures — greater 
dimensional stability — no flux mi-
gration during flow soldering. 

Centralab can help you match up 
their world of options and standard 
designs to give you new dimensions 
in trimmer resistor specification. 
Complete data, including new sim-
plified part descriptions for each 
trimmer family, is included in a new 
Specification Guide. Write for your 
copy today. Ask for Catalog 1549T. 
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Two thick film 
hybrid systems. 
PEC and MEC. 
Centralab offers the flexibil-
ity to design and fabricate 
thick film modules to fit vir-
tually any application and 
cost parameter. 

Low-cost silver/carbon or 
systems for consumer applica-
tions: 

• Resistor Range 10 ohms to 10 megohms 

• Resistor Tolerance.. ±10% preferred minimum 

• Ratio Matching ±5% minimum 

• Capacitor Types Ceramic and tantalum 

• Active Devices  Diodes, transistors & IC's 

• Operating Temp. Range.... —55' C to +85 C 

Noble metal/cermet or MEC 
systems for commercial and in-
dustrial uses: 
• Resistor Range 3 ohms to 3 megohms 

• Resistor Tolerance ±.5% minimum 

• Ratio Matching ±1% minimum 

• Capacitor Types Ceramic and tantalum 

• Active Devices Diodes, transistors & IC's 

• Operating Temp. Range... —55° C to +150° C 

For Bulletin 1547 write 
A.R.Wartchow, Manager, 
Electroceramic Marketing. 
Outside U.S.A. contact 
J.H.Meunier, Manager, 
International Sales. 

Transmitter 
Capacitors 

[1111t t 11 Ir 12 Y' 

Ceramic 
dielectric 
insert. 

Meet Specs For 
Extra Reliability 
and Save 50%. 
When selecting capacitors for 
itransmitter equipment, Cen-
tralab can help. Example: one 
ceramic dielectric type can re-
place two vacuum types — in-
crease reliability—yet reduce 
both weight and cost by 50% 
or more. The cup type shown, 
meets specs calling for 6000 
pf, 10 kV and current ratings 
of 100 amps at 500 kHz. 

Centralab's line of special ca-
pacitors includes header, feed-
thru, tubular, slug and water-
cooled types — plus custom 
designs to meet any spec. 

All it takes is a call to 
Marty Hedrich at 
414/228-2033. 

CENTRALAB 
Electronics Division 

GLOBE-UNION INC 

5757 NORTH GREEN BAY AVENUE 

MILWAUKEE, WISCONSIN 53201 

CERAMOLITHIC® 
FILTERS HAVE 

EVOLVED WITH USE 
OF EVER HIGHER 
FREQUENCIES. 

MSI and LSI technology 
have been shrinking the 
world of electronics, dictat-
ing higher, faster frequen-
cies/speeds. With active cir-
cuit elements in intimate 
relationship, electromag-
netic fields are straying into 
unwanted places; sharp fil-
tering has to be an impor-
tant design consideration. 

U.S. Capacitor Corpora-
tion, the worlds' leading 
innovator of monolithic ce-
ramic capacitors and filters. 
has tracked circuit speed 
developments with one idea 
in mind: improved attenu-
ation at increasingly higher 
frequencies, in state of the 
art sizes and at affordable 
prices. Ceramic Filter evo-
lution happens at USCC/ 
Centralab by basic research 
in dielectric materials and 
new manufacturing tech-
niques. 

Today's products of this 
evolution are CERAMO-
LITHIC© subminiature 
EMI/RFI filters like our 
9900 series feed-thru's giv-
ing better than 70 db at 
10GHZ in only a .110" x 
.156" diameter case size — 
for use in medical electron-
ics and CATV. Write for 
our new 1974 filter catalog 
or call Don Thommen di-
rect, (213) 843-4222. 
USCC/Centralab 
2151 N. Lincoln Street 
Burbank. California 91504 
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Data Communications-
the new business every 
business must have. 

data 
cerrenuneRmuns 

A McGraw-Htit F ublication 

PROJECTED OS DATA 
TERMINAL POPULATION 

4 

3 

INSTALLEb 
TERMINALS 
IMILLIONSI 

2 

We're 
putting it 

all together 
for you. 

2.450,0;0 À 

-ce 

Data communications is indeed a puzzle to 
most of the people working in the market. In 
fact, many don't realize that they have data 
communications needs or what their needs are. 
The people responsible for planning a data 

communications system for their company must 
decide alternative systems approaches, car-
riers, hardware, and vendors—all in the context 
of economics, government regulation, and 
future technology development. 

Putting together all the pieces of this 
puzzle—that's what the new McGraw-Hill mag-
azine, Data Communications, is all about. Data 
Comnumications will be published bi-monthly. 
Our editorial is 100% data communications 

and we know our approach is correct because 
we have tested it with two pilot issues, a year 
apart. 
Our audience is 100% data communications 

because to qualify, they must have responsi-
bility to buy, specify, recommend or approve the 
purchase or lease of products associated with 
data communications. 
Our subscribers are 100% request verified — 

not only are they qualified but each one of the 
25,000 has individually requested Data 
Communications. 

If you want to cover the fastest-growing 
market in our economy, take a full-year's sched-
ule of full pages in Data Communications for 
only $7,800, which includes color, bleed and 
special positions. We'll even do your color 
separations at minimal cost. 
For complete advertising information, 

contact your nearest McGraw-Hill office. 

data iir4 
COTTUnICATIOrIS IM I I la 

A McGraw-Hill Publication 

the magazine and the market. 
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Start with our new Blue 
StreakTM cable 
... it's loaded with features designed to lower your 
installed costs. For instance, every fifth conductor is 
color coded for quick identification and the Blue Streak 
immediately identifies polarity. The unique cable 
construction permits clean conductor separation for 
breakouts and easy insertion into connector assemblies. 
Available in 50 conductors or less — solid or stranded 
wire — this U/L listed self-extinguishing cable is the 
perfect companion for the new one-piece connectors. 

New cable connector system...It's 
designed to lower your installed costs. 

A perfect crimp every time 
... because our Blue Streak hand tools feature the 
Shure-Stake' principle which makes the tool 
responsible (not the installer) for the compression 
connection. Your installer must complete the set 
compression stroke before the connector can be 
removed. It's as fool proof and reliable as a compression 
connector tool can be. A full line of bench mounted 
tools with interchangeable dies are also available. 
The Ansley Team — One Piece Connectors — Shure 

Stake® Hand Tools and Blue StreakTM Cable — all 
combine to offer you the most reliable connection 
package at the lowest installed cost. 

ANSLEY ELECTRONICS CORP. 
Subsidiary of Thomas& Betts Corporation n 
3208 Humboldt St., Los Angeles, Ca. 90031 
Tel. (213) 223-2331, TWX 910-321-3938 

Our new insulation 
displacing flat cable 
connectors install in 
1/3 the time 
... simply because they come to you in one piece. Two 
benefits result; assembly of the connector itself is 
eliminated and the time consuming job of lining up the 
cable on the connector is no longer necessary. 
To install — simply insert the cable end into the 

connector and crimp. It's that easy — fast — and 
reliable! Speaking of reliable — our new connectors 
feature an exclusive "tulip" contact design which 
provides 4 contact points per conductor. In addition, the 
front of the "tulip" contact is designed to act as a strain 
relief on the wire. 

We'll be more than happy to send you a test 
report on contact reliability. 

SOLD COAST TO COAST THROUGH AUTHORIZED ANSLEY DISTRIBUTORS. 
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"We've 
Got A Great 
Instrument" 
In fact, we've got a lot of great 
instruments. Perhaps we've 
grown complacent. Maybe we 
haven't been ardent enough in telling our customers 
Texscan IS the world leader, with a complete line 
and a single source that no other has. 
With our design and design capabilities, we're 

coming on even stronger in the CATV, sweeper, 
spectrum analyzer, oscilloscope, attenuator and 
oscillator business. 

We'll be telling you more later. For now, though, 
why is Texscan the leading supplier? For openers, 
take a look at the chart below: 

Carl Pehlke, President and Chairman 

Number of Models 

PRODUCT TEXSCAN TELONIC WAVETEK 
Laboratory Sweep Generators 26 8 7  

Spectrum Analyzers 6 0 0  

Display Oscilloscopes 3 3 1  

Attenuators 83 18 8  

Oscillators 149 0 0  

Filter types 8 6 0 

Based on latest catalog information 

'roman 
THE WORLD LEADER AND 

COMING ON EVEN STRONGER. 
U. S. Sales Offices: Albuquerque 505-298-2575, Bayside (N.Y.) 212-423-7330, Binghamton (N.Y.) 607-748-0509, Blue Bell (Pa.) 215-542-1490, Cedar Rapids 319-363-2489, Cleveland 
216-243-8430, Dallas 214-363-5291, Dayton 513-298-3033, Depew (N.Y.) 716-685-4111. Detroit 313-482-1229, Dover (N.J.) 201-366-7518, Hamden (Conn.) 203-288-5246, Hazelwood 
(Mo.) 314-731-5200, Hazlet (N.J.) 201-264-1851, Honolulu 808-941-1574, Huntsville (Ala.) 205-837-1601. Independence 816-737-1414, Indianapolis 317-257-7231, Los Angeles 
213-478-1586, Mt. Penn (Pa.) 215-672-5565, Northbrook (Ill.) 312-882-7140, Orlando 305-859-2160, Palo Alto 415-494-3331, Seattle 206-763-2233, Syracuse 315-454-9314, Ulster 
Park (N.Y.) 518-372-6649, Winston-Salem 919-722-9671, Waban (Mass.) 617-969-3372, Wheaton (Md.) 301-942-9420. Canadian Sales OfOces: Downsview 416-638-0218, Halifax 
902-455-0670, Montreal 514-735-4565. Ottawa 613-728-4624. Vancouver 604-732-7317. Winnipeg 204-475-1732. 
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BOURNS 
trims more 
circuits 
than 
anyone 
else in the 
world! 

NOBODY KNOWS MORE ABOUT 
TRIMMERS THAN WE DO 
Marian E. Boums, President of Boums, Inc., 
invented the modern miniature TRIMPOT 
trimming potentiometer. This company 
pioneered the industry, and has maintained its 
leadership position for over a quarter of a century. 

WE GIVE YOU WHAT YOU NEED 
Bourns has the broadest line of trimming 
potentiometers in the industry. We produce 
just about any type, shape, size, style you're 
likely to need. We make them more readily 
available via a large factory inventory . . . and 
91 stocking distributors. 

Ready to simplify your specifying? Standardize 
on Boums "Top Twenty"... they cover 90% 
of your application requirements. Write for our 
Top Twenty Designer's Portfolio. 

YOU CAN DEPEND ON BOURNS 
Trimming potentiometers are the most cost-
effective method of adjusting, regulating and 
controlling circuits . . . and they will remain 
so for the foreseeable future. Bourns is the r--, 
most capable, straightforward and reliable'. ' 
supplier of trimming potentiometers. 
Depend on Boums. 

1110 0 11 
QUALITY, SERVICE, VALUE — Bourns is No. 1 

... you can depend on it! 

MIMI 
- 

POURNS 
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Probing the news   

Drop-outs. White dots 

in video-telephone pic-

ture are areas of signifi-

cant change in face-to-

face communications in 

1 /60 second. These 

are the areas that will 

be refreshed. 

Problem: cut video bandwidth 
Solution: choose from compression techniques being pursued by such 

varied agencies as the military, NASA, and Bell Laboratories 

by Larry Armstrong, Midwest bureau manager 

Digital video transmissions require 
48 to 50 megabits per second. That's 
too much for the military, NASA, 
and AT&T. So all three are working 
to pare that figure, with the result 
that there are now several systems 
that can send recognizable pictures 
at 1 mb/s or less. 

Military interest centers on use in 
remotely piloted vehicles for strike 
and reconnaissance. Each vehicle 
will contain a TV camera and trans-
mitter to return images to a ground 
or air-control station. Antijam oper-
ation is important: the idea is to 
squeeze out as much redundancy as 
possible and then put back the miss-
ing parts later in a controlled fash-
ion. In this way, the enemy is forced 
to spread his jamming power [Elec-
tronics, June 27, p. 33]. 

While observers agree that NASA 
doesn't need to press as hard as the 
military, the capacity of satellites is 
limited. Reduction from 6 bits per 
picture element to 2, therefore, 
means a threefold increase in chan-
nel capacity. 

Closer to home, Bell Laboratories 
is looking at similar procedures for 
the obvious Picturephone appli-
cation and has plans to use video-
compression techniques in the 
photocomposition of telephone di-
rectories. Although Bell admits that 
it has no on-going hardware pro-
grams, it's studying two-dimen-
sional coding with the Harr, Hada-
mard, and fast-Fourier transforms 
and with differential pulse-code 
modulation, requiring a frame 
memory at transmitting and receiv-

ing ends of the system. It's also 
working on color pictures. 

Prototypes. Although most of the 
work is still in the research—even 
theoretical—stage, at least two pro-
grams will pay off this fall in pro-
totype hardware for real-time pro-
cessing and transmission. 

At Wright-Patterson Air Force 
Base near Dayton, Ohio, the Air 
Force Avionics Laboratory has 
started building a hardware proces-
sor, designed for remotely piloted 
vehicles (RPvs), that compresses 
video transmissions to 1 Mb/s. The 
Air Force team breaks a typical pic-
ture frame, containing 512 by 512 
elements, into 4,096 subpicture.s of 8 
by 8 elements each, runs them se-
quentially through an analog-to-
digital converter, and holds them in 
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How do you direct 2,000 low 
level transducer lines into a back-up 

computer without changing 200 cables? 
Easy. T-Bare 48-pole latching relays. 

T-Bar makes high density switches and 
relays ... designs and fabricates special 

switching systems ... reliably and 
economically. If you switch a lot of lines — 

all at once or a few at a time — write or 
phone today for complete T-Bar literature. 

}Bar 
INCORPORATED 
SWITCHING TECHNOLOGY 

141 Danbury Road 
Wilton, CT 06897 
Phone: 203/762-8351 

Probing the news 

4,096-bit random-access memories. 
The arithmetic/logic unit, built of 

Schottky transistor-transistor logic, 
performs simple two-dimensional 
Harr or Hadamard transforms on 
the data, depending on the ROM 
chip plugged into the system. Both 
transforms require only addition 
and subtraction during processing, 
and the simpler ALU that performs 
these two operations also helps keep 
the weight of the payload for the pi-
lotless planes to a minimum. 

Smaller. Facing even larger prob-
lems are researchers at the Naval 
Undersea Center in San Diego, 
Calif. While the Air Force work is 
directed toward large-body, high-
speed RPvs, the Navy team is lim-
ited to a 1- to 2-pound system. 

Built around LSI charge-coupled-
device circuitry developed by Texas 
Instruments, the hardware processor 
reduces the image bandwidth by 
means of the sophisticated, analog-
cosine transform, followed by differ-
ential pulse-code modulation. "We 
cannot go with direct digital imple-
mentation because of its complex-
ity," explains Harper Whitehouse, 
assistant director for science at the 
Navy lab's sensor and information 
technology department. 

Instead, the Navy first unravels 
the vidicon output by ignoring every 
alternate frame and thus obtaining 
a frame of 256 by 256 elements. 

This frame is broken into columns, 
each 23 elements wide, and each 
column is processed a line at a time, 
column by column, at a 5-mega-
hertz rate. The frame takes about a 
quarter of a second to process, giv-
ing an effective rate of 3.75 frames 
per second. The differential pulse-
code modulator compares the band-
width-reduced analog data to the 
previous line, quantizes it, and feeds 
the digital output to the transmitter. 
Work at NASA-Ames in Sunny-

vale, Calif., is focused on developing 
hardware for real-time, digital 
Hadamard-transform systems for 
satellite use. The NASA technique, 
unlike that used at Wright-Patter-
son, divides four successive frames 
into blocks of 4 by 4 by 4 picture 
elements for transform coding. Be-
cause the method works in three di-
mensions, a sizable memory is re-
quired: the hardware package 
includes a set of disk memories, 64-
and 1,024-bit static RAMS, 256- and 
512-bit shift registers, a standard Tn. 
ALU, and a 6-bit a-d converter. 
The compression system for plan-

etary exploration at Jet Propulsion 
Laboratory, Pasadena, Calif., uses a 
new two-dimensional simpler trans-
form developed by Robert F. Rice, 
senior research engineer. 
With it, JPL has achieved simu-

lated transmission rates of less than 
0.25 bit per picture element, al-
though Rice cautions that some of 
the concepts might not extend to 
ground applications. 

Adding—and subtracting—the picture 

Traditionally, pulse-code-modulation techniques have been used to digitally 
describe video-scan frames of 512 by 512 elements. Each element is quan-
tized as one of 64 different shades of gray and transmitted as a binary code 
using 6 or 8 bits per element. Differential PCM is an attempt to cut down the 
information transmitted by sending only the difference between that ele-
ment and a previous one—the same element in the preceding frame or line, 
or its immediate predecessor. Either way, the difference has already been 
digitized for the PCM format. 
However, most researchers feel that the redundant information can be 

sorted out better if the elements are in a different domain so that pictures 
are mathematically transformed without significantly altering their meaning. 
Most of these transforms try to approximate the Karhunan-Loève transform 
that is accepted as the best for block-image processing. Perhaps the clos-
est is the cosine transform, an analog technique that yields the real part of 
the complex numbers that result from a high-resolution fast-Fourier trans-
form. 

Harr and Hadamard transforms might be called the poor man's Fourier 
transforms. Although the Fourier version is better, because it requires multi-
plication and division, it is difficult to implement. Both Harr and Hadamard 
versions can be built with add-subtract modules alone. 

70 Circle 70 on reader service card Electronlcs/July 25, 1 974 



An 
Industry first. 

RCA Solid State's CA3097E Thyristor/Transistor IC Array 
There are so many ways to use — DC Current 25 mA (max.) 

it that we can't even begin to describe CI p-n-p/n-p-n transistor pair 
them to you. — beta —_ 8000 (typ) 

We've put a programmable uni- @ lc = 10 mA 
junction transistor (PUT), sensitive III n-p-n transistor 
gate SCR, zener diode, p-n-p/n-p-n — VCE0 — 30 V (min.) 
transistor pair and an n-p-n transistor — lc = 100 mA (max.) 
...all together in the 100 times lil Thermal and electrical component 
improved plastic package system— tracking with the design flexibility of 
RCA's new E-55 (16 lead DIP). discrete components 

Check these characteristics and D Improved product reliability with 
decide for yourself how to use the the E-55 plastic packaging system, 
CA3097E in your system. which demonstrates two orders of 

Characteristics magnitude improvement in reliability 
D Programmable unijunction over previous industry average. 
transistor (PUT) [11 Operation over a temperature 
— peak-point current = range of —55 to +125°C. 

15 mA (typ) at AG = 1 M If the CA3097E can work for 
— VAK = =-F-- 30 V you, order now. It is available in 
— DC Anode Current =150 mA quantity—at a price that will stop you 

D Sensitive-gate silicon controlled in your tracks: $1.35 (1K price). 
rectifier (SCR) Want to know more about the 
— 150 mA forward current (max.) CA3097E? Write: RCA Solid State, 

D Zener diode Section 70G25, Box 3200, 
— 8V ± 10% Somerville, New Jersey 08876. . 
— Zz = 15 û (typ.) Or phone: (201) 722-3200, Ext. 3144. 

Solid 
State 

products that make products pay off 
International. RCA. Sunbury-on-Thames. U.K /RCA. Fuji Building, 7-4 Kasumigaseki. 3-Chome, Chiyoda-ku, Tokyo. Japan/RCA, 103 Nanking E. Road, Sect. 2, 2nd Floor, Taipei, Taiwan. In Canada: RCA Limited, Ste. Anne de Bellevue 810, Canada. 
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Probing the news 

Communications 

Plugging in to phone management 
Systems that control use of WATS and other lines result in savings 

of 15% and up for companies with elaborate phone setups 

by John N. Kessler, New York bureau manager 

Special reduced-rate phone ser-
vices—like Wide Area Telephone 
Service lines, tie lines, and special-
ized common-carrier links—can 
shave a lot of money from a large 
corporation's communications bills. 
Now, though, a new and fast-grow-
ing telecommunications market is 
springing up to help coordinate a 
company's complex mix of phone 
services—and to cut another 15% to 
20% off the bills. The basis of all the 
systems being offered is a com-
puter—either a minicomputer or a 
microprocessor. In the simpler sys-
tems the computer keeps logs of all 
calls, and in the more sophisticated 
systems, it routes calls over the least 
expensive path. 

This new, computerized adjunct 
of the telephone market is con-
fined—at least at first—to telephone 
customers with more than 100 lines 
and 50 or more trunks, which might 
include WATS, foreign exchange 
(Fx), direct distance dialing (DDD), 
tielines, and specialized common-
carrier links. With such facilities, 
telephone bills can easily top 
$10,000 a month. 

For companies equipped with 
communications facilities of this 
magnitude, telephone service can 
easily represent the second or third 
highest corporate overhead. In 
terms of numbers, such firms form 
an elite group of the 197,000 users 
of private automatic branch ex-
change (FABx) and Centrex systems. 
About 20,000 have more than 200 
lines, according to Harry Newton, a 
New York City telecommunications 
consultant. 

Marketing. Newton estimates that 
a little more than 100 computerized 
telephone-management systems will 
be installed by the end of the year. 
This represents an equivalent sales 
volume of about $6 million, includ-
ing leased systems. But he expects 
this figure to grow to at least $20 
million in three years—a fairly con-
servative figure, considering the po-
tential $1.2 billion market. In three 
to five years, Newton says, the cost 
of computerized telephone-manage-
ment systems will drop, and the eco-
nomic benefits will likely be reaped 
by smaller users, too. 
One of the big unknown factors is 
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Getting the most from phones. This diagram shows typical installation of a computerized 
telephone-management system. Such systems can log calls and also route them. 

whether the Bell System will decide 
to compete in this emerging market 
by developing its own system. The 
Bell System is evaluating a number 
of independently developed sys-
tems, which—if approved—will be 
recommended to operating com-
panies for lease to subscribers. 
The only Bell System installation 

to date is one purchased from Vitel, 
Mountain View, Calif., the manu-
facturing subsidiary of the Conti-
nental Telephone group. It's in-
stalled at Transamerica Corp. of 
San Francisco. 

Control. There are two basic types 
of systems. Passive systems monitor 
lines and trunks, providing hard-
copy printouts of what extensions 
called what numbers, how much 
each call costs, when each call was 
placed, when it ended, and how 
each call was routed—for example, 
via WATS or DDD. The active sys-
tems provide two basic additional 
functions: they can restrict tele-
phone usage of certain phones to, 
say, local and WATS trunks, and 
they can force a caller to use the 
least-expensive line or trunk. 

Both systems link a computer 
with magnetic tape and a clock con-
nected to each phone line and/or 
trunk. The dc pulses from each ex-
tension and the time of day are 
monitored. The tapes can be col-
lected periodically and processed on 
a computer to yield hard-copy print-
outs. Depending on the software, 
various types of printouts can show 
individual extension use, depart-
ment usage, peak-calling periods, 
the toll charges for each extension, 
the routing of each call, and hourly 
distribution of call minutes, based 
on time or trunks used. Special pro-
grams can also screen out incom-
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Seven ways to tell a 
Darlington that's great 
from a Darlington that's 

merely good. 
Monolithic rather than two-chip 

offers greater reliability 

Device  geometry 
eliminates the possibility 

of interconnect failures 

Clip lead construction 
improves thermal and 

mechanical ruggedness 

It's what you'd expect from the people who 
brought you the 2N3055— long recognized as 

the industry leader for ruggedness 
and performance. 

Our Darlingtons are made of the same 
construction system, on the same production 
facility, with the same process and reliability 

controls. So, in more ways than one, every 
RCA Darlington transistor bears a striking 

resemblance to its industry-
workhorse companion. 

Another RCA power transistor tradition you can 
look for is high quality levels whether you need 

a hundred, a thousand, or a million pieces. Levels 
achieved through modern manufacturing tech-

Process Controls and thermal  
fatigue characterization result 
in high IsB capabilities 

built-in  protective diode shunts 
reverse current for added 
circuit protection 

exclusive thermal fatigue rating 
enable safe full- capability 
operation 

Real-time testing improves 
quality levels over traditional 
testing 

niques combined with real-time product control. 
Because RCA offers a wide variety, you can 

pick the Darlington package that best suits your 
product needs. Including the hermetic steel 
TO-3. The TO-5. The TO-66. Plus the RCA 
TO-220 VERSAWATT— the plastic package that 
offers reliability at low cost. Soon, you'll also 
have the RAP series, a new generation of 
devices designed for low power, high 
volume applications. 
So if you want RCA performance and 

reliability in a Darlington, contact your RCA 
Solid State distributor or write: RCA Solid State, 
Section 70G25, Box 3200, Somerville, N.J. 08876. 
Phone (201) 722-3200 Ext. 2129. 

II I' Solid 
State 

International: RCA. Sunbury-on-Thames. U.K., or Fuji Building, 7-4 Kasumigaseki, 3-Chome, Chiyoda-Ku, Toykyo, Japan. 
In Canada: RCA Limited, Ste. Anne de Bellevue 810, Canada. 
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Probing the news 

pleted calls, wrong number, local 
calls, and extension calls. 
The active systems can be custo-

mized. Each extension can be as-
signed a calling area, limiting the 
caller to local calls, specific ex-
changes, or WATS lines, or can be 
permitted everything, including FX 
and DOD. For example, with the 
TMS System developed by Dextel 

Corp. of New York, such restrictions 
can be changed for different times 
of the day, according to the avail-
ability of trunk facilities. 

Action Communications Systems 
Inc., Dallas, uses a separate piece of 
hardware it has dubbed a Watsbox 
to give a caller to an outside line. 
The Watsbox is connected to a PABX 
or Bell System Centrex. To place a 
call, the user enters his author-
ization number. The Watsbox then 
automatically selects the most eco-

8 CASES FOR SWITCHING 
TO NATIONAL' SCRs 
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6-1600 Amp-
25-1700 Volts 
Power and Inverter SCis 
Patented Regenerative Gate 

Call or write for full details 

@ NATIONAL ELECTRONICS 

geneva. illinois (312) 232-4300 

nomical route for long-distance calls 
and records time and billing infor-
mation. As with some other systems, 
Watsbox features include replacing 
of frequently used long-distance 
numbers with a two- or three-digit 
code. If the circuits are all busy, the 
system will also notify a caller of the 
number of call requests already 
stacked up. 
One of the most unusual systems, 

in terms of hardware, is the Alston 
Call Account System, made by the 
Alston division of Conrac Corp., 
Duarte, Calif. The common control 
functions that format the data are 
handled by an Intel microprocessor. 
The microprocessors, which handle 
240 lines each, can be added to-
gether to make larger systems. 
While there is no magnetic tape, 
there is an Ascü code plug at the 
back of each unit that can be con-
nected to a tape, teleprinter, or tele-
typewriter. 

Accurate charges. Besides simply 
cutting bills, computerized tele-
phone-management systems have 
other economic benefits. Their use 
will enable companies to optimize 
telephone facilities by eliminating 
or adding trunks or lines. For some 
organizations, such as law firms and 
advertising agencies, these systems 
provide a definitive cost index of 
phone charges that can be billed 
realistically to individual clients. 
But as Edward Parsons, vice presi-
dent of Interconnect Corp., Miami, 
a subsidiary of Milgo Electronic 
Corp., Miami, puts it, "the users will 
have to become more sophisticated 
in evaluating the assignment and 
usage of telecommunications facil-
ities." 
The "big brother" aspect in any 

system that records who calls when 
and for how long is an inherent eco-
nomic asset. For example, Nat 
Freedman, president of Dextel, has 
a customer that was able to deter-
mine the cost of employees calling a 
certain New York City number that 
turned out to be Dial-a-Joke. 
The future of the industry, in 

terms of electronics, says Freedman, 
is toward smaller, less expensive sys-
tems. Some units, he believes, will 
eventually be incorporated in the 
PABX itself. And this, in turn, will 
change the PABX from simply a 
switching device to an intelligent 
system. 
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THE FIRST PRACTICAL 
DATA-ACQUISITION, 

y  MODULE: 

4 
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Complete 12-bit, 
16-channel 
system fits 0.5" 
card spacing--
anywhere. 
Better 

performance, 
at lower cost, 
than individual 
module 
combinations. 

->1 F4-
0.375" 
THIN 

On a minicomputer moth-
erboard, medical instrument 
or process control system . 
mounted on a single small 
card . .. plugged directly into 
a card-cage connector-
there's always room for the 
0.375"H x 4.6"W x 3.0"L Mod-
el MP6912: With space at 
a premium, this remarkable 
plug in, easily serviceable 
high - performance / low-cost 
system is your first really 
practical alternative to either 
in-house design or larger 
more costly systems. Par-
ticularly since you'd actually 
pay more to get comparable 
performance from individual 
modules that need .3-5 times 
the "real estate". 

You get a 16-channel mul-
tiplexer (expandable to 256 
channels), fast sample and 
hold, and a 12-bit A/D con-
verter (accuracy 2=0.025% at 
a 100kHz thruput rate), inte-
grated with complete pro-
gramming, control, and timing 
logic. (That's what we call the 
first practical data acquisition 
module.1 

What you don't get is 
equally important: error 
accumulation; module inter-
connection costs and head-
ache; redesign challenges 

every time the application 
changes; and testing, docu-
menting, and quality-control-
ling at the module level. 

The MP6912 is an opti-
mized design: 100% shield-
ing on all six sides to mini-
mize interference; minimum 
parts count for inherently 
high reliability; an exceptional 
100kHz basic throughput rate 
that can be "short cycled" up 
to 450kHz; buffered outputs 
for trouble-free digital inter-
connection. 
A companion D.C. to D.C. 

converter, the MP3020, which 
is powered by the -I-5V logic 
supply is also available to 
provide all the power needed 
for the MP6912 in a compat-
ible 0.375" thin package. 

Write for our 16-page de-
signer's guide to the MP6912 
-applications and timing dia-
grams, set-up and calibra-
tion procedures, etc. and see 
why the Analogic alternative 
makes sense. Analogic, Aud-
ubon Rd., Wakefield, Mass. 
01880; phone (617) 246-0300. 

Northeast, 617-235-2330, 203-966-2580, 
315-466-0220, 201 ,•652-7055, 
212-947-0379 
Mid Atlantic, 215-272-1444, 
215-687-3535, 703-790-5666, 
301-252-8494 
Midwest, 314-895-4100, 913-362-0919, 
216-267-0445, 513-434-7500, 
313-892-2500, 412-892-2953, 
312-283-0713, 414-476-1500, 
317-844-0114 
South, 713-785-0581, 214-620-1551, 
305-894-4401, 919-227-3639, 
205-534-9771, 305-773-3411, 
813-867-7820 
West, 303-744-3301, 505-523-0601, 
602-946-4215, 505-292-1212, 
714-540-7160, 415-398-2211, 
206-762-7664. 503-643-5754, 
Canada, 613-836-4411, 604-688-2619. 
416-499-5544, 514-636-0525, 
902-434-3402 

ANALOGIC MI e 
. .. The Digitizers 
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The 840 out of Southboro 
is now scheduled to arrive in 45 days. 



When the 840 first came out, a lot of people came 
running to Southboro to see what it could do. 

It did so many different things that people 
started buying them faster than we were building 
them. 

Which unfortunately made them kind of hard 
to get. 

So in an effort to make 840's easier to come 
by, we've made the place where we make them 
bigger. And faster. 

And to encourage even more people to want 
840's, we're offering some incredibly powerful 
systems software. A Real-time Disc Operating 
System that works just as hard developing your 
programs as running them. Plus a Fortran 5 com-
piler so comprehensive the diagnostics tell you 
exactly what's wrong and where. In English. 

To run software like that, you'll get hardware 
like this :256K bytes of core, Memory Management 
and Protection Unit, high-speed Floating Point, 
terminal, disc and tape drive. 

But now you won't have to stand in line to 
get it. 

Catch the 840 out of Southboro. 
It'll arrive 45 days after you buy your ticket. 

DataGeneral 
The computer company you can understand. 

g. Data General Corporation, Southboro, Massachusetts 01772, (617)485-9100. 
Datagen of Canada Ltd., Hull, Quebec (819)770-2030/Data General Europe, Paris, France 504-23-44. 
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Government 

U.S. to require computer security 
Legislation would force Federal and local governments to limit access 

to data banks; big purchases delayed as law is awaited 

by Larry Marion, Washington bureau 

Computer privacy is coming, but it 
isn't going to come cheap. That's the 
message for hardware makers in 
bills that are starting to make their 
way through the Federal legislative 
process. When these measures, seek-
ing better security for government 
data banks, are boiled down into a 
law—and experts expect one this 
year—security devices for Federal, 
state, and local government data 
banks containing personal informa-
tion will be mandatory. Senate com-
mittee statistics indicate that there 
are dozens of Federal installations 
alone and hundreds more at other 
levels of government. 

Access controls, including sub-
stantial record-keeping systems, 
would require installation of costly 
security systems. Ruth M. Davis, di-
rector of the National Bureau of 
Standards Institute for Computer 
Science and Technology, says the 
majority of the privacy require-
ments would be met by "hardware 
implementation." 
Computer security has been a 

major concern for the last few years 
as hundreds of cases of computer 
manipulation for personal profit 
have been uncovered. Banks, tele-
phone companies, and retail outlets 
have investigated various methods 
of limiting access to files containing 
information, such as accounts re-
ceivable and cash deposit totals. 
Time-sharing centers have been es-
pecially interested in preventing 
fraudulent billing schemes. 

Development needed. Experts in 
industry and government expect ac-
cess controls to be offered by com-
puter vendors within the next three 
or four years, but Davis and another 
expert, Rand Corp. analyst Willis 
Ware, say that these systems are not 

Technology lags. That's what Ruth Davis 

says about security and privacy hardware. 

She directs NBS computer science institute. 

now available on the commercial 
market. Davis says that techniques 
and systems developed for the mili-
tary could be adapted by commer-
cial firms "when the incentive is 
there." Such techniques—including 
voiceprints, fingerprints, hand 
geometry, and magnetic cards—can 
be circumvented or have not been 
sufficiently developed, Davis has 
told a Senate committee. Experts 
say the cost of secure-access devices, 
between $20,000 and $30,000 per 
four-terminal data bank, may be too 
high. 

Davis sees security as "a whole 
new market for the future. No one 
has gotten beyond the superficial 
level of computer-security devices. 
At this time, we don't have the 
slightest idea what the total cost of 

security will be, but preliminary 
studies indicate the cost to the Fed-
eral Government would be between 
$750,000 and $5 million at the 
upper end of the spectrum, plus up 
to $1 million per year in operating 
costs, depending on which legisla-
tion is passed. Encryption tech-
niques [guidelines on encryption are 
soon to be issued] will result in a 
four-fold increase in transmission." 

Rapid application of current tech-
nology, plus development of new 
technology, will be needed to meet 
the demands of the proposed legis-
lation, she notes. And increased 
transmission lines and facilities 
would be needed to handle the extra 
load. 

Bills. Despite the warnings about 
cost and technology, there's no 
shortage of bills in the congressional 
hopper. The legislation includes for-
mation of a Federal privacy board, 
to be responsible for annual reports 
on the size and number of Govern-
ment data banks with personal in-
formation. Other proposals that are 
included in many of the more than 
100 computer privacy proposals in-
clude requirements for recording 
each access to a system and keeping 
that information for two years or 
more. 

Davis, at hearings of the Senate's 
constitutional rights subcommittee 
of the Judiciary Committee and the 
Senate Government Operations 
Committee, warned that such a re-
quirement for information accessed 
only once in nine months would 
double a file's contents in seven 
years. Davis also noted that merely 
recording each access by the oper-
ator's name is not too difficult, but if 
the legislation requires a catalogue 
of facts—such as which part of the 
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data bank was accessed, and what 
was reviewed and for how long—the 
resulting need for memory and op-
erating costs would be exorbitant. 
She indicates that costs of increased 
memory capacity and the develop-
ment and sale of access-control sys-
tems would have a major impact on 
the computer industry. 

"Either a computer data bank has 
access controls or lots of insurance— 
those are the only two options I see 
in response to the security-privacy 
legislation now before Congress," 
says Rand's Ware, who is also a 
technical consultant to Wema. He 
warns that it will be more difficult to 
apply access control to some com-
puters than to others. For the data-
bank operator, Ware says the new 
legislation would mean that more 
memory capacity would be devoted 
to housekeeping. 

Packages coming. As for the ven-
dor hardware, Ware says, "In the 
next three years, most hardware 
manufacturers will offer hardware-
software security packages as part of 
a security safeguards system. And 
right now, there are not many gad-
gets around that can authenticate if 
the user is who he says he is." Most 
of the proposed bills permit ag-
grieved citizens to sue computer 
data-bank owners if the owner/ 
operator does not comply with 
privacy guarantees in the legisla-
tion, including prohibitions against 
improper disclosure of personal in-
formation. 
The final Senate committee pro-

posal should be before the floor for 
a vote by the end of the summer, ac-
cording to Congressional staffers. 
They expect House action before 
Christmas. A computer-privacy bill 
is inevitable this year, they say, be-
cause it is a "computer-privacy-con-
scious" Congress. Sen. Sam Ervin 
(D, N.C.) a prime sponsor and 
mover of the computer-privacy leg-
islation, makes the same prediction. 

Impact. Already the specter of 
legislation has had an enormous im-
pact. General Services Adminis-
trator Arthur F. Sampson has an-
nounced a new policy of submitting 
computer-procurement proposals to 
Congress before requesting bids, 
and the GSA now reviews the secu-
rity requirements and features of in-
house computer proposals from 
other executive agencies [Electron-

Sweden's watchdog 

Sweden's Data Inspectorate—the 
world's first data-bank watchdog— 
has made its first major decisions. 
The rulings are expected to have 
long-range effect on private data 
banks in that country. Perhaps the 
most important is rejection of a plan 
by the nation's banks to establish a 
national repository of information on 
all Swedes to be used for credit and 
other financial transactions. Each 
bank will be permitted to operate 
data banks only on its own custom-
ers. 
The Swedish privacy laws and 

those being submitted to the U.S. 
Congress have basic differences. 
The American versions are con-
cerned to a major extent with com-
puter security, as well as privacy. 
On the other hand, the year-old 
Swedish law [Electronics, July 19, 
1973, p. 72] prevents, among other 
things, keeping records of highly 
personal matters, gives each citizen 
the right to get a free printout of his 
"dossier," forces data banks to cor-
rect errors or eliminate names on 
request, and gives citizens the right 
to sue data banks. 

ics, June 27, p. 30]. Proposed major 
system purchases for the Internal 
Revenue Service, the Veterans Ad-
ministration, and the Justice De-
partment are being held. 
The GSA delay in future computer 

and telecommunications procure-
ments stems from the recent furor 
among the agency, Congress, and 
the White House Office of Tele-
communications Policy over a large 
computer-procurement proposal is-
sued in February but withdrawn in 
May. GSA wanted to purchase up to 
10 large computer centers for it and 
the Agriculture Department—all 
connected by a dedicated network. 
OTP objected to the size of the pur-
chase, the failure of GSA to try for 
leased telecommunications systems, 
and the absence of detailed cost esti-
mates for the package. 
GSA will issue an amended 

request for proposals this summer 
for a smaller computer system with-
out a telecommunications network. 
The agency temporarily will use its 
Federal telecommunications system 
but issue an RFP on a tele-
communications network next year 
unless Congress intervenes. 

Tunable 
Filter 

The EDMAC Hi-Q Tunable 
Filters are general purpose 

active two pole filters which 
can be used in either a bandpass 
or a bandreject mode of operation. 

FEATURES 

Tunable bandwidths corres-
ponding to circuit Q's of 
1000. 

Tunable frequencies from 
1 Hz. to 30,000 Hz. 

Independent controls for 
bandwidth and center 
frequency. 

Simultaneous bandpass and 
bandreject filter functions. 

Controlled input-output 
phase relationship. 

Zero phase shift at center 
frequency. 

Selectable automatic tracking. 

Circuit overdrive indication. 

Selectable calibration mode. 

WRITE FOR COMPLETE SPECIFICATIONS 

EDMAC Associates Inc.  
333 West Commercial Street, 
East Rochester, New York 14445 
(716) 385-1440 
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Our new 25 and 51) nsec 
II 11 ectifiers 

• 

Fast Re • - 
- 

eV; 

are el er 25% cheaper 
or 100% more expensive 

We're not contused. Our new axial-leaded Fast and 
Ultra-Fast Recovery Rectifiers are cheaper—if you 
need the switching speed. But they're more expensive 
if you don't. 

If you can get by with 100 nsec speeds in your 
power control and conversion circuits, go ahead. 
There's no need to pay for what you can't use. 

But, if you're working with fast transistors, know 
this: at 25 and 50 nsec speeds, Fast Recovery Recti-
fiers protect your power transistors, operate with 

THE WORLDS BIGGEST 
"LITTLE BLACK BOX" 

«•"' 

IS COMING YOUR WAY. 

greater efficiency, less power dissipation and heat. 
And that means less energy needed along with far 
simpler packaging. 

Happily, at TRW, along with speed and efficiency, 
you get competitive savings. Our 50 nsec parts will 
generally cost out at 25% less than similar parts. 

For complete specifications, write John Powers, 
TRW Power Semiconductors, an Electronic Compo-
nents Division of TRW, Inc., 14520 Aviation Blvd., 
Lawndale, California 90260. Or call (213) 679-4561. 

TRW POWER SEMICONDUCTORS 

These products are available through the following authorized distributors: 

Almo Electronics 

Bell Industries 

Cramer Electronics Inc. 

De Mambro Electronics 

Electronics Marketing Corp. 

Elmar Electronics Inc. 

Hall-Mark Electronics Corp. 

Harvey-Michigan Inc. 

Lake Engineering, Ltd. 

Liberty Electronics 

Pyttronic Industries Inc. 

Rochester Radio 

Semiconductor Concepts Inc. 
Summit Distributor 

R. V. Weatherford Co. 
Westates Electronics Corp. 

Wilshire Electronics 

80 Circle 80 on reader service card Electronlcs/July 25, 1 974 



Probing the news 

Instrumentation 

Power woes create a market 
Line monitors appeal to banks, insurance companies, research labs, 

and others worried about variations in voltage and current 

by Bernard C. Cole, San Francisco bureau manager 

If you think you've been affected by 
the power-generation problem, pity 
the operator of an elaborate com-
puter installation facing questions. 
Should data be checked to see if a 
sudden voltage drop has skewed it? 
Has the uninterruptible power sys-
tem malfunctioned? Has a power 
variation made test results faulty? 
The answers are being supplied in 

more and more cases by power-line 
monitors. These instruments range 
from $300 strip-chart recorders that 
record voltage, current, or frequency 
to elaborate power-line-monitoring 
systems costing as much as $25,000 
for their multiparameter capabili-
ties. In the words of one maker of 
such equipment, "It's like selling in-
surance." 

There is still only a handful of 
firms in this infant industry. One of 
them is Programed Power Inc. of 
Menlo Park, Calif. 

"Last year's fuel and energy 
crunch woke up a lot of people in 
the electronics and computer indus-
tries," says president Lee Cooper. 
"They found out that, much to their 
dismay, they can no longer take for 
granted what comes out of that elec-
trical socket in the wall. Since then 
there has been an incredible rush of 
companies looking for instruments 
to help them determine power 
needs." 
Although PPI'S main motivation 

since incorporating in January 1972 
has been the development of unin-
terruptible power systems, the com-
pany has found a lucrative sideline 
in its model 3200 power-line moni-
tor. It falls midway between the 
other models on the market in terms 
of cost at $3,200 and combines the 
portability of less expensive models 
with the sophistication of more ex-

pensive monitoring systems. 
Sales for the monitor last year to-

taled only $200,000. This year, PPI 
expects to gross between $600,000 
and $1 million. Among the com-
pany's customers are Aetna Life 
and Casualty, the American Broad-
casting Co., Brookhaven National 
Laboratory, Control Data Corp., 
Univac, E. I. DuPont, Ford Motor 
Co., Eli Lilly and Co., Montgomery 
Ward, NASA, the Army, Navy, Air 
Force, and the Departments of State 
and Defense, the Stanford Research 
Institute, and the University of 
Michigan. 
On the East Coast, Data Research 

Corp. of Fort Lauderdale, Fla., 
finds business getting better and 
better. According to Linda Stark, 
sales manager, the company's sales 
amounted to only $200,000 in the 

fiscal year ending July 31, 1972. But 
last year's figure doubled to 
$400,000, and while the numbers 
haven't been totaled for 1974, com-
pany officials say flatly that 1974 
will be even better than last year. 
One of the causes of Data Re-

search's optimism is the success of 
its Powerguard, a $485 model. The 
instrument is being offered by Gen-
eral Electric as part of its instru-
ment-rental program, and, says 
Stark, the giant corporation is en-
thusiastic about customer response. 
Leasing, incidentally, is an impor-
tant business for Data Research. "A 
customer will take an instrument for 
two or three months to find and cor-
rect a problem," explains Stark. 
The company's business mix runs 

around 70% to 90% computer users, 
and a good part of the remainder is 
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New and Improved 
General Electric lamps 
provide for increased 

design flexibility. 
Two new sub-miniature halogen cycle 

lamps ideal for miniaturization. 
These new T-2, 6.3V, 2.1 amps, 75 hour GE halogen 
cycle lamps are the smallest of their type (.265") 
and set industry standards for size and light 
output (16-20 candlepower). They are 
the perfect lamps for miniaturization of 
equipment such as reflectors, housings 
and optical systems, and they also save 
on overall cost of your equipment. 

In addition, they are less than half 
the cost of the #1973 quartz lamp they 
replace. Two terminal configurations 
are available: #3026 (20 candlepower) 
has wire terminals; #3027 (16 candlepower) has a new two pin, ceramic base 
that plugs in to make installation and removal a snap. 

These lamps have an iodine additive that creates a regenerative cycle 
that practically eliminates normal bulb blackening. They will produce ap-
proximately 95% light output at 75% of rated life. 

An expanded line of Wedge Base Lamps 
for simple, low-cost circuitry. 

Now you can have greater design freedom than ever before 
with wedge base lamps. GE now offers six large lamps in its 
line of T-1 3/4 (.230" max.) all-glass, sub-miniature wedge base 
lamps. In addition to our three 14V lamps (#37, #73 and #74), we 
now also offer two 6.3V lamps (#84 and #86) and a 28V lamp 
(#85). 

These lamps are ideal for applications where space is at a premium. Their 
wedge-based construction allows you to design for low-cost sockets and 
virtually ends corrosion problems because they won't freeze in the sockets. 
And the filament, which is always positioned in the same relation to the base, 
offers more uniform brightness. 

Green Glow Lamp has been improved 
over previous lamp. 

4.    Actual Size 

Now our G2B Green Glow Lamp, the only domestic green 
lamp on the market today, gives a more uniform, purer green light than our 
previous model. It's bright enough for your circuit component applications. 
With appropriate current limiting resistors, it can be used for 120/240 volt 
green indicator service. Or used together with our high-brightness C2A red/ 
orange/yellow glow lamps to emphasize multiple functions with color. 

All GE glow lamps give the benefits of small size, rugged construction and 
low cost — 12C each for the G2B, 440 each for the C2A in 100,000 quantities. 

Send today for newest literature. 
For the most up-to-date technical information on any or all of these lamps, 
write: General Electric, Miniature Lamp Products Department, #0747-M, 
Nela Park, Cleveland, Ohio 44112. 

GENERAL ELECTRIC 

Probing the news 

from Government agencies. And, 
says Stark, some of her company's 
instruments even keep an eye on 
uninterruptible power systems, 
which are supposed to eliminate the 
power problem entirely. One bank, 
she says, thought that the bad data 
coming from its computers was due 
to power glitches. But installation of 
a monitor showed that the power 
system was to blame. 
One would tend to think of the 

power-monitor business as a one-
piece sale aimed at a particular 
problem. But that's not so, says PPI'S 
Cooper. Actually, the situation is 
just the opposite. 
"A few weeks with a monitor on 

the line and customers realize that 
the power environment, even ex-
cluding brownouts and voltage re-
ductions, is not a constant one. It 
isn't even one with just a few pre-
dictable variables 'that can be 
guarded against by altering the 
equipment or inserting buffers to 
protect the sensitive electronic com-
ponents." 

For one thing, the impedance of 
power lines can cause transients and 
voltage drops, especially when large 
loads are tied into the same power 
loop. Current loads from motors, 
large transformers, mercury arc 
lighting, and even auxiliary power 
sources can drop line voltage 10% to 
20% for longer than 30 milliseconds. 
Add this to the typical power vari-
ations of ±-5%, and computer oper-
ations, for example, would be mar-
ginal at best. And there is also the 
problem of voltage continuity. 
Remedies to many of these prob-

lems exist in the form of motor-gen-
erator sets, line conditioners, or volt-
age regulators to buffer delicate 
electronic systems from incoming 
power disturbances and in uninter-
ruptible power sources to maintain 
complete and regulated output for 
both transient and long-term dis-
ruptions or outages. 

"But the power network isn't a 
steady-state environment," says 
Cooper, "and as a result some form 
of monitoring is virtually man-
datory, if only to provide records of 
the quality of the electrical service 
and give some idea of how to alter 
safeguard procedures." 
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New TYRAFTool 
completes one million ties every month Triggered 70,000 times each day without a misfire! 

As you read this message, the produc-
tion model of this pneumatic hand tool, 
TR-225, is continuing its life cycle test... 
1,000,000 cycles per month without a 
falter. 

This 20 ounce tool ties wire bundles from 
1/16" to 4" diameter with just about 
every regular and "Slim Line" type 
TY-RAP® cable tie ... 16 sizes in all. It 
reduces operator 
fatigue ... and is 
particularly well 
suited for close-
up work, break-
out points and ty-
ing in confined 
places in equip-
ment. 

Our other new production tool, the high 
speed TR-300, automatically positions a 
TY-RAP tie around bundle, cinches to a 
preset tension, locks tie securely and 
trims evenly .... all in 8/10 of a second 
... and on bundle diameters ranging 
from 1/32" to 5/8". 

Write for new catalog. The Thomas & 
Betts Co., Elizabeth, New Jersey 07207, 
(201) 354-4321. In Canada, Thomas & 
Betts Ltd., P.Q. 

Sold Only Through Authorized T&B Distributors 

B 
ENGINEERED 

THOMAS & BETTS 
Division of Thomas G. Betts Ccrrporaticrn 
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A flexcircuit for low-light home movies. 

We did it for 
Kodak. 

In turning the idea of low-light home movie making into the reality of the KODAK 
XL-55 Movie Camera, Kodak engineers solved tough design problems at every step. 
Among these problems, the design of a circuitry system of minimal bulk and 
maximum reliability. 

They accomplished this with a Schjeldahl flexcircuit. 
Flexing in four planes, this Schjeldahl flexcircuit has two 180 degree fold-over 

sections. This provides circuit reversal, transfers conductors to opposite sides of the 
circuit without the expense of plated-through holes and permits placement of seven 
conductors in a five conductor Space — all without two-sided circuitry. 

This Schjeldahl flexcircuit makes all electrical connections in the camera and 
carries all electronic components. For manufacturing efficiency, a hardboard back-up 
section permits auto insertion of components and continuous process wave soldering. 

The flexcircuit fits available space and is designed for volume production. It does 
for Kodak what flexcircuitry does best. 

Perhaps Schjeldahl flexcircuitry advantages can help in your design problems. 
It only takes a call to Schjeldahl to find out. 

Schjeldahl did it for Kodak. 

0 Electrical Products Division 
Northfield, Minnesota 55057 
Phone: (507) 645-5633 

The state of the art people in volume flexible circuits 

Schjeldahl Company 

And we can do it for you. 
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Technical articles 

Semiconductors inside tubes make 
high-performance rf amplifiers 
Rf power amplifiers and modulators with unprecedented voltage-rise-time 

and gain-bandwidth capabilities will soon be obtainable, now that it's possible 
to build reliable, long-lived electron-bombarded semiconductor devices 

by David J. Bates, Watkins-Johnson Co., Palo Alto, Calif. 

0 Electron-bombarded semiconductor (EBS) devices, 
which are essentially semiconductor diodes in the same 
envelopes as modulated electron beams, are now com-
ing on the market as radio-frequency amplifiers and 
modulators that far outperform either vacuum tubes or 
semiconductors acting on their own. The idea is not 
new—an EBS device, after all, is just a photodiode il-
luminated by a high-energy electron beam instead of 
light—but only in the past few years have the problems 
of reliability and lifetime been solved. 
No EBS device is in actual systems use yet, but their 

unusual features will soon make them an attractive al-
ternative in many high-power, wideband digital and 
analog systems. For instance, their gain-bandwidth and 
power-bandwidth or voltage-rise-time capability is 100 
to 10,000 times greater than that of existing competitive 
devices. A high-voltage modulator has produced 800 
volts output with less than a 1-nanosecond rise time, for 
a dv/dt of nearly 10 12v/second. A high-current modu-
lator has produced 100 amperes output with 2-ns rise 
(and fall) time, for a di/dt of 50,000 A/microsecond. 

Besides an electron gun and diode, an EBS device con-
tains an rf input section and an rf output assembly (Fig. 
1). The gun is biased negatively with respect to a semi-
conductor diode, either a conventional pn junction or a 
Schottky diode. The electron beam, which illuminates 
the diode with electrons having energies in the 12- to 
15-kilovolt range, is controlled by a pulse from the rf in-
put section. The rf output assembly takes the signal 
from the diode, which is reverse-biased well below ava-
lanche threshold in order to keep leakage currents low 
when the electron beam is turned off. 

While the electron beam is on, however, electrons 
penetrate the depletion region of the diode (Fig. 2) and 
generate hole-electron pairs—one pair for each 3.6 elec-
tron-volt loss (more or less) of incident electron energy. 
This results in a current gain, from electron beam to 
diode current, of 2,000 or greater. The diode current 
then is applied to a load to develop the output pulse. 

Three types 

Figure 1 shows the most basic kind of EBS device. 
Known as the density-modulated type, it has some of 
the characteristics of a vacuum-tube triode. Since its 

output current is related to the grid voltage by an ap-
proximate three-halves power law, it is not used for ap-
plications that need linearity. However, the density-
modulated device has a transconductance per unit area 
of cathode that is about 1,000 times greater than in a 
conventional planar-grid triode. This gives it much 
greater gain-bandwidth or voltage-risetime character-
istics and makes it excellent for modulator applications. 
A second type of EBS device is deflection-modulated 

(Fig. 3). Here, a traveling-wave modulation structure 
deflects the beam to illuminate a diode, and the amount 
of diode current is proportional to the deflection volt-
age. In an actual device, a deflection mask is inserted in 
front of the diodes to collect electrons when no input 
signal is applied. Highly linear amplifiers can be built 
with this technique. With two target diodes, the device 
can be operated in a highly efficient class-B operation— 
half of the input sine wave would deflect the beam in 
one direction and illuminate one diode, and the other 
half of the sine wave would illuminate the other diode. 
The deflection-modulated device has no analog in ei-

1. Grid control. One type of electron-bombarded-semiconductor 

(EBS) device is similar to a vacuum triode. It uses a control grid to 

modulate the electron beam and hence the diode current. The out-

put, taken across a load, can be of either polarity. 
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ther the vacuum-tube or semiconductor realm, so its 
performance cannot be compared with that of an exist-
ing device. However, it has achieved 50 watts linear rf 
output over a dc-to-300-megahertz frequency range. 
A third type of EBS device creates a density modu-

lation of the beam at the diode by modulating the elec-
tron velocity and then allowing the electrons to drift 
over a suitable path length. However, this type device 
seems not to offer as immediate applications as the first 
two types and has remained relatively undeveloped. 

From concept to reality 

The major difficulties in developing an EBS device ar-
ise from the need to put a semiconductor device with a 
high electric field at its surface into a vacuum envelope 
with a thermionic cathode. This can produce mutual 
contamination problems between the diode and the 
cathode, while the high temperatures required for the 
vacuum-tube process can affect the semiconductor 
diode's reverse breakdown voltage. Similar breakdown 
problems are caused by the high electric field at the in-
terface between diode and vacuum. Then, too, bom-
barding even a passivated semiconductor with energetic 
electrons creates positive-charge traps. Finally, simply 
operating the diode at a high level of power dissipation 
means a lot of heat must be removed. 

Early EBS devices used bare-junction mesa diodes, 
but the reverse breakdown voltages of these diodes 
quickly deteriorated during operation. Surface passiva-
tion with a thermal oxide over the junction region cor-
rected this difficulty, but the charge traps continued to 
degrade the breakdown voltage. The effect was partic-
ularly evident in p-on-n diodes, which, unfortunately, 
are preferable for rf devices, because they have higher 
carrier drift velocities than the n-on-p type. 
The problem was solved with a radiation-hardened 

passivated planar diode developed in association with 
Signetics Corp. This diode has a thick deposit of phos-
phosilica glass over the thermal oxide, and conventional 
beam-lead processing methods are used to form a metal 
electron-beam shield slightly above the surface of the 
oxide-glass passivation layer. The shield is located di-
rectly above the junction of the planar diode (Fig. 4). 
Thermal problems were solved by attaching the diode 

to a heat sink by a method of silicon-gold void-free 
bonding. Such a diode can be operated with about 50 w 
continuous-wave output power and a maximum rise in 
diode junction temperature of 100°C or less. 

How reliable? 

The two elements that will wear out first in the EBS 
device are the semiconductor diode and the thermionic 
cathode. Still, cathode life is expected to be greater than 
30,000 hours, and diode life should ultimately be many 
times the cathode life. 

Several deflection-beam rf power amplifiers are on cw 
life test at Watkins-Johnson. As of June 24, 1974, two of 
these have accumulated 12,600 and 11,210 hours, re-
spectively, with no change in operating characteristics. 
Eight devices have operated for 70,160 hours at diode 
dissipation densities between 20 and 35 w/nun2 without 
failure, resulting in a mean time to failure of 78,000 
hours at a 60% confidence level. Since each device con-

2. Close-up. When high-energy electrons strike a reverse-biased 

diode, they create electron-hole pairs in the diode depletion region. 

The high electric field then sweeps carriers out of the region to the 

output circuit. Result is current multiplication. 

tains two diodes, the total diode operating time is 
140,300 hours at an MTTF of 156,000 hours, or about 
17.8 years at a 60% confidence level. 

In addition, four high-voltage modulators have com-
pleted 22,350 hours with one failure for an mri-F of 
10,900 hours at 60% confidence level. 

A good selection 

Various versions of the density and deflection-modu-
lated devices have been developed. Examples are: 
single-target-grid-controlled, density-modulated de-
vices, which can be operated either Class C or Class A, 
and deflection-modulated amplifiers with either single 
targets for Class-A and Class-C operation or dual push-
pull connected targets for Class-B operation. 

In a planar-grid density-modulated device, for ex-
ample, on-off signal ratios greater than 100,000 have 
typically been measured. This unit, which can be oper-
ated up to a 4% duty factor, provides 400-v output with 
12-v input into a 100-ohm load, and a total rise time of 
4 ns has been achieved (measured from the 10% point 
of the input waveform to the 90% point of the output 
pulse). This performance makes the device desirable for 
many fast-pulse modulator uses, such as optoelec-
tronic modulators, electronic countermeasure decep-
tion repeaters, and pulse radar and dual-mode ECM sys-
tems. As a traveling-wave-tube grid modulator, the unit 
provides 400-v output into a 100-ohm load in shunt 
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3. Beam bender. In a second type of EBS device, a traveling-wave structure deflects the electron beam, making it strike one of two diodes. 

This gives Class-B operation for good linear amplification. Amount of diode current depends on degree of beam overlap. 

4. Shielded diode. An integral metal shield, formed by beam-lead-type process during diode manufacture, protects the diode's oxide and 

phosphosilica glass layers from the electron beam. This device was developed jointly by Watkins-Johnson and Signetics Corp. 
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with 30-picofarad grid capacitance, with a total rise 
time plus delay of less than 12 ns. A modified version 
that can provide 850-v output is expected to be avail-
able within six to 12 months. 
A high-current modulator also has been developed to 

produce 100 A into a 1-ohm load with a 2-ns rise time 
and up to 250 A at lower load impedances. Values of 
di/dt of 5 X HP° A/S and peak powers of 12 kw have 
been achieved. Within the next 12 months, peak powers 
of 30 to 40 kw are expected, and ultimately 100 to 200 
kw per device should be achievable. 
A conduction-cooled cw low-pass rf amplifier, which 

uses a deflected beam, has a pulsed output power of 200 
w from dc to 160 MHz. The cw or average-power capa-
bility of liquid- or forced-air-cooled versions is 50 w. A 

5. Ready to go. A completed EBS device is supplied in a configura-

tion like a traveling-wave tube's. This unit, Watkins-Johnson's type 

3650, is a deflected-beam video pulse amplifier with a gain of 25 

decibels and a rise time of less than 1 nanosecond. 

6. On target. Six diodes, arranged in two parallel sets of three and 

mounted on berylluim oxide heat sinks, comprise the target for a de-

flected-beam EBS device. A sheet beam from the electron gun illumi-

nates each set of diodes alternately. 

slightly different version of this device will give 25 V cw 
from dc to 310 MHz. 
The linearity of a Class-B EBS is excellent: third-order 

intermodulation distortion for balanced two-signal op-
eration is approximately 15 decibels down at saturation, 
and for 3-dB back-off from saturation, the third-order 
intermodulation signals are 25 dB below signal level. 
Total phase deviation from small signal to saturation is 
in the order of 3°. Recently, 500 w of pulsed rf power at 
1,500 MHz with a bandwidth of 105 mHz was demon-
strated. Performance improvements are expected in the 
next six to 12 months—over 100 w cw from dc to 300 
MHz, and 50 w cw from 100 to 400 mHz and with 1,000 
w pulsed rf power in the frequency range of 1 to 2 
gigahertz with 5% to 10% bandwidth. 
A deflected-beam video pulse amplifier will yield 

±-120 v output with 1-ns rise time into a 50-ohm load 
with approximately 25-dB gain. Operated as a cathode-
ray-tube modulator, it will produce 80 v peak to peak to 
turn a CRT beam on or off. A bandwith of dc to 200 
MHz, or the equivalent pulse rise time of 1.5 ns, has 
been measured with a 50-ohm load in shunt with a 5-pf 
capacitance (which is typical of the grid capacitance of 
some CRTs). Operated as a pulse amplifier, the same 
unit has produced 100 v output into a 50-ohm load at a 
500-megabit data rate. 

Thus, it is suited for a wide variety of linear video-
amplifier requirements, and especially for rapid modu-
lation of CRTs, electro-optic modulators, and high-
power avalanche or Gunn devices. The output voltage 
will probably be increased within the year to -±250-v 
pulse at 10% maximum duty, or ±-70 y cw into 50 ohms. 

Where EBS devices will go to work 

The primary impact of EBS power devices on the mar-
ket in the next five years will most likely be in the areas 
of: high-voltage or high-current, very fast modulators; 
linear video amplifiers for fast pulse generation; modu-
lators for data transmission systems, which will operate 
up to a 2-gigabit data rate; and linear rf amplifiers hav-
ing a few hundred watts of cw output power or 1-to-2-
kw pulsed output power for frequencies below 2 GHz. 
Though in some cases the EBS device will replace an 

existing device, the greatest potential seems to lie in am-
plifiers beyond the capability of existing devices. As an 
example, a 400-w cw transistorized rf amplifier has 
been reported as operating at 0.96 to 1.18 GHz with a 
gain in the order of 20 dB. This amplifier, however, re-
quired more than 20 high-power transistors plus 28 hy-
brid power splitters and associated circuitry needed to 
combine all the transistors, whereas, in the near future, 
a single EBS device should give similar performance. 
The major factor governing the share of applications 

captured by EBS devices will be price. The relative sim-
plicity of the devices assures that the cost of large quan-
tities will be reduced below $1,000, and in some cases 
well below $500, depending upon the requirements. The 
associated power supplies are expected to cost under 
$1,000 and in some cases, for low-duty application, un-
der $500. Thus, complete laboratory-instrument ampli-
fiers will be cost-competitive with existing medium-
power TWT amplifiers and will complement them in the 
frequency range from dc to 2 GHz. El 
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Which hybrid converter: 
single-switch or quad? 

When carefully fabricated, a single-switch hybrid analog-to-digital 

converter (shown above) outperforms quad-switched types; it provides 

12-bit resolution with better than 0.024% accuracy over -55° to + 125°C 

by Richard D. Tatro, Mtcro Networks Corp., Worcester, Mass. 

Though single-chip Ics are successful enough as low-
to medium-precision digital-to-analog converters, they 
still lack the precision and stability necessary for truly 
high-resolution (12-bit and up) conversion—both d-a 
and a-d. Discrete designs, on the other hand, because 
their various components seldom heat up identically, 
must employ expensive, complex circuitry to avoid tem-
perature-induced errors. 
Hybrid designs get the best of both worlds—the com-

bination of a thin-film resistor network with several 
semiconductor chips results in a converter capable of 
12-bit resolution over a broad temperature range. But 
some hybrid designs are better than others. Quad 
switches are very popular, but the older single-switch 
hybrid circuit can yield better results if it is fabricated 
properly—that is, if it uses a well-stabilized resistor net-
work and has all of its semiconductor chips mounted in 
close thermal contact with each other. 

Because a-d and d-a converters come with a multi-
tude of different and sometimes conflicting specifica-

tions, it is important for the user to understand their de-
sign and operation, even if he never intends to build 
one. 
The two most important parts of a digital-to-analog 

converter, which in turn is the heart of the successive-
approximation type of a-d converter (see "Three ap-
proaches to a-d conversion," p. 92), are its resistor net-
work and its switching circuitry. The design approach 
that uses quad monolithic switches and precision re-
sistor networks is shown in the simplified block diagram 
of Fig. 1. Since this general approach has been well cov-
ered in the literature, 1,2,3 only a brief description of its 
operation will be given here. 

Operational amplifier Ai, in conjunction with the ref-
erence transistor Qi, provides the base line voltage to all 

1. Quad switching. In this simplified block diagram of a 12-bit d-a 

converter, temperature-sensing transistor Qi and op amp A1 vary 

base line voltage to switching transistors to compensate for their VBE 

variations with temperature. Digital inputs are shown in Fig. 2. 
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LOGIC INPUTS • 15 V 

TO RESISTORS -v 

2. Current steering. Detailed view of single quad switch of Fig. 1 shows how logic inputs control switching of current into resistors. Use of 
multiple transistors ensures uniform heating by making all transistors in the quad circuit carry exactly the same current. 

of the switching transistors. This voltage varies with 
temperature in such a way as to compensate for the 
temperature-induced changes in the base-emitter volt-
ages of the switching transistors. The result is a fixed, 
temperature-independent voltage across the weighting 
resistors, which thus deliver fixed currents to the output 
amplifier circuit (A2 and associated resistors). The base 
bias resistor also reacts to variations in the minus supply 
to maintain fixed currents. 

Details of the quad 

The expanded diagram of the current switch in Fig. 2 
shows how the current is steered from the switching 
transistors when a high signal is applied at the switch 
inputs. To maintain VBE tracking, multiple transistors 
are used, the current subdividing exactly equally be-
tween them. As only a limited number of transistors can 
be kept in close enough proximity to maintain thermal 
tracking, and as four bits is a good breaking point for 
BCD applications, the popularity of quad switches is un-
derstandable. Using three quad switches with three 
identical resistor networks, 16:1 scaling resistors can be 
made to convert 12 binary bits. The quad also allows 
10:1 scaling networks to be used to convert three-dec-
ade BCD with ease. 

But there are limitations and problems with this ap-
proach. They are generally the same as with discrete ap-
proaches, although all the switch errors are lumped to 
one specification. Resistor errors can also be lumped if 
thin-film resistor networks packaged in one or two chips 
are used. What remains the same, however, is the error 
budget, which includes the switch error, tolerance of the 
resistors, and offset and bias current of the operational 
amplifiers or comparator. Then, too, temperature coeffi-
cients of the components must be considered with all 
componenis held at exactly the same temperature. 
One other disturbing aspect is the tendency of the 

servo amplifier, A1 to latch up. Although several 

schemes can be made to work, including the one shown 
in Fig. 1, care must be taken both in component selec-
tion and layout. 

All these considerations affect both linearity and ac-
curacy. In terms of accuracy alone, the output amplifier 
must be zero-adjusted and the output voltage range 
trimmed to compensate for switch error, resistor toler-
ance, and reference error. These adjustment pots will 
then also contribute errors with temperature. 
The table summarizes the error budgets for the lin-

earity and accuracy of the switch and resistor portion of 
the circuit of Fig. 1, based on typically available compo-
nent parts. Not shown are output amplifier or compara-
tor errors, which, however, also have to be added in. 
As the table shows, at 125°C linearity could be as bad 

as 0.09%—nearly 1 least significant bit at 10 bits 
(0.05%= 1/2 LsB). Although admittedly it is not a fair as-
sumption that all possible errors will have their worst-
case values and will have signs that make them addi-
tive, this sort of thing can and does happen often 
enough to be a very real problem. After all, a 12-bit 
converter with 10-bit linearity is no better, and is per-
haps worse, than a 10-bit converter. 
The table further shows that a range adjustment of 

approximately 10% is necessary to bring this converter 
to its desired output, and even then it could still have an 
inaccuracy of slightly more than 1 LSB. In addition, 
there are errors caused by differences in temperature 
between parts internal to the hybrid circuit and between 
those parts and the adjustment pots. 

If it does nothing else, this discussion of error sources 
should alert the potential purchaser of a high-resolution 
converter to the necessity of studying its specifications 
before he buys. If the specs say 1/2 -LSB linearity at 25°C, 
take a moment to make the calculation of x°C times 
y ppm/°C to see if you have a 12-bit or a 10- or even a 
nine-bit converter. If they say accuracy is adjustable to 
1/2 LSB, find out what the untrimmed accuracy is, and 
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TABLE. MAJOR SOURCES OF ERROR IN THE QUAD SWITCH HYBRID A D CONVERTER 

ERRORS IN LINEARITY ERRORS IN ACCURACY 

Parameter 

Switches 

Source resistors 

Scale and feedback resistors 

Worst-case total 

Worst-case total at 125 °C 

Typical 

2 ppm/°C 

1 ppm/°C 

1 ppm/°C 

4 ppm/°C 

400 ppm (0.04%) 

Maximum 

5 ppm/°C 

2 ppreC 

2 ppmrC 

9 ppm/°C 

900 ppm (0.09%) 

Parameter 

Switches 

Source resistors 

Scale and feedback resistors 

Zener diode 

Worst-case total 

Absolute 

0.01% 

2% 

2% 

5% 

9% 

Matching 

0.01% 

0.012% 

0.006% 

— 

0.028% 

how much it must be adjusted to obtain the 1/2 -Lss fig-
ure. The same applies to output zero adjustments. Per-
haps more wisely, you should simply go a step further 
and look for a converter that requires no adjustments 
and is guaranteed to meet its specs over a wide range of 
temperatures. 
The circuit of Fig. 1 can be completely constructed in 

hybrid form with substantial improvements in accuracy 
and temperature effects from those shown in the table. 
Experience has shown that while ±1/2  LSB linearity for 12 
bits is obtainable, the practical range of holding ±1/2  LSB 
is only -25' to + 85°C. Although several IC manufac-
turers offer quad current switches, they are not usually 
completely interchangeable. 

The single-switch hybrid circuit 

Consider now the circuit of Fig. 3. The base voltage is 
developed in much the same way as in the circuit of Fig. 
1. However, the current switching is quite different: all 

the current switches are of equal value and are divided 
through the output R/2R resistor network. This circuit 
is fast because the current-steering effect maintains a 
fairly constant current through the resistors, and be-
cause the common-base switch configuration allows for 
fast switching. RC time constant effects are small in the 
output circuit because of the low resistor values used in 
the R/2R ladder. Finally, the fact that all the currents 
are equal means there is no need to put transistors in 
parallel and also simplifies the thin-film resistor net-
work design, since all resistors can be equal and gener-
ally smaller in value than those used in the approach of 
Fig. 1. 
To those familiar with converter design but not with 

hybrid techniques, this design may seem to have several 
obvious defects. It is virtually impossible, on a produc-
tion basis, to select 13 transistors with exactly equal val-
ues of VISE and AVBE with temperature. Even if it were 
possible, there is still the problem of holding them all at 

3. Older Is better. "Old-fashioned" single-switch design uses same temperature-compensation scheme as quad switch, but much simpler 

current-steering technique. Superbeta transistors cut from the same wafer and mounted in intimate thermal contact with each other are 

secret of how this circuit works. Common-base configuration makes circuit fast as well as stable. 

Electronlcs/July 25,1974 91 



Approaches to a-d conversion 
Analog-to-digital converters divide up into three basic 
types: parallel, integration, and feedback. Parallel con-
version requires a considerable amount of decoding cir-
cuitry and the use of (2n - 1) comparators (where n is the 
number of bits to be resolved). In general, while being ex-
tremely fast, it is quite expensive and is usually limited to 
low-resolution converters. At the other end of the spec-
trum is the integrating converter, for which the dual-slope 
integration technique is the most popular. This design ap-
proach is quite economical for high-resolution conver-
ters, but conversion time is very long. The entire middle 
ground belongs to the feedback converter. 

In general, the feedback converter uses a digital-to-
analog converter with logic circuitry in a comparator 
feedback loop to generate a digital output. Most popular 
of these are the counter or ramp a-d, the tracking a-d, 
and the successive-approximation a-d converter. All are 
based on the generation of a digital number that, when 
converted to an analog value which matches the analog 
input, is signalled that it is correct by the comparator. 
The counter method is relatively slow, requiring up to 

(2n - 1) clock pulses in order to attain the digital output. 
The tracking converter, which is a special-purpose de-
vice, acquires the signal in up to (2n - 1) clock pulses but 
uses the comparator output as an up/down counter con-
trol and continuously "tracks" the analog input. For 
slowly changing analog inputs it does this with very little 
time delay. 

Most popular because of its speed and versatility is the 
successive-approximation converter. This device re-
quires more complex logic but results in a unit which 
completes a conversion in (n + 1) clock pulses. Briefly, 
the logic first turns on the most significant bit (MSB), pro-
ducing a one-half scale output from the d-a converter 
and testing the input to determine if it is higher or lower. 
The resultant output from the comparator then decides if 
the test "1" is to be retained in the output register or re-
turned to "0". This is repeated for each subsequent bit 
until the analog input has been "approximated" to 2n 
with (n + 1) pulses. The extra pulse is required to signal 
the completion of the conversion and to reset the register 
for subsequent conversions. 

It should be noted that the output from the comparator 
produces a serial output signal prior to the completion of 
the conversion, at which time a parallel output is avail-
able from the successive-approximation register. It 
should also be noted that the analog input must be held 
fixed during the conversion. If the analog signal is a 
changing signal it is necessary to use a sample-and-hold 
circuit to provide a fixed input to the successive-approx-
imation converter. 

the same temperature. A 1°C difference between the 
most-significant-bit (msB) transistor and the other tran-
sistors will result in over 1/2 LSB linearity error (1°C 
would cause a I.85-mv change in VBE, resulting in a de-
viation of more than 0.015% in the output current when 
there are approximately 12.5 volts across the current-
source resistor). As the current gains of the transistors 
would have to be very high and reasonably well 
matched in order to obtain an initial match better than 
several millivolts, this approach is totally impractical. 

This same circuit, however, when constructed in the 
hybrid form shown in Fig. 4, is capable of 1/2 LSB lin-

earity from -55° to + I25°C. Initial accuracy is well un-
der 0.012% maximum, while accuracy over the tempera-
ture range of -55° to + 125°C is better than 0.024% with 
an external reference voltage. 
To achieve such specifications, "superbeta" transis-

tors with current gains of 500 at the switch current are 
used. Further, all transistors come from the same wafer 
to ensure exact tracking of VBE with temperature. The 
chips are mounted so that they are all either at exactly 
the same temperature or at least at temperatures which 
will not change relative to each other with changes in 
input conditions or external temperature. Naturally, the 
VBEs of the devices will not be the same but may vary 
by as much as 5 to 10 millivolts. This variation is not 
significant, however, as it results in less than 1-2 
ppm/°C linearity error and the initial error will be elim-
inated in trimming. 

Putting it all together 

The completed circuit is assembled and then trimmed 
functionally. Supply voltages are connected and the in-
puts are set to the desired condition. In the case of a 
0-to- + 10-v unit, the output voltage is initially set to 
zero by trimming the operational amplifier balance re-
sistor. With the most significant bit turned on, the 
source resistor associated with that bit is trimmed for an 
exact 5.0000-v output, the second bit trimmed to 2.5000 
and so on down to the LSB trim of 0.0024 V. As a re-

sult, absolute worst-case "add up" errors of well under 
1/2 LSB (0.012%) are realized. The trimming system sensi-
tivity is such that adjustment can be made as close as 
0.1 mv and 12 individual trims do not add up to a large 
error. Trimming can also be done on a "summation" 
basis— that is, trimming Bit 2 with the MSB "on", Bit 3 
with 1 and 2 "on", and so on, so that errors average out 
even smaller. 

It can be seen that all errors in the error budget are 
trimmed out for each bit with a single adjustment. With 
proper device selection and construction and with a 
stable resistor system, this accuracy can be held over a 
wide temperature range. At -55°C, the transistor gain 
has fallen off by about half, but with a high initial gain 
this has little effect on the circuit. At temperatures in ex-
cess of 125°C, the circuit accuracy is still excellent, as 
diode and transistor leakages do not become significant 
until almost 150°C. 

Resistors—the key to stability 

Nickel-chromium resistor films have been used in hy-
brid circuits for many years,4 although only in the last 
few years have adjustment techniques been available 
for high-accuracy trimming. The NiCr film is vacuum-
deposited on an ultra-smooth substrate to a thickness 
on the order of 100 angstroms. The substrate may be 
glass, ceramic, or oxidized silicon. Somewhat thicker 
depositions are used with ceramics because of their 
greater surface roughness. 
The deposition is performed at a closely controlled 

pressure and rate to obtain the degree of oxidation of 
the nickel and chromium that will result in a film of low 
temperature coefficient and high stability. Without 
breaking vacuum, a layer of nickel is evaporated onto 
the NiCr and followed by a layer of gold. The gold 
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A. 
4. Intimate contact. Key to success of hybrid design is tight thermal coupling between circuit elements. Switching transistors in this model 

MN360 12-bit d-a converter are all mounted within an area of 16 mm2, while transistors that must track each other are mounted side by side. 

Result is a maximum nonlinearity of ±1/2 LSB over the full temperature range from -55° to +125°C with no adjustments needed. 

forms the interconnect paths and bonding contact, 
while the nickel forms a barrier layer to prevent inter-
action between the NiCr and the gold. 
The delineation of the resistor networks is a two step-

etching process using photomasks. Following tempera-
ture aging to stabilize the film, the wafer is diced into 
chips and handled in subsequent circuit operation as a 
passive IC. 

In all of the hybrid circuits shown, the resistors are 
deposited on silicon substrates. When ceramic sub-
strates are used, all pattern metalization, including the 
resistors, can be put on the substrate. The decision 
whether to put a resistor network chip or resistors on the 
substrate is based on a number of factors, including 
cost, physical size, and ease of handling and trimming. 

Substrate preparation also _employs photo etching 
techniques to etch detailed patterns in gold on ceramic 
substrates. 
The circuits shown use two types of chip-mounting 

techniques: eutectic and epoxy. In general, all electrical 
contacts are made by eutectic bonding and all non-
electrical contacts with epoxy. Both techniques result in 
excellent mechanical strength, but eutectic bonding is 
superior for circuits that are sensitive to a very small 
amount of contact resistance. 
One of the important features of hybrid design is the 

close thermal coupling between elements. Consider Fig. 
4, which shows all the switch transistors clustered in an 
area about 4 millimeters square, while the transistors 
that need to track each other are side by side. Also, the 
resistors are closely spaced, and all circuit elements that 
are important to linear operation have been especially 

designed to have constant power consumption and 
therefore constant temperature. 

All connections are made by thermocompression-
bonding 0.00I-inch (25-micrometer) gold wire. 
The completely assembled device is then connected 

for operation in the trimming fixture, and the resistors 
trimmed by vaporization of the NiCr until the desired 
output voltage or current is attained. YAG lasers are 
used for this trimming step, the spot size being adjusted 
to less than 0.001 in. to allow sensitive trimming of re-
sistors with 0.001-to-0.003-in. line width. The laser 
energy has no effect on the circuit operation, with the 
occasional exception of certain integrated circuits that 
require some shielding to reduce noise. Following trim-
ming, the circuit can be checked right in the trim fixture 
to ensure that all bits of the converter add up properly. 
The packaged unit is then hermetically sealed to in-

sure long-term stability and submitted to environmental 
screening—five 0°-to-100°C liquid-to-liquid thermal 
shocks, 10,000-30,000-g acceleration, and gross leak 
tests. If required, rtiost Micro Networks Corp.'s devices 
can be visually inspected before sealing to high-reliabil-
ity test documents and also can be tested to fine leak re-
quirements down to 10-7 cubic centimeter/s. All devices 
are designed to meet full environmental shock, vibra-
tion, and moisture-resistance specifications. D 
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Five points to keep in 
Log ic•Circuit 

1. When testing complex boards, 
you spend most of a tester's 
available time troubleshooting 
defective boards. 

2.Troubleshooting can be 
time-consuming and costly. 

3. Not all test systems troubleshoot 
equally well. 

4. Software is the least 
understood and the most 
important part of any 
test system. 

5.The system that provides 
the best hardware/software 
integration minimizes troubleshooting 
time and expense. 

:APS FAULT LOCATIONe 

1: 121 5 SHORTED TO IC 121 6E 
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mind when evaluating 
Testers... 

It is the last point on the facing page that separates the GR1792 

Logic Test System, with its CAPS software package, from all other 

logic-circuit testers. Among other things, CAPS removes the human ele-
ment from troubleshooting as much as possible. In fact, it actually 

makes troubleshooting fun! 

CAPS stands for Computer-Aided Programming (and fault diagnos-

tic) Software, and it features two different troubleshooting techniques. 

One technique, automatic fault location (AFL)*, literally removes the 

operator from the troubleshooting procedure. Within seconds after a 

fail signal appears, the CRT displays a series of messages that resolve 

not only what the fault is but where it is located. With the second 

technique the operator uses a computer-guided probe, with CAPS guid-

ing the operator through the logic and leading him quickly to the fault. 
No single troubleshooting technique can find all possible failures 

on every type of board design. GR is the only manufacturer that pro-

vides both on-line fault simulation and the probe, and our dual tech-

niques offer more time-saving troubleshooting versatility than any 

other system. 
There is much more to tell about the GR1792 and CAPS than space 

permits here. To learn more, write for a copy of our new 1792 Data 

Bulletin that gives you insight into logic-circuit testers in general and 

the GR1792 in particular. 
With over 200-logic-circuit test systems shipped during the past few 

years, GR has developed an LCT expertise in both hardware and soft-

ware that is second to none. If you are considering investing in a logic-

circuit test system, or several systems, be sure to learn what GR can do 

for you. We think you'll be pleasantly surprised ... like so many others. 

'Patent applied for 

General Radio 
® GR Test Systems Division 

320 BAKER AVENUE, CONCORD, MASSACHUSETTS 01742 

NEW YORK (N Y / 212 964.2722, IN J / 201 791-8990 
BOSTON 617 646-0550 • DAYTON 513 294-1500 
CHICAGO 312 992-0800 • WASHINGTON. D C 301 948-7071 
ATLANTA 404 394 5380 • LOS ANGELES 714 540-9830 
SAN FRANCISCO 415 948.8233 • DALLAS 214 234-3357 
TORONTO 416 252-3395 • ZURICH (01) 55 24 20 

GR COMPANIES 
Gra,on Stadler • Tone Data • Techware Computing Co. 
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Designer's casebook   

Interfacing a teletypewriter 
with an IC microprocessor 
by Steven K. Roberts 
Cybertronic Systems, Louisville, Ky. 

The lengthy software service routine generally required 
to interface a teletypewriter and an lc microprocessor, 
such as the Intel 8008, can be eliminated by the circuit 
shown here. A shift register and some control logic are 
all that it takes, bringing total component cost to only 
about $6.50. 

In the 8008 system, synchronization with the central-
processing unit is accomplished through this micro-
processor's READY line, making modification of the tele-
typewriter itself unnecessary. The hardware configura-
tion given in the figure is designed for a 10-character-
per-second Model 28 Teletype, which uses the five-level 
Baudot code. If the intended application will not easily 
accommodate data storage in the Baudot code, conver-
sion may be accomplished with a read-only memory, 
such as National's MM5221TM. (A Model 33 Teletype 
presents no decoding problem.) 
During the time that the input parallel data is valid, 

the circuit receives the START pulse, which sets the BUSY 

flip-flop and takes the READY line low. The BUSY flip-
flop also removes the reset from the cycle counter and 
enables the LOAD flip-flop, which is set on the next clock 
pulse. This action loads the data at the input to the shift 
register and increments the cycle counter once. 
On the succeeding clock pulse, the ENABLE flip-flop is 

set, and the data in the register begins to shift to the 
right. For each shift pulse, the cycle counter is incre-
mented by one until it reaches a binary count of 8. 
Then, the BUSY and ENABLE flip-flops are both reset, 
and the READY signal is restored to the microprocessor 
so that the central-processing unit can resume oper-
ation. 

In the data character presented to the shift register, 
bit H, which is constantly held low, corresponds to the 
teletypewriter START pulse. Similarly, the register's A 
and B bits are tied high, corresponding to the tele-
typewriter STOP pulse. Since the STOP signal must be ap-
plied to the teletypewriter for approximately 1.5 times 
longer than the other pulses, the BUSY flip-flop is reset 
on the falling edge of the clock, during the time that bit 
A is present at the register's QH output. The serial out-
put of the register switches the 60-milliampere tele-
typewriter current loop through the transistor. 
The clock signal for the circuit is derived from the IC 

timer that is free-running at approximately 75 hertz. 
For teletypewriters that operate at 6 characters per sec-
ond, the clock frequency should be about 45.5 Hz. D 
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Software bypass. Digital interface circuit provides synchronization between a teletypewriter and a microprocessor chip through the latter de-
vice's READY line. Normally, a long software routine is needed to make the interface. The input data is in the parallel Baudot code, and the 
output is for a 10-character-per-second teletypewriter. A free-running IC timer is used to produce the clock signal. 
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Diode pair senses 
differentia! temperature 
by Don DeKold 
Dekolabs, Gainesville, Fla. 

Normally, a germanium diode functioning as a tem-
perature sensor relies on the linear variation of its 
forward voltage with temperature. But a pair of germa-
nium diodes can be made to serve as a differential-tem-
perature comparator if the circuit exploits a much less 
used temperature-dependent diode property—the loga-
rithmic variation with temperature of the reverse satu-
ration current. The resulting circuit is useful for indus-
trial-control applications. 
When one diode (sEtisoRi) is at temperature T1 and 

the other diode (sENsoR2) is at temperature Tz, the cir-
cuit output will change state as the temperature differ-
ential (Ti-T2) approaches and crosses a differential 
threshold, ST1,2. For the circuit shown here, AT1,2 is 
13°C—when (T1-T2) is less than 13°C, the circuit's out-
put is low; and when (Ti-T2) is greater than 13°C, the 
output goes high. The circuit has a fairly wide and use-
ful temperature range of 20°C to 120°C. 
The two diodes, along with resistors R1 and Rz, form 

a resistance bridge. The right-hand side of the bridge 
consists of equal resistances that divide the bridge volt-
age in half, establishing a reference voltage at the in-
verting terminal of the FET-input operational amplifier. 
The noninverting op-amp terminal receives the tem-
perature-dependent voltage, which is derived from the 
division of the bridge voltage across the diode tempera-
ture sensors. 

In general, the reverse saturation currents of two un-
matched diodes are different at a single temperature. 
However, when plotted as a .function of temperature on 
semilog paper, the two reverse-current characteristics 
will be parallel to each other. That is, a diode's reverse 
current may vary from one unit to the next at a single 
temperature, but it will increase in an identically pro-
portional manner from one unit to the next as a func-
tion of temperature. 

For instance, for the type 1N270 germanium diodes 
used here, the current doubles every 13°C. The dou-
bling is highly regular, producing a nearly linear semi-
log plot over a fairly wide temperature range, as shown 
by the graph of reverse saturation current versus tem-
perature for two type IN270 diodes. 
Now, when a diode is reverse-biased, it in effect be-

comes a temperature-dependent current source with a 
reverse saturation current that is only negligibly in-
fluenced by the actual magnitude of the reverse voltage. 
But as the reverse voltage approaches zero, the reverse 
current decreases. When two diodes are connected in 
series, therefore, the voltage across them will divide 
equally only when their currents are the same, a condi-
tion that occurs at a fixed temperature difference be-
tween the two. This equal-current temperature differ-
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Temperature comparator. Unmatched germanium diodes have different reverse saturation currents at the same temperature. But this differ-

ence remains proportionate with changing temperature so that the temperature differential between the two currents stays the same, as 

shown by the graph. A differential-temperature comparator can be built by connecting two unmatched diodes in a bridge configuration. 
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ential is the AT1,2 threshold for the circuit. 
The diode having the lower reverse saturation current 

acts here as SENSOR', so that practically all of the bridge 
voltage will be dropped across it. This keeps the voltage 
at the noninverting op-amp input below that of the in-
verting op-amp input, and the circuit's output is low. As 
the temperature of SENSOR' increases, its reverse leak-
age current will also rise. 
When SENSOR' is 3.1'1,2 degrees celsius above 

SENSOR2, the voltages at the op-amp inputs will be 
equal. With an additional temperature increase of 
SENSOR', most of the bridge voltage *ill then be 
dropped across SENSOR2. This raises the voltage of the 
noninverting op-amp input above that of the inverting 
op-amp input, causing the circuit's output to go high. 

Various operating conditions can be set up for the 
differential-temperature comparator by interchanging 
the locations of the low-current and high-current diodes 
or by switching the input connections to the op amp. 
Different diode pairs will provide different values of 
threshold temperature. Basically, àT1,2 is determined by 
the ratio of diode leakage currents at a fixed tempera-
ture, and this current ratio increases as the comparator 
differential increases. Diodes with identical reverse cur-
rents at the same temperature produce a à1.1,2 of 0°C. 
A FET-input op amp must be used here to assure that 

there is practically no loading of the bridge diode di-
vider. Minimal loading is particularly important if the 
absolute temperatures to be compared differentially are 
low. 

Generating nanosecond pulses 
with TTL monostables 
by Robert J. Broughton 
Yale University, New Haven, Conn. 

Narrow fast pulses—with widths down to a few nano-
seconds and rise and fall times of 2 ns—can be produced 
by a circuit based on transistor-transistor logic. The cir-
cuit's output pulse width is variable, and pulses as wide 
as 220 ns can be obtained. 
The trick is to take the difference between two pulses 

generated by a pair of standard rn, monostable multi-
vibrators. The input signal is applied to the edge-trig-
gered inputs of moNoi and mom:h. Those two mono-
stable inputs are wired in parallel, while the Schmitt-

trigger monostable inputs are kept high by the 2-kilohm 
resistors tied to the supply voltage. 
moNoi is wired to produce a 30-ns pulse, which is 

conditioned by a Schottky-rn, NAND gate, G1, to speed 
up its rise and fall times. Similarly, MONO2 generates an 
output pulse that is complementary to the one gener-
ated by moNoi and that is conditioned by a second 
Schottky-TTL NAND gate, G2. The width of this pulse is 
adjustable from 30 ns to more than 250 ns. 
The third and last Schottky-Tu NAND gate, G3, ac-

cepts the conditioned pulses from gates Gi and G2. The 
output of this gate is a fast narrow pulse whose width is 
the difference between the pulses produced by moNoi 
and MONO2. An output pulse having a width of 8 ns and 
rise and fall times of 2ns can be easily obtained with the 
genera tor circuit. 

Designer's casebook is a regular feature in Electronics. We invite readers to submit origina 
and unpublished circuit ideas and solutions to design problems. Explain briefly but thor 

oughly the circuit's operating principle and purpose. Well pay $50 for each item published 
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Pulse generator. A pair of standard TTL monostables can be made to produce sharp nanosecond pulses by using a Schottky-TTL NAND 

gate to accept their complementary outputs. The pulse width of MONO' is fixed at 30 ns, while the pulse width of MONO2 is variable from 

around 30 ns to better than 250 ns. Gate G3 takes the difference between these two pulse widths. Output rise and fall times are 2 ns. 
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The first name 
in sweep generators has met its match. Telonic Sweepers and Display Oscilloscopes. Totally compatible 

and definitely synergistic. 

There are four sweepers in the 1200 Series (with frequency ranges to 1.5 GHz), 
any of which may be coupled to a Model 121 single trace scope or a Model 122 

dual-trace scope. Any combination gives you a complete facility for lab or 
production line testing and alignment operations over the entire RF 

and near-microwave frequencies. 

All Telonic Sweep Generators have built-in frequency markers, attenuators, 
variable sweep rates and over 20 years of design experience. 

SWEEP GENERATORS DISPLAY OSCILLOSCOPES 

Model 
1201 

Model 
1202 

Model 
1204 

Model 
1205 

Frequency (MHz) .5(kHz)-30 .1-120 1-500 1-1500 

—Sweep Width (MHz) .5(kHz)-30 .1-120 .2-500 .2-600 

Output (dBm) +19 +13 +10 +7 

Flatness (dB) -±,10 ±.25 -±".25 ±-.50 

Linearity (%) 1 2 1 1 

Markers Single and Harmonic 

Circuits Solid State/ Modular 

Price (S) 1895 1 995 1095 1 1395 

Telonic Display Oscilloscopes incorporate 11" CRTs (P4 or P7 phosphor), have 
15 kHz bandwidths, and are ideal for X-Y presentation of swept frequency response. 

Discuss a trial marriage with your Telonic representative; he will be glad 
to make the arrangements. OR WRITE FOR OUR DATA PACKAGE 

COVERING SWEEPERS, SCOPES, AND ACCESSORIES. 

TelonicAltair 
21282 Laguna Canyon Road, Box 277, Laguna Beach, California 92652 

Tel: 714 494-9401 • TWX: 910 596-1320 

Model 
121 

Model 
122 

Modes Single Trace Dual Trace 

CRT 11" Diagonal 

V Bandwidth (kHz) 15 

H Bandwidth (kHz) 1 

V Sensitivity/div. 1, 10, 100 mv, 1v 
H Sensitivity/div. 100 mv 

Input lmped. 10 K ohms 

Price (5) 475 1 695 
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Designing 
logic boards for 
automatic testing 
The test engineer should team with 

the circuit designer to lay out 

logic boards for easy testing, fault 
isolation, and troubleshooting; 

this foresight can yield large 

over-all economies in manufacture 

by David Schneider, 
Test Systems Division, General Radio Co.. Concord, Mass. 

111 As the capabilities of digital logic boards have been 
increased, so has their complexity. As a result, the costs 
of testing and diagnosing failures of these boards have 
become such a serious threat to economical fabrication 
that manufacturers have assigned top priority to testa-
bility. 

Surprisingly, the difficulties seldom are the fault of 
the test technology itself. Efficient automated systems 
for high-speed go/no-go logic testing and fault-diag-
nosis are coming into widespread use. However, the 
basic requirements of testability are often overlooked 
when logic boards are designed and laid out. 

Testing problems can be solved simply by far-sighted 
design techniques. Many of these suggestions will not 
increase fabrication costs at all; they only require the 
design engineer to think about testability. Other sug-
gested modifications will increase fabrication costs, but 
these costs clearly need to be weighed against the sav-
ings in over-all testing costs. 
These suggestions must also be weighed against such 

other factors as possible increases in manufacturing er-
ror or increased susceptibility to noise. The design and 
test engineers are not expected to implement all of the 
recommendations to increase testability, but rather to 
understand the fundamental principles of testability. 
Some of the techniques described in this article are 

intended to help design testability into TTL and DTL cir-
cuit boards. But the principles are valid for all logic 
families, and use of the techniques will enhance the ca-
pabilities of any test system to diagnose virtually any 
type of logic-board failure. In addition, application of 
these principles can ensure the cost-effectiveness of any 
automatic diagnostic software system. 

Planning for diagnosis 

The key to efficient fault diagnosis is the capability to 
rapidly isolate each defect. A typical logic-test system 
applies bit patterns to the input pins of the logic board 
and senses the resulting patterns on the output pins. 
The test system judges each output pattern as right or 
wrong. If wrong, the incorrect pattern frequently ini-
tiates a fault-localizing algorithm that seeks to identify 
the defective component(s). 

Efficient fault-diagnosis depends on visibility of the 
logic board. That is, the ability of the test system to see, 
in detail, the operation of the board. Although somp sig-
nals normally connect directly to external pins for inter-
facing with other boards, these pins may not provide 
sufficient visibility. 
The best test-point locations in the production boards 

are usually the same points that the design engineer 
uses to check operation of his prototype circuits. The in-
ternal signals that tell the design engineer the state and 
operation of his circuits are often the same signals the 
test engineer will want to monitor. 

Junctions of large fan-ins and fan-outs, as shown in 
Fig. 1, are also ideal locations for test and control 
points. At a fan-in, a number of signals combine to form 
one result signal, whereas at a fan-out, one signal is 
used at several places. Examples of fan-outs are master-
clock and master-reset signals, which branch out to 
many devices. 
The outputs of flip-flops, counters, and other ics with 

100 Electronics/July 25, 1974 



memory are valuable indicators of the states of the cir-
cuits. Access to those points simplifies test generation 
and also allows for rapid diagnosis of failures of these 
ics. Further, because these memory elements often con-
trol other sequential logic, they can prove useful in re-
vealing the operation of that logic, as well. 
Whenever an input stimulus to the board has to pass 

through many levels of intermediate logic to get to the 
output of the board, direct access to the buried logic can 
be simplified by adding test points that allow inter-
mediate logic to be bypassed or placed in a desired 
state. Another testing problem arises if designers em-
ploy redundant static logic to prevent dynamic prob-
lems or to ensure fault-tolerant operation. A few extra 
test points will break up the logic into nonredundant 
parts for testing purposes and will confirm the operating 
condition of these circuits. 

Initializing memories 

Frequently, memory elements start out in unknown 
or random states when power is applied to the board, 
and they must be set to known states before a valid test-
ing routine can begin. If all the memory states are 
strongly connected (each state can be reached from any 
other state by exercising the board's inputs), then 
memory elements can be initialized. But the sequence 
of input stimuli, called a homing sequence, required to 
reach a given state, may be both hard to devise and ex-
ceedingly long. What's more, most of the logic elements 
may be required to function properly to achieve certain 
initial states, thereby inhibiting fault-diagnosis. 
Means of placing memory elements in known initial 

states should be designed into the logic board from the 
start. Depending on circuit complexity, it may be also 
desirable to set memory elements in several different 
known states. This permits independent initialization 
and simplifies generation of certain internal states re-
quired to test the board adequately. 
A designer should provide external pin connections 

through which the tester can apply reset signals directly 
to memory elements. Sometimes extra logic gates may 
be required. In the case of a flip-flop reset by an inter-
nal board signal (Fig. 2a), a logic gate can be added so 
that a signal from the tester can reset the flip-flop (Fig. 
2b). Sometimes the tester signal can be wire-oRed with 
the normal reset signal (Fig. 2c). Though safe for DTL, 
standard and low-power TTL circuits, high-power and 
Schottky Tn., circuits cannot be driven low safely for 
more than one second. When not being driven, the 
tester line may serve as a sense point. 
Where an output of an 1c feeds back into the same IC, 

as in a flip-flop, a shift register, or counter, the output 
may be driven low by using the wired-OR technique as 
shown in Fig. 3(a). For example, driving the Q or 0 
output low initializes the "slave" stage of a master-slave 
flip-flop, but leaves the "master" stage unchanged. 

If external pins are not available for an extra reset, a 
designer can add a power-up reset that remains low mo-
mentarily after power is applied, as shown in Fig. 3(b). 
Set, reset, and load lines of flip-flops and other memory 
elements are often left unconnected, tied to Ve, or to 
ground, or tied to V„ through pull-up resistors. If a set-
reset is tied directly to ground or V, it cannot be 

1. Take the pulse. Junctions of large fan-ins are natural points to 

bring out to connector pins for efficient automated testing. Con-

versely, fan-outs, such as those at master clock and master reset 

points, are natural points for applying control signals from an auto-

mated tester. They, too, should be brought out to connector pins. 

(a) 

FROM 
TESTER 

(b) 

FF 

c) 

2. High or low? Initializing flip-flops takes the guesswork out of de-

termining their state. By adding an extra gate to the circuit as shown 

(b), the tester can provide the reset signal. The wired-OR technique, 

shown in (c), does away with the additional gate, but caution must 

be exercised with high-power and Schottky circuits, since they may 

not be driven low for more than 1 second. 

(a) (b) 

111.1111. 

FF 

O 

3. Feed It back. Where an output of a flip-flop feeds back into a 

driving IC, the output can be reset by using a wired-OR technique as 

in (a). If an external pin is not available for reset, then a power-up re-

set can be added by using an RC network as in (b). 
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SOME PACKAGING TIPS 

TO TESTER 

IC CLIP 

IC 

Leave sufficient clearance around socketed and soldered 

ICs so that test clips can be attached. 

TO TESTER 

PUSH-ON 
CLIP 

WIRE -WRAP 
PIN 

If crowding is unavoidable and will prevent use of an IC clip, 

mount a wire-wrap pin to allow connection of a push-on clip. 

TEST 
FIXTURE 

Since normally only the bottom edge of the board is used 

for system connections, the designer can run out connection 

fingers to the top and sides of the board for test connections. 

Extra IC sockets can be added for test and control points. 

Sometimes signals can be wired to unused IC sockets for 

connection during testing. 

A jumper plug, which is removed during testing, can inter-

rupt feedback and other signals. 

SIGNAL TO BE 
INTERRUPTED 

EDGE -
CONNECTED 
PINS 

SOCKET 
USED FOR 
IN-SYSTEM 
OPERATION 

Bring out test and control points to connection fingers. Dur-

ing normal system operation, they may be jumpered. How-

ever, they are readily accessible during board tests. 

JUMPER CONNECTS 
SIGNALS 

SOCKET 
USED FOR 
TESTI NG 

TESTER 
  SIGNALS 

102 Electronlcs/July 25, 1974 



Vcc 

1 kn 

(a) 

SET 
FROM 
TESTER 

RESET 
• FROM 

TESTER 

b) 

4. Tandem reset If a set-reset line is tied through a pull-up resistor to V„, the line may be driven low by the tester so long as the same re-

sistor is not used to pull up both set and reset lines of the same element as in (a). However, the same pull-up resistor can be used for several 

sets and resets as in (b). Both set and reset signals are provided by the tester. 

driven by the tester and is lost for test purposes. 
Instead, a source of logic high should be de_signed to 

come from a pull-up resistor, and a source of logic low 
from a pull-up resistor driving an inverter. The designer 
should avoid using the same resistor to pull up set and 
reset lines of the same memory element as shown in Fig. 
.4(a), since the memory element can not be initialized 
because of an internal race. However, Fig. 4(b) shows 
how a single pull-up resistor should be wired so that 
several sets or resets on different memory elements may 
be accessed simultaneously for initialization. 

If a design is already in production and a set-reset 
line is unconnected, an IC clip can be used to access the 
line and drive it low momentarily. 

Unmask the culprit 

Feedback loops with many logic elements hinder 
fault-diagnosis because the effect of the fault at one 
point in the loop may affect all points in the loop. For 
example, in the simple circuit shown in Fig. 5 where e, f, 

g, and h = 1, the faults d stuck low, a stuck high, b 
stuck high, and c stuck low are indistinguishable. 

Because the defective device is, in effect, disguised, it 
cannot be uniquely isolated. The loop can be broken if 
the signals e and f are set to 0, but it may be difficult to 
manipulate these signals. Other means are frequently 
needed to break feedback loops. 
A designer should provide a means of inhibiting the 

clock of each memory element to break the feedback 
loop and to provide known reference points. A hypo-
thetical logic circuit with feedback is shown in Fig. 6(a). 
One way to break the loop is to insert a gate to interrupt 
the feedback path as shown in Fig. 6(b). 

Alternatively, the feedback loop can be brought out 
to external pins, which are connected by a jumper for 
normal operation as shown in Fig. 6(c). Removing the 
jumper interrupts the feedback and provides the tester 
with both a drive and sense point. 

Like feedback loops, large wired-OR fan-ins also 
thwart fault resolution. To solve the problem, the fan-in 

5. Disguised. Feedback loops, which are common in many latch circuits, can disguise faults. If, for example, t, g, and h are all high, d stuck 

low appears identical to a or b stuck high or c stuck low. A way to break loop must be provided. 
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(a) 

FROM 
TESTER 

(JUMPERED AFTER TESTING) 

(c) 

8. Break the loop. Feedback loops shown in (a) can be broken by 

inserting gates as in (b). The loop can also be opened mechanically 

by wiring the circuit as in (c) and providing jumpers when operating. 

7. Tough to test. Large wired-OR connections suffer from poo 

fault resolution. Partitioning the connection into smaller groups and 

linking them with an AND gate or a jumper, improves fault resolution. 

can be partitioned and the subsections linked by an 
AND gate, as shown in Fig. 7. 

Stop the clock 

Testing time can often be shortened by substituting 
signals generated by the tester for internally generated 
signals on logic cards. Such substitution is particularly 
valuable when cards contain relatively slow timing cir-
cuits, such as one-shots with periods longer than a few 
milliseconds, which hinder high-speed testing. Internal 
clock signals should be defeated by adding extra logic 
or by physically interrupting the signals. 
On the other hand, fast timing circuits, such as pulse 

generators, should have test points connected to their 
outputs to allow testing by pulse-catching circuits in the 
tester. 

Digital circuits sometimes employ long counter 
chains that can require huge numbers of test patterns if 
tested in a conventional way. For instance, a 24-bit 
counter requires 225 or about 33 million test patterns, 
which is highly inefficient and greatly prolongs test time 
on a general-purpose test system. 
When counters are directly loadable, the number of 

patterns can be drastically reduced by connecting con-
trol signals to the direct load lines of a long counter 
chain. Another technique is to break the connections 
between cascaded counter stages, thereby enabling each 
stage to be clocked independently with a minimum 
number of clock pulses. 
There are several ways to accomplish this. One is to 

attach a driver to pull down the cascade line, being 
careful not to impair the counter internally. Or the cas-
cade lines can be physically interrupted by bringing out 
test points to a connector. These are shorted by a 
jumper during normal operation. Perhaps extra logic 
can be added so that counter stages can be clocked in-
dependently of the carry-out from earlier stages. 

Packaging for efficient testing 

A careful logic-board layout can make major contri-
butions to efficient testing. For instance, analog and dig-
ital circuits should be packaged on separate cards, if 
possible, because analog and digital circuits are often 
tested by different test equipment. 

In general, partitioning large logic boards into 
smaller independent sections also eases the test burden. 
So does using separate V„ paths and tri-state logic, 
which helps to isolate a desired section during testing. 

If Ks are mounted in a uniform layout with all No. 1 
pins in the same relative position, test technicians will 
be able to speedily identify each connection. Each ic 
should be marked clearly with an adjacent silk-screened 
reference designation on the board. 

If possible, complex LSI devices such as universal 
asynchronous receiver/transmitters, computer chips, 
and long-shift registers should be mounted in sockets, 
rather than soldered directly in the board. This speeds 
removal for testing and replacement. El 
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Discover how thEsE auto-multimetErs 
kEEp you out of trouble. 

On the surface they may look like 
any well-designed digital 
multimeters. 
Now look closer. What else do 

you see? 
There ...the Fluke name! 
That indicates unusual performance 
We designed both the Fluke 8600A 

and the 8800A with auto range, auto 
zero, and auto polarity. And every 
parameter is fully protected. This 
means you can accidentally overload 
the instrument with too much 
current ...too much voltage ...or 
too much resistance ...and you're 
still okay. 
Another way you stay out 

of trouble: MTBF on each 
instrument is a minimum 
of 10,000 hours. 
Now, the specs. 
The 26-range Fluke 8600A, 

$599. We packed this 20,000 
count multimeter with five 

ranges of volts from 200 mV 
through 1200 V ac and dc. Five 
ranges of current, 200 !LA to 2 A ac 
and dc. And six ranges of resistance 
from 200 ohms to 20 megohms. 

Basic dc accuracy is a fully 
credible 0.02%. Options include 
built-in automatic rechargeable 
battery pack for up to 8 hours off-line 
operation. Digital output is also 
offered. 
The 0.005% Fluke 8800A, $1099. 

This digital multi-
meter features five 
ranges of dc volts 
from ± 200 mV 

to ±1200 V. Four ranges ac from 2 V 
to 1200 V. And six ranges of four 
terminal resistance from 200 ohms to 
20 megohms. For complete isolation 
the input resistance is better than 
1,000 megohms on lower ranges and 
20 megohms on the higher ranges. 

For critical resistance measure-
ments the instrument provides 
completely isolated four terminal 
ohms with less than 4 volts open 
circuit from 200 ohms through 
20 megohms. 
So there are the specs. 

Impressive? We think so. But 
remember—specs are 
one thing. That name 
on the panel, however 
... It's what makes a 

se Cadillac a Cadillac. 
And a Fluke a Fluke. 

For details, call your 
nearest Fluke sales engineer. 
Or simply dial our hot line. 

For data out today, dial our toll-free hotline, 800-426-0361 

In the continental U.S., dial our toll free number 800-426-0361 for the name and address of your nearest local 
source. Abroad end in cenada. call or write the office nearest you listed below, John Fluke Mfg. Co., Inc., P.O. 
Box 7428, Seattle, Washington 98133. Phone (206) 774-2211. TWX: 910-449-2850. In Europe, address Fluke Neder-
land (B.V.), P.O. Box 5053, Tilburg, The Netherlands. Phone 013-67-3973. Telex: 844-52237. In the U.K., address 
Fluke International Corp., Garnett Close, Watford, WD2 4TT. Phone, Watford, 33066. Telex: 934583. In Canada, 

address ACA, Ltd., 6427 Northam Drive, Mississauga, Ontario. Phone 416-678-1500 TWX: 610-492-2119. 

'FLUKE' 
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CAN THE -
FCC COPE WITH 
CHANGING 

TECHNOLOGY? 
flew leadership is handicapped by 
limited resources and static budget 

that doesn't reflect shifting workload 

by Ray Connolly and 
Stephen E. Scrupski, 

Senior Editors 

0 In the mid-sixties, the Federal Communications 
Commission had an image problem. "Is the FCC dead?" 
asked one magazine article in 1966, "Is the FCC Obso-
lete?" asked another in the same year, and in 1967, 
Kenneth A. Cox, then an FCC commissioner, presented 
a commissioner's side of the story in an article called 
"Does the FCC Really Do Anything?" But in recent 
years, as outsiders and insiders agree, the FCC has done 
a great deal, despite limited resources and an un-
changed organizational structure at a time when com-
munications technology is undergoing rapid changes. 

Since 1968, when the FCC issued its landmark Carter-
fone ruling that customer-provided equipment could be 
attached to the switched public telephone network, the 
agency has continued to break new ground. Its series of 

decisions has in effect produced new national communi-
cations policies, the most controversial of which opt for 
competition—competition between long established en-
tities like AT&T and TV broadcasters on the one hand 
and, on the other, an increasing number of corporate 
newcomers anxious to cultivate new markets. 
Having written those policies, however, the FCC now 

faces the far harder task of getting them implemented. 
Moreover, it must do so not only in the face of mount-
ing opposition from established interests but also with a 
new chairman, new commissioners and new key staff 
members (see "How the FCC works," p. 113). 
The most fundamental problem of all, however, is the 

size of the FCC's total budget and its distribution within 
the commission. In the fiscal year that began July 1, the 
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FCC will be operating with a budget authority of less 
than $50 million—merely a footnote to a total Federal 
expenditure that will exceed $300 billion (and AT&T 
spent almost $1 billion on marketing alone in 1973). 
By far the largest chunks of those limited funds are 

allotted in the initial budget request to the Broadcast 
and Field Operations Bureaus, which get $9 million and 
$10.6 million, respectively. Field operations employ 
more than a quarter of the commission's 1,800 regular 
personnel in spectrum monitoring, inspection of li-
censed station equipment, operator licensing, and a host 
of other routine chores. 

Similarly, the Broadcast Bureau devotes the bulk of 
its resources to regulating the nation's radio and TV sta-
tions and is relatively uninvolved in new technologies. 
"Broadcast gets as much money as it does," says one in-
sider, lust because it was there first. Licensing broad-
casters used to be our [the FCC's] most important func-
tion. It is still important, of course, but it hasn't changed 
much." Nor, it should be added, is the broadcast field a 
significant growth area in today's electronics business. 
The TV and radio broadcast industries are put at $4.1 

and $1.6 billion, respectively, by the Department of 
Commerce. But in 1974, they are expected to provide 
electronics with an annual equipment market of only 
$179 million [Electronics, Jan. 10, p. 120]. The inter-
connect market, for one, can be far larger. For example, 
radio and TV's $179 million is $1 million less than the 
value ITT Corp.'s E.F. Eddy places on U.S. shipments of 
PABX and key systems this year. Eddy also notes his esti-
mate is conservative because of "numerous industry im-
ponderables and a lack of aggressive marketing 
strategy." 

FCC's biggest impact: carriers 

Unquestionably the most important FCC operation, in 
terms of its impact on new applications and the markets 
they represent, is the Common Carrier Bureau. Close 
behind is the Safety and Special Radio Services Bureau, 
with its responsibility for land-mobile communications 
and other, nonbroadcast, uses of radio in aviation, ma-
rine, amateur, and police operations. 

Nevertheless, the fiscal 1975 budget request for the 
Common Carrier Bureau was less than $6 million—two 
thirds that of Broadcast—while the Safety and the Spe-
cial Radio Services Bureau was allocated less than $4.5 
million in the request to the Congress. 
Yet the explosive growth in telecommunications ap-

plications, plus the commission's advocacy of competi-
tion between AT&T and new specialized common car-
riers, has far outstripped the small increases in the 
Common Carrier Bureau's budget and staffing em-
ployed to regulate the industry on a timely basis. The 
bureau must not only oversee a domestic telecommuni-
cations industry that accounts for an estimated $1 bil-
lion in hardware annually when the output of AT&T's 
captive Western Electric Co. is factored in—but it must 
also recommend policies to FCC commissioners on a va-
riety of controversial issues ranging from inter-
connection to domestic satellites. 

For the Safety and Special Radio Services Bureau, 
the biggest immediate problem is implementing the 
commission's recent decision, under Docket 18262, that 

expanded land-mobile operations in the 900-megahertz 
band [Electronics, May 2, p. 52]. 
Who coordinates FCC's technology? That job, among 

others, belongs to the Office of Chief Engineer run by 
Raymond E. Spence, Jr., who is among the first to rec-
ognize that more than technology is involved: "Ten 
years ago we simply found a piece of the spectrum that 
was lying around and gave it to an applicant. Now 
things are much more complicated." As Spence points 
out, more than a year before the FCC ruled in favor of 
expanding land mobile up into the 900-MHz region, it 
came up with an interim resolution of the problem by 
taking the top 13 uhf TV channels and making them 
available to mobile operations. Such decisions are "no 
longer engineering issues. They become political as well 
as economic and social issues." 

Spence agrees that the FCC "spends too much on 
broadcasting and not enough time on other developing 
issues." One way this handicaps the commission and his 
office is to limit their ability "to weigh engineering fac-
tors in their own right." On the matter of inter-
connection, for example, Spence's office proposed 
equipment certification standards in the fall of 1972. 
But in the summer of 1974, the commission has yet to 
act on the plan. 

Drowning in paper 

Virtually everyone who deals with the FCC and many 
of its own staffers agree that it is close to being over-
whelmed by the controversies created by each new ap-
plication of technology. The FCC is employing "a struc-
ture of the forties to try and deal with the problems of 
the seventies," says Bernard Strassburg, who retired last 
year after 31 years with the commission, the last 10 of 
them as Chief of the Common Carrier Bureau. 
During Strassburg's tenure the commission marched 

off in a variety of new directions, most of which encour-
aged competition with the existing communications es-
tablishments. After the Carterfone interconnection deci-
sion there came, for instance, the computer-
communication inquiry, the first and second phases of a 
major investigation of AT&T's structure and operations, 
and the domestic-satellite decision. 
"When I came to the commission," Strassburg recalls, 

"we only had voice communications to regulate and the 
industry was one tenth the size it is now. But the FCC 
had as many people back then as it has today. Now we 
could do the job with the same number of people if the 
tools had changed—computer files, and so forth—but the 
tools haven't changed." 
Throughout all its bureaus, the commission appears 

to lack adequate legal staff—a critical inadequacy be-
cause of the increasing number of challenges to com-
mission actions by AT&T and its new competitors. 
"We're talking about policies that come as a result of 
engineering advances, not the engineering itself," ex-
plains one FCC lawyer. "We have 13 lawyers who share 
four secretaries in the Common Carrier Bureau—that's 
it. How can we be expected to cope with AT&T with that 
kind of staffing?" Former commissioner Kenneth Cox, 
now a senior vice president with mo Communications 
Corp., a specialized carrier, concedes that the FCC gen-
erally and the Common Carrier Bureau in particular is 
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"thin in experienced personnel" right at the time when 
"they and we are having a problem with Bell." Cox con-
tends that "there is a lot of indecision on the commis-
sion because of the inadequacy of the staff. They are 
facing new problems and don't have the numbers or— 
more important—the kinds of people to handle the 
problems." 
Most of the new problems over competition fall in the 

Common Carrier Bureau's domain. Compounding 
those problems is the Common Carrier Bureau's recent 
reorganization under its new chief, Walter Hinchman. 
An alumnus of the White House Office of Tele-
communications Policy (oTP), Hinchman moved into 
the bureau from the Fcc's Office of Plans and Policy. 
And chairman Wiley is still trying to fill Hinchman's 
planning post with someone "who can take me up to the 
mountaintop periodically and give me the big picture." 

But some FCC staffers and industry_ sources are al-
ready expressing concern whether Hinchman—who is 
continuing Strassburg's advocacy of competition—can 
make the transition from planning to administration 
quickly enough to maintain bureau momentum. Hinch-
man's reorganization of the bureau structure [Electron-
ics, May 2, p. 53] has reduced the level of effort in eco-
nomic analysis just at a time when it may be most 
needed—the recently opened Docket 20003 will com-
prise a study of the economic impact of interconnection 
on Bell System operations. If history is any guide, AT&T 
can be expected to inundate the commission with data 
in support of its contention that unrestricted inter-
connection will result in higher telephone rates for the 
average user. 

Support for the commission in the form of both eco-
nomic and engineering studies also comes from the 
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OTP—except that some within the FCC wish the commis-
sion had OTP's operation in house. That view is held by 
Strassburg, even though he already believes that OTP 
has given "an added dimension to the FCC." The White 
House group "is in a position to do the kinds of studies 
the FCC should do." In the FCC's cable vs satellite stud-
ies, Strassburg says he "franldy welcomed OTP's efforts. 
They don't have an axe to grind. I just wish the FCC had 
the same type of capability—the dollars and staff to 
bring to bear on some of these issues." 
The need for studies of the economics of communi-

cations like Docket 20003, rather than engineering cost 
analyses alone, is also supported within OTP. Outside 
the FCC, too, AT&T's problems over forecasting the com-
munications market stem from its heavy reliance on en-
gineering data, instead of marketing data, suggests 
OTP's Sebastian Lasher, recalling the observation of psy-
chologist Abraham Maslow that "if the only tool you 
have is a hammer, you tend to treat everything as if it 
were a nail." AT&T now has a new marketing organiza-
tion, but nevertheless Lasher feels that, even if the com-
pany were inclined to share its "highly sensitive and 
proprietary" marketing studies with the Government, 
"it probably would not constitute good public policy to 
rely too heavily on any single firm's projections." 
Such judgments, of course, leave the FCC with few 

options except such dockets as 20003 as a means of im-
proving its expertise in communications economics. 
And, as one outside analyst observes, "this leaves the 
commission, once more, in the position of having to rely 
on selective, secondhand information it has received 
from others." 

Self-implementing tariffs 

A handicap of even longer standing at the FCC is the 
statutory rule, established when the commission was set 
up, that a new common-carrier tariff goes automatically 
into effect 90 days after filing with a 60-day advance no-
tice. No one at the FCC, including its chairman, disputes 
the argument of AT&T's competition that the rule is out-
dated. AT&T has opposed any change. 
Chairman Wiley, for example, would like to have 

Congress alter the rule so that new tariffs could be held 
in abeyance for as long as it takes to adjudicate the is-
sue, perhaps nine months or a year, if necessary. mci's 
Cox concurs. "In the past," he notes, "tariff challenges 
have been based on overcharges, so that redress could 
be made in the form of lower rates and rebates. Now, 
however, the challenges are from competition, and re-
bates to users do not balance the competitive scales. 
They certainly don't do MCI any good." 

In fact, they may do MCI and other special carriers 
like Data Transmission Co. (Datran) sufficient damage 
to be fatal, according to William Melody, well-known 
communications economist and faculty member of the 
University of Pennsylvania's Annenberg School of 
Communications. 

AT&T's so-called "hi-lo" competitive tariff for voice-
grade private lines, for example, went into effect on 
June 13—after AT&T's 60-day voluntary suspension of 
the original effective date, but before the commission 
could rule on its validity. The tariff, Bell's first depar-
ture from nationwide rate-averaging concept, offers 

lower charges on high-density routes while raising 
charges on low-density routes. 

Survival Issue (or for whom does Bell toll?) 

This kind of competitive response by AT&T to ma, 
Datran, and others, combined with other legal actions 
in courts and state public utility commissions, could 
"wipe out" the specialized carriers, Melody believes. 
Other boosts to AT&T will come from its proposed, low-
price data-under-voice microwave system for use with 
its Dataphone Digital Service, and also from the com-
petition to special carriers provided by the so-called 
"value-added" carriers offering packet switching ser-
vices over AT&T lines [Electronics, May 2, p.105]. 
Melody says he is becoming convinced that small 

special carriers, with their limited financial resources, 
will ultimately be no match for the AT&T monolith. Be-
cause of the long drawn out proceedings before the FCC 
and the courts, the economist contends that special car-
riers—for whom the FCC has said it will not provide any 
protective umbrella—may win individual legal battles, 
but eventually lose the financial war because of the 
costs of competition and legal counsel. 
MCI chairman William McGowan naturally opposes 

this view, adamant in his belief that "special carriers are 
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here to stay" and convinced that "the Government 
won't let us go under." 

Nevertheless, AT&T is by all accounts proving more 
responsive than ever to the thrust of new commission 
rulings on the issue of competition, interconnection, and 
the development of new land-mobile markets at 900 
MHz, in which it will share heavily under the FCC's May 
decision on Docket 18262. 

Mobile radio controversies 

Despite the fact that AT&T and other wire-line com-
mon carriers will eventually have the use of 40 MHz of 
the 115 mHz opened up in the 806-947-MHz band for 
land-mobile use, AT&T has petitioned for reconsider-
ation by FCC, as have others. Rather than 40 MHz, wire-
line carriers would like to have the full 61 MHz they 
originally sought, without any reserve. 
AT&T not only opposes the frequency limitation as 

one that would unnecessarily raise its equipment costs 
by half, but it is against the stricture that land-mobile 
operations should be handled by a separate subsidiary 
to prevent cross-subsidization of cellular service by 
other services. Moreover, the company wants a modi-
fication of the rule that would prevent it from providing 
and maintaining mobile radio units and also charges 
the FCC with "a desire to promote competition for the 
sake of competition" in leaving unregulated those sys-
tems that will be known as "entrepreneur-operated 
common-user systems." 
The post-decision appeals seem guaranteed to go to 

the courts for final adjudication. Consequently, these 

proceedings, too, could drag on for another year or 
more. 

Because of the Fcc's inability to deal in a timely way 
with controversial—and, in the case of specialized car-
riers, perhaps life-or-death—issues, petitioners before 
the commission are turning increasingly to the courts 
and, in some cases, to state regulatory agencies. Sim-
ilarly, established entities like AT&T, which see a threat 
to the profitable status quo, also are turning to the 
courts and the states and, if need be, to the Congress to 
delay or get relief from FCC rulings. In addition, some 
states are taking independent action on such critical 
subjects as interconnection. 

rrr's E. F. Eddy has noted that this "trend toward 
polarization of opinion regarding interconnection" is 
one "with the greatest potential impact on the industry's 
future." AT&T, he points out, "has found eager allies 
among the National Association of Regulatory Utility 
Commissioners (NARuc), which represents the state 
regulators. [State regulators have tended to be most 
sensitive to possible intrastate rate increases for residen-
tial users and thus have lent willing ears to Bell's warn-
ings of such effects of interconnection.] In this environ-
ment of strong feelings, there has already been direct 
confrontation between several states and the FCC: the 
well-known North Carolina proceedings [which have 
threatened action that could effectively bar non-Bell 
telephone equipment in the state] and the rulings of the 
attorney general of Nebraska and the state of Okla-
homa, which insist that interconnect companies obtain 
certification as common carriers." 
Though the FCC has asserted jurisdiction over the 

states in these matters, and has the tacit support of the 
Justice Department, Eddy is not overly optimistic. "It 
seems unlikely that the nationwide, Federally con-
trolled program of certified direct interconnection en-
visioned by the FCC staff and its PBX Advisory Com-
mittee will come to pass in the near future." 
As a result, Bell may continue to impose charges for 

the protective interface circuits that it says are necessary 
to prevent harm to its network. These charges, when 
added to the price tags carried by non-Bell interconnect 
equipment, have made it more difficult to close sales, 
the competitors complain. They would prefer to build in 
whatever protective circuitry is required and, after certi-
fication, sell it for direct connection to the network. 

Meanwhile, Eddy notes that even though Bell is just 
beginning to wage heavy war in the competitive mar-
ketplace, Bell already "manages to retain about 76% of 
all jobs on which they bid against interconnect." 
North Carolina Utilities Commissioner Hugh A. 

Wells explained his state's action to exert jurisdiction on 
interconnection by claiming that—in three years of 
adopting a "wait and see" attitude after Carterfone—he 
found only Federal inaction. North Carolina moved, he 
said, because "good regulation abhors a vacuum." The 
FCC record on interconnection, according to Wells, "re-
flects more indecision than purpose and more guess-
work than information." 
One of several vocal opponents to North Carolina's 

assertion of intrastate jurisdiction on interconnection is 
William H. Borghesani, Jr., Washington counsel for the 
National Retail Merchants Association (NRmA) that 
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ifying and in some cases eliminating excess paperwork. 
Consequently, much of the work on technology is 

being left to an industry-oriented group known as the 
Cable Television Technical Advisory Committee. For 
example, an Electronic Industries Association (EA) 
panel is in the process of turning over specifications for 
a "cable-compatible" TV receiver to the advisory com-
mittee after two years of work [Electronics, July 11, p. 
77]. The design would boost a viewer's receiver costs, 
but could also cut cable service costs by 10% to 15% 
since, observes Teleprompter Corp.'s Hubert Schlafly, it 
"avoids additional boxes, eliminates unnecessary cir-
cuitry, and accommodates wireless remote controls." 
Even more important, the policy concerns of CATV 

regulation by the 50 states and even smaller jurisdic-
tions like cities and counties clearly worry the industry 
and its suppliers. Equipment-specification writers fear 
what they call "three-tier regulation" by Federal, state, 
and local authorities, and the possibility of its leading to 
conflicting requirements. 
The FCC notes through its cable bureau chief David 

Kinley that it has preempted local regulation and fran-

strongly advocates interconnection. The state's action, 
he insists, "could nullify interstate access to the com-
mon and indivisible public telecommunications net-
work." But that issue between North Carolina and the 
FCC is now before the U.S. Fourth Circuit Court of Ap-
peals at Richmond, Va. "Hopefully," Borghesani says, a 
decision will come before the end of 1974. 

Borghesani says he sympathizes with the view of one 
FCC lawyer, who likens the long delay between the 1968 
Carterfone interconnection policy decision and its still 
unresolved implementation, to the continuing battle 
over school desegregation (see "How the FCC works," p. 
113). Yet he sees the North Carolina case and similar 
battles as but "pieces of a mosaic" that is AT&T's war. 

Cable TV: paper problems 

The FCC's Cable Television Bureau has by far the 
smallest budget of the five bureaus. And most of its 
request for $2.2 million early this year for fiscal 1975 
will go for paperwork—the processing and licensing of 
cable systems under rules requiring certification of all 
systems by 1977. In the six years before the certification 
ruling of March 1972, only 600 applications had been 
processed. Cable plant investment of about $1 billion in 
1972 has been forecast as growing to $2.5 billion by 
1978 and more than $8 billion in 1983. 
Like their Broadcast Bureau counterparts, cable staf-

fers are heavily involved in "software issues" such as the 
uses of cable, rather than its technology. But some of 
these concerns seem likely to have a significant impact 
on CATV equipment makers. 
At the moment, the cable bureau is caught up in a 

program introduced this year. Known as "re-regu-
lation," it's an effort to simplify CATV licensing by mod-
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chising of pay-cable systems, but the commission's au-
thority is being challenged and the fundamental issue is 
not yet resolved. What's more, the challenge to the FCC 
has the support of such anti-cable-television groups as 
the National Association of Theater Owners, fearful of 
first-run movie distribution, and the long-established 
National Association of Broadcasters. The NAB argues 
that it is only concerned with program "siphoning" by 
CATV of network programs, notably sports events, but it 
is generally viewed as unhappy with CATV's threat to 
the broadcast industry's dominance and revenues. 

Interactive systems 

Technologically, there are still a number of problems 
about two-way interactive CATV systems, in which the 
subscriber orders up his own programs and services. In 
its 1972 order on CATV, the FCC noted that, in future 
two-way offerings, "activation of the return service must 
always be at the subscriber's option." Yet the Urban In-
stitute, a Washington-based public interest group, says 
its Cable Television Information Center (cTic) "knows 
of no two-way subscriber response test now underway 
that conforms to the FCC dictum." For example, says 
CTIC, "Subscribers on the Tocom system in Rossmor 
Leisure World, Arizona, and the Thetacom Subscriber 
Response System in El Segundo, Calif., cannot prevent 
their channel selections from being monitored." 
The Urban Institute believes that such monitoring for 

commercial interests like rating services and the mea-
surement of advertising effectiveness "may be harm-

less" when properly handled in the aggregate. But it 
clearly fears that other uses contain a threat to privacy 
since "there is no way to obtain aggregate data without 
polling individual receivers." 
Though the FCC has yet to rule on the technicalities 

of the CATV privacy issue, the institute believes the 
problem could be resolved since "two-way cable is de-
velopmentally still in the prototype stage." Computers 
could be programed not to store individual viewing 
data, it points out, and "the technology could permit 
certain channels not to be monitored at all." 
The OTP, which regularly inputs to the FCC, is draft-

ing legislation on the cable privacy issue for the Admin-
istration. It would, explained Vice President Gerald 
Ford in June, "prohibit 'snooping' and monitoring of 
communications entering and leaving a citizen's home 
via cable TV. I would forbid disclosure of identifiable in-
formation about the viewing habits of subscribers to 
cable television systems without their consent." 

What's to be done? 

Clearly the FCC has problems that go beyond small 
budgets poorly distributed, a limited staff, and few re-
sources to conduct or contract for independent R&D. To 
some, the fundamental problem is an approach to regu-
lation that tends almost automatically to stifle innova-
tion. orP chief Clay T. Whitehead once observed, "The 
FCC has a way of asking the would-be entrepreneur to 
prove his service is worthwhile, to prove that his service 
is economical, to prove that the public wants it, before 
he is even allowed to try. I think you can see that kind 
of discourages innovation." 
Among others, former chairman Dean Burch has sug-

gested disentangling the FCC from its present dilemma 
by reorganizing it into two bodies. Burch, now a White 
House adviser, was a premier advocate of competition 
in communications. His straightforward, no-nonsense 
approach to complex regulatory issues has some com-
munications specialists calling him "the FCC's Harry 
• Truman," despite his conservative Republican back-
ground. Like Burch, former commissioner Cox believes 
"it would be a good idea to split the commission into 
two commissions—one concerned with common carrier 
and safety and special radio services and the other with 
broadcasting and CATV matters." 

But John Sodolski, Communications division vice 
president at the EIA, opposes a split or massive reorgani-
zation, as does retired commission executive Strassburg. 
Sodolski likens reorganizations generally to firing the 
coach when the team is doing poorly: "It doesn't make 
the team any better." He believes the commission may 
not be a model of efficiency, "But it does work." 
Former bureau chief Strassburg believes the FCC 

needs better tools and more staff to "develop a greater 
depth of understanding of what's going on and the im-
plications of technological developments." Moreover, 
he sees a need for a systems analysis capability "to give 
early warning of emerging problems." 
One eye-opening Strassburg suggestion: since the 

FCC has "no systematic effort in monitoring tech-
nology—the public's money is spent on this at Bell Labs, 
and it spends $400 million a year—the commission 
should have the benefit of knowing what they are doing. 
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How the FCC works 
Created by the Communications Act of 1934, the Federal 
Communications Commission has been likened to a 
court. But it is more than that—instead of merely inter-
preting existing law, it can break new ground to accom-
modate new uses of communications technology. 
Though the FCC is called "an independent agency" 

and reports to the Congress, the President names its 
seven commissioners, and the necessary Senate ap-
proval of his nominees is, more often than not, a routine 
procedure. Executive control is also exercised through 
the White House Office of Management and Budget, 
which must bless the FCC's annual budget request. The 
only constraint upon the President is that no more than 
four of the commissioners may be of the same political 
party. 
The FCC is charged under the law "to make available 

to all the people of the United States a rapid, efficient, na-
tionwide, and worldwide wire and radio communications 
service with adequate facilities and reasonable charges." 
Moreover, it is authorized, among other things, "to study 
new uses for radio, provide for experimental uses of fre-
quencies, and generally encourage the larger and more 
effective use of radio [in the all-inclusive sense of fre-
quency-spectrum management] in the public interest." 

Richard E. Wiley, an ambitious and determined 40-
year-old lawyer from Peoria by way of Chicago, has been 
trying to do just that ever since March 8, when he suc-
ceeded Dean Burch as chairman. Having become a com-
missioner in January, 1972, after 15 months as FCC gen-
eral counsel, Wiley moved into the top job with three of 
the seven seats on the commission vacant, fewer than 
1,800 of the more than 2,000 staff positions filled, and a 
budget of less than $50 million for the Federal fiscal year 
that began this July 1. 

Since that time, a fifth commissioner, former Detroit 
broadcast executive James H. Quello, has been con-
firmed by the Senate. For the remaining vacancies Presi-
dent Nixon late in May nominated Abbott Washburn, for-
mer chief of the U.S. delegation to the Intelsat 
Conference, and Minnesota law professor and communi-
cations lawyer Glen O. Robinson and also renominated 
Robert E. Lee to a fourth seven-year term, all of whom 
the Senate confirmed this month. 

In reaching a policy decision, the commission's princi-
pal resources for technological assessments include the 
staff office of the Chief Engineer and the five operating 
bureaus he works with but which report directly to the 
commissioners. The five are the Broadcast, Cable Tele-
vision, Common Carrier, Safety and Special Radio Ser-
vices, and Field Operations Bureaus. 

With these limited resources, the FCC must not only 
represent the U.S. in international communications activi-
ties but also try to implement such domestic policies as: 
• Setting rules for interconnection of customer-provided 
equipment with the Bell system. 
• Overseeing the establishment and operation of com-
petitive domestic satellite systems. 
• Controlling the expansion of land-mobile communi-
cations through new frequency allociations in the 900-
megahertz region. 
• Providing a fair shake for the infant cable-television in-
dustry in the face of stormy opposition from over-the-air 
broadcasters. 
• Monitoring the explosive growth of computer-to-com-
puter communications. 
• Refereeing what shapes up as the most controversial 
issue of all—competition between AT&T and the newly 
formed specialized common carriers for new commercial 
and industrial services such as high-speed digital data 
communications. 
When not wrestling with the political and technological 

questions raised by these issues—each the subject of at 
least one major policy decision since 1968—the FCC 
must find time for more routine matters such as regu-
lating more than 12,000 radio and TV broadcast stations, 
ruling annually on approximately 1,000 station license 
applications, and regulating and licensing another 1,800 
nonbroadcast stations for aviation, police, marine, ama-
teur, industrial, and other uses. 
Then there is what one FCC attorney calls "our soft-

ware side," involving judgments on such time-consuming 
and often politically touchy matters as how much and 
what kind of TV advertising should America's children be 
exposed to. Another, dubbed "the fairness doctrine," in-
volves deciding on a case-by-case basis what persons or 
groups should be granted free time on a radio or TV sta-
tion or network to counter a biased presentation on a 
controversial issue. 

"I am not surprised—though I am troubled—by the fact 
that there seems to be no way that we can resolve these 
issues in a timely way," sighs one long-time commission 
staffer. "Interconnection by itself has been running on 
since Carterfone in 1968, and it is still not resolved. It's 
like school integration—the Supreme Court supposedly 
decided that 20 years ago, yet new questions come up 
every week. And just when you think you have answered 
one, there are two more in its place. 
"What does amaze me," he concludes with a wan 

smile, "is that the FCC works at all. But so far it has 
somehow managed." 

We must know more about new technology to make de-
cisions in the most informed way." In Strassburg's view, 
Bell Labs is "a quasi-public resource." 
What is chairman Wiley's goal? Not only does he op-

pose a commission break-up or reorganization, but, he 
says, "I want to pull this place together." While he be-
lieves the FCC needs more and better people—including 
some engineers—he says he is more immediately con-
cerned "not with any huge growth but with keeping the 
good people we've got." 
But a large majority of those who work with and for 

the FCC agree that the agency needs much more than 
better personnel policies and a sharpened image if it 

is to keep pace with changing technology and the new 
applications it is bringing. Clay T. Whitehead, director 
of the Office of Telecommunications Policy, is con-
vinced, for example, that substantive changes may have 
to come from Congress as major revisions of the 1934 
Communications Act. 
Whitehead's suggestion that competition may permit 

less regulation of some segments of communications is 
a view shared by chairman Wiley. But there is little that 
Wiley or the commission can do about that without 
action by Congress. Until then, the FCC must continue 
to plod along, understaffed, overworked, and close to 
being overwhelmed. El 
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3ource with total CMOS capability. 

New 540/740 serles 
Our 4000 (S) series offers you the fastest, low-power logic 

devices available today. With 10-volt power supplies, speeds 
are typically twice that of comparable IC's. Power supply 
range is 3 to 15VDC, while noise immunity is typically 45% 
of supply voltage. Other advantages are low power 
dissipation and elimination of SCR latch-up problems. All 
units are pin-for-pin compatible with the CD-4000A series. 
And you have a choice of high-speed or direct CD-4000A 
replacement characteristics. To order a high-speed unit just 
add the suffix "S" to the HD-4000 part number (HD-4000S). 
For a direct CD-4000A replacement add an "A" to the 
number (HD-4000A). 

11111111111». 

In addition to the HD-4000 series, we offer the HD-4800 
group of Harris proprietary devices. Among these devices 
are six units which together comprise the first family of 
three-state CMOS interface circuits available. By providing 
the ability to regulate the state of hard wired outputs, these 
interface circuits permit an extremely high level of flexibility 
in buss oriented systems design. These units also have 
buffered outputs for driving high capacitive lines and T2L 
directly. When four circuits are utilized, they permit the user 
to perform logic translation (i.e. MOS to T2L) directly at the 
buss line. For complete details on our 4000 and 4800 series, 
see your Harris distributor or representative. 

100-999 UNITS 
40°C to 85°C 55°C to +125°C 

A S A S 

HD-4000 Dual 3 NOR Gate plus Inverter, 14 pin DIP   .78 1.86 1.17 3.10 

i-ID-4001 Quad 2 NOR Gate, 14 pin DIP   .78 1.98 1.17 3.30 

HD-4002 Dual 4 NOR Gate, 14 pin DIP   .78 2.04 1.17 3.40 

1-1D-4007 Dual Complementary Pair plus Inverter, 14 pin DIP   .78 1.59 1.17 2.65 

D-4009 Hex Inverter/Buffer, 16 pin DIP 1.69 3.15 2.54 5.25 

*HD-4010 Hex Buffer, 16 pin DIP   1.69 3.15 2.54 5.25 

. '. HD-4011 Quad 2 NAND Gate, 14 pin DIP  .78 1.98 1.17 3.30 

HD-4012 Dual 4 NAND Gate, 14 pin DIP   .78 2.07 1.17 3.45 

HD-4013 Dual D Flip Flop, 14 pin DIP   1.62 2.85 2.43 4.75 

HD-4019 Quad AND/OR Select Gate, 14 pin DIP 1 91 3.03 2.87 5.05 

HD-4023 Triple 3 NAND Gate, 14 pin DIP  .78 2.06 1.17 3.44 

D-4025 Triple 3 NOR Gate, 14 pin DIP  78 2.06 1.17 3.44 

D-4030 Quad Exclusive OR Gate, 14 pin DIP 1.63 2.27 2.45 3.79 

HD-4804 Three State Hex Buffer with Level Translator, 16 pin DIP  6.15 7.67 

HD-4805 Three State Hex Buffer Inverter with Level Translator, 16 pin DIP 6.15 7.67 

HD-4806 Three State Triple True/Complement Buffer with Disable, 
Independent Level Translator, 16 pin DIP   6.15 7.67 

HD-4807 Hex Buffer with Disable, 16 pin DIP  6.15 7.67 

D-4808 Three State Hex Buffer with Disable, 16 pin DIP   6.15 7.67 

HD-4809 Triple True/Complement Buffer, 16 pin DIP 1.69 3.15 2.54 5.25 

HD-4810 Three State Triple True/Complement Buffer with Disable, 
Common Level Translator, 14 pin DIP  6.15 7.67 

HD-4811 Quad Exclusive NOR Gate, 16 pin DIP 1.63 2.27 ' 2.45 3.79 

HD-4814 Hex Inverter, 16 pin DIP  .97 2.27 1.45 3.80 

Harri fin HARRIS 
SEMICONDUCTOR 
A DIVISION OF HARRIS CORPORAT ON 

RO. Box 883, Melbourne, Florida 32901 (305) 727-5430 
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Engineer's notebook  

Driving LEDs directly 
from C-MOS logic outputs 
by C.D. Patterson 
GandaIf Data Communications Ltd., Ottawa, Ont., Canada 

If a complementary-mos logic system requires a num-
ber of light-emitting diodes in its display, the power dis-
sipated in the display may be far more than that for all 
the rest of the circuitry. 
To get a nice bright display, each LED should receive 

more than 15 milliamperes of current. If the require-
ment is for, say, four LEDs, then something like 60 inA 
must be provided by the supply. In addition, each LED 
must be driven from a high-current c-mos inverter, 
such as a 14019 device wired as a current sink. 
One way to cut down on current consumption is to 

connect all the LEDs in series in a 20-mA current chain, 
as shown in the figure. Each LED can then be controlled 
by shorting it out with a transistor. 
A pnp transistor will allow a LED to turn on for posi-

tive c-mos levels, while an npn transistor will allow a 
LED to turn on for negative c-mos levels. Also, since the 
transistor can be operated with less than 0.3 mA of base 
current, normal c-mos logic outputs can provide suf-
ficient current for driving the LEDs. 
LEDs controlled by pnp transistors should be inserted 

Current-saving design. Inserting a bipolar transistor between a 

c-mos logic output and a LED indicator permits the c-mos logic device to 

control the LED. The current supplied by the c-mos logic-level output 

is sufficient to turn on the transistor, which, in turn, causes the LED to 

go out. A pnp transistor is used for positive logic signals, and an npn 

transistor for negative logic signals. 

at the top of the chain, and those controlled by npn 
transistors at the bottom. This avoids excessive reverse 
emitter-base voltages. 

Transistor gain 
boosts capacitor value 
by L. E. Schmutz 
Massachusetts Institute of Technology, Cambridge, Mass. 

In many applications, designers try to avoid specifying 
large capacitors. Besides being expensive, they are usu-
ally leaky, have poorly toleranced values, and are physi-
cally large. But such large-capacitor problems as these 
can be circumvented by using the gain of a transistor to 
multiply capacitance. A simple circuit will do the job, 
allowing a much smaller capacitor to be used instead. 

In the circuit of (a), the effective capacitance, which is 
shown in color, is the result of the gain of the transistor: 

C' = 
where C' is the effective capacitance value, C is the ac-

Capacitance multiplier. A large effective capacitance (C') can be 

obtained from a small capacitor (C) by using transistor gain to mul-

tiply the actual capacitance value, as shown in (a). The technique is 

especially convenient in reducing the size of the bypass capacitor in 

a cascaded emitter-coupled amplifier (b). Here, the capacitance 

needed is decreased by a factor of 100—from 1,270 to 12.7 F. 

la) 

(13) vcc 

50 S2 

-7 

20 Id/ 

500 S2 

-10V 

loo n 
OUT 

2N3906 I 
BYPASS 

C' -•-• CAPACITOR 
1,270pF 

116 Electronlcs/July 25, 1974 



tuai capacitance value, and fl is transistor gain. The re-
sistor that biases the transistor must have a large value, 
since its actual resistance is divided by the gain of the 
transistor. 

Rs' = Rs//3 

where Rs' is the effective resistance value, and Rs is the 
actual resistance value. (The effective resistance caused 
by capacitor leakage is also decreased by transistor 
gain.) 

This capacitance-multiplier circuit is particularly use-
ful in reducing the size of the bypass capacitor in a feed-
back-stabilized cascaded amplifier, like the one drawn 
in (b). Cascaded emitter-coupled amplifiers are widely 
used in applications requiring high ac gain and good 
frequency response. However, they normally require 

elaborate biasing schemes to compensate for the lack of 
gain uniformity between discrete transistors. 

Sometimes, a direct-coupled cascade is employed so 
that dc feedback can be used to stabilize the bias for the 
transistors. Capacitor C' then bypasses the ac compo-
nent to ground, maintaining the amplifier's large signal 
gain. But, with this approach, the resistance seen by ca-
pacitor C' is reduced by the gain of the amplifier, mak-
ing it necessary for C' to be very large to achieve or-
dinary low-frequency break points. 

If the low-end half-power point of circuit (b) will be 
10 hertz, the value of capacitor C' climbs to a whopping 
1,270 microfarads. But when the simple capacitance 
multiplier of (a) is used instead, the value of the bypass 
capacitor (C) can be cut down to 12.7 'IF, a 100-fold re-
duction. 

Measuring complex impedances 
at actual operating levels 
by Jim VValworth 
Honeywell Inc . Tampa Division, Tampa, Fla. 

Complex impedance is usually measured with a vector 
impedance meter or a network analyzer. The vector im-
pedance meter supplies its own signal source at a fixed 
level, which is sometimes lower than the normal oper-
ating level of the device under test. This approach can 
cause problems if the device involved is nonlinear. The 
network analyzer uses a dual directional coupler and 
measures the impedance relative to a 50-ohm system. 
A simpler and equally effective means of measuring 

complex impedance is often overlooked as a useful 
data-gathering technique. By inserting a noninductive 
resistor in series with the unknown impedance, voltage 
and phase measurements can be made on each side of 
the resistor. This procedure allows in-circuit parameter 
measurements at the normal operating levels of the cir-
cuit. Additionally, the method requires less test equip-

SIGNAL SOURCE 

1. Test setup. Unknown complex impedance Z can be determined 

by measuring the voltage drop and phase shift across noninductive 

resistor R.. Complex impedance Z can then be found graphically 

with a modified Smith chart or mathematically with a calculator. 

or: 

ment and is more versatile since data can be reduced 
graphically or mathematically. 
The circuit illustrated in Fig. 1 shows the voltage and 

phase relationships that must be determined. Rs is the 
noninductive resistor in series with the unknown imped-
ance, Z. The signal source can be an external source or 
the circuitry that normally drives Z. The complex volt-
age at the input to Rs is VI Lei; and the complex voltage 
across the unknown impedance is V2 /01 + Om, where 
O. is the phase shift across Rs. 
Unknown impedance Z is calculated using vector al-

gebra. The series combination of Rs and Z form a volt-
age divider, and V2 /01 + Orp is given by: 

V2/01 +  = [  Rs z ] 

Solving this equation for Z yields: 

Z = Rs  [ V2 0  1 
Zei - V2/01 +  j 

Z = Rs  [V2 e a_ 1 
- V2/04 (1) 

The term O. is the relative phase across the resistor and, 
therefore, the desired phase parameter to measure. 
The last equation for Z can easily be solved with 

some of the scientific calculators now available, or it can 
be solved graphically. Normalizing Eq. 1 in terms of 
resistance Rs produces: 

Z (V2/ Vi) 10m  
Rs / - (V2/ Vi)/0m 

(2) 

If this equeion is plotted in polar coordinates, it forms 
a circle having its center point at -1. If it is plotted on a 
Smith chart, the circle's center lies at the far left side of 
the chart with a radius of V2/Vi and an angle of 

Figure 2 is a Smith chart showing the contours of 
Eq. 2. It now becomes a simple matter to determine an 
unknown impedance quickly by measuring the voltage 
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2. Graphical solution. The value of complex impedance Z, normalized with respect to noninductive resistor Rs. can be found graphically 

from this modified Smith chart. The chart establishes the coordinates for the voltage ratio of V2/VI and the relative phase shift of (),,,. 

ratio of V2/Vi and its relative phase, Om. 
Suppose an unknown complex impedance is to be 

measured. The first step is to estimate the relative im-
pedance magnitude and choose a noninductive resistor 
having such a value-511 ohms, for this example. (Opti-
mum accuracy is obtained when Rs approximately 
equals the absolute value of Z.) By using the test setup 
of Fig. 1, the following data is then taken: 

Vi = 1.0 ti 
V2 = 0.6 
O. = -10° 

and: 

(V2/ /O.  = 0.6 /40°  

The point, 0.6 /-10°, is next plotted on the modified 
Smith chart of Fig. 2, and the impedance, Z., which is 
normalized to 511 ohms, can be read off the chart in the 
conventional manner: 

= 1.28 - j0.58 
Z = (511 ohms) x (1.28 - j0.58) 
Z = 654 -j296 = 718 /-24.5°  

This procedure should be repeated until the computed 
magnitude of impedance Z is the same order of magni-

tude as the estimated value for resistor Rs. 
The same equation—Eq. 2—can be solved mathemati-

cally on a scientific calculator. For this example, the 
measured data can be reduced to: 

Z = 726 /-24.29° = 661.7 - j298.6 

The mathematical solution is more accurate than the 
graphical one, but the graphical technique is quicker. 
The accuracy of the results depends on the tolerance 
and quality of the resistor used, the accuracy of the test 
equipment, and the accuracy of the data-reduction tech-
nique. 
A modified Smith chart can also be a powerful analy-

sis aid when VSWR measurements are to be made at low 
frequencies. A series resistor is chosen equal to the char-
acteristic impedance, Z., of the system, and voltages 
V1 and V2, as well as phase Om, are measured. The max-
imum acceptable VSWR circle is drawn on the chart, and 
(V2/V1)/Om is plotted at each frequency of interest. 
Since the chart is normalized to Z., all points of 
(V2/Vi)/Om  falling outside of the circle are out of speci-
fication. 

Engineer's Notebook is a regular feature in Electronics We invite readers to submit original 

design shortcuts. calculation aids, measurement and test techniques, and other ideas for 
saving engineering time or cost VVe'll pay $50 for each item published 
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Cinch adds sum logic 
I.C. logic board 
logistics 

Some people stop half way. Sum people get it all 
together, like TRW/Cinch Connectors does with its 
new integrated circuit logic boards. 

Working from the logic of a national distribution 
network to assure fast, off-the-shelf delivery on 
popular board configurations, Cinch assembled the 
features and flexibility that facilitate prototyping 
and short production runs: 

1. Universal boards accommodating 14 to 40-lead 
plug-in IC's and high density DIP boards in 14 and 
16-pin patterns (in 30-pattern multiples up to 180). 

2. Socket terminals that accept varying sizes of 
DIP leads and round pins, with a choice of two and 
three-level wire wrap* terminals for high wiring den-
sity and flexibility in circuit changes. 

3. A full line of accessories—adapter plugs-
input/output plugs, board interconnectors, and 
edge connectors. 

4. FR-4 epoxy glass boards, 1/8 or 1/16 in., with 
power and ground planes on each side connected 
to each pattern. 

For special requirements, our application engineers 
are available to assist in developing custom boards. 
These can be produced with minimum turn-around 
time at our extensive manufacturing facilities. 

To sum up: design flexibility, distributor stocking, 
and custom board availability point to Cinch Con-
nectors as your logical source for IC logic boards. 

Available nationwide through these distributor 
networks 

Pioneer-Standard Electronics 
Rampart Components 
RESCO Electronics 
Sterling Electronics 
Wilshire Electronics 

Dial toll-free (800) 645-9201 for the name and phone 
of your nearest facility. 

For additional information see listings in EEM Vol. 4 
or contact your TRW/Cinch logic board distributor 
or TRW/Cinch Connectors, An Electronic Compo-
nents Division of TRW Inc., 1501 Morse Ave., Elk 
Grove Village, Illinois 60007; (312) 439-8800. CC-7311 

*T.M. Gardner-Denver 

TRW CINCH CONNECTORS 
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Engineer's newsletter  

Dimmer lights 

last longer 

A quick way to do 

time computations 

by calculator 

A recent Engineer's Newsletter [March 21, P. 122] contained design 
ideas for conserving power in circuits and/or systems. But this power-
saving idea from Calvin R. Graf of Sunnyvale, Calif., comes with a 
bonus—it could also extend lamp life. Whenever the whiteness of the 
light from an incandescent lamp is unimportant, place a diode in series 
with the lamp so that its terminals receive pulsating dc instead of con-
tinuous power. This more than halves the bulb's power consumption 
and also extends its life because the lamp now operates at a lower tem-
perature. Of course, the tungsten lamp light also appears yellow rather 
than white, but if you're not going to work or read by it, who cares? 

In the case of a dial or pilot light, solder a silicon diode in series with 
each lamp or the lamp string. Where lighting must be left on contin-
uously but is not required for reading, as on walkways and in exit signs, 
outdoor night lights, and the like, a silicon diode the size of two 25-cent 
pieces can be inserted into the bulb socket. 

Here's a time-saving way of doing time computations directly on your 
four-function pocket calculator. Just go to a 24-hour-type time designa-
tion and add filler zeroes, says Nicholas Bodley of New York, N.Y. The 
technique is also useful for calculations involving degrees. 

Place a filler zero between the hours' number and the minutes' num-
ber, and another zero between the minutes' and seconds' numbers. For 
instance, 11:31:42 becomes 11031042. Add or subtract, treating the 
filler zeroes as "real" zeroes. Then, if the resulting minutes' and/or sec-
onds' number comes to 060 or more, adjust it by using the correction 
constant 940. The constant should be added after an addition, sub-
tracted following a subtraction. For example, 11031042 plus 4033011 
makes 15064053, which is corrected by adding 940000 to make 
16004053 (or 16:04:53). 
And if you're interested in calculator algorithms, a handy pamphlet 

is available for $2 from Mallman Optics and Electronics, 836 South 113 
St., West Allis, Wis. 53214 

A mix of logics For Nixie tubes and LED lamps, large drive currents are essential but 
drives Nixie LED high speed isn't—two requirements that industrial designers find they ,  

can meet if they mix standard c-MOS circuits with a high-noise-immun-
displays best ity logic like Teledyne's Hi NIL family. The Hi NIL is used for inputs 

and outputs, to take advantage of its guaranteed 3.5-v input noise im-
munity and up to 65-mA output drive current, and the C-Mos is used 
for the internal logic, which benefits from its typically microwatt-level 
quiescent power dissipation. 

Fighting off 

that old feeling 

Feeling obsolete in the face of a relentlessly shifting technology? Pick 
up a copy of "Maintaining Professional and Technical Competence of 
the Older Engineer." Just published by the American Society of Engi-
neering Education, the 256-page paperback deals specifically with the 
societal, organizational, and psychological phases of engineering obso-
lescence and suggests ways of preventing technical obsolescence in 
people and organizations. It costs $4 from ASEE Publications Sales, 
Suite 400, One Dupont Circle, Washington, D. C.—Lawrence Altman 
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SIEMENS 

Brushless DC Motors: 
Make reliable products 
more reliable. 
Because they're brushless, Siemens DC motors last as long 
as their bearings. Bearings last much longer, too, because 
there's no brush carbon dust. 

Because they're brushless, Siemens DC motors can run for 
20,000 hours and never cause any trouble. Even if the motors lay 
idle for a year, they'll start immediately, because no oxidation 
can take place. Periodic service and replacement is eliminated. 

Because they're brushless, Siemens DC motors can be used 
in explosive atmospheres. There's no arcing or sparking. 

Because they're Siemens, these brushless DC motors are the 
highest quality and come in the most complete range of power 
sizes available from stock. Siemens pioneered brushless DC 
motors. And Siemens will give you the benefit of years of 
application experience, by advising and assisting you with 
electronic circuit design for your individual needs. 

Your high-quality electronic equipment will benefit from 
Siemens brushless DC motors. Siemens will show you how. 
Call or write Siemens Corporation, Power Engineering Division. 

Siemens Corporation 
Power Engineering Division 

Cii•cle 121 on reader service card 186 Wood Avenue South, Iselin, New Jersey 08830 (201) 494-1000 



Small thin-film 
transducers point 

to fast, dense 
storage systems 

In present high-speed disk-storage 

units, the number of bits per square 

inch is limited by the large size of the 

fixed read-write head—but really small 

magnetic heads can now be fabricated 

by integrated-circuit processes 

by William Chynoweth, 
Honeywell Information Systems Inc., Oklahoma City. Okla., 

and John Jordan and Wolfgang Kayser, 
Honeywell Information Systems Inc., Phoenix. Ariz. 

Flying head. Thin-film transducers (color), on their substrate chip, 

are mounted on the trailing edge of a head that "flies" less than 100 

/tin above the surface of a rotating disk, 

The fastest way to access the data in a magnetic-disk 
storage system is to span the disk tracks with a fixed 
head containing a separate transducer for each track. 
But the conventional fixed head also limits storage ca-
pacity because only 50 or so transducers can be 
squeezed across an inch of disk radius—the tracks read 
by a single fixed head can be only as close together as 
the transducers and their housing permit. 
Moreover, the biggest total storage capacity and the 

fastest data transfer rates are obtained when bits are 
packed as densely as possible along each individual 
track. But densely packed bits require a short gap 
length in the transducer, although density is limited by 
other factors as well. 

All this accounts for much of the present interest in 
replacing individual wirewound horseshoe-shaped 
transducers with much smaller, thin-film versions in 
which the magnetic structure and winding are fabri-
cated in rows on the same substrate. The other impor-
tant advantages of batch-fabricating the devices in this 
way are a high level of production repeatability and 
much reduced cost. 
One thin-film-transducer project, called Pedro, was 

started in 1967 at the General Electric Co. and contin-
ued after 1970 by Honeywell Information Systems. But 
work on this technology is also under way at NCR Corp., 
Burroughs Corp., Minnesota Mining and Manufac-
turing Co., IBM Corp., and Sperry Univac in the U.S., as 
well as at Compagnie Internationale pour l'Informa-
tique in France. 
The aim of the GE-Honeywell project was to develop 

designs for thin-film transducers and to evaluate the 
technology's strengths and weaknesses. By 1970 enough 
progress had been made for several laboratory models 
of disk files to be built, using thin-film transducers to 
obtain track densities of 100 to 400 per inch of disk 
radius and flux reversal densities of 4,400 to 10,000/in. 
along the tracks. (Moving-head disk-storage systems at-
tain similar bit and track densities because the single 
transducer in the head can be positioned very precisely, 
but their performance is much lower because moving 
the head into position is a relatively slow process.) 

Honeywell's laboratory models were followed by an 
engineering model of a 6-megabyte disk file, built 
around standard disks like those used on commercial 
storage units. It has 100 tracks per inch and 5,100 flux 
reversals per inch, and it has demonstrated an uncor-
rected error rate of one in 109 bits. 
By now, current trends in memory organization are 

under evaluation to see where the batch-fabricated 
thin-film heads can best be applied. That, presumably, 
will be in one or more products in the next generation 
of bulk-storage systems. 

Thin-film transducers 

The significant differences between conventional and 
thin-film heads lie in the construction of the magnetic 
recording transducer. Both kinds of transducers have 
the same elements—namely, a loop of magnetic material 
that is completely closed except for a small gap where 
the recording field is produced, and a winding of one or 
more turns of an electrical conductor. A varying current 
in this conductor creates fluctuations in magnetic flux 
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(a) cl Cd) 

Evolution. Thin-film transducers have evolved from the classic, wound ring with a gap in it (far left), past ring shapes with either a single 

turn of ordinary wire or completely filled with a conductor (center left and right), to a conductor-filled horseshoe shape (far right). 

that are captured by the recording medium moving past 
the gap. Conversely, externally imposed flux variations 
from the recording medium induce a fluctuating voltage 
in the conductor. But these elements take very different 
physical forms in conventional and thin-film trans-
ducers. 
The thin-film transducer has evolved from the con-

ventional ring-type with an air gap into a horseshoe 
shape in which the conductor fills the gap entirely. This 
"turn-in-gap" head is shown in Fig. 1 with just a single 
turn. But thin-film multiturn transducers have been in-
vestigated at Honeywell and elsewhere, in both vertical 
and horizontal form (Fig. 2). 
The thin-film elements are fabricated by film depos-

ition and photoetching processes that are closely related 
to integrated-circuit fabrication and can produce very 
short and shallow gaps and very narrow and closely 
spaced elements with great accuracy. A complete thin-
film transducer may be only three times as thick and 
roughly the same height as the gap spacer in a conven-
tional transducer, and multichannel magnetic recording 
heads can be fabricated as easily as single-channel 
heads. 
The film's very thin cross section permits it to have an 

extremely short gap, which is essential in high-
density recording—because closely spaced magnetic 
variations in the recording medium cannot be resolved 
by too long a gap. But this cross section also gives the 
transducer properties that are quite different from those 
of transducers made of bulk materials. 
To begin with the advantages, track spreading and 

crosstalk between transducers are negligible. The very 
small broadside dimension makes the magnitude of side 
fringing fields drop off rapidly in real distance (as dis-
tinguished from distance as a proportion of transducer 

dimension), creating only small coupling of magnetic 
fields between neighboring transducers. 

Also, resolution is improved because the thin pole tip 
is about as long as the gap. In conventional transducers, 
the tip is many times longer than the gap, but its corners 
are still within the magnetic field of the recording me-
dium and can produce small but spurious signals that 
interfere with the gap signal. In thin-film transducers 
these "contour anomalies" produce effects in the same 
frequency range as those that are limited by the gap 
length and are more nearly in phase with them, so that 
their interference is less. As a consequence, the resolu-
tion for a given gap length can exceed that of a conven-
tional transducer, particularly when the head is not in 
contact with the recording medium—as is usually the 
case in disk-storage units. 
One disadvantage of vertical film transducers is poor 

low-frequency read performance. As in conventional 
transducers, the response to recorded variations with 
wavelengths greater than the length of the transducer 
drops off very steeply. These variations, which are also 
caused by the head contour, determine the low-
frequency limit of the recording system. But in thin-film 
transducers, the rolloff begins at a much higher fre-
quency than with conventional transducers. 

Furthermore, although the efficiency of a thin-film 
transducer is high, using the "winding" as the gap 
spacer results in an extremely high write-current den-
sity. And, although the read voltage is quite high, its ab-
solute magnitude is very small. 

Design considerations 

The basic input parameters for the design of a thin-
film multitrack head, like those for a conventional head, 
are linear recording density, track density, and oper-

SUBSTRATE 

(a) 

MAGNETIC 
MATERIAL 

CONDUCTOR 
MAGNETIC 
MATERIAL 

2. Horizontal or vertical. Thin-film transducers can be deposited either vertically against one side of a substrate (left) or horizontally under-

neath it (right). Both orientations consist of successive depositions of magnetic and conductive materials, appropriately masked. 
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3. Orthographic projection. Vertical orientation of Pedro transducer 

tends upward to form pad for external connection. Note resemblance 

ating frequencies. Secondary parameters, derived from 
these basic inputs, are transducer dimensions, recording 
mode, and the height at which the transducer "flies" 
over the recording surface—usually 30 to 120 micro-
inches, depending on the shape of the head and the 
kind of air bearing that the shape creates. 

In the Pedro program the basic requirements were 
100 tracks per inch and 4,400 flux reversals per inch, the 
same density as on the Honeywell DSU 180 or the IBM 
2314 disk files. Standard commercial oxide coatings and 
conventional flying height of 70 to 100 pin, were used. 
The gap length was chosen as 4.5 micrometers, which is 
about 180 µin. 
The Pedro transducer is a two-pole vertical type 

made of materials chosen for compatible thermal ex-
pansion coefficients and etching characteristics, as well 
as the obvious magnetic or electrical properties. An in-
sulated design was chosen in which the metallic layers 
are separated by insulating layers. 

Since the larger the number of transducers on a head, 

250p.M 

4. Worm's-eye view. Microphotograph shows 10 transducers on a 

common substrate, before excess at bottom has been ground away. 

Gray bands, connected to vertical pads, are the transducers. 

A - UPPER POLE, 2.25 pm THICK 

B - INSULATION 

C - LOWER POLE, 2.25 pm THICK 
O - WINDING, 20pm HIGH 

E - GAP, 4.5 pm 

F - SUBSTRATE 

G - WIDTH OF RECORDED TRACK, 250 pm 

H - MOTION OF STORAGE MEDIUM 

ORTHOGRAPHIC PROJECTION 
NOT DRAWN TO SCALE 

comprises two layers of nickel-iron and a layer of gold. Gold layer ex-
of cross section to the letter "h." 

the lower the cost per track, it's important to reduce the 
number and complexity of transducer connections. As 
shown in Figs. 3, 4, 5, and 6, two adjacent transducers 
share a connecting pad. An alternative configuration 
would be to connect one side of each transducer to a 
common bus bar. With either configuration the number 
of leads from a head is one more than the number of 
transducers, permitting a flexible, flat multiconductor 
strip-lead to be used for a simple connection to the 
transducers. But the shared-terminal construction has 
better thermal performance because it maximizes the 
conductor area and cross section between transducers, 
while also maximizing track width for a given track 
density. 

Ideally, the write field produced by a transducer 
would affect a magnetic storage medium of indefinite 
thickness only directly under the transducer gap. But 
ideal conditions are never realized; one departure is in 
the use of the flying head, which is necessary to reduce 
wear and tear on the recording surface. This separation 

5. Detail. This photo, made with a scanning electron microscope, 

clearly shows how the nickel-iron deposition overlies the conductive 

gold layer, which extends leftward toward top of transducer. 
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of the recording surface from the transducer gap com-
bines with the fringes of the write field (always found 
outside the gap) and the finite thickness of the magnetic 
medium to affect the medium at a distance from the 
gap. As a result, an isolated magnetic pulse spreads out, 
and closely packed pulses are reduced in amplitude—a 
phenomenon called pulse crowding. 

Recent analyses of thin-film transducers have shown 
that the write field is less than that of a conventional 
transducer at distances greater than one gap length 
from the center of the gap, in a direction parallel to the 
recording surface, and may even become opposite in 
sign. This difference significantly improves resolution 
and reduces the problems of pulse crowding found with 
conventional transducers. 

Likewise, the reading performance of a vertical thin-
film transducer differs from that of a conventional 
transducer because of the thinness of the poles and the 
"turn-in-gap" configuration. In any transducer the volt-
age across the output terminals is generated by the sum 
of two changing flux patterns: a high-resolution part 
carried by the poles and linking the entire winding, and 
a low-resolution part carried through the air and linking 
at most only part of the winding. In conventional trans-
ducers, the winding has many turns and is remote from 
the gap, so that the airborne part generates a voltage 
that is only a negligible fraction of the total. But in thin-
film transducers, with a one-turn "winding," the air-
borne flux is a much larger proportion of the total, and 
creates a more variable output. 

Furthermore, the small uniform cross section of the 
film transducer and the limited permeability of mate-
rials such as nickel-iron and iron-cobalt, of which the 
transducer poles are made, results in leakage between 
the poles. Therefore not all of the flux entering the pole 
tips from the recording passes around the conductor. 
The ratio of the flux passing around the conductor to 
the total flux entering the pole tips can be calculated. It 
is greater than 0.95 for a permeability in excess of 500 
and a 20-µm conductor height (Fig. 3). Because the 
mathematical expression for the ratio involves the 

6. Actual scale. In another view, this microphotograph shows the 

nickel-iron layer "dropping off" the top of the gold layer. It also indi-

cates true scale of the cross section shown in Fig. 3. 

square root of the permeability but the direct height of 
the conductor, the effect of the height is greater than 
that of the permeability. The ratio drops off quickly for 
a permeability below 200; it also decreases more or less 
linearly for taller conductors. 

Because the transducers are very small while the 
write currents are relatively large, the current density in 
the conductor can reach 3 X 106 amperes/cm2, dissipat-
ing as much as 0.25 watts and corresponding to a power 
density of over 20 megawatts/cm3. These are orders of 
magnitude higher than in conventional transducers. To 
keep the temperature low enough for reliable operation, 
heat must flow readily along the path from the current-
carrying conductor through the intervening layers of 
metal and insulation to the substrate. 

Thermal characteristics 

A theoretical thermal analysis under write conditions 
shows that the transducer's thermal and electrical con-
ductances deteriorate rapidly above approximately 
2.45 A (Fig. 7). However, the normal operating range is 
well below this nonlinear region. Theoretical analysis 
also predicts a temperature rise of 29°C in the conduc-
tor for a current of 1.5 A. 

This has been experimentally verified, using the gold 
conductor in the transducer as a resistance thermome-
ter. With the shared-terminal design a four-point-probe 
resistance measurement is possible. As shown in Fig. 8, 
if a current is passed through any one transducer, the 
actual voltage across that transducer can be measured 
with a high-impedance voltmeter connected to any pair 
of leads that have both current leads between them. 
Thus if the current through the conductor, which is 
made of gold, is accurately known, the conductor resist-
ance can be calculated, and converted to temperature 
using the known relationship of resistivity to tempera-
ture for a thin film of gold. 
Such measurements as these indicate that a tempera-

ture rise of 25°C, which is 4° below the predicted rise, is 
typical for these dimensions at a peak operating current 
of 1.5 A. Other measurements with pulsed currents up 
to 2.0 A showed that the thermal rise time is less than 60 
microseconds. The turn-on time constant increases dra-
matically as the thermal nonlinearities come into play— 
but again, these are found well above the operating 
range. Such time constants are much shorter than or-
dinary data block periods in a disk file, and the demon-
strated temperature rises are small. Thus reliability deg-
radation caused by thermal cycling will not be a 
problem in storage systems using thin-film heads at the 
flying height in this model. 

Head fabrication 

The transducer is a five-layer, photoetched, thin-film 
structure, batch-fabricated on a thermally oxidized 
1-0-0 silicon substrate. The silicon wafer is inexpensive, 
flat, smooth, and a good thermal conductor. Long rows 
of transducers extend right across the wafer, which can 
be readily scribed and broken into chips of any desired 
size. The long rows provide maximum flexibility in this 
regard, while the 1-0-0 crystal orientation simplifies the 
scribe-and-break step. 

Standard sputtering and photo-fabrication tech-
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7. Thermal response. Theoretical analysis, confirmed by experi-

ment, shows reduced conductance and sharp temperature rise at 

high current, ending in destruction where curve becomes vertical. 

Normal operation is well down in linear part of curve. 

niques are used in depositing the five thin-film layers. 
These are, in order, the bottom magnetic pole material, 
the bottom insulation layer, the conductor layer (ac-
tually a three-part layer—.015 gm of chrome for adhe-
sion, 13 gm of sputtered gold, followed by an electro-
plated layer of gold of the required thickness), the top 
insulation layer, and finally the top magnetic pole. All 
but the bottom insulation layer are also either etched or 
masked to align their respective patterns. 
The thin-film transducer seems well adapted to a 

multi-track head for a disk file. The most convenient as-
sembly locates the chip on the rear end of a standard 
slider, riding on the air cushion between it and the 
recording surface. A protective cover glass should be ce-
mented over the row of transducers. This configuration 
is used in the present engineering model. 
To connect the transducer chip to the circuit board, a 

flexible multilead cable is required. A suitable cable can 
be made by photoetching a multiconductor pattern on 
copper-clad Kapton, which is flexible, yet can stand the 
reflow soldering temperature without distortion. The 
strip-lead fans out from the 0.010-in, spacing of the chip 
connection pads to the 0.025- or 0.05-in. spacing at the 
circuit board. 

Transducer/electronics interface 

As described previously, at a nominal flying height of 
about 80 gin, the transducer requires drive currents of 
1.0 A or more to produce the required magnetic fields 
for recording on standard disks. But the single-turn 
transducer has a resistance of about 0.2 ohm, and the 
combined impedance of transducer and associated 

VOLTMETER 

CURRENT SOURCE 

é V — V — V -V — V —Sil  

\ TRANSDUCER 
UNDER TEST 

8. Resistance measurement. When current is passed through any 

one transducer in an array, voltage drop can be measured from any 

two other leads that have both current leads between them. Resist-

ance and temperature are calculated from the voltage and current 

strip-leads is about 1 ohm at 2.5 megahertz. Meanwhile, 
the single-turn transducer produces a peak-to-peak read 
signal of about 120 microvolts at a recording density of 
4,400 flux reversals per inch. 
To drive and sense the single-turn transducer directly 

with integrated circuits is difficult with such a high drive 
current and low signal level. Thus discrete-component 
circuits have been used in the present model. The cir-
cuits use a single transformer for both read and write, to 
reduce the drive circuit's current requirements for writ-
ing and to increase the signal level for reading. Each 
transducer has a separate transformer, and the second-
ary winding of the transformer is center-tapped. The 
transformer has a turns ratio of 1:8 for write and 1:16 
for read, through this center tap, thus reducing the re-
quired drive current by a factor of nearly 8 and increas-
ing the sense signal to more than 1 millivolt. 
To keep the transducer-transformer connection short, 

the transformer must be close to the head. Since trans-
formers for all the transducers must fit in this limited 
space, they must be very small. To meet these con-
straints, the transformers are wound on pot cores, which 
are small cup-shaped pieces of magnetic material with a 
single post in the center of the cup. 

In pot cores the windings go on the posts; the flux 
path closes through a cover or another pot core inverted 
over the first one. This arrangement shields the wind-
ings from external electrical interference and physical 
damage, while closing the magnetic path around the 
windings in three dimensions. But in the experimental 
disk file using the thin-film heads, the cores are used 
singly, stacked one on top of another so that the mag-
netic path of each one closes through the back of the 
next. 
The presence of a transformer imposes some con-

straints upon the recording code. Normally the mag-
netic transducer is directly coupled to the write driver, 
thus responding to direct current. But the transformer 
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9. Transducer selection matrix. Combination of track-select and head-select lines picks one transducer, hence one track, for either read or 

write. Transformers (pot cores) increase write current and step up read signal. The h-shaped symbol represents the transducer (Fig. 3). 

used with the thin-film transducer has a low-frequency 
cutoff of about 50 kilohertz. These characteristics would 
be unsatisfactory with the non-return-to-zero-inverted 
code, in which writing a continuous string of Os requires 
the passage of a direct current. Likewise, any code that 
allows an unbalanced write-current sequence to be re-
peated indefinitely has a net dc requirement, which 
again won't pass the transformer. 

But with certain codes—for example, the double-
frequency and phase-modulation codes, or codes that 
permit only certain allowed sequences—a repetitive un-
balanced write current sequence cannot occur. These 
codes therefore have no long-term dc bias and hence 
are suitable for use with a transformer. 
The presence of a transformer causes no such prob-

lems in the read mode because sensing through rate of 
change of flux eliminates the need to detect direct cur-
rent. However, the transformer's low-frequency cutoff 
may cause an undesired phase shift. 

Transducer selection 

Since every track has its own read/write transducer, 
selecting the transducer selects the track. The selection 
circuits must not significantly degrade the write current 
or the read signals. They must also be low in cost, so 

that they do not negate the cost advantages of batch-
fabricated thin-film transducers. Low cost is achievable 
if each flying head carries at least 20 transducers, which 
can be done easily with the Pedro structure. The engi-
neering model, which uses standard disks with 374 
tracks, has 12 flying heads with 32 transducers on each 
head. 
The selection circuits form a matrix (Fig. 9) in which 

the track select lines are the columns and head select 
lines form the rows. The selection transistors are drivers 
when writing and saturated switches when reading. One 
track-select line addresses, say, the innermost track 
served by each of several flying heads, while selection of 
one of those heads isolates the selection to one trans-
ducer and the track it serves. A double "party line" in-
terconnects all selection transistor pairs with the write 
current source and with the read preamplifier. 
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the only fully programmable 
pocket-sized computer calculator, 
$795. 
Once you had to know a "computer" language, 

work at a desk and have a large budget to use 
programming. No longer. 

The HP-65 is fully programmable. 

It's the first fully programmable pocket-sized 
computer calculator in the world. 

With an HP-65 you can write programs just by 
pressing the keys in sequence, without using a special 
"computer" language. You can edit programs, i.e. 
add or delete steps at will. And you can record your 
programs on magnetic cards for subsequent use 
anywhere. 

The HP-65's 100-step program memory, in 
combination with its 51 pre-programmed arithmetic, 
logarithmic, trigonometric and exponential functions, 
its operational stack and its nine addressable 
memory registers, permits you to write exceedingly 
complex programs. 

Its user definable keys let you program up to five 
routines using any of the machine's pre-programmed 
capabilities. You can also label portions of your 
program so the calculator can branch to a specific 
instruction or choose between alternate computa-
tional paths based on logical comparisons 

y, x e y, x> y, x<y) or the condition of the 
HP-65's two flags. 

el HEWLETT-PACKARD 
ADVANCED PRODUCTS DIVISICN 
1931019320 Invendoe Ana 
Cupeebnoca.. 9SOM 

GCD LC Pe 

The HP-65 also lets you use pre-recorded programs. 

HP offers a series of pre-recorded program 
packages called Application Pacs at $45* each. Each 
Pac contains as many as 40 programs dedicated 
to a specific discipline (currently Electrical 
Engineering, Mathematics, Statistics, Medicine and 
Surveying, with more to come). 

We also maintain a Users' Library of owner-
contributed HP-65 programs which are itemized in 
catalogs distributed periodically to subscribing 
owners. Programs may be ordered from the Library 
for a small handling fee. 

The HP-65 is a powerful pocket-sized calculator. 

The HP-65 ranks with our popular and powerful 
HP-45 as a keyboard-operated calculator. It's pre-
programmed to handle 51 functions and operations. 

The HP-65 is priced at just $795.* 

What you gain in time, precision and flexibility 
may well save you that amount in a matter of weeks. 
The price includes one 11-ounce HP-65 with 
rechargeable battery pack, AC adaptor-recharger, 
carrying cases, a year's subscription to the Users' 
Library, Owner's Handbook, Quick Reference Guide 
and a Standard Application Pac that contains 17 
representative pre-recorded programs, 2 diagnostic 
cards, 20 blank cards, a head-cleaning card and 
instruction booklet. 

The HP-65 may be ordered on a 15-day trial 
basis. For details send the coupon. Or call Customer 
Service at (408) 996-0100 for the outlet nearest you. 

Hevvlett-Packani makes the most advanced 
pocket-sized computer calculators in the world. 
614 /18 

HEWLETT di PACKARD 

Sales and service from 172 offices in 65 countries 
Dept. 214 H,19310 Prunendge Ave.. Cupertino, CA 95014 

Hewlett-Packard 
Dept 2 1 4 H 
19310 Pruneridge Ave., Cupertino, CA 95014 

Please send me: 

E HP-65(s) including Standard Application Pac at $795 
(domestic U.S.A.) each plus applicable state and local taxes. 
(Check enclosed.) 

E Detailed specifications on your HP-65 and available 
Application Pacs. 

E Detailed specifications on your full line of pocket-sized and 
pre-programmed desktop calculators. 

Name  

Address  

City  

State/Zip  

*All prices domestic U.S.A., not including applicable state and local taxes. 
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PULSED LASER 
MEASUREMENT RESULTS 
IN MINUTES! 

The TEKTRONIX R7912 Transient Digitizer 
represents orders of magnitude improvement in 
high speed transient measurements. It allows you 
to make your laser measurements quickly and 
easily—such measurements as checking switch-
out effectiveness, looking for multi-modes, 
checking pumped amplifiers, and measuring 
effects on targets. One such target measurement is 
the study of particles generated from a plasma like 
that shown in the photo above. 

Fast transient measurements can be viewed 
rapidly—with no need for photographs—whether 
your laser is running at a few pulses per second or 
single shot. The R7912 can be configured for 
direct viewing or for computer analysis. For 
repetitive signals (low or high rate), the TV mode 
offers large bright displays. For single transients, 
the digital display controller provides for viewing a 
refreshed display of the waveform on a monitor. 
For computer analysis, the PDP-11 interface allows 
waveform manipulation and measurement with 
Tektronix developed software. 

The R7912 offers you the following 
measurement capabilities: 

Analog Bandwidth: 
1 GHz at 4 V/DIV 
500 MHz at 10 mV/DIV 

Resolution: 
320 by 400 lines 
512 by 512 addressable points 

Writing Rate: 
8 DIV/N sec—Digital Mode 
30 DIV/N sec—TV Mode 

Sampling Rate (effective): 
10 psec (100 GHz) or slower 

Investigate the TEKTRONIX R7912 Transient Digitizer, 
it can make your pulse laser measurements easier and quicker. 
To obtain a copy of "New ways to see Fast Transients" 
and/or pertinent application notes, contact your 
Tektronix Field Engineer, use the reader service card, or write 
to Tektronix, Inc., P.O. Box 500A, Beaverton, Oregon 97005. 
Phone: 503/644-0161. 
In Europe: Tektronix, Ltd., Guernsey, CI., U.K. 

TEKTRONIX 
committed to 

technical •gcollonco 

SYSTEMS 
DIVISION 
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New products 

Processor adds to computer power 
High-speed signal analyzer provides host machine with capabilities 

for fast-Fourier-transform and other types of signal and data analysis 

by Gail Farrell, Boston field editor 

Digital signal processors can be 
costly, but CSP Inc. of Burlington, 
Mass. says its new line of macro 
arithmetic processors (MAP) allows 
minicomputers and large scientific 
computer systems to perform com-
plex mathematical operations in 
real time, while still acquiring data, 
for as little as $5,000 in extra cost. 
The programable MAP can provide 
the host computer with the capabil-
ity of a fast-Fourier-transform pro-
cessor, array processor, display pro-
cessor, image processor, voice 
processor, convolver box, or data-
acquisition system. 

But the main advantage of MAP, 
the company says, is its speed. CSPI 
claims it is among the fastest, most 
powerful signal processors avail-
able, in terms both of memory and 
of input/output capacity. It is avail-
able with multiported memory hav-
ing cycle times of 125 or 500 na-
noseconds and optimally addressed 
in 8-, 16-, or 32-bit words. Both 
memories are available with all 
three versions of MAP. At $5,000 the 
MAP 100 is the slowest unit; it can 
perform a 1,024-point complex FFr 
in floating point in 60 milliseconds. 
The MAP 200 for $10,000 can do the 
same operation in 10 ms, while the 
$15,000 MAP can do it in 3.5 ms. 
A multiprocessor, MAP consists of 

up to four arithmetic processors, a 
control processor, up to four multi-
ported memories, up to 64 in-
put/output devices, and the host 
computer. The control processor is a 
stripped-down version of CSPI's CSP-
30 computer [Electronics, March 2, 
1970, p. 159]. It has some arithmetic 
capacity but no memory of its own, 
since it is used to set up Po oper-
ations and calculate addresses and 
address patterns. 

The arithmetic processor, in the 
same unit as the control processor, 
contains a 32-bit floating-point 
arithmetic section and does the real 
arithmetic work. It is data driven; its 
memory holds macro-instructions 
that enable it to perform one task 
repeatedly with only one instruction 
from the controller. Its 256-word 
memory also contains about 50 mi-
croprogramed routines, such as 
complex multiply, which are used as 
building blocks to set up "macro" 
arithmetic operations, such as FFT. 
Maximum memory is 1,048,576 

bytes, contained in a total of four 
memories. All four may be rela-
tively slow, storing 262,144 bytes 
each on 4,096-bit MOS RAM chips 
with a 500-nanosecond cycle time. 
Alternatively, one or two of the four 
may be faster, storing 65,536 bytes 
each on 1,024-bit bipolar RAM chips 
with a cycle time of 125 ns. There 
can be up to four buses to transfer 
data, and in addition each memory 
has 16 ports. 

Block transfer. Because the 
memory is ported, CSPI can provide 
an ho system with MAP, called the 
I/O Scroll. Up to 24 Scrolls, one per 
port, each of which can handle one 
peripheral device, can be hung on 
the bus. High data rates can use up 
most of a computer's busing capac-
ity, but the uo Scroll data can 
handle the ho by block transfer di-
rectly to and from memory. One 
command from the control proces-
sor initiates a full series of transfers, 
freeing the MAP computer from the 
need to carry out transfer programs 
running into hundreds of memory 
cycles. The Scroll can handle trans-
fer rates of 32 megabytes per second 
in a single memory. 
MAP can be used for signal pro-

cessing in seismic and geophysical 
applications, communications, so-
nar, radar, and other areas. Appli-
cation program packages are avail-
able, and new functions or 
algorithms can be added by pro-
graming the arithmetic and control 
processors. MAP is both macro- and 
microprogramable through the host 
operating system or higher-order 
languages such as Fortran. 

Host interface, memory, and Po 
Scroll are available as options. 
CSP Inc., 209 Middlesex Turnpike, Bur-

lington, Mass. 01803 [338] 
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FOR NEW STANDARDS IN SIGNAL GENERATORS, THINK HP 

"A good general purpose signal generator 
should handle most of your bench needs 

and be cheap enough to fit every budget. 

That's why we designed the HP 8654A'.' 

Frequency range 10-520 MHz 
Calibrated 

output level: +10 to —130 dBm, leveled 
Modulation: AM & FM, 

internal & external 
Stability: 20 ppm/5min 

Price: $1500. Domestic USA price only. 

But you'll want to evaluate the 8654A for 
yourself. A call to your local HP field engineer 
will put one in your hands. Or for more 
information just write. 

04406 

HEWLETT  PACKARD 

Sales and service from 172 offices In 65 countries. 
'SOT Page M.II Read Palo Alto, CaWorms 94304 
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New products 

Data handling 

FFT module is 
fast, versatile 

Processor analyzes 

1,024 signal points 

in 2 milliseconds 

Real time, fast-Fourier-transform 
(FFT) analysis of complex signals is 
being used more and more as the 
electronics and data-processing in-
dustries tackle more sophisticated 
problems. Jobs that would formerly 
have been assigned to huge, off-line 
computers are increasingly being 
done by portable or lower-budget 
equipment. This in part is possible 
because of the high speed of small, 
relatively inexpensive fast-Fourier 
transform processors, such as the 
new Datawest processor used in its 
Real Time signal-anslysis systems. 
The processor module, developed 

for Datawest's voice-identification 
system, is now offered for sale sepa-
rately, both as a "box" and as part 
of a system. The same processor, in 
combination with suitable acces-
sories, such as a minicomputer and 
peripherals, can be used in seismic 
exploration and to analyze engines, 
vibration, acoustics, and speech. It's 
also suitable for communications 
tests, underwater sound analysis, 
automatic testing, pattern recogni-
tion, image processing, and shock, 
biomedical, and nuclear analysis. 
The Real Time I is a 16-bit float-

ing-point system priced at $40,000. 
Datawest claims the fastest speeds 
in the industry, with a transforma-
tion on 1,024 points performed in 
only 2 milliseconds. The units have 
a typical multiply time of 125 
nanoseconds, and memory access 
time is 50 nanoseconds. 
The system, depending on its spe-

cific configuration, permits on-line 
or off-line stand-alone or computer-
augmented analysis of periodic, ran-
dom and transient signals in either 
the frequency or time domain or 
both. The high speed provides the 
capability of analyzing multiple 

channels, even in real time (with 
sufficient displays, which could be 
the limitation). 
The signal analyzers perform the 

following functions: FFT, inverse 
FFT, power spectrum, cross-spec-
trum, transfer, coherence, autocor-
relation, cross-correlation, convolu-
tion, spectrum analysis, and 
ensemble averaging of any or all of 
these functions. Speed is 500,000 
samples per second on each of two 
channels. Throughput rate depends 
on such factors as configuration, 
number of channels, and functions. 
The system is available as a 

stand-alone or with an Interdata 
7/32 computer. It can be interfaced 
to a customer's PDP-11 Nova, or 
Varian 620 or V73. 

Datawest will also have 32-bit 
versions in the future. 
Datawest Corp., 7333 E. Helm Dr., Scotts-

dale, Ariz. 85260 [361) 

Controller links IBM printer 

with non-IBM computers 

The IBM model 1403, although 
widely accepted as a printer, is de-
signed only to be used on-line with 
IBM computers. Users who would 
like to use the printer with the DEC 
PDP-10 or Xerox Sigma computers 
can now do just that with a printer-
controller developed by Spur Prod-
ucts. The firm had earlier developed 
controllers for off-line use and for 
CDC, General Automation and DEC 
PDP-8 computers. Spur's controller, 
the S1403, is an updated version of 
ism's model 2821—smaller because 
it takes advantage of improvements 
in technology in the last 10 years, 
says Spur president Ray Lorenz. 
Unlike some printers, the 1403 
comes stripped, without power sup-
plies, hammer drivers, and logic, for 
example, so the controller includes 
these. The controller interfaced to a 
large computer such as the PDP-10 
or Xerox Sigma series is priced at 
about $17,000. The company has 
other controllers under develop-
ment and will develop custom 
adapters for other applications. 
Spur Products, 2928 Santa Monica Blvd., 

Santa Monica, Calif. 90404 [341) 

Versatile modem transmits 

4,800 bits per second 

Designed for data communications 
at 4,800 bits per second over dial fa-
cilities as well as dedicated lines, a 
modem designated the IBM 3874 
provides broad flexibility in tele-
processing systems. It can be 
equipped, for example, to answer 
incoming signals automatically and 
to allow automatic calling of a re-
mote location during operation over 
dial networks. In dedicated systems, 
the 3874 can allow transmission be-
tween two modems on a single line 
or between a control modem and as 
many as six locations on one line. 
The device can be shared by as 
many as three terminals or three 
multiplexers at one location. Rental 
fees range from $155 to $282 per 
month, and purchase prices from 
$4,650 to $7,200. 
IBM, Data Processing Division, 1133 West-
chester Ave., White Plains, N.Y. 10604 [340] 

Add-on core memory 

offers up to 65,000 words 

An add-on core memory, com-
pletely transparent to IBM 1800 Sys-
tem programs, can be used with 
both the 2-microsecond and 4-0 
models. Up to 65,000 words are 
available in increments of 8,000 
words, with an optional 8,000-word 
backup for service restoration. The 
model CH l-1106 attaches to the 
host system through slip-on connec-
tors, which are attached to the pin 
side of the IBM logic gates. Connec-
tions are not permanent and can be 
easily installed or removed. 
Computer Hardware Inc., P.O. Box 4496, 

Sacramento, Calif. 95825 [364] 

Microprocessors allow user 

to design custom system 

The DL-8 and DL-16 8- and 16-bit 
microprocessor computer systems 
provide users with custom design 
capability for specific computer ap-
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FORA 
BREADBOARDING 
SYSTEM 

e 

• I 

Sounds like a lot, doesn't it? But then again, think 
of the time and money you'll save by having one 
system, the elite 2, for all your logic, linear, and 
hybrid breadboarding; PC card testing and simu-
lation; LSI and MSI IC module testing; IC burn in; 
op amp testing; and analog/hybrid computers. 
Plus, the elite 2 makes a great teaching system. 

The elite 2 features a function generator, dual 
output pulse generator, 3 independent floating 
power supplies, 12 buffered monitor lamps, 4 
SK-10 solderless component sockets, isolated 
toggle switches, pushbutton arrays, and a variety 
of I/O connectors. 

For the top of the line in circuit design, it's the 
elite 2 

E&L INSTRUMENTS, INCORPORATED 
61 First Street, Derby, Connecticut 06418 
Telephone (203) 735-8774 

(If your needs call for something a bit less sophisticated 
than the elite 2, ask about our elite 1 and 3, from $400.) 

New products 

plications. Data Logic DL-8 and 
DL-16 systems each comprise four 
major elements: central processor, 
power supply, control panels with 
displays, and finished cabinet. Both 
systems can be ordered without mi-

croprocessor chips or other lc ele-
ments, but are wired and tested so 
that customers can insert their own 
ics. The microcomputers provide up 
to 128 input and output ports, each 
of 4, 8 or 16 bits. Prices start at 
$395.00 for a completely wired cen-
tral processor. 
Data Numerics Inc., 141-A Central Ave., 
Farmingdale, N.Y. 11735 [363] 

Controller provides fast 

response to interrupts 

A microprogramable controller with 
a throughput rate of 2,860,000 16-
bit words per second is designed to 
provide response to fast interrupts 
in 350 nanoseconds, while multi-
plexed interrupt response is as fast 
as 1.05 microseconds. The scu 
model's capabilities include in-
put/output controller and/or 
preprocessor for a host computer, 
device controller for peripherals, 
communications system controller, 
special algorithmic processor, com-
puter emulation system, remote in-
telligent processor, video display 
controller, and a stand-alone proces-
sor. A TriBus architecture, orga-
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The new Keithley 
Model 168 autoranging 

..vive la différence! 
There really is a difference in Digital Multimeters, 
and once you've experienced Keithley's 168 you'll 
know why we say vive! If you're tired of "general-
purpose" promises that turn into run-of-the-mill 

performances; if you want that bit extra that'll make 
your job easier, then vive la difference... here's the 
DMM for you! Send for our DMM Selector Guide or 

call us for demo now. Phone (216) 248-0400. 

5 functions 
100 µV to 1000 V dc 
100 µV to 500 V ac 
0.1 µA to 1 A dc 
0.1 µA to 1 A ac 
100 me to 20 Me 

price 
Enough said? Order 
one...or two...or 
three now! 

VOLTS 
AMPS 

two-terminal 
input 

Simple to 
connect. You 

can't get it wrong. Eliminates the word 
"whoops" from your vocabulary. Saves 

temper. too. 

Amu,- •••111.. 

III hi-lo ohms IBM& 

air Select either of two 
voltage levels, 1 V or. 

. 
100 mV, for ohms mea Inasurements You can 
have your PN junc-
tions either way m 
you want 'em 
...on or off. 

à011k 
gi) 

$299 
8 3 

options & accessories 
Rechargeable batteries 

that you can install 
anytime. An RF probe for high frequencies. Test leads. 

A 50-amp current shunt too. 

ri 
u 

• 

I II awl II 
.0.:1.1.1 

automatic ranging 
You just connect the signal and push the function. The 
decimal point pops into position automatically and the 
display is direct reading. That does save time! 

AC A 

• DC 

OHMS VOLTS-AMPS 

OFT t IN! CHO ••T 4.0 DC AC 44.4A A 

POWER  

111111111N 
Kb! 1•11 I. IS 

Men. 

188 Au TOHANGING 

INPUT 

pte 

k 

.48111 

E I 'I' 1--1 1_, E  Y  
I N'T'F U  lvi N S 

U S A 28775AURORAROAD. CLEVELAND. 0111044139 
EUROPE 14. AVENUE VILLARDIN. 1009 PULLY. SUISSE 
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They also protect against heat, 
moisture and thermal shock. 

This Pulsar computer circuit uses 
Dow Corning silicones for shock 
protection, for positioning individual 
components, and as a moisture bar-
rier. They all help Pulsar maintain 
an accuracy of -± 5 seconds per 
month. A major production advan-
tage with silicones: only one hour 
primary cure is required before 
further assembly work. Yet if a cir-
cuit element is improperly placed or 
doesn't test out, the clear sealant 
can easily be cut away and the indi-
vidual component replaced without 
complete rework. Circle No. 220. 

ICs, MOS, CMOS, and other de-
vices made with flame resistant sili-
cone molding compounds provide in 
many applications the reliability of 
hermetics at about 1/3 the cost. 
These compounds are superior in 
moisture resistance, thermal life and 
electronic stability over other plas-
tics. Their heat resistant and shock 
protective qualities make them 
especially valuable in the unusually 
harsh environments of automotive 
applications. And molding cycle 
times are as short as 30 seconds. 
Circle No. 221. 

Pulsar units withstand 2,500 g's, sym-
bolized by this strobe illuminated scene. 
Courtesy Time Computer, Inc., subsidiary 
HMW Industries, Inc. 

For cooling high-density, high-
performance modules, silicone 
fluids thin out very little, and silicone 
heat-sink compounds won't melt. 
This results in more effective heat 
dissipation, required in high-voltage 
power supplies operating over a 
wide temperature range. Circle 222. 

Silicone rubber insulated wire 
and cable, used in nuclear power-
plant instrumentation and controls, 
provide reliable service in applica-
tions to 260 C without gumming or 

melting. And they continue to func-
tion even after a fire because of their 
nonconducting ash. Circle No. 223. 
These electronic-quality silicone 

products are representative of a 
complete line of silicones that have 
inherent properties making them 
ideal protectors for almost every 
circuit/system. 
Send today for "Silicones for 

Electronic Design," a 24-page bro-
chure full of special applications 
for improving electronic circuits. 
Dow Corning Corporation, Depart-
ment D-3202, Midland, Michigan 
48640. Or call your nearest 
Dow Corning distributor. 

Silicones; simply the best way 
to protect electronic circuits. 

DOW CORNING 
DOW CORNING 

New products 

nized around three I6-bit parallel 
buses, permits up to three data 
transfers to take place concurrently 
within a single microinstruction. 
Data may be intermixed combina-
tions of bytes and 16-bit words. 
Price for a single unit is $4,500, with 
volume discounts available. 
Xerox Corp., 701 S. Aviation Blvd., El Se-

gundo, Calif. 90245 [365] 

OCR page reader scans 

1,000 characters a second 

Designed for text editing and for 
photocomposition at 10,000 words 
per minute, the model OCR/COMP 
optical character page reader reads 
documents having 10 pitch fonts at 
rates up to 1,000 characters per sec-
ond. The system is built to accept a 

single font, but can have up to three 
fonts resident at any time. The stan-
dard, full alphanumeric fonts plus 
special symbols are Courier 12, 
OCR A and OCR B; other fonts are 
optional. The basic model 
OCR/COMP is priced at $29,900, 
with OEM prices available. 
Dest Data Corp., 1285 Forgewood Ave., 

Sunnyvale, Calif. 94086 [366] 

Disk storage unit 

holds 25 million words 

A disk storage unit for use with any 
of the Prime small to medium-scale 
computers has a capacity of 25 mil-
lion words. Up to four disks can be 
attached to a controller, which in 
turn can be attached to a Prime 100, 
200, or 300 central processor. The 
disk units utilize 20-surface (11-
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First, the Fabulous 43... 

Then, the Super 70... 

And now--

The “Set -sational” 63S 
If you liked our %-inch and 11/4 -inch rectangular cermet trimmers, you'll love 

our new single-turn %-inch square cermet, the Model 63. Its superior Spec-

trol design virtually eliminates springback problems and provides reliable 

setability. It plugs right into those 362, 3389, and 72 sockets, and it's com-

petitively priced. 

The 63's are avdilable from the factory and 75 distributor outlets. For free 

samples, all you have to do is ask. 

SPECTROL ELECTRONICS GROUP 

UNITED STATES Spectrol Electronics Corporation 17070 E. Gale Avenue, City of Industry, Calif. 91745, U.S.A. • (213) 964-6565 • TWX (910) 584-1314 

UNITED KINGDOM Spectrol Reliance Ltd. Drakes Way, Swindon, Wilshire, England • Swindon 21351 • TELEX: 44692 

ITALY SP Elettronica spa via Carlo Pisacane 7. 20016 Pero (Milan) Italy • 35 30 241 • TELEX: 36091 
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New products 

disk) packs. Information can be re-
corded in Ism-compatible format or 
any user-specified recording mode. 
Price for the 25-million-word disk 
storage unit is $20,000. The control-
ler unit, which handles up to four 
disk pack units as well as one fixed-
head disk, sells for $5,000. 
Prime Computer Inc., Box 2600, 145 Penn-

sylvania Ave., Framingham, Mass. 01701 

[367] 

Data-acquisition system 

takes 60 samples /second 

Dataquire IV, a 10- to 100-channel 
data-acquisition system, includes 
high-speed autoranging that allows 
automatic capture and recording of 
data varying from 1 microvolt to 
-±10 V dc, at speeds up to 60 samples 
per second. The unit provides a 
real-time nine-digit clock and multi-
range timer, as well as 10 constant 
data switches for reader informa-

tion. Channel selection can be either 
sequential or random, determined 
by a front-panel pin-board pro-
gramer. An optional printer is pro-
vided for setup and calibration, and 
a high-speed computer-compatible 
magnetic tape deck records the in-
formation for later processing on a 
computer. Prices start at $4,100. 
Data Graphics Corp., 8402 Speedway, San 

Antonio, Tex. [368] 

Ruggedized minicomputer's 

memory is expandable 

The model 1603 is a conductively 
cooled ruggedized minicomputer 
that includes a four-card CPU, 8,000 
words of memory expandable to 
32,000 words and a 47-440-Hz 
power supply. Core memory is 

available in 8,000 word increments, 
and up to two semiconductor 
memory modules can be installed in 
the chassis. All memory in the 1603 
provides typical cycle time of 1.2 
µs. Direct memory access is stan-
dard. A one-card extended arith-
metic unit providing 7.7-micro-
second hardware multiply/divide is 
optional. Price of a unit with 8,000 
words of memory is $9,950. 
Rolm Corp., 18922 Forge Dr., Cupertino, 

Calif. 95014 [369] 

Flexible-disk system 

can handle million bytes 

A flexible-disk system, called Flexi-
File 52, includes two disk drives, a 
built-in controller with formatting 
electronics, and a power supply. On-
line capacity is 524,288 8-bit bytes 
in a 16-sector, 64-track format with 
a data transfer rate of 31,000 bytes. 
The unit accommodates an addi-
tional two-disk slave system which 
increases the total capacity to one 
million bytes. Access time is 10 
milliseconds, track to track. All as-
semblies and electronics, including 
the disk drives, operate in an ex-
tended position to simplify mainte-
nance. 
Tri -Data, 800 Maude Ave., Mountain View, 

Calif. 94040 [370] 

How to 
ship small 
packages in 
a big hurry. 

DIif1® 

De011:1:Zs ShPie.pcni:eLn:P;DDel:aG 
guarantees delivery on the flight or 
routing you specify between most 
Delta cities. 

Packages accepted up to 50 lbs. 
with length plus width plus height 
not to exceed 90" total, with only 
one dimension exceeding 30!' 

Deliver to Delta's ticket counter 
or airport air freight terminal at 
least 30 minutes prior to scheduled 
departure time. Shipments may be 
picked up at either location 30 
minutes after flight arrival. 

Delta's exclusive "Dashboard" 
control procedure insures constant 
tracking of your shipment from 
delivery to pick-up. 

DASH charges are nominal. 
Check Delta reservations for charges 
between specific points. Pay in cash, 
by company check, most general-
purpose credit cards, special credit 
arrangements or on government 
shipments by GBL. &DEL-no. 

Rate examples (Tax included) 
Atlanta-Washington  S21.00 
Boston-Miami   S26.25 
Cincinnati-Louisville   $21.00 
Cleveland-Phoenix S26.25 
Los Angeles-New Orleans .. $31.50 
Dallas-Los Angeles.  $26.25 
San Francisco-Atlanta.  $31.50 
Philadelphia-Houston. $26.25 
New York-Tampa $26.25 
For details, call Delta reservations. 

Delta is ready 
when you are: 
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New products 

Microwave 

Varactor diodes 
have high Q 

Capacitance of tuning 

devices also increased by 

liquid-phase epitaxy process 

Liquid-phase epitaxy is called the 
key to producing more uniform gal-
lium-arsenide varactor diodes by 
engineers at Varian, Palo Alto, 
Calif. The company has a new line 
of high-Q tuning diodes, suitable for 
tuning Gunn and Impatt oscillators 
to frequencies as high as 50 gi-
gahertz. Q values are almost double 
those of previous devices, while ca-
pacitance values have been in-
creased between 10% and 25%. 
Other typical applications include 
wide-tuning range vhf and uhf os-
cillators, tunable filters, and tunable 
microwave transistor oscillators. 

Varian's liquid-phase epitaxy pro-
cess gives a uniform junction and 
avoids "spiking" in the doping pro-
file, an effect often noted in devices 
made with vapor-phase epitaxy, 
claim the company's engineers. 
(Spiking limits the effective abrupt-
ness of the pn junction, and an 
abrupt junction is necessary for high 
tuning ratios.) Varian says it can 
grow an entire pn structure with its 
process, in only one heat cycle. The 
company contrasts its process with 
that used in most other varactors, 

which it says are made with zinc-dif-
fused junctions in a vapor-phase 
epitaxial layer. Multiple heat cycles 
involved in such diffusions can lead 
to extreme spiking. The company 
says the liquid-phase epitaxy pro-
cess is based on its work with gal-
lium-arsenide Gunn diodes. 
Q values range from 2,400 to 

5,000, depending on capacitance 
and breakdown voltage. Total ca-
pacitance values can be specified 
from 0.5 picofarad to 5 pF with 
-±10% tolerance. Additional values 
and tighter tolerances are available 
on special order. More than 15 
package styles are available, with 
package capacitances ranging from 
less than 0.1 pF to 0.25 pF. Break-
down voltages are selectable—from 
15 v to greater than 60 v. 

Prices in small quantities begin at 
$75 each. 
Varian, Solid-State West Division, 611 Han-

sen Way, Palo Alto, Calif. 94303 [401] 

Stabilized oscillator 

tunes over 100-MHz bands 

A cavity-stabilized oscillator with 
automatic-frequency control within 
-±0.1% and low fm noise, is mechani-
cally tunable over any 100-mega-
hertz band from 3 to 4 gigahertz at 
up to 500 milliwatts. The afc option 
allows voltage tuning across ±0.1% 
of the band at typically 1 MHz/v 
and tuning rates to 10 MHz. Oper-
ation into all phases of a 1.5:1 mis-
match is typically ±-1 dB power vari-
ation and ±-1 MHz frequency pulling. 
Frequency Sources Inc., 166 Middlesex St., 

North Chelmsford, Mass. 01863 [404] 

Diode switches cover 

0.5-to-1 8-G Hz range 

A line of p-i-n diode switches— 
single-pole double-throw types, 
offers a wide variety of options for 
high-speed channel-selection or 
pulse-modulation applications. The 
models MT3580 and MT3581 have 
integrated TTL-compatible drivers 
and the models MT3680 and 
MT3681 are without drivers. Small 

size, low weight, and rugged con-
struction make the switches suitable 
for electronic-countermeasures ap-
plications. Frequency is 0.5 to 18 
gigahertz. Other specifications in-
clude a switching speed of 20 to 700 
nanoseconds and a maximum inser-
tion loss of 2.2 decibels at 18 
gigahertz. 
Alpha Industries Inc., 20 Sylvan Rd., Wo-

burn, Mass. 01801 [402] 

Coupling adapter measures 

filter-insertion loss 

A universal coupling adapter for 
frequencies ranging from dc to 10 
gigahertz is designated the model 
M-240B and is designed to measure 
filter insertion loss as specified in 
MIL-STD-220A. This enables engi-
neers working with electromagnetic-
interference problems to check filter 
circuitry for compatibility. Inter-
ference pollution, which is espe-

cially encountered in aerospace ap-
plications, can then be controlled 
within specification limits, according 
to the company. The M-240A is fur-
nished with two coaxial cables and 
coupler heads to accommodate vari-
ous types of terminal configurations. 
Accessories available include an iso-
lation attenuator, a buffer network 
assembly, and coaxial switches. 
Filtron Co. Inc., 200 Shames Dr., Westbury, 

N.Y. 11590 [339] 

Electromagnetic-compatibility 

tester covers 1 -18 GHz 

For testing microwave electromag-
netic compatibility, the model FSS-
500, EMC system is designed to pro-
vide automated measurements at 
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Our new Series-500 Logic-Circuit Testers say so. Loud and clear. They are: fully portable, 

fully automatic, with both random and programmable patterns, at quantity prices 

as low as $5,950! 

Correct. The whole bag. In a "suitcase." From 
For tens of thousands of dollars less than 

previous production test systems. 

There's more. this moment on 
Program compatibility with most other 

test systems. Superior fault-isolation you will have 
techniques. Unusually high test rates 

and dynamic resolution. 

Low cost program preparation. to look at logic 
Questions? Fire away. Need 

literature? Just write. Trial circuit testing in a 
sales? We have those too. 

It's a whole new way to look 

at logic circuit testing! totally different way. 

PAIRCO 500-Series Portable Full-Capability Logic-Circuit Testers 

*men MIRCO SYSTEMS, INC. 2106 W. Peoria, Phoenix, Az. 85029 • Phone (602) 944-4691 
The only name you need to know in circuit testing 
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Pro-Log 
brings 

intelligence 
to ROM 

Programmers 

II sums s 

s 

WO • 

Intelligent because it's controlled 
by a Pro-Log microcomputer. It cuts 
programming time substantially, 
makes operation easy, and is able to 
interface as a conversational terminal 
with people, TTY, and other 
computers. All of this for 
around $2000. 

The Series 81 ROM Programmers 
from Pro-Log are fully portable units 
designed for use in engineering, 
quality assurance, production, or out 
in the field. 

Model 810: Programs 1702A ROMs 
Model 811: Programs 1702 ROMs 
Model 812: Programs National 

5203 ROMs 
Model 813: Programs 3601 

Fusible Link ROMs 
Features: 
• Programs, Lists, Duplicates, 
and Verifies 
• Automatic erase check 
• Duplicates with advance substitution 
• Duplicates typical 1702A in 
less than 30 seconds — 1702 
or 5203 in less than 5 minutes 
• Hexadecimal keyboard for 
address and data entry 
• Binary data display 
•Quick load, zero insertion 
force ROM sockets 

ROM Programming 
Systems from 

Pro-Log 

"Microcomputers, Programmers and Education" 
• 852 Airport Blvd. Monterey, Calif. 93940 

(408) 372-4593 

New products 

frequencies of 1 through 18 gi-
gahertz. Designed as a companion 
unit to the model FSS-250. which 
measures lower frequencies. FSS-
500 is normally installed in a match-
ing dual-bay rack. However, to pro-
vide additional flexibility, the FSS-
500 microwave system is operated 
independently of the lower-fre-
quency system. One module in the 
system is the microwave receiver, 
model EMC-50. which covers 1 to 
12.4 GHz and can provide optional 
coverage to 18.0 GHz. The EMC-50 
receiver can be operated separately 
from the FSS-500 system. When cal-
ibrated measurement is required, 
the EMC-50 is operated with the 
other components in the system. 
Price of the system is about $45,000. 
Penril Corp. Electro-Metrics Division, 5520 
Randolph Rd., Rockville, Maryland 20852 
[403] 

Noise sources offered 

in millimeter range 

Noise sources, available in nine 
waveguide sizes, cover the range 
from 18 to 170 gigahertz. Low VSWR 
is obtained by using a 7' insertion 
angle for the alumina ceramic noise 

tube and by using a higher-than-
normal pressure of argon gas along 
with a Kr85 additive. The models 
WR15, WR19, WR28, and WR42 
have noise tubes that are replace-
able in the field, and test data indi-
cates that actual measurement val-
ues will be below a maximum cold 
VSWR of 1.30 and a maximum hot 
VSWR of 1.20. Pricing is in the 
$1.000 range, depending on the fre-
quency specified. 
Signalite, 1933 Heck Ave. Neptune, N.J. 

[405] 

Spiral antenna operates 

from 2 to 8 gigahertz 

The model ASO-1498A cavity-
backed spiral antenna operates 
within the range of 2 to 8 gigahertz. 
The unit is designed to improve nor-
mally encountered low-end gain by 
3 decibels at 2 GHz in a restricted-
size envelope for applications in sur-

veillance and reconnaissance. Typi-
cal characteristics include a VSWR of 
2:1, gain of 5 dB ±-2 dB, and a 
beamwidth of 70'. 
American Electronic Laboratories Inc., 
MS'1123, P.O. Box 552, Lansdale, Pa. 
19446 [407] 

Signal-source frequency 

is stable to ±-5 ppm 

Low-noise microwave signal sources 
covering from 1 gigahertz to 12.6 
GHz in both free-running and crys-
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CUTLER-HAMMER'S 
BIG LINE OF 
COMMERCIAL 
MINIATURES. 
Toggles. Pushbuttons. Rockers. 
Rotaries. Available in a vast array 
of operator styles, colors, and 
shapes. Including illuminated 
pushbuttons and rockers. Many 
featuring snap-in mounting. And 
all in stock for fast delivery! 

Now the same great quality, 
service and availability you've 
come to expect from Cutler-
Hammer is available in miniature 
size—at a competitive price! 

Make your selection. Standard 
or watertight. Single or multiple 
pole. A wide range of decorator 
caps, buttons, bezels that extend 
application flexibility. And for 
their size, hefty electrical/ 
mechanical ratings. 

Before you place that next 
order, check with your source for 
commercial miniature switches— 
your nearest Cutler-Hammer 
Sales Office or Authorized Stock-
ing Distributor. 

CUTLER-HAMMER 
SPECIALTY PRODUCTS DIVISION f: 

Switch 
to No.1 

More than just switches, 
prompt availability, 

field help, innovation, 
quality assurance, too. 
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Who do you coil for 
lost dernrery of tantalums? 

ELECTRONICS 
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The man 
who has them: 
Your Corning distributor. 

ALABAMA: Huntsville 
Cramer/EW (205)539-5722 

ARIZONA: Phoenix 
Liberty Electronics (602)257-1272 

CALIFORNIA: Culver City 
Avnet Electronics (213)836-7200 
CALIFORNIA: Gardena 
Bell Industries Electronics (213)321-5802 
CALIFORNIA: Los Angeles 
Liberty Electronics (213)322-8100 
CALIFORNIA: Mountainview 
Elmar Electronics (415)961-3611 
CALIFORNIA: San Diego 
Liberty Electronics (714)565-9171 
CALIFORNIA: Sunnyvale 
Acacia Sales, Inc. (408)735-0100 

COLORADO: Commerce City 
Elmar Electronics (303)287-9611 
COLORADO: Denver 
Cramer Electronics (303)758-2100 

CONNECTICUT: North Haven 
Cramer Electronics (203)239-5641 
FLORIDA: Hollywood 
Cramer/EW (305)923-8181 
Hamilton/Avnet Electronics (305)925-5401 
FLORIDA: Orlando 
Cramer/EW (305)894-1511 

ILLINOIS: Chicago 
Bell Industries (312)282-5400 
Schweber Electronics (312)593-2740 

MARYLAND: Baltimore 
Radio Electronics Service (301)823-0070 

MASSACHUSETTS: Watertown 
Sterling Electronics (617)926-9720 
MASSACHUSETTS: Newton Centre 
Cramer Electronics (617)969-7700 

MINNESOTA: St. Paul 
Ragon Electronics (612)488-0201 

NEW JERSEY: Cherry Hill 
Cramer Electronics (609)424-5993 
NEW JERSEY: Somerset 
Schweber Electronics (201)469-6008 

NEW MEXICO: Albuquerque 
Cramer Electronics (505)265-5767 

NEW YORK: Freeport 
Milgray Electronics (516)546-6000 
NEW YORK: Hauppauge 
Cramer/Long Island (516)231-5600 
NEW YORK: Rochester 
Cramer/Rochester (716)275-0300 
NEW YORK: Syracuse 
Cramer/Eastern (315)437-6671 
NEW YORK: Westbury 
Schweber Electronics (516)334-7474 
NEW YORK: Woodbury 
Harvey Electronics (516)921-8700 

NORTH CAROLINA: Winston-Salem 
Cramer/EW (919)725-8711 

OHIO: Cincinnati 
Sheridan Associates (513)761-5432 
OHIO: Cleveland 
Schweber Electronics (216)464-2970 

PENNSYLVANIA: Philadelphia 
Almo Electronics (215)676-6000 

TEXAS: Dallas 
Solid State Electronics (214)352-2601 
TEXAS: Houston 
Hamilton/Avnet Electronics (713)526-4661 

UTAH: Salt Lake City 
Cramer Electronics (801)487-4131 

WASHINGTON, D.C. 
Cramer/EW (301)948-0110 
Milgray/Washington (301)864-1111 

WASHINGTON: Seattle 
Liberty Electronics/NW (206)763-8200 
Almac/Stroun (206)763-2300 

CANADA: Montreal 
Cesco Electronics, Ltd. (514)735-5511 
CANADA: Toronto 
Cesco Electronics, Ltd. (416)661-0220 

New products 

tal-controlled models are designated 
the 28450 series. Frequencies are 
stable to -±5 ppm in the standard 
package, which, as an option, can be 
operated from an external fre-
quency standard. Typical appli-
cations include transmitter-exciters, 
frequency references for doppler ra-
dars, stable local oscillators for re-
ceivers in communications systems, 
and reference standards for labora-
tory experiments. Stability ranges 
from -±0.5% for free-running oscilla-
tors to ±.0005% for phase-locked 
sources with ovens. Power levels of 
10 milliwatts, 50 mvs, and 250 MW 

are standard. All units come in a 22-
cubic-inch package. which is com-
patible with point-to-point commu-
nications equipment. 
Micromega, 12575 Beatrice St.. Los An-

geles, Calif. 90066 [408] 

Double-balanced mixers 

'drop into' IC assembly 

Because of miniaturization in the 
microwave industry, it is necessary 
to eliminate connectors and semi-
rigid cable. Thus, a line of miniature 
"drop-in" double-balanced mixers, 
designated WJ-M 15, -M16, -M17, 
and -M18 has been developed for 
direct integration into lc assemblies. 
Gold-plated 50-ohm microstrip 
transmission lines are provided at 
all three ports for integration with 
microwave lc amplifiers, hybrids, 
filters and circulators. Inter-
connection between modules is ac-
complished with gold ribbon. These 
models are also supplied in a her-
metic SMA connector housing for 
breadboarding with semirigid cables 
which can then be removed for in-
corporation directly into an mic or 
strip-line subassembly. Noise fig-

ures of typically 5.5 dB are available 
up to 13 GHz, and 7.5 dB at 18 GHz. 
Price ranges from $250 to $575. 
Watkins-Johnson Co., 3333 Hillview Ave 

Palo Alto, Calif. 94304 [406] 

Signal sources deliver 

5, 10, or 50 milliwatts 

A series of free-running and phase-
locked microwave-signal sources, 
which provides a minimum of 5, 10, 
or 50 milliwatts of output power 
over broad tuning ranges, also pro-
vides low residual fm noise—typi-
cally less than 16 Hz rms—in a 3-ki-
lohertz bandwidth. Free-running 
models feature single-screw tuning 
and offer both afc/fm and phase-
lock options. Twenty-one models of 
free-running and crystal-controlled 
sources provide output frequencies 
ranging from 3.60 to 8.50 gigahertz. 
Frequency West, 3140 Alfred St, Santa 

Clara, Calif. 95050 [409] 

Coax power dividers 

cover up to 18 GHz 

The model 2532 coaxial power divi-
der covers from dc to 12.4 gigahertz, 
and the model 2533 covers from dc 
to 18.0 GHz. Both devices, which are 
6-dB resistive power dividers, ex-
hibit good tracking across their fre-
quency ranges (typically better than 
0.25 dB). The maximum VSWR is 
1.25:1 from dc to 10 GHz and less 
than 1.35:1 from 10 to 18 GHz. The 
model 2532 is priced at $142, and 
the 2533 is $165. 
Midwest Microwave. 3800 Packard Rd., Ann 

Arbor, Mich. 48104 [410] 
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INTRODUCING THE 4000 TESTER. 

AGAIN. 
Even a great test system can be improved. So, we've 

done it. Presenting System Four. Still the same great 4000 
— but not really. Now it's greater. 

We kept all the features that made the 4000 the most 
successful semiconductor test system ever — which means 
you get the same results: high throughput, reliability and 
versatility. 

You get four-channel multiplexing: simultaneous test-
ing on four stations at 100 tests per second. You can mea-
sure both voltage and current, and make comparisons with 
programmed go/no go limits. And, we offer every imagin-
able option to expand and customize your system for your 
specific requirements. 

Here's what's new: A solid state memory to replace 
that pesky magnetic disk. It operates reliably over a broader 
line voltage specification — with stand-by power, just in 

Circle 146 on reader service card 

case. And it stores 900 programs (expandable to 1800), with 
no timing problem, and no down-time for disk maintenance. 

Also new is the totally re-designed logic — TTL instead 
of primitive RTL. Plus standard Lambda power supplies; all-
solid state operational amplifiers; and next generation direct 
read-out. Remember the old cooling system? We fixed that 
too. 

System Four is still the definitive system in automatic 
production testing and wafer probe testing of ICs and tran-
sistors. And it's backed by a nation-wide service organiza-
tion second to none. Also, it's cheaper now. 

Call us about it. 

GCA/SUNNYVALE DIVISION 011A 
1050 Kifer Road, Sunnyvale, CA 94086 / (408) 732-5330 / TWX: 910-339-9211 



New products 

Semiconductor 

Third calculator 
chip adds power 

Array lets scientific unit 

compute complex functions 

in a few keystrokes 

Solving advanced mathematical, 
statistical, or scientific problems be-
comes elementary with any hand-
held scientific calculator designed 
around a new three-chip set from 
mos Technology Inc. Basic calcu-
lating features plus a 14-digit dis-
play are handled by two chips, while 
the third extends the computational 
power of the system to include ad-
vanced functions. 

Designated the Senior Scientist, 
the set operates in conjunction with 
a 40-key keyboard. On these keys, 
factorials, binomial coefficients, 
probability integrals and other ad-
vanced functions are represented in 
the "upper-case" position, actuated 
by a shift key. 

All three chips are involved in 
handling series expansions, vector 
manipulation, permutations and 
combinations, coordinate conver-
sions, complicated statistical equa-
tions, and complex mathematical 
problems in general. But the first 
two chips of the Senior Scientist 
may also be used alone to provide a 
basic 40-key scientific calculator. 
This unusual option is provided 

by a system architecture common to 
all scientific-calculator array sets 
from mos Technology: the master 
array of the system is programed to 
recognize the presence or absence of 
the third chip, and no electrical 
change is required to change the 
functional level. 

Included within the three chips of 
the set are 12 data memories and 
2,560 words of program storage. 
The memories are allocated in such 
a way that three are directly usable 
by the operator with separate 
store/recall keys. An additional four 
memories are internally accessed for 
storage of statistical group data, 

prior result data, and prior paren-
theses data. The remaining five are 
used by the system as working regis-
ters. 
A minimum number of external 

components is required for integra-
tion of the set into finished calcu-
lator designs, the company says, and 
power dissipation is kept at min-
imum levels, less than 300 milliwatts 
average. 

Price of the set is $50 in quantities 
of 100,000. 
MOS Technology Inc., Valley Forge Corpo-

rate Center, 950 Rittenhouse Rd., Norris-

town, Penn. 19401 [411] 

Philips launches 10 ICs 

for radio/audio functions 

Though widely used in television 
sets, integrated circuits turn up in 
radio and audio equipment only 
sporadically. The limited number of 
rather simple active functions in 
such equipment could be handled 
quite economically with discrete 
components—at least, before consu-
mers began clamoring for better 
sound reproduction in high-fidelity 
equipment, for quadraphonic sys-
tems, and for car radios with fm 
stereo, cassette player capability and 
easier control. Since all of this de-
mands more circuitry, manufac-
turers see a need to extend the 
boundaries of integration. 
One company responding to this 

need is Philips Gloeilampenfabriek-
en in the Netherlands. Together 
with 16 ICS for television appli-
cations [Electronics International, 
June 27, p. 9E], the Dutch electron-
ics firm is launching 10 devices for 
the radio and audio sector. 
Aimed at world markets, "our 

new range handles functions that 
haven't been integrated before," 
says Ted Van Moorsel, product 
manager for linear ICs at Philips' 
Eindhoven-based electronic compo-
nents and materials division. 

In addition to economic advan-
tages, the new devices offer better 
equipment performance, Van Moor-
sel says. In hi-fi systems, for ex-
ample (see photo), the circuits allow 
electronic pre-selection and search 

tuning as well as AGC muting and 
improved stability. Volume produc-
tion of the 10 ics will start next year. 
One device that should do well on 

U.S. markets is an 8-watt power am-
plifier, the TDA1004. Developed 
primarily for car radios, but also for 
use in record players, the TDA1004 
consists of a preamplifier and a 
power amplifier, both stabilized 
against temperature drift and sup-
ply-voltage variations up to 18 volts. 
Another is the TDA1001, also for 

car radios where it provides inter-
ference suppression in the audio 
stages of four mono or stereo chan-
nels. 
For use in record/playback sys-

tems there are the TDA1002 and 
TDA1003, the former incorporating 
all amplifier circuits (except for the 
playback power output stage) 
needed in such systems, and the lat-
ter comprising a capstan motor 
speed control, a stop circuit, and an 
automatic bias/erase oscillator. 
Philips Gloeilampenfabrieken N.V., Elcoma 

Division, P.O. Box 523, Eindhoven, The 

Netherlands [412] 

Monolithic op amp 

challenges choppers 

The mono OP-07, a monolithic op-
erational amplifier, which has a 
bipolar-input, is designed to replace 
chopper amplifiers in microvolt and 
high-stability applications. An on-
chip trimming technique reduces 
the cost of providing this level of 
performance, including input offset 
voltages of 10 microvolts, offset drift 
vs temperature of 0.2µv/°C, and 
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"You've gotta be 
A battery-powered design like at 
would need a dense, static cnos RAM 
with a 200 nanosecond access time 
and around 2 microwatt stand-by 
power. 

"No way you're going to find 
an outfit that can hack that: 

Circle 148 on reader service card 

Give him 
the good news: 

Our new S2222 512x1 CMOS 
RAM does it all. It combines the highest density and performance 
with the lowest power requirements on the market—three more 

firsts from Number One. And at just $41 apiece in 100-999 quan-
tities, it also gives you the lowest cost per bit. For complete 

information, write AMI, 3800 Homestead Road, Santa Clara, 
CA 95051. Phone: (408) 246-0330. 

Or call your distributor. ill 
AMERICAN MICROSYSTEMS. INC 



Here's that 
dense, static 
CMOS RAM. 
Our S2222 is a 512 word by one-bit 

RAM, constructed with silicon gate 
CMOS devices integrated on a 
monolithic array. Fully decoded on the 
chip, this memory uses DC stable (static) 
storage elements and needs no refresh 
to operate. The memory matrix is 
organized as 32 rows by 16 columns. 
High-speed operation and micropower 
supply requirements make our new 
RAM ideal for applications where you 
have to conserve electricity or use 
a battery. 
You can't beat its performance, 

either. It has a 200 ns access time and 
420 nscycle time, with power dissipation 
of less than 5 µw/bit and typical stand-by 
power of just 4 nw/bit. Since it is static, 
the data can be read without interruption. 
Maximum power dissipates only when 
the inputs change. 
The unique circuit design lets the 

chip select precharge the internal nodes 
which minimize the power dissipation 
and maximize the performance. And 
for greater density, it is designed with 
five transistors per cell. All in all, it's the 
densest, lowest powered CMOS RAM 
ever produced. 

S2222 Specifications 
Access time: 200 ns at room temperature. 

300 ns at military temperature 
range. 

Cycle time: 420 ns 
Power dissipation: typically less than 5 µw/bit. 
Stand-by power: 4 nw/bit. 
Power supply: single + 10 volt. 
Current sink output with"OR" tie capability 

AMIL 

ç'75 -en 

New products 

long-term offset drift averages of 
0.2 tiv per month. The bipolar input 
circuit provides a high-impedance, 
fully differential input with a com-
mon-mode input-voltage range of 
±-14.0 v and common-mode rejec-
tion ratio of 126 dB. Applications for 
the mono OP-07 ultra-stable op 

med. 01.-Crre 
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amps include precision buffers, 
thermocouple and strain-gage am-
plifiers, precision integrators and 
comparators, low-noise audio and 
medical amplifiers, and output am-
plifiers in high-resolution digital-to-
analog converters. Price starts at 
$9.95. 
Precision Monolithics Inc., 1500 Space Park 

Dr., Santa Clara, Calif. 95050 [413] 

Isoplanar FIFO memory 

offers 1.5-MHz data rate 

A 40-word-by-9-bit first-in, first-out 
memory, the 3351, is the second 
mos product made by Fairchild's 
Isoplanar technique. The circuit 
offers a low-cost solution to many 
problems associated with interfacing 
digital systems that have different 
data rates. Typically, the FIFO 

memory serves as an input or out-
put buffer between a keyboard and 
a central-processing unit or between 
a CPU and a printer. Information 
can be entered into the FIFO at key-
board speed, saving computer time. 
Similarly, data can be fed from the 
CPU to the FIFO at computer speed 
and then transferred to a printer at 
the slower print-out speed. The 
model 3351 operates at data rates 
from dc to 1.5 wiz, has independent 
asynchronous inputs and outputs, 
and is compatible with YR., circuitry. 
It also can be expanded in width or 
length to accommodate other data 

Energy 
Saver 

New Electronics Buyers' Guide... 
Easy-to-use, single volume 

source for: 
• Information on over 4,000 products 
• Over 6,000 company listings and phone 
numbers — both home and field offices 
• EBG EXCLUSIVE: quick access to over 
800 helpful catalogs through a timesav-
ing Direct Inquiry Service 

• More than 1,400 pages of data 

Here is the international world of elec-
tronics at your fingertips. Find suppliers 
... fast ... accurately .... and locally! 
Don't have a copy? Use coupon below, 
today. 

-1 
Electronics 

Buyers' Guide 
A McGraw-Hill Publication 

1221 Ave. of the Americas, N.Y. N.Y. 10020 

Yes, send me copies (copy) of 
the energy saving Electronics Buyers' 
Guide. I've enclosed $15.00 (USA and 
Canada only; elsewhere send $25.00). 
Full money back guarantee if not 
satisfied. 

NAME 

COMPANY 

STREET 

CITY 

STATE 

L_  
ZIP 
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OUR ANGLE: 
More Synchro Conversion 
For Less Cost 

with our 
S/D and 

DIS modules 

How does a choice of 14-bit resolution (greater for 2-speed S/D), 60 
or 400 Hz data frequency, high accuracy, 11.8V to 90V line-line voltages 
and all kinds of self-protection circuitry — look from your angle? Not to 
mention that as few as 5 modules make up a complete S/D or DIS 
converter, or that all modules are replaceable one-for-one without trim-
ming! And, economically too! 

New 2-speed S/D sets are now available with accuracies typically 
better than 20 seconds from all error sources including resolution. D/S 
specifications include 4 minute accuracy, 1.25 VA output with optional 
20 VA output for torque receiver applications. 

Key performance specifications for both converters include 14-bit 
(0.022°) resolution over 360°, 4000°/sec analog data rates and 0-70°C 
operation. Some units available for operation from —55°C to +105°C. 
All units are DTL and TTL compatible. 

Prices start at $650.00 for a set of modules. Delivery from stock. 
Call toll-free (800) 645-9200 for the name and address of your local 
sales engineering representative. 

1•TtOR. _A_ rr i .A_I•TTIC industries, inc. 

200 Terminal Drive, Plainview, New York 11803 • Phone (516) 681-8600 
California District Office: 13418 Wyandotte Street, N. Hollywood, CA 91605 • Phone (213) 982-0442 
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MAGNETIC INSTRUMENTATION 

Gaussmeters • Fluxmeters 

Magnetizers • Stabilizers • Demagnetizers 

Automatic Magnet Processing Systems 

Alnico Permanent Magnets • El Laminations 

Thomas 5 Skinner! kw_ 
1120 East 23rd Street, Indianapolis, Indiana 46205 • 923-2501 

New products 

formats. Price is $15.60 each in lots 
of 100. 

MOS Products Division, Fairchild Camera & 

Instrument Corp., 464 Ellis Street, Mountain 

View, Calif. 94042 [415] 

Bus drivers operate 

in 4 nanoseconds 

Four current-mode bus drivers, 
forming a single integrated circuit, 
operate in 4 nanoseconds. Inputs of 
the model 10192 are compatible 
with all other devices in the ECL 
10,000 series. Outputs are 16-mil-
liampere, open-collector, switched-
current sources. The complementary 
outputs can be switched to one of 
three logic states—"1 1," "01," and 
"10"—which provides the user with 
party-line capability in differential 
and single-ended modes. The open-
collector outputs can also accept 
voltages ranging from +5.5 v to 
-1.6 V, permitting the designer to 
use a variety of termination and 
level-translation approaches to solv-
ing interface problems. Price is 
$6.27 in lots of 100. 
Signetics Corp., 811 East Argues Ave., Sun-

nyvale, Calif. 94086 

Darlington transistors 

handle up to 15 amperes 

A family of 5-ampere, 10-A, and 15-
A fast-switching industrial npn Dar-
lington power transistors is pack-
aged in steel-version TO-3 cases. 
The 5-A series is called the SDM 
20301-04; the 10-A series, SDM 
20311-14; and the 15-A series, the 
SDM 20321-24. All feature collec-
tor-emitter sustaining voltage from 
40 to 100 volts, continuous collector 
current of 10 A, peak of 20 A, and 
thermal resistance from 1.75°C per 
watt. The SDM 20301-04 and SDM 
20311-14 have a minimum current 
gain (hFE) of 1,000 at 10 A; and the 
SDM 20321-24, 750 at 15 A. The 5-A 
series is priced at $2 each in quan-
tities of 100; the 10-A series, $2.12; 
and the 15-A series, $2.32. 
Solitron Devices Inc., 1177 Blue Heron 

Blvd., Riviera Beach, Fla. 33404 [416] 
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11:0A. 
No more going from this catalog to 

that for different types of interface de-
vices. 

INTERFACE 
@Leual 

We've got it all together (in more 
ways than one). 

Our new 350-page interface hand-
book. 

Interface devices from A to Z pulled 
from our many handbooks and put into 
one. 

Linear, MOS, digital, hybrid, every-
thing. 

For yours, (it's free) write National 
Semiconductor Corporation, 2900 Semi-

conductor Drive, Santa Clara, California 
95051. 

Here's one for the book. 
LF 311 high input impedance com-

parator. 
In addition to our industry-standard 

LM 111 we've got this new one with high 
impedance due to a FET input, which is 
unique in the comparator field. On a 
monolithic chip. 

Here's some more new ones. 
LM 360-361 high-speed comparators. 
A pair of high-speed devices that 

operate in the 10-15 nanosecond range. 
And featuring essentially no speed 
change as the input changes (nobody 
else has got that, either). 

And LM 339A quad comparator. 
Half the input offset voltage of any 

other comparator: 2mv. And truly com-
patible with CMOS because —alone 
among all comparators—it offers the 
same advantage that CMOS offers. 

Namely, very low power consumption, 
and operation over a wide range of 
supply voltages. 

We make 14 kinds of comparators. 
About twice as many as anybody else. 

So no matter what kind you may 
need, we'll have it for you. 

Ta da! 

National 
National Semiconductor Corp 2900 Semiconductor Drive, Santa Clara, Calif 95051. Scottsdale. Ariz (602) 945-8473 Mountain View. Calif (415) 961-4740. 

Sherman Oaks. Calif (213) 783-8272. Tustin. Calif (714) 832-8113. Miami. Fla (305) 446-8309. Chicago. III (312) 693-2660. Indianapolis. Ind (317) 255-5822. 
Lenexa. Kan. (816) 358-8102. Glen Burnie. Md (301) 760-5220. Burlington. Mass (617) 273-1350: Farmington. Mich. (313) 477-0400. Minneapolis. Minn (612) 888-4666: 

Enalewood Cliffs. NJ (201) 871-4410: Syracuse. N Y (315) 455-5858: Dayton. Ohio (513) 434-0097. Dallas. Tex (214) 233-6801 
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EMR-Telemetry... 
in a class by itself_ 

Here, and in 20 other 
countries around the world. 
When you're good at what you do, your reputation 
spreads world wide. But, excellence in system design 
and total product breadth isn't enough when you're 
selling turnkey systems. 

It takes installation know-how, software expertise, 
customer training, and an attitude that says ... we 
care now, and will care in the future about your 
changing needs. 

EMR customers respond to this philosophy with 
enthusiasm. We don't just sell hardware ... we're 
there when you need us, world wide. They know it at 
the National Space Agency in Japan, at the India 
Aeronautical Development Establishment, and at 
every key data gathering station around the globe. 

Japan Space Program ... 

By 1976, the Japanese National Space Development 
Agency expects to launch a variety of communication 
and scientific satellites. EMR will supply both 
frequency and time division multiplex ground stations 
for use at several stages of the program: for 
experimenters to check out their scientific and com-
munications packages; for functional tests of each 
stage of the rocket boosters; and for a complete 
checkout and monitoring system in the blockhouse 
at the launch site. 

India Aircraft 
Flight Test Program... 

The India Aeronautical Development Estab-
lishment is using an EMR ground telemetry 
Data Readout Station consisting of a quick-
look, van-mounted, checkout system coupled 
with a large FM-PAM/PDM and PCM com-
puterized telemetry system. Real-time flight 
testing of aircraft will be accomplished with 
this facility. 

When can we help 
with your data 
gathering needs? 

EMIR EMP 

Schlumberger 

EMR Telemetry 
Weston Instruments, Inc 
Box 3041, Sarasota, Florida 33578 
813-371-0811 
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New products 

Packaging & production 

Plug assembled, 
crimped to cable 

Machine applies connector 

pin, ring and shell, then 

terminates ends of cable 

Most push-on phono plugs used for 
radio, TV, and stereo are manufac-
tured in several steps— some auto-
mated, some manual. But AMP Inc., 
Harrisburg, Pa., has developed a 
new three-piece connector for termi-
nating coaxial cable that is designed 
to be assembled on an automated 
line that AMP is marketing. 

Consisting of an outer shell and 
center pm of tin-plated steel, both 
supplied on reels, and a polyvinyl 
chloride dielectric ring that can be 
hopper-fed, the AMP Coaxion phone 

plug or connector is designed for use 
with RG-58 and RG-59 type coaxial 
cable. The connector shell and pins 
come in a variety of sizes. Insulation 
resistance between the pin and 
outer shell is at least 100 megohms; 
operating voltage is 350 volts rms; 
withdrawal force averages three 
pounds. 
Two parallel series of applicator 

machines terminate each end of the 
cable in a three-step operation. Ac-
cepting cable cut to lengths down to 
71/2 inches, the system first strips 
cable jacket, braid, and dielectric for 
crimp termination, using a rotary 
coaxial wire stripper with preset 
blades. A pair of chain conveyors 

then carries each end of the stripped 
cable through the application of the 
connector's inner pin, insulator ring, 
and outer shell. 
Although the inner pin is crimped 

onto the wire's center conductor, the 
crimp is behind the contact, provid-
ing for a smooth center plug. The 
phono plug's outer shell is crimped 
in the cable braid, around the rigid 
dielectric ring, using a "braid-pick" 
technique instead of the conven-
tional pressure crimp. Four V-
shaped lances on the outer shell's 
wire-barrel penetrate the braid, sep-
arating it from the cable dielectric, 
to provide a redundant electrical 
contact as well as additional me-
chanical strength. 

Pricing depends on the number of 
connector components purchased 
and other factors. 
AMP Inc., Harrisburg, Pa. 17105 [391] 

Vertical etcher built for 

wafers and substrates 

The model 1212 vertical etcher is 
designed for chemical machining to 
close tolerances and precision etch-
ing of circuit boards. The etcher is 
especially suited for the fine line 
and space resolutions required in 
the processing of semiconductor wa-
fers and substrates. Its vertical, ro-
tating work holder is synchronized 
with oscillating spray nozzles on 
each side, and either single-sided or 
double-sided work can be handled. 
The holder is adjustable to work 
from 2 by 2 inches up to 12 by 12 
in., while etching periods are con-
trolled by means of an automatic re-

set timer, which assures uniform 
etching over the entire surface, the 
company says. 
Chemcut Corp., 500 Science Park, State 

College, Pa. 16801 [394] 

Wave-soldering system 

processes 18 feet a minute 

Designed to meet applicable oper-
ational and safety standards, a 
wave-soldering system is available 

eto 
for board widths of 12, 15, 18, and 
24 inches, with either pallet or fin-
ger conveyor. Both versions are in-
clinable from the horizontal to a 
maximum 8° angle, and individual 
stations can be customized to meet 
any production requirement. The 
standard system, which processes 
boards at a capacity of 18 feet per 
minute, includes foam-fluxing, pre-
heating and wave-soldering with an 
integrated vent system. Sliding, 
heat-tempered glass panels on the 
front of the vent system permit ob-
servation and access. Price starts at 
$15,450. 
Electrovert Inc., 86 Hartford Ave., Mt. Ver-

non, N. Y. 10553 [393] 

Connector links miniature 

devices by pressure alone 

An elastomate micrometalized con-
nector provides interconnection of 
microminiature devices by pressure 
alone. The connector, which elimi-
nates large connector housings and 
associated hardware, is useful with 
liquid-crystal displays in electronic 
watches and in calculators where 
maximum packaging density is re-
quired. The connector consists of a 
nonconducting elastomeric core 
wrapped with parallel lines of gold-
plated conductors on thin flexible 
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A BETTER 
METER. 

Data Precision's newest multimeter — the 
51/2 digit MODEL 3500 — is a second generation 
instrument that combines the best of both worlds. 

More features. 
For less money. 

MODEL 3500 incorporates all of the proven 
circuitry advances that made our 2500 Series the 
internationally accepted price/performance 
leader. 

Tri-phasicTm auto-zero, RatiohmicTM 2- and 
4- wire resistance, and lsopolarTM high stability 
referencing. 

With a 6 month basic DC accuracy of 
±0.007% of reading ±0.001% of full scale ±1 
LSD, full autoranging from 1 microvolt to 1000V 
(DC or AC peak) and 1 milliohm through 12 
megohms resistance, 20% overranging, DC Ratio, 
isolated BCD output, remote triggering and remote 
ranging, it represents the most sophisticated lab-
quality multimeter you can buy for less than 
$1000. 

$ 995. 
complete 

MODEL 3500 features the industry's most 
reliable, field proven circuit technology packaged 
behind a big, bright and easy-to-read 1/2 inch 
planar gaseous display. And none of the bugs of 
an unproven design. 

MODEL 3500 measures DCV, 1 microvolt to 
1000 Volts; ACV, 1 microvolt to 700V RMS, 30 
Hz to 100KHz; Resistance, 1 milliohm to 12 
megohms; and Ratio. 

AVAILABLE NOW 

Contact your local Data Precision representa-
tive to arrange for a demonstration. 
AL (205) 533 5896 
AZ (602) 994 9519 
CA )N) (408) 733 9000 
CA (5) (714) 540 7160 
CO (303) 449 5294 
CT (203) 525 7647 
FL (813) 294 5815 
GA (404) 457 7117 
HI (808) 262 6286 
IL (312) 5930282 
IN (317) 293 9827 

MA 
MD 
MI 
MN 
MO 
MO 
NC 
NJ 
NJ 
NM 
NY 

(617) 2730198 
(301) 552 2200 
(313) 482 1229 
16121 781 1611 

MI (816) 7370066 
(E) (314) 731 2331 

19191 787 5818 
(S) 12151 9258711 
(N) 12011 863 5660 

15051 265 6471 
(N) 13151 4460220 

NY ISI 5161 482 3500 
OH (N) 216) 725 4560 
OH IS) 5131 298 3033 
OR 5031 2380001 
TX IN1 2141 234 4137 
TX (S) 7131 461 4487 
UT 8011 268 3181 
WA 2061 763 2210 

CAN (W) (416) 787 1208 
CAN 16131 772 5870 
CAN IE 1 15141 731 9328 

Data Precision Corporation 
Audubon Road, Wakefield, MA 01880 
(617) 246-1600 

IZIATA PRECISION 
„years ahead 

11111111111ime„ 
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New products 

film. When compressed between 
two parallel planes, the metalized 
lines around the circumference in-
terconnect the circuitry on each 
plane with assured contact redun-
dancy. Standard connector conduc-
tors are 0.003-inch wide on 0.007-
inch centers, but a variety of config-
urations is available. 
AMP Inc., Harrisburg, Pa. 17105 [398] 

Drafting system eliminates 

registration problems 

A new drafting system is designed 
to eliminate the major registration 
problems engineers and draftsmen 
encounter in preparing circuit dia-
grams for two-sided printed-circuit 
boards. The Nopan model drafting 
system has amber- and magenta-
colored pressure-sensitive drafting 
tapes which, when used with Wrat-
ten filters, eliminate the need to use 
panchromatic film in the photo-
graphic reproduction of original 
printed-circuit diagrams. The sys-
tem, instead, uses orthochromatic 
film, which is processed under nor-
mal red-light darkroom conditions 
instead of the complete darkness 
needed with panchromatic film for 
color separation of magenta and 
amber. Both magenta and amber 
negatives can be developed simulta-
neously in normal darkroom red 
light by standard developing proce-
dures. 
W. H. Brady Co., Computer and Drafting 

Products, 727 W. Glendale Ave., Milwaukee, 

Wis. 53201 [399] 

42-pin socket staggers 

rows on 0.050-inch centers 

A 42-pin socket, designed specially 
for flat-pack calculator chips, stag-
gers four rows of pins on 0.050-inch 
centers. The sockets are furnished 
with tin-plated pins, and when re-
quired, gold-over-nickel plating can 
be provided. Pin material is a cop-
per-alloy leaf spring. A low-profile, 
open-design insulator body reduces 
component height. Although devel-
oped for high-volume, commercial 

use, the socket can also be used for 
low-quantity experimental or re-
search work. 
Circuit Assembly Corp., 3169 Red Hill Ave., 

Costa Mesa, Calif. 92626 [397] 

Wire-wrap panels built for 

three-voltage ICS 

A family of wire-wrapping panels is 
designed for use with dual in-line 
integrated circuits that require two 
voltages and a ground, or three volt-
ages. The panels are intended to aid 
the designer in the packaging of 
random-access memories, read-only 
memories, and other medium-scale 
and large-scale integrated digital 
and linear devices. A family of three 
voltage backplanes is also offered, 
along with 108-pin two-piece wire-
wrap-to-wire-wrap connectors. The 
panels are priced at $61.50 each in 
quantities of 10. 
Mupac Corp., 646 Summer St., Brockton, 

Mass. 02402 [400] 

eeex*e:s%‘ eeekus‘é:ee . .\‘‘\7.etiettet site 

C-AN MAKE 
GLASS 

MATERIAL 

FLAT 
OR 
ANEL 
MS ? 

Need flat glasses for windows and 
backplates in thicknesses from 
.010" to .090"? Corning makes 
them. We also make glass ceramic 
materials for backplates. And 
black glass ceramic cell sheets 
chemically machined with any 
pattern or hole size. You can even 
put your displays together with 
Corning glasses. We make 
devitrifying powdered glasses, and 
vitreous sealing glasses in 
rectangular shapes. Preformed 
beads for tubulation seals. Hard 
glass rods to space front and 
backplates. Even the mercury 
capsules used for dispersion in 
gas displays. Corning makes them 
all! Want more information? 
Write or call: 

eiltee 
111 

Electronic Materials Department 

CORNING 
CORNING GLASS WORKS 

Corning, New York 14830 
(607) 974-8866 
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Whether you buy 
one's, two's • • • 

Jam 
or multitudes-

North delivers power reliability! 
61001E 11000 17000 13300 14000 15000 16000 17000 18000 

VOC AMPERES 

50 39 67 113 130 200 375 490 820 
120 28 42 80 10.6 150 230 360 580 
150 74 17 75 es 140 205 270 470 
180 21 33 60 80 130 180 760 400 
740 15 18 47 70 110 160 210 330 
780 14 74 40 67 90 140 200 290 
360 12 22 31 56 80 110 140 770 
480 95 18 26 42 60 80 100 180 

Listed here are the more popular models— 
many other voltages are available. 

NORTHIIRR ra:151 
ELECTRIC COMPANY Ball 
North ElectrIc Company Gahm, Ohm 44833 A tinned Telecom Co 

MODEL 10000 

VOC AMPS 

O 75 
O 16 
O 25 
0 33 

2 10 
1 25 
085 
068 

DUAL OUTPUT 
SUPPLIES 

MODEL 503052 

AMPS 

400MA 

560052 

AMPS 

1 OA 

VDC 

15 12 

MODEL 

VDC 

115 12 

Many 0.E.M's agree that it just doesn't make sense to risk the 
reputation of a major piece of equipment over a minor compo-
nent—especially, when the cost difference is so little. 

If you're one of them, we'd like to quote your next power sup-
ply order. Whether you need one unit—or one hundred. North 
has the product selection and the production capacity to 
deliver more standard power reliability for your dollar. 

To back it up, we offer the industry's finest technical special-
ists and over 40 years experience as the leader in custom power 
supplies. 

Send for a catalog today, or call 419/468-8874. 

SP-16 

Circle 156 on reader service card 

A new autoranging multi-function counter 
using LSI/MOS from the "Counter HOUSE" 

349 
Who else but FLUKE could bring you this 

new multi-counter at such an attractive 

price? A multi-counter that measures fre-

quency or period and totalizes too. 

Model 1900A from Fluke "The Counter 

House" has a dynamic range of 5 Hz to 

80 MHz . . . advanced LSI/MOS circuitry 

. . . autoranging . . . and autoreset on all 

functions, gate times, filter and attenuator. 

And of course the 1900A incorporates all 

the traditional Fluke quality, and comes 

with a full 12-month guarantee plus a 15-

day money-back policy. 

Phone or write to-day for complete details 
on the $349 multi-counter from Fluke ___. 

"The Counter House". 

FLUKE 

COUNTER DIVISION 

John Fluke Mfg. Co. Ltd., Counter Division, 
P.O. Box 1094, Station "D" Buffalo, N.Y., 14210. 
Phone (716) 842-0311. TWX 610-492-3214 
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THE ORIGINAL 

"WEDGE-TYPE" SCREWDRIVER 

does all the job! 

HOLDS, STARTS, 
DRIVES & SETS 
the screw to normal tightness 

• 
FINEST 
QUALITY 
WORKMANSHIP 
& MATERIALS 

17 SIZES 
GET A SET TODAY! 

Write for Catalog. 

KEDMAN COMPANY 
P. 0. Box 267 
Salt Lake City, Utah 84110 

(801) 363-4413 1974 by Kedman Cornpauy 

:•-c!e 178 on reader service card 

Competitive labor 
Market 

Does your factory use a great deal 

of hand work? 

Is your labor getting expensive? 

Would you be interested in having 
your articles made at a competi-

tive price? 

Haitian labor ranks among 
the highest quality, lowest 
cost in the world. We Pro-
vide: 
• All of the necessary details and 
studies to bring your plant here... 

• All of the managerial and opera-
tional skills to keep you here — 

profitably! 

Write to: 

Haitian American 
Industrial Co. 
P. 0. Box 904 
Port - Au - Prince, Haiti 
Cable Address: HAICO 
Phone: 2-0424 — 2-0442 

New products/materials 

A nonconducting metal sheet, for pc 
applications, allows circuits to be 
drawn or scribed directly onto the 
metal sheet. Pressure is all that is 
necessary, and circuits may be 
erased for new designs. For mass 
production, a letter press may be 
used. A more economical version 
for direct-wiring purposes, rather 
than printed circuitry, is available. 
Spot-soldering may be done at ran-
dom without spoiling adjacent areas 
of the board, since the sheet is non-
conducting. 
Metal Circuit Systems Corp., P.O. Drawer 

2226, Houston, Texas 77001 [476] 

An inexpensive package lid for semi-
conductors, made from an alloy of 
readily available metals and called 
Foballoy, takes the place of gold/tin 
preforms. Generally, clad lids are 
made of Kovar or Alloy 42, but the 
new lid is clad with a thin layer of 
Foballoy, which has a melting point 
of 235°C and therefore seals at a 
lower temperature than gold/tin. At 
current gold prices, Foballoy can 
provide a saving of $40 per thou-
sand lids over gold/tin, the com-
pany says. 
Plessey Inc., Materials Division, Melville, 

N.Y. [478] 

A family of optical coatings, offered 
in thicknesses of 100 to 3,000 A, is 
available on a broad line of fiber-
optic face-plates. The coatings, 
which have applications in a variety 
of electro-optical systems, are avail-
able in many materials, including 
nickel, tin, chrome, inconel, gold, 
quartz, and magnesium fluoride. 
Galileo Electro-Optics Corp., Galileo Park, 

Sturbridge, Mass. 01518 [480] 

Corning can! We start from 
scratch—we make two glass 
compositions for substrates and 
DUR-COR'" photoplates. Through 
an integrated process the sheet 
glass is finished and cleaned to 
flatnesses down to 50 
microinches per inch in either 
.060" or .090" thicknesses and 
that includes the new 4" squares. 
We can offer you the products, 
and we can deliver because we've 
increased our capacity 50%. Our 
DUR-COR photoplates are made 
with an incredibly durable iron 
oxide layer coated on either of 
these substrate compositions. 
And, we can also give you advice. 
Because of our integrated 
process, we are technically 
competent in all aspects of mask 
production. For more information 
on our products, or processing 
help, write or call: 

Electronic Materials Department 

CORNING 
CORNING GLASS WORKS 

Corning, New York 14830 
(607) 974-8866 
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EMPLOYMENT 
MI OPPORTUNITIES 

Send New Ads to: 
Electronics 

Class. Adv. Dept. 
P.O. Box 900, N.Y., N.Y. 10020 

SPANISH 
FIRM 
NEAR 
MADRID 
is looking for design and development 
engineers with a minimum of three years 
of experience in the field of P.C.M. equip-
ment to be used by the telephone industry. 
Areas of interest are encoders and de-
coders, P.C.M. multiplexers and R.F. equip-
ment to transmit P.C.M. data. 
Salary open. 

Send résurne'to: 

NORTRON 
Fernando el Católico, 63 
Madrid 15 
SPAIN 

SOLD! 

"Please discontinue our ad in 

'Searchlight' as we have sold the 

equipment through this advertis-

ing." Can "Searchlight" Serve 

You? 

CLASSIFIED ADVERTISING 

SEARCHLIGHT SECTION 
BUSINESS OPPORTUNITIES 
USED OR SURPLUS EQUIPMENT 

RADAR SYSTEMS GROUND AND AIRBORNE AUTOMATIC 
TRACKING ANTENNA SYSTEMS NIKE AJAX NIKE HER. 

CULES M.33 MS0-1A. MPS-I9 MPS•9 SCR 584 TPS-I0 

TPS-28 FAA-ASR-2 AIRBORNE SYSTEMS APN.84 APN-102 

APS•20 APS.27 APS-15 DPN•I9 DIGITAL COMPUTERS 

IBM 650 IBM 701 

LARGEST INVENTORY OF RADAR AND 

, MICROWAVE EQUIPMENT IN THE WORLD 

RADIO RESEARCH INSTRUMENT CO. 
3 OVINCY ST NORWALK, CONE 06850 1203. 853 2600 

CIRCLE 952 ON READER SERVICE CARD 

( SAME DAY SHIPMENT 
Minis & Peripherals 

PRINTERS 
"BRAND NEW" 

DATA PRODUCTS  
2440— 700 LPM 

2470-1250 LPM 

MDS 4320-300 LPM 

ALSO 
CENTRONICS, POTTER, CDC 
A. B. DICK, IBM, HIS, UNIVAC 

Send for Free Report "Maintenante ',I-Computers" 

AMERICAN USED COMPUTER CORP. 
P 0 Boo 68, Kenmore Sta.. Boston, MA 02215 

\ N.. mernber COMPUTER DEALERS ASSOCIATION 

CIRCLE 957 ON READER SERVICE CARD 

free cutcalog 
POTTING APPLICATORS 
MANUAL OR AIR OPERATED 

2 1/2 cc 6cc 12cc 30cc 

FOR POTTING, ENCAPSULATING ETC 

PHILIP FISHMAN CO., INC. 
7 CAMERON ST WELLESLEY, MASS 02181 

CIRCLE 958 ON READER SERVICE CARD 

CIRCLE 954 ON READER SERVICE CARD 

HARD-TO-FIND PRECISION TOOLS 
Lists more than 2000 items—pliers, 
tweezers, wire strippers, vacuum systems, 
relay tools, optical equipment, tool kits 
and cases. Also includes ten pages of 
Ise F.1 "Tool Li," r mid in tool selection. 

FREE ALARM CATALOG 
Full line of professional burglar and 
fire alarm systems and supplies. 96 
pages, 450 items. On the shelf delivery, 
quantity prices. 

Ay\ mountain west alarm 
'l+f 4 2 1 5 n. 16th st., phoenix, az. 85016 

MR. d 

New literature 

Dc-to-ac inverters. ATR Electronics 
Inc., 300 E. Fourth St., St. Paul, 
Minn. 55101, has issued a catalog 
covering dc-to-ac inverters in solid-
state and vibrator models, as well as 
battery eliminators, Shav-paks, vi-
brators, and standby-power systems 
for emergency lighting and power. 
Circle 421 on reader service card. 

Load cells. Sensotec Inc., 1400 Holly 
Ave., Columbus, Ohio 43212, is 
offering an eight-page catalog fea-
turing eight series of strain-gage 
load cells. Technical descriptions 
and applications are provided. [422] 

Pc-board cleaning. A brochure on 
Scotch Brite products for cleaning 
printed-circuit boards is available 
from the 3M Co., Box 33600, St. 
Paul, Minn. 55133. Information on 
cleaning brushes and deburring 
wheels for pc boards is given, along 
with information on finishing flap 
brushes for pc-board finger-clean-
ing. [423] 

Product catalog. A short-form cata-
log summarizes the specifications, 
applications, and physical charac-
teristics of products manufactured 
by Analogic Corp., Audubon Rd., 
Wakefield, Mass. 01880. These in-
clude analog-to digital and digital-
to-analog converters, digital panel 
instruments, and industrial digi-
izing equipment. Additions to the 
lines are also discussed, and these 
include high-speed and low-price 
converters. [424] 

Optoelectronic components. Mon-
santo Commercial Products Co., 
3400 Hillview Ave., Palo Alto, Calif. 
94304. A short-form catalog de-
scribes the company's line of LED 
displays, discrete indicators, opto-
isolators, and solid-state relays. 
[425] 

Programable controllers. FX Sys-
tems Corp., Mt. Marion Rd., Sau-
gerties, N.Y. 12477, has issued a 
four-page brochure that describes 
the MC-16 programable controller, 
which is especially designed for 
small machines or short processes 
requiring only a limited number of 
control inputs and outputs. [426] 
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Solving a major problem in 

hybrid circuit chip assembly... 

The 1[Zio)DCON allo 

It solder-dips 
and places 
800 chips 
per hour! 
Our Model CR-10 Chip 
Assembly Robot ... a preci-
sion machine that automati-
cally places and solder-dips 
chip capacitors, IC's and 
resistors onto one or more 
substrates. 

It can handle mixed sizes 
of square or rectangular 
chips from .080" to .500" 
in the same set-up. Up to 

30 different 
chips per substrate. 

At a rate of 800 an hour... 
placing a metered amount of 
solder paste or epoxy on both 
ends of the chip. Or 1400 an 
hour if solder-dipping isn't 
required. 

How the simple, versatile Robot works. 

Vacuum chuck picks 
up chip capacitor 

from vibratory feeder. 

Chip capacitor is 
solder-dipped on 
both ends. Solder 

amount can be 
precisely metered. 

Placement is accu-
rate to .002" & 2° on 
4" x 4" area. At the 
rate of 800 or 1400 

an hour. 

With an accuracy of .002" 
and 2°, anywhere at any angle, 
on a 4" x 4" substrate area. 

That's versatility. And 
flexibility. 

Programming is a simple 
"walk-thru"... up to 60 chips 
placed per program. Pro-
grams can be permanently 
stored on a cassette for 
retrieval and later use. 
The Robot does the work 

of many assemblers and with 
consistent quality. Without 
fatigue and coffee-breaks. 

That's economy. And 
efficiency. 

For more details and/or a 
demonstration of the Chip 
Assembly Robot, call Ken 
Dixon at (213) 325-0410. Or 
write him at the address below. 

Dixon Automation, Inc. 
A Subsidiary of Excellon Industries 

23915 Garnier Street 
Torrance, California 90509 
Phone: (213) 325-0410 
Telex: 67-4562 Cable: Excellon Torrance 
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ANNOUNCING AN 
EXCITING NEW OEM 
SYSTEM COMPONENT. 

It's the MP12 Fabri-Tek's new microprocessor that 
performs like a minicomputer. The MP12 helps you get 
your application system up and running faster, easier 
and with more capability than ever before. No MOS 
microprocessor can match its performance in data ac-
quisition, automated assembly, point-of-sale and other 
dedicated digital control applications. 

Completely Operational—The MP12 CPU is a com-
pletely self-contained operational unit. All the digital 
electronics you need are built in along with 4K of 
reliable core memory, an operating console, power fail-
auto restart and more. Everything comes in a compact 
2.0" x 9.5" x 15.0" package. 

Supporting Software—You also get all the software 
you need to develop and check out your own applica-
tion programs. MP12 supplied programs are completely 
documented and include assembler, debug, loaders, 

SALES 
OFFICES IN: 

Boston 
(617) 969-5077 

Chicago 
(312) 437-4116 

Fu 

360 /370 cross-assembler, source edit utility, processor 
diagnostic and utility sub-routines. Instruction set is 
PDP -8 compatible. 

Easy Interfacing—You never had a processor so easy 
to interface. In fact, it's plug-in easy. The MP12 comes 
with all the timing and control necessary to interface 
with almost any peripheral. And it has enough power 
to drive up to 64 peripherals ... printers, teletypes, 
CRT's, card equipment, on and off-line storage devices. 

Quick Delivery, Low Price—There's a lot more you'll 
like about Fabri-Tek's MP12. Delivery and price, for 
instance. It's available for off-the-shelf delivery for as 
little as $990 in quantities of 100. It can actually help 
you cut your overall manufacturing costs. 

The MP12 could be the most useful component 
you've ever seen. For complete specifications and op-
tion information just write to MP12 at the address below. 

FAA 113 R H=TEIK INC. 
COMPUTER SYSTEMS 

5901 South County Road 18 • Minneapolis, MN 55436 (612) 935-8811 

Dallas 
(214) 661-3155 

Denver 
(303) 753-0631 

Detroit New Jersey 
(313) 487-5940 (201) 964-4770 

Long Beach Orlando 
(213) 420-2493 (305) 857-1050 

Phoenix 
(602) 266-4448 

Sunnyvale 
(408) 739-4780 

Hong Kong 
K-331383 
Munich United Kingdom 
089-755-8298 Maidenhead 37321-4 

Tokyo 
(03) 432-6901 
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Electronics advertisers July 25, 1974 

t ACDC Electronics, Inc. 61 
Rose Associates Advertising & Public Relations 

Advanced Micro Devices 67 
Keye Donna Pear'stein 

Advanced Micro Devices 10-11 
Keye Donna Pearlstein 

• AEROCOM 
Jacster Enterprises. Inc 

American Microsystems Inc. 148-149 
Wilton Coombs & CoInett Inc Advertising 

• AMP Incorporated 
Aitkin-Kynett Co Inc 

Analogic Corporation 
Sommer Agency. Inc 

• AnrItsu Electric Co., Ltd. 
Diamond Agency Co, Ltd 

$ Ansley Electronics Corp. 
S Michelson Advertising 

a$ Boums, Inc. 
Marlborough Assoc., Inc 

Brand-Rex 
Creamer, Trowbridge. Case & Basford Inc 

• Centralab Electronics Div., 
Globe-Union Inc. 
Action Communicators 

• Cinch Connectors, Operation of 
TRW Electronic Components 
Stral Advertising Company, Inc. 

• Coming Glass Works, 
Electronic Materials Dept. 
Pierce Brown Associates, Inc. 

11$ Corning Glass Works, 
Electronics Products Division 
Warner, Bicking & Fenwick, Inc. 

$ Cutler-Hammer, Inc. 
Campbell-Mithun. Inc 

• Dale Electronics, Inc., A Sub of 
the Lionel Corporation 
Swanson, Sinkey, Ellis. Inc. Advertising 

Data General Corporation 
Scab. McCabe, Sloves, Inc 

• Data Precision 
Allied Advertising Agency Inc. 

• Datel Systems, Inc. 
John Donlan Advertising 

Delta Air Lines 
Burke Dowling Adams, Inc. 

• Dialight Corporation 
Michel-Cather, Inc. 

$ Digital Equipment Corp.— 
Components Group 1D-8D 
Schneider Parker, Inc. 

Diva, Inc. 39 
Halloff & Caine 

Dixon Automation (Subsidiary 
of Excelion industries) 159 
Graham & Sparkman Advertising etcetera 

Dow Coming industrial 136-137 
Ketchum, MacLeod & Grove, Inc. 

12E 

17-2C 

75 

4E 

65 

67 

55 

62-63 

119 

55.157 

144-145 
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EDMAC Associates 
J L Newman & Associates. Inc. 

EECO 
The Greer Agency 

Electronic Arrays, Inc. 
Bonfield Associates 

• Electronic Navigation industries 
Hart/Conway Advertising— 
Public Relations 

a EL instruments, Inc. 
Langeler-Stevens Incorporated 

Emr-Telemetry 
Carol Marketing Associates 

• Erie Technological Products, Co., Inc. 
Altman Hall Associates Advertising 

$ Excelion industries 
Graham & Sparkman Advertising etcetera 

Fabri-Tek Inc. 
Midland Associates. Inc Marketing 
and Advertising Services 

▪ Fluke Manufacturing Co., John 
Bonfield Associates 

• John Fluke Mfg. Co., Ltd. 
Lennox Marketing Limited 

4th Covet 

76-77 

154 

3rd Cover 

139 

2nd Cover 

79 

163 

47 

14 

134 

152 

21 

56 

160 

105 

156 

OCA/Sunnyvale 
Moser & Associates 

• General Electric Co., Miniature Lamp Div. 
Carr Liggett Advertising, Inc. 

• General instrument Corporation, 
Semiconductor Comp. Div. 
Norman Allen Associates. Inc. 

General Radio Company 
Grad Associates 

Haitian American industrial Company 
Zone Industrielle 

$ Harris Semiconductor 
Tucker Wayne & Co 

Hermes Electronics, Ltd. 
Public & Industrial Relations Limited 

• Hewlett Packard 
Dancer Fitzgerald Sample. Inc 

▪ Hewlett-Packard 
Richardson. Seigle. Rolls 
& McCoy, Inc 

• Hewlett-Packard 
Phillips Ramsey Advertising 
& Public Relations 

• Hewlett-Packard 

▪ Hewlett-Packard 
J-• • .1:•es Advertising, Inc. 

• institute of Electrical Engineers 

Instrumentation Engineering Inc. 
Fletcher-Walker-Gessell. Inc 

Intel Corp. 
Regis McKenna. Inc 

IPT Corporation 
Rock Advertising Design 

• Isola 
Werbestudio Equipe 

Kedman Company 
Gardiner Advertising Agency 

Keithley instruments, Inc. 
Chagrin Valley Marketing Associates 

Krohn-Hite Corp. 
Impact Advertising Inc 

Utronix, Inc. 
Bonfield Associates 

Lockheed Electronics Co. 
McCann-Erickson, Inc. 

Macrodata Company 
JMR Advertising 

•• Marconi Instruments Ud. 
Russell Powell Advertising Ltd. 

• Micro Switch Division of Honeywell 
N.W. Ayer & Son, Inc. 

Mire° Systems, Inc. 
McAward Associates 

Monsanto Commercial Products Co., 
Electronic Special Products 
Advertising Promot,on ServIces 

Mostek Corporation 
David W. Evans. Inc 'Texas 

Nat'l Engineering Co., Inc. 

National Electronics 
Lea Advertising 

National Semiconductor Corp. 
Chlat 'Day Inc Advertising 

• Nelson Ross Electronics, Div. 
Polarad Electronics 
McCarthy-Scelba-DeBiasi 
Advertising Agency, Inc 

North Atlantic Industries, Inc. 
NOAT Advertising Company 

North Electric Co.— 
ElectronetIcs Div. 
Marc Associates 

• Philips Eicoma 
Brockies Communications 

• Philips N.V. Pit/T & M Division 
Brockies Communications Systems SA 

Pro-Log Corporation 
Kessler Noble Advertising 

146 

82 

51 

94-95 

157 

114-115 

32 

128-129 

2 

1 

132 

45 

65 

43 

22-23 

16 

46 

157 

135 

5 

12-13 

162 

41 

1E 

25 

141 

52 

15 

162 

74 

151 

28 

150 

156 

61 

58 

142 

• RCA Ltd. 
Marsteller Ltd. 

RCA—Solid State Division 
Marsteller, Inc. 

•$ Rental Electronics, Inc. 
Humphrey Browning MacDougall, Inc 

Schauer Manufacturing Corp. 
Nolan. Keelor & Stites 

$ SHELDAHL INC. 
Chuck Ruhr Assoc Advertising, Inc 

• Siemens A.G. Munich 
Linder Presse Union Gmbh 

Siemens Corporation 
Stetel/Raymond Advertising, Inc 

Signetics Corp., Sub. 
of Coming Glass Works 
Hall Butler Blatherwick, Inc 

e Sorensen Company, A Unit 
of Raytheon Company 
Provandie Eastwood & Lombardi. Inc 

• Sorensen Production Equipment 
Dept., Raytheon Company 
Provandie Eastwood & Lombardi. Inc 

• Spectrol Electronics Corp. 
JMR Inc 

Sprague Electric Company 
Harry P Bridge Company 

Systron Donner Concord Instruments 
Fred Schott & Associates 

2E-3E 

71, 73 

58 

44 

84 

56 

121 

26-27 

46 

6 

138 

8 

9 

• TEAC Corp. 144 
Dentsu Advertising Ltd 

• T-Bar, incorporated 70 
The Robert A Paul Advertising Agency, Inc 

▪ Tektronix, Inc. 37, 130 
McCann Erickson, Inc 

Teledyne Semiconductor 7 
Regis McKenna, Inc 

Telonic Altair 99 
Jansen Associates, Inc Marketing Services 

Teradyne, Inc. 68 
Quinn & Johnson, Inc 

Texscan Corporation 66 
Bruce Bottum Associates 

$ Thomas 8 Betts Company 
McCarthy. Scelbd DeBiasi 
Advertising Agency. Inc 

Thomas 8 Skinner, Inc. 
Bell-Catterm & Hedgecock 
Advertising, Inc 

• TRW/Capacitors 
Gray & Rogers. Inc 

• TRW, Electronic Components Division 
The Bowes Company 

• TRW Semiconductors 
The Bowes Company 

• Unitrode Corporation 
Culver Advertising. Inc 

• Woven Electronics 
Prentiss Court Advertising 

• La ZIncoceLere S.p.A. 
Studio Dr Giuliano Blei 

83 

150 

164 

48-49 

80 

31 

24 

84 

Classified & Employment Advertising 
F J Eberle, Manager 212-997-2557 

EQUIPMENT (Used or Surplus New) For Sale 
American Used Computer 158 
Philip Fishman Inc.  158 
Jensen Tool  158 
Nortron  158 
Mountain West Alarm  158 
Radio Research Instrument Inc.  158 

• For more information on complete product line see adver-
tisement in the latest Electronics Buyer's Guide 

• Advertisers in Electronics International 
Advertisers in Electronics domestic edition 
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Years ago we made a decision 
to let the other guys knock out all 
of the simple printed circuit boards 
they could make. We wanted the 
tough jobs. 

Multilayer and two-sided PCs. 
Complex drilling, printing and 
plating. 

And we wanted to do them 
better than anybody in the business. 

Since then, we've been doing 

more of the hard work than anyone. 
And delivering it on time. With 
precision and economy. 

We built a reputation on hard 
work. We're not about to take things 
easy now. 

If you've got a tough job, call us 
at (213) 722-6810 collect. Or write 
Data Products Division, 6201 East 
Randolph Street, Los Angeles, 
California 90040. 

We built a reputation on hard work. 
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Lockheed Electronics-First In Complex PCs 
il121,111P IN ELECTRONICS. 1959-1974 

Circle 162 on reader service card 

A COMPLETE 

SYNCHRO 
CONVERSION 
PRODUCT LINE 
• SYNCHRO TO DIGITAL 

• DIGITAL TO SYNCHRO 

• TWO SPEED CONVERSION 

• ANGLE POSITION INDICATORS 

• MODULAR PACKAGING 

• SYSTEMS PACKAGING 

• 10 TO 15 BIT ACCURACIES — 
SINGLE SPEED 

• SPECIAL INTERFACE CIRCUITS 

NATEL HAS DELIVERED 
ALL THESE . . . AND . . . MORE! 

' 
le 

11111•11 

FOR ECONOMY, RELIABILITY AND DELIVERY 

IN YOUR SYNCHRO CONVERSION SYSTEM— 

CALL US COLLECT FOR IMMEDIATE ACTION 

NATEL ENGINEERING COMPANY 
8954 MASON AVENUE, CANOGA PARK, CALIFORNIA 91306 
(213) 882-9620 / TWX (910) 494-1959 

Advertising Sales Stall 
Pierre J. Braucté New York [212] 997-3468 
London 01-493-1451 

Director of Marketing 

Atlanta, Ga. 30309: Joseph Lane 
100 Colony Square, 1175 Peachtree St.. N. E. 
[404] 892-2868 

Boston, Mass. 02116: James R. Pierce 
607 Boylston St. [617] 262-1160 

Chicago, III. 80811: 
645 North Michigan Avenue 
Robert W. Bartlett (312) 751-3739 
Paul W. Reiss (312) 751-3738 

Cleveland, Ohio 44113: William J. Boyle 
[716] 586-5040 

Dalias, 75201: Charles G. Hubbard 
2001 Bryant Tower. Suite 1070 
[214] 742-1747 

Denver, Colo. 80202: Harry B. Doyle. Jr. 
Tower Bldg., 1700 Broadway 
[303] 266-3863 

Detrolt, Michigan 48202: Robert W. Bartlett 
1400 Fisher Bldg. 
[313] 873-7410 

Houston, Tesas 77002: Charles G. Hubbard 
2270 Humble Bldg, [713] CA 4-8381 

Los Angeles, Callt. 90010: Robert J. Rielly 
Bradley K. Jones, 3200 Wilshire Blvd., South Tower 
[213] 487-1160 

New York, N.Y. 10020 
1221 Avenue of the Americas 
Warren H. Gardner [212] 997-3617 
Michael J. Stoller [212] 997-3616 

Philadelphia, Pa. 19102: Warren H Gardner 
Three Parkway, 
[212] 997-3617 

Pitteburgh, Pa. 15222: Warren H. Gardner 
4 Gateway Center, (212] 997-3617 

Rochester, N.Y. 14534: William J. Boyle 
9 Greylock Ridge. Pittsford. N.Y. 
[716] 586-5040 

San Francisco, Can 94111: Don Fards 
Robert J. Rielly, 425 Battery Street, 
(415] 362-4600 

Paria: Alain Offergeld 
17 Rue-Georges Bizet, 75 Paris 16, France 
Tel 720-73-01 

Geneva: Alain Off ergeld 
1 rue du Temple, Geneva, Switzerland 
Tel 32-35-63 

Unked Kingdom L Scandinavia: Keith Mantle 
Tel 01-493-1451. 34 Dover Street, London WI 

Pillen: Robert Sadel 
1 via Baracchini, Italy Phone 87-90-656 

Brussels: Alain Offergeld 
23 Chaussee de Wavre 
Brussels 1040, Belgium 
Tel: 13-73-95 

Frankfurtikteln: Fritz Krusebecker 
Liebigstrasse 27c. Germany 
Phone 72 01 81 

Tokyo: Tatsumi Katagiri, McGraw-Hill 
Publications Overseas Corporation, 
Kasumigaseki Building 2-5, 3-chome, 
Kasumigaseki, Chiyoda-Ku. Tokyo, Japan 
[581] 9811 

Osaka: Ryji Kobayashi, McGraw-Hill 
Publications Overseas Corporation. Kondo 
Bldg., 163. Umegae-cho Kita-ku, Japan [362] 8771 

Ausentaste: Warren E. Bad, IPO Box 5106, 
Tokyo. Japan 

Business Department 
Stephen R. Welter,. Manager 
[212] 997-2044 

Thomas M. Egan, 
Production Manager [212] 997-3140 

Carol Gallagher 
Assistant Production Manager [212] 997-2045 

Dorothy Cariar, Contracts and Billings 
[212] 997-2908 

Frunces vallons, Reader Service Manager 
[212] 997-6057 

Electronics Buyers' GuIde 
George F. Werner, Associate Publisher 
[212] 997-3139 

Regina Hera, Directory Manager 
[212] 997-2544 

162 Circle 180 on reader service card 



Card-Pak is our new card filing system that comes to 

you in four parts that takes (in most cases) just eight 

screws to put together. And we supply the screws. 

The four parts ore dimensioned to your order 

exactly, for card height, depth, spacing, and total 

number. Right from stock. 

If you want to get fancy, 

we can give you double-

tiered Card-Paks, single-

double combos, card 

identification strips and 

markers, connector 

supports, and card handles and ejectors. 

All from stock. 

1 

41 

Our card guides are made of Noryl, not 

nylon, for dimensional stability, and our 

metal structures are satin-

finished aluminum for 

durability, rigidity, 

light weight, and 

beauty. 

Card-Pak is 

a choice, not 

an echo. And 

we'll gladly 

send you our 

catalog. Or 

telephone (toll free) 

any G. S. Marshall Co. 

office nationwide. 

Card-Pak. From EECO. 

Eight screws 
and you've got ft 

all together. 

CARD—PAK from EE 
1441 East Chestnut Avenue 
Santa Ana, California 92701 
Phone 714/835-6000 

Also from G. S. Marshall Company nationwide. 

5 

8 

FREE CARD-PAK CATALOG 

We'll send it to you if you'll send us the 
information below. 

Name  

Position  

Company 

Address 

7 
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Tell you what we're 
not going to do. 

Sure, we know how to make cheaper capacitors. 

But not with "TRW" stamped on them. No way. Be-
cause we figure you can't make quality capacitors 

and me-too capacitors under the same roof. Not 
without one operation eventually goofing the other 

one up. 

So if it's marked "TRW," you know you're getting 
the top technology in wound—both metallized and 
film foil—and solid tantalum capacitors. 

You're also getting a pipeline to some of the best 

minds in capacitor R&D, design, QC, and appli-
cation engineering—ready to help you with any ca-

pacitance problem. From TV to aerospace. 

THE WORLD'S BIGGEST 
"LITTLE BLACK BOX 

All this will cost you a little more per capacitor. In 

return, it can help your product earn a reputation 
for "no headaches, no surprises." What better 

edge in today's marketplace? 

TRW Capacitors, an Electronic Components Divi-
sion of TRW, Inc., Box 1000, Ogallala, Nebraska 

69153. 

TRW CAPACITORS 
IS COMING YOUR WAY 
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FREEII 70 page Handbook 
u. 

ENGINEERING PRODUCT lien/BOOK 
LOW LEVEL A/1) and D/A Converters 

r7 • ANALO S 

G MULTIPLEXERS 

• SAMPLE AND HOLD 
• DC AMPLIFIERS 

ANA Loa in/Pt/ / 

• MOD'ULAR D AT A 
ACQUIS S'Y STEMS 

• V /F & F /V CON'VERTERS 

• ACTIVE FILTERS 
• POWER SUPPLIES 
• DIGIT AL P ANEL METERS 

cierrEL 

ea= 

HIGH LEVEL 
ANALOG INPUTS 

le;),srtersiNc 

LOW PASS 
ACT/VE 
FIL TER 

MULTIPLEXER 

FITd2=2" 

01:247EL 

SYSTEM PROGRAMMER 

aquae 

ease* 

POWER Steel.), 

8Pm-se-e/Es 

»SYSTEMS INC 

SAPAPI E AND HOLD 

«NM 

A/D CONVERTER 

ADC-

DIGITAL OUTPUTS 

CIATEL 
" SYSTEMS, INC 

FOREIGN SUBSIDIARIES 
ST GERMANY / DATALEK SYSTEMS GmbH-8 MUNCHEN 71 • TEL 089 178 40 45 • TELEX 5212855 

FRANCE / DATEL SYSTEMS SARL. 750 16 PARIS. FRANCE • TELE 603-06-74 / 603-05-31 
DATEL (UK) LTD • BASINGSTOKE, HAMPSHIRE. RG-24-9NT • TELE BASINGSTOKE (0256) 66721 

1020 Turnpike Street. Canton, Ma 02021 
• TEL (617) 828-8000 

• TELEX 924461 • TWX 710-348.0135 
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How to 
cut the cost of 
special resistors 
(even if you don't know what you want) 

Project costs don't have to escalate when 
you find you can't use a standard resistor. 
There are positive ways you can save money and 
time—and even come out ahead in the bargain. 

You can start cutting project costs by reducing what 
we call "visualization loss". This is the expensive 
extra time required to figure out an exact set of elec-
trical, physical, environmental and dimensional para-
meters for the special part you need. Don't go too far. 
Especially don't wait until you're com-
pletely bogged down before you ask 
Dale for help. In electrical terms, we've 
long since figured out practical ways to 
deliver resistance as low as .001 ohm... 
tolerance as low as .01%...TC as low as 
-1:5 ppm and power just as high and as 
stable as you want it to be. And we can 
put your non-standard electrical param-
eters in unique, packages that are one 
part sophistication and one part mid-

western ingenuity. Every day 
we're showing companies 

how they can bend, squeeze, 

Space-saving 
P.C. board module 

containing 3 
non-indcctive 

resistors. (Far left) 

Network with 16 quick 
couple connections 

containing 12 resistors 
from .025 ohm 50 watts to 

.1 ohm 10 watts. 

High Pulse Wattage u. 
railway safety 

resistor. Special 
housing for 

underground use. 

Circle 902 on reader service card 

Voltage 
Sensing 
Shunt... 
.05 ohm-24.5K 
ohms...20 PPM/ C. 

mill, tap, bury and inter-
connect resistors for special 
purposes. We even put in plumbing, when required. 

Your non-standard resistor may only need a different 
kind of lead or it may look like a Rube Goldberg night-
mare. Either way, you'll find Dale is unique among 
resistor suppliers in the ability to help you quickly 
visualize what you need...and to deliver a prototype 
with a minimum of design lag. We've already de-
signed and built nearly 5,000 special resistors—so 
it's quite possible we've already blueprinted the de-
sign you need. 

Call us. You'll be glad to find someone is working to 
make the basics better. 

e / 

5,000 
Watts... 

Water cooled 
.1 ohm-500K ohms. 

0.5%-5% toi. 

Send for our free 
Functional Guide to Non-Standard Resistors. 

DALE ELECTRONICS, INC. 
1300 28th Avenue, Columbus, Nebraska 68601 
A subsidiary of The Lionel Corporation 
In Canaoa: Dale Electronics Canada Ltd. 
In Europe: Dale Electronics GMBH, 

8 Munchen 60, Falkweg 51, West Germany 

A Functional Guido to 
Non-SlonOord llooneloro 



Factory prices in 
millions of dams 

Note: Estimates in 
this chat t are based un 
market data supplied by 
some 180 companies, 
trade associations, and 
government agencies. 
The estimates are for 
equipment consumed in 
a country whether manu-
factured there or not. 
Imports are valued at 
cost-insurance-freight. 

Participants were 
asked to value markets 
in local currency 
or to specify the 
exchange rate used for 
estimates in dollars. 
All estimates were 
first calculated in 
local currency, then 
converted into dollars 
at the exchange rates 
shown below. Because 
of the substantial 
changes in exchange 
rates over the past 
two years, estimates 
in this chart can he 
compared with those 
published in previous 
years only after correcting 
for currency changes. 

The rates for this 
chart (pet U.S. Si): 

Belgium, 37 francs 
Denmark, 5.7 crowns 
Finland, 3.7 marks 
France, 4.3 francs 
Italy, 565 lire 
Netherlands, 2.45 florins 
Norway, 5.4 crowns 
Spain, 57 pesetas 
Sweden, 4.2 crowns 
Switzerland, 3.05 francs 
United Kingdom, 41 pence 

(f..1 = S2.45) 
West Germany, 2.45 marks 

'Includes stand-alone 
minicomputers but not 
computers that are 
integral parts of process-
control and like systems. 

2Electronic or semi-
electronic 

European 1974 „ 
uípment markets ,s 

Consumer products, total 
Audio tape recorders and players 
Hi-fi equipment 
Phonographs and radio-phone combinations 
Radio (including car radios) 
Radio recorders 
TV sets, black-and-white 
TV sets, color 

Computers and related equipment,1 total 
Digital computers, central processors 
Digital computers, local peripherals 
Remote terminal equipment 
Analog and hybrid computers 
Electronic calculators 

Communications equipment, total 
Broadcast 
Cable TV 
Closed-circuit TV 
Intercoms and intercom systems 
Microwave relay systems 
Navigation aids (except radar) 
Radar 
Radio communications (except broadcast) 
Telephone switching, private (PAB X)2 
Telephone switching, public2 
Telephone and telegraph carrier 
Wire message 

Industrial equipment, total 
Industrial X-ray gauging and inspection 
Infrared gauging and inspection 
Machine-tool controls 
Motor speed controls 
Photoelectric controls 
Power electronics 
Process controls 
Ultrasonic cleaning and inspection 
Welding (with electronic control) 

Test and measuring instruments, total 
Amplifiers, laboratory type 
Calibrators and standards, active and passive 
Components testers 
Counters and timers 
Electronic meters, analog 
Electronic meters, digital 
Electronic meters, all panel types 
Generators and synthesizers (to 1 GHz) 
Microwave test and measuring (above 1 GHz) 
Oscillators 
Oscilloscopes and accessories 
Power supplies, laboratory type 
Recorders 
Spectrum analyzers 

Medical electronics equipment, total 
Diagnostic (except X-ray) 
Patient-monitoring 
Therapeutic (except X-ray) 
X-ray, diagnostic and therapeutic 

Total equipment consumption 

1973 1974 1973 1974 

et*l 

c4e 

,.e. e ..?. 

c• e' 4 7 c - 

1973 1974 1973 1974 1973 1974 1973 1974 1973 1974 1973 1974 1973 1974 1973 1974 1973 

148.3 174.5 129.8 139.3 48.2 65.4 839.5 942.3 259.2 280.6 303.2 345.1 
7.8 8.1 15.8 17.4 7.5 9.0 94.2 113.5 21.1 23.0 22.4 23.3 

14.9 15.9 21.4 23.5 6.0 9.0 68.6 81.4 7.2 7.9 30.6 35.5 
5.0 4.9 4.4 4.4 2.5 2.7 53.5 57.2 29.2 33.6 16.3 17.5 

12.4 16.2 14.2 14.2 2.2 2.7 133.7 132.5 46.2 49.6 34.7 38.4 
4.1 5.1 2.1 2.4 26.7 29.8 8.8 9.0 4.1 4.7 

20.3 18.9 10.5 8.8 8.0 7.0 160.5 155.8 144.8 154.9 31.8 29.8 
83.8 105.4 61.4 68.6 22.0 35.0 302.3 372.1 1.9 2.6 163.3 195.9 

55.7 
5.2 
7.4 
3.1 
6.4 
1.2 
6.5 

25.9 

64.4 178.4 208.5 285.9 301.2 133.3 144.4 1,475.1 
5.7 14.9 18.0 20.2 21.4 13.8 15.0 110.3 
8.3 4.4 5.4 35.7 42.8 11.5 13.8 36.8 
3.2 11.4 12.3 15.5 15.5 8.8 9.2 171.5 
6.3 21.0 22.3 19.0 19.0 19.0 20.0 115.2 
1.4 4.0 4.9 3.8 4.3 3.9 4.4 41.7 
5.8 121.1 122.8 15.5 14.0 12.4 11.5 142.1 

33.7 1.6 22.8 176.2 184.2 63.9 70.5 857.5 

Letty 
e<T,' 

1974 1973 1974 197 3 1974 

1,590.6 
137.8 
49.0 
196.0 
122.5 
56.3 

122.5 
906.5 

1,982.3 
122.4 
127.3 
61.2 

346.9 
89.8 

310.2 
924.5 

2,159.1 
124.5 
159.2 
67.3 

355.1 
100.0 
291.8 

1,061.2 

5,838.9 
455.6 
371.8 
382.4 
770.9 
190.2 
983.7 

2,684.3 

6,415.4 
516.7 
451.7 
423.8 
798.8 
222.3 
943.6 

3,058.5 

135.2 152.3 78.8 
63.8 70.2 41.2 
50.3 57.3 31.6 
12.2 14.6 3.2 
1.6 1.6 0.4 
7.3 8.6 2.4 

92.4 
47.4 
37.9 
3.9 
0.4 
2.8 

46.9 
23.0 
16.4 
3.5 
0.2 
3.8 

61.1 
30.0 
21.9 
4.9 
0.2 
4.1 

964.7 1,122.5 
488.3 551.2 
372.1 441.9 
46.1 58.1 
7.0 7.4 

51.2 63.9 

451.3 
238.9 
136.3 
16.8 
1.8 

57.5 

539.6 212.8 
286.7 114.3 
166.2 72.6 
18.5 10.4 
1.8 2.4 

66.4 13.1 

262.4 54.3 
134.7 33.3 
90.6 12.0 
16.3 4.6 
2.4 1.1 

18.4 3.3 

62.0 199.1 263.3 138.4 174.8 155.1 
37.0 96.5 119.3 62.4 71.4 67.2 
13.9 75.4 101.8 46.2 65.5 55.7 
5.6 19.3 31.6 16.6 23.8 11.5 
0.9 1.5 2.2 1.3 1.3 5.9 
4.6 6.4 8.4 11.9 12.8 14.8 

175.7 
76.0 
62.3 
13.8 
5.9 

17.7 

612.2 
306.2 
215.6 
46.5 
2.2 

41.7 

715.2 
343.0 
257.2 
61.2 
2.4 

51.4 

1,847.0 2,045.9 4,895.8 
898.0 980.0 2,433.1 
693.9 775.0 1,778.1 
79.6 91.6 270.3 
14.3 16.3 39.7 

161.2 183.0 374.6 

5,667.2 
2,746.9 
2,091.5 
343.9 
42.8 

442.1 

121.6 
3.6 
0.8 
3.7 
7.3 
1.9 
1.8 

10.8 
8.5 
1.6 

54.1 
23.0 
4.5 

141.3 
3.6 
1.0 
4.3 
8.5 
2.2 
1.9 

11.4 
9.7 
1.8 

64.9 
27.0 
5.0 

63.5 
1.8 
0.5 
1.0 

10.7 
2.1 

12.8 
6.7 

14.0 
0.2 
1.6 
6.0 
6.1 

67.3 
2.1 
1.0 
1.0 

11.4 
2.3 

13.0 
7.0 

14.4 
0.2 
1.6 
6.8 
6.5 

28.9 
0.9 
0.2 
0.6 
0.5 
3.5 
3.3 
2.7 
4.3 
3.3 
2.2 
5.2 
2.2 

32.4 
1.0 
0.4 
0.7 
0.5 
3.8 
3.3 
3.3 
4.8 
4.1 
2.7 
5.2 
2.6 

756.9 
34.9 

12.1 
46.5 
64.0 
69.8 

151.2 
116.3 

6.3 
9.3 

220.9 
25.6 

884.4 
34.9 
0.6 
13.2 
62.8 
74.7 
74.0 

155.8 
127.9 

9.8 
17.4 

280.7 
32.6 

230.2 
5.1 
0.1 

13.3 
4.8 
19.5 
40.7 
19.5 
21.2 
5.3 
8.8 

88.5 
3.5 

267.6 
5.1 
0.1 

16.8 
5.1 

23.0 
44.2 
23.9 
24.8 
8.8 

15.0 
97.3 
3.5 

83.8 112.4 63.5 
1.6 1.8 5.6 

0.6 
2.7 3.2 0.8 
9.2 10.2 2.6 
3.3 3.7 5.0 

12.2 13.1 12.4 
22.4 22.4 13.3 
16.9 18.4 6.7 
2.2 2.7 0.3 
3.7 26.5 0.6 
4.9 5.6 11.6 
4.7 4.8 4.0 

62.8 
3.7 
0.9 
0.9 
3.0 
5.5 

11.6 
13.0 
6.3 
0.4 
0.7 

12.6 
4.2 

156.5 173.3 99.9 108.4 66.6 
14.9 14.4 3.6 4.3 1.3 

• 0.2 0.5 
3.1 3.6 0.6 0.6 2.4 
3.8 4.3 10.0 11.0 4.4 

21.9 25.1 3.8 5.2 2.3 
12.1 13.2 19.0 19.0 5.2 
13.9 15.4 19.0 19.5 6.5 
13.1 15.2 16.7 17.8 11.5 
3.6 3.7 1.0 1.4 1.2 
• 1.7 1.2 1.8 0.5 

62.9 68.0 16.7 18.3 19.7 
7.2 8.7 8.3 9.3 11.1 

68.8 
1.6 
0.5 
2.5 
4.6 
2.5 
4.6 
6.5 

11.5 
1.5 
0.5 

19.7 
12.8 

578.8 
15.7 
7.4 
4.9 
9.8 
4.9 

93.1 
109.0 
142.1 

48.8 
93.1 
50.0 

619.0 
16.4 
7.4 
4.9 
11.3 
4.9 

98.0 
112.7 
153.1 

55.0 
98.0 
57.3 

837.6 
10.2 
51.0 
17.8 
26.5 
61.2 
79.6 

102.0 
155.1 

5.2 
2.5 

249.0 
77.5 

925.3 3,087.8 3,463.0 
12.2 99.2 101.1 
57.1 61.1 69.2 
20.4 63.0 72.1 
30.6 136.1 163.3 
67.3 193.4 220.2 
83.7 362.0 379.6 

104.1 477.0 495.0 
153.1 526.4 557.0 

5.9 30.2 40.3 
3.2 133.3 191.0 

277.5 801.5 916.7 
110.2 204.7 257.5 

61.6 
1.0 
3.9 
1.6 
6.0 
0.4 
2.1 

45.9 
0.2 
0.5 

66.5 
1.1 
4.1 
1.8 
6.4 
0.4 
2.2 

49.6 
0.3 
0.6 

33.0 
1.6 
1.3 
1.5 
3.2 
0.5 
0.8 

23.6 
0.1 
0.4 

35.7 
1.7 
1.4 
1.6 
3.4 
0.5 
0.8 

25.8 
0.1 
0.4 

24.9 
1.0 
0.5 
0.6 
4.1 
0.2 
8.2 
8.2 
0.5 
1.6 

31.5 
1.1 
0.6 
0.8 
5.5 
0.2 
9.6 

11.0 
0.5 
2.2 

153.3 
8.1 

10.5 
8.8 
5.8 
3.0 
9.3 

96.5 
3.7 
7.6 

175.1 
9.2 

11.9 
10.5 
6.6 
3.4 

10.7 
110.5 

4.2 
8.1 

104.3 
2.6 
6.5 
6.2 
5.8 
1.3 
5.0 

74.3 
0.7 
1.9 

114.0 
2.9 
7.2 
7.1 
6.5 
1.6 
5.4 

80.4 
0.8 
2.1 

78.8 
3.3 
4.6 
1.6 
8.6 
1.1 
3.3 

50.7 
3.5 
2.1 

81.0 
3.4 
4.7 
1.7 
8.8 
1.1 
3.5 

52.0 
3.6 
2.2 

28.0 
0.8 
1.0 
1.3 
1.8 
0.9 
0.9 

20.4 
0.4 
0.5 

31.5 
1.0 
1.1 
1.8 
2.1 
1.0 
1.3 

22.2 
0.4 
0.6 

29.9 
1.0 
1.3 
2.2 
4.6 
0.8 
1.7 

14.0 
0.5 
3.8 

36.6 
1.1 
1.5 
2.5 
5.1 
0.9 
2.1 

18.4 
0.6 
4.4 

66.4 73.2 42.9 
2.7 2.8 1.1 
1.0 1.0 2.1 
2.2 2.4 4.4 
6.2 6.7 5.2 
1.2 1.3 1.0 
2.5 2.7 1.6 

49.3 54.8 26.2 
0.3 0.4 0.3 
1.0 1.1 1.0 

46.2 
1.1 
2.3 
4.8 
5.6 
1.3 
1.8 

28.0 
0.3 
1.0 

168.0 
6.8 

14.7 
11.0 
13.7 
4.9 
6.1 

102.9 
1.5 
6.4 

192.7 
7.4 

16.9 
13.2 
15.7 
5.4 
7.2 

118.3 
1.7 
6.9 

436.5 
21.8 
43.7 
21.2 
25.7 
11.4 
16.3 

273.5 
4.1 
18.8 

470.2 1,227.6 1,354.2 
23.3 51.8 56.1 
46.9 91.1 99.6 
22.9 62.6 71.1 
27.8 90.7 100.2 
12.2 26.7 29.3 
17.8 57.8 65.1 

295.0 785.5 866.0 
4.3 15.8 17.2 

20.0 45.6 49.6 

19.0 
0.2 
0.7 
1.8 
3.2 
2.0 
1.0 

1.8 
0.8 
0.7 
3.0 
1.2 
1.8 
0.8 

20.8 
0.2 
0.7 
1.9 
3.6 
1.8 
1.5 

1.9 
0.9 
0.8 
3.3 
1.3 
1.9 
1.0 

13.5 
0.1 
0.2 
1.3 
1.4 
0.6 
1.3 
1.4 
1.2 
1.3 
0.2 
1.6 
0.5 
2.2 
0.2 

14.7 
0.1 
0.2 
1.5 
1.3 
0.6 
1.5 
1.5 
1.4 
1.5 
0.2 
1.7 
0.5 
2.4 
0.3 

6.0 
0.1 
0.1 
0.1 
0.4 
0.4 
0.4 
0.4 
0.9' 
0.4 
0.1 
1.5 
0.1 
0.9 
0.2 

7.4 
0.1 
0.1 
0.2 
0.5 
0.4 
0.5 
0.4 
1.1 
0.5 
0.1 
1.7 
0.2 
1.3 
0.3 

109.4 
2.8 
4.1 
8.7 
7.0 
3.9 
6.4 
3.2 
9.3 
8.4 
6.9 

23.3 
6.3 

16.3 
2.8 

120.0 
2.8 
4.1 
10.5 
7.7 
4.1 
7.0 
3.6 

10.2 
9.3 
7.6 

25.8 
6.7 

17.2 
3.4 

39.8 
0.2 
0.6 
2.6 
2.7 
1.0 
2.5 
2.6 
2.5 
6.0 
1.0 
8.6 
1.6 
7.0 
0.9 

45.9 
0.2 
0.7 
3.0 
3.1 
0.8 
3.3 
2.8 
3.0 
6.5 
1.0 
9.6 
3.0 
7.8 
1.1 

50.2 
1.1 
3.1 
3.8 
3.5 
2.2 
2.4 
0.8 
4.1 

10.2 
1.6 
6.1 
1.6 
7.3 
2.4 

55.2 
1.1 
3.1 
4.5 
3.7 
2.0 
2.7 
1.0 
4.7 
12.2 
1.6 
6.7 
1.7 
7.6 
2.6 

11.0 
0.1 
0.5 
0.7 
0.6 
0.6 
0.4 
0.2 
0.7 
2.0 
0.4 
1.5 
0.6 
1.6 
1.1 

12.3 
0.1 
0.5 
0.8 
0.7 
0.6 
0.6 
0.2 
0.8 
2.3 
0.4 
1.6 
0.7 
1.8 
1.2 

13.2 
0.1 
0.4 
0.7 
0.8 
1.6 
1.8 
1.5 
1.2 
0.8 
0.4 
1.3 
0.5 
1.4 
0.7 

15.5 
0.1 
0.5 
1.0 
0.9 
1.8 
2.0 
1.8 
1.4 
1.0 
0.5 
1.5 
0.6 
1.6 
0.8 

20.6 
0.3 
0.3 
2.5 
2.5 
0.6 
1.2 
2.1 
2.8 
0.9 
0.3 
4.3 
0.7 
1.1 
1.0 

22.1 
0.3 
0.4 
2.7 
2.5 
0.6 
1.4 
2.3 
3.1 
0.7 
0.3 
4.8 
0.7 
1.2 
1.1 

21.0 
0.6 
1.0 
0.8 
1.1 
0.3 
1.1 
2.6 
2.1 
0.6 
0.7 
4.1 
0.6 
4.3 
1.1 

22.6 
0.6 
1.0 
0.8 
1.3 
0.3 
1.2 
2.6 
2.2 
0.7 
0.7 
4.4 
0.7 
4.8 
1.3 

83.4 
1.2 
3.3 
2.0 
6.1 
4.9 
7.4 
3.4 
4.9 
6.4 
3.4 

17.6 
3.9 

14.7 
4.2 

90.0 
1 2 
3.4 
2.2 
6.6 
5.1 
7.8 
3.6 
5.5 
6.8 
3.7 

19.2 
4.2 
15.9 
4.8 

131.6 
2.6 
4.6 
5.1 
8.8 
3.7 
6.5 
6.9 
9.0 

13.7 
5.3 

26.5 
8.2 

28.9 
1.8 

139.0 518.7 565.5 
2.4 9.4 9.2 
5.1 18.9 19.8 
5.5 30.1 34.6 
9.2 38.1 41.1 
3.8 21.8 21.9 
6.9 32.4 36.4 
7.4 25.1 27.2 
9.7 40.5 45.0 

14.1 51.5 56.5 
5.7 21.0 22.6 

29.4 99.4 109.7 
8.4 25.8 28.7 

29.4 87.5 92.9 
2.0 17.2 19.9 

13.1 
2.2 
1.2 
1.2 
8.5 

14.2 
2.4 
1.4 
1.3 
9.1 

7.8 
3.2 
0.8 
0.6 
3.2 

8.8 
3.6 
0.9 
0.8 
3.5 

13.0 
4.4 
1.9 
1.7 
5.0 

16.2 
5.5 
2.5 
1.9 
6.3 

83.2 
16.5 
8.1 
3.8 

54.8 

92.1 
18.1 
9.3 
4.2 

60.5 

35.5 
7.4 
4.2 
1.8 

22.1 

40.3 20.7 
8.5 3.7 
5.0 3.5 
2.0 1.7 

24.8 11.8 

22.1 
3.8 
3.6 
1.9 

12.8 

5.9 
2.3 
0.7 
0.7 
2.2 

6.8 26.7 
2.6 7.5 
0.8 2.1 
0.8 1.5 
2.6 15.6 

32.0 
9.2 
2.5 
1.8 

18.5 

27.4 27.6 13.3 
6.0 6.0 2.6 
0.5 0.7 0.9 
1.9 1.9 0.8 

19.0 19.0 9.0 

14.1 
2.9 
1.0 
0.9 
9.3 

23.4 
2.9 
0.2 
0.7 

19.6 

26.4 
3.2 
1.2 
0.7 

21.3 

186.4 
17.1 
18.0 
10.5 

140.8 

219.0 456.4 519.6 
19.6 75.8 85.4 
22.4 42.1 51.3 
12.1 26.9 30.3 

164.9 311.6 352.6 

498.8 569.6 326.4 358.2 167.9 214.0 2,907.0 3,336.4 1,120.3 1,288.0 749.5 878.2 218.4 239.8 603.8 729.2 638.6 707.3 432.2 471.8 2,940.9 3,233.9 5,421.4 5,958.5 16,025.2 17,984.9 
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IOW 1973 1974 1973 1974 1973 1974 1973 1974 1973 1974 1973 1974 1973 1974 1973 1974 1973 1974 1973 1974 1973 1974 1973 1974 1973 1974 

Passive and electromechanical, total 85.0 100.2 64.7 69.1 26.1 32.3 639.8 706.0 168.3 185.8 135.5 142.2 34.0 Z7.3 59.1 66.2 117.1 125.8 ., 83.3 92.5 617.5 673.0 1,174.6 1,263.7 3,205.0 3,494.1 
Antennas and antenna hardware 2.4 2.8.6.0 6.6 0.9 1.1 36.0 43.2 6.8 7.4 5.3 6.0 1.7 1.9 4.4 4.9 4.2 4.6 4.3 4.7 39.2 43.0 61.6 64.0 172.8 190.2 
Capacitors, fixed 12.0 13.6 1.0 11.0 5.3 6.5 86.0 94.6 35.4 37.9 17.3 17.8 5.6 5.9 14.9 16.9 22.6 25.0 12.4 13.7 109.0 120.1 200.0 216.3 531.5 579.3 
Capacitors, variable 2.7 3.1 1.0 1.1 0.4 0.5 5.1 5.3 5.1 5.5 2.0 2.1 0.5 0.5 3.3 3.0 5.0 5.2 ' 0.8 0.9 6.4 6.6 15.5 17.3 47.8 51.1 
Connectors, plugs, and sockets 4.3 4.9 3.0 3.3 2.0 2.7 75.6 82.1 15.0 16.8 6.9 7.5 2.2 2.6 4.0 4.2 6.2 6.9 5.8 7.0 68.6 71.1 38.6 41.4 232.2 250.5 
Crystals and crystal filters 1.9 2.1 .1.1 1.2 0.4 0.5 7.0 7.4 2.6 3.0 2.2 2.4 0.7 0.9 0.8 1.0 2.6 2.7 - 2.1 2.5 11.0 12.1 14.3 15.9 46.7 51.7 
Delay lines 1.8 1.6 1.5 1.5 0.6 0.8 3.5 4.0 0.5 0.6 2.4 2.0 0.4 0.5 0.1 0.3 0.9 1.0 0.8 0.8 5.4 6.1 6.9 6.9 24.8 26.1 
Displays (except solid-state devices) 0.3 0.4 .2 0.3 0.4 0.5 6.3 6.7 0.8 0.9 1.1 1.2 0.1 0.1 0.1 0.2 0.3 0.4 0.3 0.3 2.4 2.7 9.4 10.4 21.7 24.1 
Ferrite devices (except TV yokes and flybacks) 3.2 3.4 1.0 1.0 0.6 0.6 14.0 14.9 5.7 6.9 5.3 5.9 1.0 1.1 2.1 2.8 1.3 1.4 ' 3.6 3.9 11.0 12.7 32.7 34.9 81.5 89.5 
Filters and networks (except crystal) 1.2 1.4 1.4 1.4 0.1 0.1 7.4 8.0 2.2 2.4 1.7 1.5 1.0 1.1 0.8 1.0 3.6 3.9 0.7 0.7 4.2 4.4 8.2 9.0 32.5 34.9 
Loudspeakers, OEM type 4.7 5.2 7.0 7.6 1.9 2.7 10.5 11.8 6.3 6.8 7.9 6.5 2.0 2.1 2.2 2.2 5.8 6.1 1.5 1.6 17.6 19.4 25.3 26.6 92.7 98.6 
Microphones, OEM type 1.1 1.2 ,1.4 1.4 0.1 0.1 2.3 2.6 0.4 0.4 1.7 1.8 0.1 0.1 0.3 0.5 1.4 1.5 0.4 0.4 4.6 4.9 17.1 18.8 30.9 33.7 
Potentiometers, composition 3.2 3.8 

.. 
3.4 3.6 1.0 1.2 11.2 12.8 8.8 11.1 5.3 5.5 1.6 1.7 -3.5 4.0 2.9 3.2 2.1 2.5 16.6 19.4 69.7 75.8 129.3 144.6 

Potentiometers, wirewound 0.7 0.8 0.8 0.9 0.6 0.8 8.1 9.5 1.1 1.2 1.2 1.3 0.4 0.4 11.6 0.7 1.4 1.6 0.6 0.6 12.7 14.7 16.3 18.3 44.5 50.9 
Power supplies, OEM type 3.9 4.4 2.2 2.4 1.6 1.9 32.6 35.3 4.2 4.4 6.6 7.1 1.9 2.0 2.0 2.2 4.3 4.6 2.6 3.0 28.4 30.3 35.1 37.6 125.4 135.1 
Printed circuits 9.4 12.8 2.8 3.0 1.4 1.6 57.7 62.8 16.9 18.8 14.5 16.0 2.4 2.6 1.7 1.9 5.7 6.4 8.1 10.4 30.6 34.3 80.0 86.0 231.2 256.6 
Relays 6.0 7.0 4.2 4.5 > 0.4 0.4 48.8 55.8 12.9 13.8 12.5 14.0 3.0 3.4 4.5 5.0 15.4 14.9 5.7 6.1 51.5 57.6 71.4 77.6 236.3 260.1 
Resistors, fixed 6.8 9.5 3.8 4.1, 1.7 2.0 41.9 46.0 9.7 9.9 10.5 11.4 2.1 2.3 2.9 3.1 7.1 7.8 5.7 6.1 40.9 44.1 69.4 75.8 202.5 222.1 
Resistors, nonlinear 0.7 0.8 0.4 0.4: 0.3 0.4 5.6 6.5 0.4 0.5 0.8 0.9 0.3 0.3 1.1 1.2 0.6 0.6 0.6 0.6 5.6 6.1 10.0 11.0 26.4 29.3 
Servos, synchros, resolvers 0.9 1.0 0.5 0.6 ̀  0.1 0.1 8.1 8.8 2.5 2.6 1.6 1.9 0.3 0.4 1.0 1.0 1.1 1.2 2.1 2.3 15.7 17.6 28.6 31.4 62.5 68.9 
Solenoids and fhp motors 4.4 4.8 2.6 2.9 , 1.4 1.5 100.0 108.8 11.8 12.6 11.2 12.3 0.6 0.6 .3.4 4.0 6.0 6.5 10.7 11.4 79.6 86.7 249.0 263.9 480.7 516.0 
Switches (for communications and electronics) 4.4 5.0 2.4 2.6 1.9 2.4 20.9 22.8 4.2 4.6 5.3 5.7 2.0 2.2 1.4 1.6 6.9 7.7 : 3.3 3.6 17.3 18.7 42.0 45.8 112.0 122.7 
Transformers, chokes, coils, TV yokes, 

and flybacks 9.0 10.6 7.0 7.7 3.0 4.0 51.2 56.3 15.0 17.7 12.2 11.4 4.1 4.6 4.0 4.5 11.8 12.6 ' 9.1 9.4 39.2 40.4 73.5 79.0 239.1 258.2 

Semiconductors, discrete, total 14.8 18.6 14.5 16.8 7.5 9.5 117.7 126.5 49.5 56.3 18.1 20.3 8.3 8.9 16.1 17.2; 13.7 14.5 14.9 17.9 135.8 152.5 272.4 296.7 683.3 755.7 
Microwave diodes, all types 0.4 0.4 0.3 0.3 0.1 0.7 2.1 2.2 1.1 1.6 0.7 0.7 0.2 0.3 0.2 0.1 0.3 0.3 . 0.5 0.5 2.4 3.0 3.1 3.6 11.4 13.8 
Rectifiers (including diodes rated 

more than 100 mA) 1.7 2.4 2.9 3.3 2.0 2.2 20.2 22.1 8.3 9.8 2.7 2.9 1.1 1.2 3.ai 2.0 2.0 . 1.5 1.7 20.1 22.8 37.6 43.2 103.7 117.5 
Signal diodes (rated less than 100mA, 

including arrays) 2.0 2.8 1.7 1 1.9 ; 0.5 0.7 8.6 9.3 3.1 3.2 2.5 2.9 0.8 0.8 2.1 2.3- 1.7 1.9 .. 2.5 2.8 11.0 11.8 30.6 32.4 67.1 72.8 
Thyristors (SCRs, four-layer diodes, etc.) 1.6 1.9 1.4 1.6 0.4 0.6 11.2 11.6 4.1 4.5 2.5 2.9 0.6 0.6 

13.6 

1.2 1.3 1.5 1.5 ' 2.0 2.2 10.5 11.0 26.5 28.6 63.5 68.3 
Transistors, power (more than 1-W dissipation) 3.0 3.5 2.6 2.9 1.5 2.2 23.3 24.4 10.7 13.4 3.5 4.1 1.5 1.7 1.5 1.e 2.5 2.8 3.8 4.6 29.4 34.3 44.9 49.4 128.2 144.9 
Transistors, small-signal 

(including FETs and duals) 5.5 7.0 5.5 5.9 2.7 2.7 42.3 44.2 17.7 18.8 5.5 6.1 3.4 3.5 6.0 6.2: 4.5 4.8 ' 3.8 5.3 52.2 57.1 102.0 107.1 251.1 268.7 
Tuner varactor diodes 0.3 0.3 - 0.1 0.1 3.0 4.6 1.9 2.2 0.4 0.3 0.2 0.2 _ 0.5 0.6' 0.5 0.5 " * 2.4 3.4 10.8 12.4 20.1 24.6 
Zener diodes 0.3 0.3 0.1 0.2 0.3 7.0 8.1 2.6 2.8 0.3 0.4 0.5 0.6 1.0 1.1 0.7 0.7 0.8 0.8 7.8 9.1 16.9 20.0 38.2 45.1 

Semiconductors, integrated circuits, total 8.1 13.2 3.7 5.2 ' 2.0 3.8 60.6 79.0 25.2 32.6 12.7 15.7 3.7 4.9 4.2 6.0 8.8 12.8 10.3 13.0 79.5 100.0 135.2 175.3 354.0 461.5 
Hybrid ICs, all types 0.7 1.0 0.6 0.7 " 0.1 1.4 8.1 8.9 2.6 3.2 2.7 3.3 0.3 0.4 0.8 1.2 0.6 1.2 1.3 1.6 12.2 14.7 15.1 17.3 45.1 54.9 
Digital logic circuits, bipolar 2.6 4.3 0.8 0.9 ≥ 0.2 0.4 23.0 26.0 9.2 9.5 4.9 6.1 1.1 1.5 1.2 1.5 4.0 5.0 , 3.6 4.3 24.5 27.0 48.2 53.0 123.3 139.5 
Digital logic circuits, MUS and C-MOS 0.8 1.2 0.4 0.5 * 0.1 5.0 7.4 1.8 2.5 0.4 0.7 0.6 0.7 0.3 0.4 0.3 0.6 ',' 1.1 1.6 6.9 9.6 10.6 14.8 28.2 40.1 
Digital memory circuits, bipolar 0.3 0.5 0.2 0.2 ,1̀ * 0.1 1.9 3.3 0.9 1.7 0.2 0.4 0.4 0.5 0.5 0.7 0.5 0.7 ,' 0.5 0.8 1.4 2.0 3.3 5.9 10.1 16.8 
Digital memory circuits, MUS and C-MUS 0.7 1.1 0.3 0.4 ''. 0.2 0.3 4.9 8.4 2.3 4.6 0.7 1.1 0.2 0.4 0.3 0.4 1.2 2.4 ' 0.8 1.2 4.4 6.1 6.5 10.8 22.5 37.2 
Digital special circuits, bipolar and MUS 0.9 1.8 0.5 0.9 - - 3.7 6.4 0.7 0.9 - - 0.1 0.1 0.2 0.3 0.5 1.0 0.4 0.5 5.6 8.3 7.3 14.0 19.9 34.2 
Linear ICs (except op amps) 1.2 2.0 0.5 1.2 ':: 1.1 1.1 9.3 12.8 6.4 8.8 2.0 2.1 0.8 1.0 0.7 1.2 1.1 1.3 : 2.2 2.5 18.4 24.5 35.5 49.7 79.2 108.2 
Op amps, monolithic only 0.9 1.3 0.4 0.4!› 0.4 

-, 
0.4 4.7 5.8 1.3 1.4 1.8 2.0 0.2 0.3 0.2 0.3 0.6 0.6 0.4 0.5 6.1 7.8 8.7 9.8 25.7 30.6 

Semiconductors, optoelectronic, total 1.0 1.0 0.7 0.8 i 0.6 0.8 4.1 6.1 2.4 2.8 1.0 1.2 0.2 0.2 * 0.3 0.4 0.6 0.4 0.6 9.5 13.4 10.2 14.3 30.5 42.1 
Circuit elements (photoconductive cells, 

photodiodes, phototransistors, isolators, etc.) 0.8 0.8 0.2 0.2 0.1 0.2 2.3 3.3 1.9 2.2 0.5 0.6 0.1 0.1 0.2 0.2 0.3 0.2 0.3 2.9 4.2 5.9 8.3 15.1 20.7 
Display devices (light-emitting diodes, i 

LED arrays) 0.2 0.2 0.4 0.5 '. 0.4 0.5 1.4 2.3 0.5 0.6 0.4 0.5 0.1 0.1 0.1 0.2 0.3 0.2 0.3 6.1 8.6 3.7 5.3 13.6 19.3 
Photovoltaic (solar) cells 0.1 0.1 ', 0.1 0.1 0.4 0.5 - - 0.1 0.1 * * 0.5 0.6 0.6 0.7 1.8 2.1 

Tubes, total 51.4 69.2 22.2 24.7 17.1 22.9 212.5 236.5 91.7 103.9 24.0 23.2 12.3 14.9 20.9 24.0 40.6 43.1 , 4.1 15.0 306.6 311.4 , 405.9 415.0 1,219.3 1,303.8 
Tubes, cathode-ray (except for TV) 0.1 0.1 0.4 0.4 0.3 0.4 11.4 12.6 2.0 3.4 1.8 2.1 0.1 0.2 0.5 0.6 0.6 0.7 .; 0.5 0.6 11.8 13.0 5.1 5.6 34.6 39.7 
Tubes, optoelectronic 0.8 0.9 3.4 3.4 *; 1.2 1.4 13.2 14.2 3.0 3.6 0.6 0.7 * 0.1 0.2 0.2 0.6 0.7 '.' 3.2 3.5 14.7 17.1 7.1 7.5 48.0 53.3 
Tubes, power types (including microwave) 3.8 4.6 1.9 1.6 0.6 0.7 38.4 40.5 16.8 17.9 6.5 7.3 1.3 1.4 2.6 2.8 6.2 6.6 : 3.9 4.1 32.1 33.6 28.8 30.1 142.9 151.2 
Tubes, receiving types 3.5 2.8 0.5 0.5 ¡ 1.4 1.4 19.8 18.1 8.5 7.5 6.1 4.1 1.2 1.1 6.1 5.8 2.0 1.8 :: 2.6 2.6 27.0 23.8 24.1 19.6 102.8 89.1 
TV picture tubes, black-and-white 10.8 9.4 7.8 7.8 ! 1.4 1.4 25.1 23.2 38.9 40.0 9.0 9.0 0.8 0.6 11.5 12.1 1.2 1.2 , 0.6 0.3 25.0 15.9 34.7 30.8 166.8 151.7 
TV picture tubes, color 32.4 51.4 8.2 11.0 ' 12.2 17.6 104.6 127.9 22.5 31.5 - - 8.9 11.5 -• 2.5 30.0 32.1 ' 3.3 3.9 196.0 208.0 306.1 321.4 724.2 818.8 

Total components consumption 160.3 202.2 105.2 116.6 All Gq 1 1 034 7 1 164 1 337 1 321 4 121 3 202 6 58.5 66.2 100.3 113.7 120 R 1qR R .23 n 132 0 1 142 21 7G(1 3 1 2211 1 7 1A6 0 6 427 1 A I1G7 2 
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Factory prices in millions 
of dollars 

Note: Estimates in this chat t 
are based oil market data 
supplied to Electronics by 
more than 180 companies, 
trade associations, and 
government agencies. The 
figures show consensus 
forecasts for consumption 
of components used to 
produce equipment 
destined for both home 
and export markets. 

Participants were asked 
to value markets at 
factory prices (or cost-
insurance-freight for 
imports) in local 
currency or to specify 
the exchange rate used 
for estimates in dollars. 
All forecasts were first 
calculated in local 
currency, than converted 
into dollars at the 
exchange rates shown 
below. Because of the 
substantial changes in 
exchange rates over the 
past two years, estimates 
in this chart can be 
compared with those 
published in previous years 
only after correcting 
for currency changes. 

The rates for this chart 
(per U.S. Si): 

Belgium, 37 francs 
Denmark, 5.7 crowns 
Finland, 3.7 marks 
France, 4.3 francs 
Italy, 565 lire 
Netherlands, 2.45 florins 
Norway, 5.4 crowns 
Spain, 57 pesetas 
Sweden, 4.2 crowns 
Switzerland, 3.05 francs 
United Kingdom, 

41 pence (11: S2.45) 
West Germany, 2.45 marks 

*Less than S75,000 



More than 
6,000,000 good reasons... 

To insist on RCA Rectifiers and 
SCR's for your fast-switching 
applications. 

If you have an immediate need 
for fast-switching devices, come to 
RCA where large quantity production 
of quality products is a way of life. 

We produced over six million 
fast-switching thyristors for TV pro-
duction during the past twelve months 
...and millions of fast-switching 
rectifiers and SCR's for other industry 
needs during the same period. 

These low cost dependable 
devices represent a lot of good 
reasons why you should insist on 
RCA Thyristors and Rectifiers. 

Want more good reasons? 
RCA offers a large selection of 

fast-switching devices for your most 
demanding applications. High-speed 
inverters, choppers, high-current 
pulse circuits, or "free-wheeling" 
diode circuits ...whatever your needs 

are...you'll find the right SCR or 
rectifier to match your circuit design. 

RCA's all-diffused SCR's bring 
you the best combination of features... 
O fast turn-off time 
El high di/dt and dv/dt 
III high peak current capability 
Dexceptional uniformity and 

stability of characteristics 
Match this combination with 

RCA's fast recovery rectifier features... 
• low reverse-recovery current 
III low forward-voltage drop III low 
thermal-resistance design ...and you 
can rest assured that your equipment 
is backed by the industry's leader 
in fast-switching technology. 

No need to be concerned about 
quantity, availability, or cost. RCA 
fast-switching devices are available 
in quantity...at prices you can afford. 

Want more information? Write: 
RCA Solid State, Section 70L-20, 
Box 3200, Somerville, N.J. 08876. 
Or phone: (201) 722-3200, 

Fast Switching SCR's 40555 S3704 S5210 2N3653 2N3658 

Package TO-66 TO-66 e stud TO-48 TO-48 

IR MS 5 amps 5 amps 10 amps 35 amps 35 amps 

TOFF (Microseconds) 2-6 6-10 5-10 10-15 6-10 

1K Price: 
200V 1.67 .90 3.00 7.24 

, 
789 

600V 289 1 30 12 20 15 60 17.20 

Fast Recovery Rectifiers TA7895 44938 43884 43894 43904 40960 

Package DO-26 DO-15 DO-4 DO-4 DO-5 DO-5 

'AV 1 amp 1 amp 6 amps 12 amps 20 amps 40 amps 

TRR (Nanoseconds) 50-500 150-500 150-350 150-350 150-350 150-350 

1K Price: 
200V .44 .42 1.79 242 3.20 3.40 

600V _ .72 66 313 437 6.00 670 

I1 Solid 
State 

products that make products pay oft 
International: RCA. Sunbury on Thames. U.K., or Fuji Building, 7-4 Kasumigesek 3.Chome, Chiyoda-Ku, Tokyo, Japan. In Canada: RCA Limited, Ste. Anne de Bellevue 810, Canada. 
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The CRT display 
isn't really obsolete. 
DIGIVUE just makes 

it look that way. 

And Design Adaptability Is One 
Reason Why ... 
Digivue is the plasma display 
device from Owens-Illinois that 
delivers computer-generated alpha-
numeric and graphic displays at 
microsecond speeds. Digivue pro-
vides drift-free images, selective 
write/erase, inherent memory, 
hard copy printout potential, rear-
projection capability. 

Digivue units are flat panel de-
vices with panel depth independent 
of display size. Depth of panel and 
case for the 512-60 Digivue unit is 
a slim 7 inches, allowing for a 
variety of installation possibilities— 
in desks, drawers, walls, and 
physical cornpatability with a 
variety of drive systems. 

The bulky, boxy CRT display just 
can't match that kind of style. 

If you'd like to know more about 
the next generation in display 
systems, take a look at tomorrow— 
take a look at Digivue. 

Call or write: 
Electro/Optical Display Business 
Owens-Illinois, Inc. 
P.O. Box 1035, Toledo, Ohio 43666 
(419) 242-6543 Ext. 66-415 

03 

Simula graphics on screen. 



Technical articles 

Digital-IC models for computer-aided design 

Part 2: Tl L flip-flops 

When based on functionally equivalent circuits, 

computer models for a D-type flip-flop and a multiple-input 

J-K master/slave device need not be complicated 

by John R. Greenbaum and Wayne A. Miller, General Electric Co.. Syracuse. N.Y. 

C Flip-flops are medium-scale integrated curcuits that 
can be modeled very simply, just like NAND gates [Elec-
tronics, Dec. 6, p.121], by developing a black-box 
equivalent circuit. The model given here for a D-type 
flip-flop is based on the T-ri 9774 dual flip-flop, and the 
model for a J-K master slave device is based on another 
TTL unit, the radiation-hardened RSN54L72 flip-flop. 

Modeling the D-type flip-flop 

The 9774 D-type flip-flop (Fig. 1) is an edge-triggered 
device that accepts independent preset (SET) and clear 
(CRS) inputs, as well as clock (CK) and data (D) signal 
inputs. Information is transferred to its complementary 
outputs (Q and QB) on the positive-going edge of the 
clock pulse. Clock triggering occurs at a certain voltage 
level of the clock pulse (approximately 1.5 volts) and is 
not directly related to the transition time of this pulse's 
leading edge. After the clock threshold voltage is 
reached, any change in the input data is locked out until 
the next clock pulse. 
The truth table in Fig. 1 defines the input/output 

relationships for the flip-flop when its clear and preset 
signals are high (logic 1) and, therefore, not controlling 
the device's performance. The table of electrical charac-
teristics lists those specifications that are significant to 
the computer model. The flip-flop's propagation-time-
delay relationships for the clock and data signals, as 
well as those for the clear and preset signals, are also 
given in the figure. 
The computer model for the D-type flip-flop is shown 

in Fig. 2, along with the model descriptions for the 
Sceptre (System for Circuit Evaluation and Prediction 
of Transient Radiation Effects) analysis program and 
the Circus-2 (CIRCUit Simulator) analysis program. 
The subprograms for establishing the proper logic out-
put signal levels and delay characteristics are also 
shown. The clock (CK), preset (SET), clear (RS), and 
data (D) voltages are defined as the input signals to the 
model. The required device propagation delays are con-
trolled by time constants RI-CI and R2-C2 for outputs 
Q and QB, respectively. 

In the model, the signal input impedances are repre-

sented as zero-valued current sources (JD, JRS, JS, 
JCK), implying that the input signal terminals have in-
finite impedances, which is a reasonable first-order ap-
proximation. For better accuracy, the input current 
sources can be modeled in diode-equation format or as 
tables of functions of current versus applied voltage. 
The voltage associated with dependent source El is 

determined by the subprogram for function FEI, which 
establishes the value of El to agree with the truth table 
in Fig. I. If either the set or reset input signal is logic 0, 
all other performance conditions are overridden—volt-
age El is made equal to logic I for a logic 0 set input or 
equal to logic I for a logic 0 reset input. But if either the 
set or reset signal is logic I, the function FEI then con-
trols all other performance conditions. 
To assure that the flip-flop triggers on the leading 

(positive-going) edge of the clock pulse, the function 
FEI monitors the clock signal. When the clock signal 
voltage is less than or equal to the preceding observa-
tion, the signal level associated with voltage El is not 
changed. When the clock signal voltage is greater than 
its preceding value, it is tested to determine whether it 
lies between a logic 0 level of 0.8 v and a logic 1 level of 
2.0 V (since the clock pulse is effective only within this 
voltage range). If the clock level falls between these lim-
its, the signal at the data input terminal is transferred to 
the output stage of the model. 
Once it has been determined that the clock voltage is 

a positive-going signal and within the prescribed range, 
the subprogram for function FEI evaluates the voltage 
level of input signal D. If this input is logic 1, voltage El 

This article is the second in a five-part series on sim-
plified, but accurate, computer models for common 
digital ICs. The models are developed on the basis of 
device terminal behavior, instead of by the classical 
method of modeling every transistor and diode junc-
tion in the IC. The NAND gate was covered in Part 1 in 
the Dec. 6 issue, the flip-flop is dealt with here, and 
the monostable multivibrator, the AND/OR inverter, 
and the shift register will be in upcoming issues. 
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SET 

0 D-TYPE FLIP-FLOP 

TRUTH TABLE 

tn 

INPUT 

D 

o 

1 

OUTPUT 

o 

1 

Ô 

1 

o 

tn = bit time before clock pulse 

= bit time after clock pulse 

ELECTRICAL CHARACTERISTICS 

Parameter Minimum Typical * Maximum 

V, n111 Input voltage required to ensure logic 1 at any input terminal 

Vim()) Input voltage required to ensure logic 0 at any input terminal 

Vont o) Logic 1 output voltage 

Vont (0) Logic 0 output voltage 

fciock Maximum clock frequency 

tsetnn Minimum input setup time 

tho ld Minimum input hold time 

411 Propagation delay time to logic 1 level from clear or preset to output 

tpd0 Propagation delay time to logic 0 level from clear or preset to output 

tpdi Propagation delay time to logic 1 level from clock to output 

tpd9 Propagation delay time to logic 0 level from clock to output 

2.0 V 

2.4 V 

15.0 MHz 

3.5 V 

0.1 V 

25.0 MHz 

15.0 ns 

2.0 ns 

0.8 V 

0.4 V 

20.0 ns 

5.0 ns 

25.0 ns 

40.0 ns 

10.0 ns 14.0 ns 25.0 ns 

10.0 ns 20.0 ns 40.0 ns 

Positive logic: Low input to preset sets Oto logic 1. 
Low input to clear sets Oto logic 0. 
Preset and clear are independent of clock. 

'All typical values are at Vcc = 5 V. ta = 25°C. 

CLOCK 
INPUT 

D INPUT 
(PULSE AI 

o INPUT 
(PULSE B) 

1:1 OR 0 
OUTPUT 

Q OR 
,OUTPUT 

11-Pi le- -01 1'4- t1 0 

1.5V 
2.7 27V 
1 5  

07V 

Vgen 

0 
-11 it 14- !.- IP - el -II 14- to 

I  2.7 V ''Irlis21..7 V 
1.5 V 
n 7v  

p 

tsetup 1,1 ir . 11101d 
1414 I . édi 1p 11,1 

2.7 V 2.7 V V9en 
1.5 V 1.5 V 
0.7V n 7 V I 

0 
il -al 14-to ( 1 -*I 14-

1 

5 v 
tpdo 

tpd 

fri v 

o 

Vnut 11 I 

ut 101 

-- %loot 

V01,1101 

CLEAR INPUT 
PULSE 
GENERATOR 

"-t° 
1.5V 
0 7V  

2.7 V 

14- tp (clear 1 

-104 14- to 

PRESET INPUT 
PULSE 
GENERATOR 

0 OUTPUT 

CI OUTPUT 

tp(i0 

-*I 1'01 M-

1.5 V 1.5 v/i"- 
0.7 V -. 

tp ipreset) - 04 

tpdl 

1.5 V 

-01 le- tpd0 

-4- 1 5 V 

Vgen 

o 

vgen 

O 

Vow 11) 

Vow (0) 

Vout 

- - %/nu 110) 
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0 D-TYPE FLIP-FLOP 

CK 

SET 

RS 

D 

JD JRS is JCK 

MODEL 

0 RI CI 0R3 
El 

Cl 
E3 J(1 

C2 

E2 E4 JOB 

R2 0 0 R4 

FOR SCEPTRE: El = f(FE1), Cl = f(FCAP1), E3 f(VC1) 
E2 = flE11, C2 = f(FCAP1), E4 f(VC2) 

FOR CIRCUS-2: VI = f(FEI), RI = f(RR72), V3 = f(V.C1) 
V2 = f(V1), R2 = f(RR72), V4 = f(V.C2) 

SCEPTRE DESCRIPTION 

MODEL 9774 (CK—D—SET—RS—Q—QB—GND) 
D FLIP FLOP 

ELEMENTS 
JCK,CK—GND = 0. 
JS,SET—GNO = 0. 
JRS,RS—GNO = 0. 
JD,D—GND = 0. 
.10,0—GU = 0. 
JQB.QB—GNO = 0. 
EI,GND-1 = Ql(VJS,VJRS,VJCK,VJD,TIME) 
R1,1-2 = 100. 
C1,2—GNI3 = Q21E1,VC1,250.E-12,300.E-121 
E2,GND-3 = X1(3.1—E1) 
R2,3-4 = 100. 
C2,4—GN = (12(E2,VC2,250.E-12,300.E-12) 
E3,GND-5 = X2(VC1) 
R3,5—Q = 100. 
E4,GND-6 = X3(VC2) 
R4,6—QB = 100. 
FUNCTIONS 
QI(A,B,C,O,E) = (FEI(A,B,C,O,E)1 
Q21A,B,C,01= (FCAP1(A,B,C,O)) 
OUTPUTS 
VJO,VJGB.PLOT 

GND 

QB 

MODEL SUBPROGRAMS 

CI RCUS-2 DESCRIPTI ON 

MODELS 
MODEL NAME = D FLIP FLOP 
EXTERNAL NODES = (CK,D,SET,RS,Q,QB,GNO) 
TOPOLOGY 
JCK,CK,GNO 
JS,SET,GND 
JRS,RS,GNO 
JD,O,GNO 
JO,Q,GND 
JQB,QB,GNO 
V1,1,GNO 
R1,1,2 
C1,2,GNI) 
V2,3,GNO 
R2,3,4 
C2A,GND 
V3,5,GND 
R3,5,Q 
V4,6,GND 
R4,6,QB 
EQUATIONS 

Al = AA1 
A2 = AA2 
R1 = RR721V1,V.C1,A1,A21 
V1 = FEI(V.JS,V.JRS,V.JCK,V.JD,T) 
D(VI,T) = 0. 
V3 = V.C1 
011/3,V.C11 = 1. 
V2 = (3.1 — V1) 
D(V2,T) = 0. 
V4 V.C2 
0(V4,V.C2) = 1. 
R2 = RR72(V2,V.C2,A1,A2) 
RETURN 
END 

END OF INPUT 

DEVICES 
DEVICE NAME = 9774, MODEL NAME = O FLIP FLOP 
SINGLE VALUED PARAMETERS 
JS=0,JRS=0,JCK=0, J0=0,10=0, JQB=0, 
C1=100, E-12, C2=100.E-12, AA1=250, AA2=300 
R3=100, R4=100 
ENO OF INPUT 

1 CFEI D FLIP FLOP 17 3 IF(TIME.LE.0.) XGEN = 3.0 
2 FUNCTION FEI(VSET,VRESET,VCLOCK,VDRIVE,TIME) 18 IF(VCLOCK.LE.XCLOCK) GO TO 9 
3 C  19 IF(VCLOCK.GE.0.8.AND.VCLOCK.LE.2.0) GO TO 4 
4 C FOR USE WITH D FLIP FLOP 20 9 FEI = XGEN 
5 C VSET = VOLTAGE AT SET INPUT 21 GO TO 10 
6 C VRESET = VOLTAGE AT RESET INPUT 22 4 IF(VDRIVE.GE.1.5)FEI = 3.0 
7 C VCLOCK = VOLTAGE AT CLOCK INPUT 23 IF(VORIVELT.1.51 FEI = 0.1 
8 C VD RIVE = VOLTAGE AT D-INPUT 24 GO TO 10 
9 C XCLOCK = VOLTAGE AT CLOCK INPUT DURING LAST COMPUTATION 25 1 FEI = 3.0 
10 C XGEN = VOLTAGE AT GATE(E1) DURING LAST COMPUTATION 26 GO TO 10 
11 C  27 2 FEI = 0.1 
12 IF(TIME.LE.0.( XCLOCK = VCLOCK 28 10 XCLOCK = VCLOCK 
13 IF(TIME.LE.0.) XGEN = 3.0 29 XGEN = FEI 
14 IF(VSET.LE.1.2) GO TO 1 30 RETURN 
15 IF(VRESET.LE.1.2) GO TO 2 31 END 
16 GO TO 3 

1 CFCAP1 DIGITAL IC CAPACITOR SELECT 
2 FUNCTION FCAP1(A,B,C,D) 
3 CFCAP1 TO ESTABLISH CAPACITOR VALUE OF DIGITAL IC 
4 FCAP1 = C 
5 IF(A.GE.B) FCAP1 = D 
6 RETURN 
7 END 
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is set equal to 3.0 Y, which represents a compromise be-
tween the typical and minimum values for a logic 1. If, 
on the other hand, the D input is logic 0, voltage El is 
set equal to 0.1 V. 
The voltage across capacitor Cl (VC1) is established 

by voltage El and is directly related to output voltage Q 
through dependent source E3. The model, then, trans-
mits data input signals to its outputs in a normal fash-
ion, while maintaining isolation between its input and 
output terminals. 

Since output QB is the complement of output Q, de-
pendent voltage source E2, which establishes the signal 
level for QB, is computed to be 3.1 V minus the value of 

voltage El. Therefore, when voltage El is set to 3.0 v 
(logic 1) by function FEI, voltage E2 is made 0.1 
(logic 0); and when El is 0.1 v., E2 is then 3.0 Y. Like-
wise, as the Q output signal is related to the voltage 
across capacitor Cl and voltage E3, the QB output sig-
nal is related to the voltage across capacitor C2 (VC2) 
and voltage E4. 
To obtain the time delays associated with the various 

controlling signals, the time constants RI-CI and R2-
C2 are used. Since the time delay (tpal) for an increase 
in the levels of outputs Q and QB is different from the 
time delay (too) for a decrease in these levels, the values 
of capacitors Cl and C2 must be changed appro-

0 J-K FLIP-FLOP 

TRUTH TABLE 

Inputs at tn 

o 

o 

o 

o 

Outputs at tn+1 

a„ 
o 

J = J1 • J2 • J3 

K = K1 • K2 • K3 

tn = Bit time before clock pulse 

tn+1 = Bit time after clock pulse 

On Level of output CI at tn 

= Level of output El at tn 

ELECTRICAL CHARACTERISTICS 

Minimum Typical Maximum Parameter 

Vm111 Input voltage required to ensure logic 1 at any input terminal 

Vm (o) Input voltage required to ensure logic 0 at any input terminal 

Vout111 Logic 1 output voltage 

fcock Maximum clock frequency 

to .' Propagation delay time to logic 1 level from clear or preset to output 

two Propagation delay time to logic 0 level from clear or preset to output 

tpd1 Propagation delay time to logic 1 level from clock to output 

to o Propagation delay time to logic 0 level from clock to output 

1.9 V 

2.4 V 

10.0 ns 

10.0 ns 

3 MHz 

0.8 V 

75.0 ns 

150.0 ns 

75.0 ns 

150.0 ns 
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0 J-K FLIP-FLOP 

RS CK JI J2 J3 KI K2 K3 

JCK(11) JI(1?  J2(12  J31(11) JKI(11) JK 2 JK31(1)  

MODELS 
MODEL NAME = JK FLIP FLOP 
EXTERNAL NODES = (S,RS,CK,J1,J2,J3,K1,K2,K3,Q,08,GNO) 
TOPOLOGY 
JS,S,GND 
JRS,RS .,GND 
JCK,CK,GND 
J1,J1,6ND 
J2,J2,GND 
J3,J3,GND 
JKI,K1,GNO 
JK2,K2,GNO 
JK3,K3,GND 
V1,A,GND 
R1,A,B 
C1,B,GND 
VQ,C,GND 
RQ,C,C1 
V2,1),GND 
R2,D,E 
C2,E,GND 
VQB,F,GNO 
RQB,F,QB 
JQ,Q,GND 
JGB,QB,GND 
EQUATIONS 

Al = AA1 
A2 = AA2 
POI = F01(1303,V.JRS,V.J1,V.J2,V.J3,V.JQB,VIRS,V.JCK) 
P02 = F02(V.JQB,P01,V.JS,V.JQB,V.JS,V.JCK) 
P03 = F01(POLV.JS,V.JK1,V.JK2,V.JK3,V.J0,V.JS,V.JCK) 
PO4 = F02(V.JQ,P03,V.JRS,V.JQ,V.JRS,V.JCK) 
VI = P02 
D(V1,T) = 0. 
R1 = RR72(V1,V.C1,A1,A2) 
VG = V.C1 
DIVQ,V.C1) = 1. 
V2 = PO4 
D(V2,T) = 0. 
R2 = RR72(V2,V.C2,A1,A2) 
VQB = V.C2 
D(VQB,V.C2) = 1. 
RETURN 
END 

END OF INPUT 

DEVICES 
DEVICE NAME = RSN54L72, MODEL NAME = JK FLIP FLOP 
SINGLE VALUED PARAMETERS 
JS = 0, JRS = 0, JCK = 0, J1 = 0, J2 = 0, J3 = 0, 
JK1 = 0, JK2 = 0, JK3 = 0, .11:1 = 0, JOB = 0, 
AA1 = 600, AA2 = 475, Cl = 100E-12, C2 = 100E-12, 
RO = 100, ROB = 100 
END OF INPUT 

priately. Accordingly, if voltage El or E2 is greater than 
or equal to its respective Q or QB output level, the sub-
program for function FCAP1 respectively sets the val-
ues of capacitors C 1 and/or C2 equal to 300 picofarads. 
When E 1 or E2 is less than its respective output signal, 
the capacitors are set equal to 250 pF. 

In the Circus-2 program, the model's time delays are 
adjusted by varying resistors RI and R2, rather than ca-
pacitors Cl and C2. This is why the Circus-2 listing calls 

RO 

ED JO 

C2 

R2 ®  

EQ8 

o 

JOB 

GB 

RQB 

FOR SCEPTRE: El = f(F 01), Cl = fiFCAPI), EQ = M./CI) 
E2 f(F 02), C2 = f(FCAP1), EQB = l(VC2) 

FOR CIRCUS-2: V1 = fIF 011, RI = f(FIR72), VG = 
V2 -= f(F02), R2 = f(RR72), VQB = l(V.C2) 

MODEL RSN54L72 IS RS CK J1 J2 J3 K1 K2 K3 Q-QB-GND) 
JK FLIP FLOP RSN54L72 

ELEMENTS 
JS,S-GNO = O. 
JRS,RS-GND = 0. 
JCK,CK-GND = O. 
J1,J1-GNO = 0. 
J2,J2-GNO = 0. 
J3,J3-GND = 0. 
JKI,KI-GND = 0. 
JK2,K2-GND = 0. 
JK3,K3-GND = O. 
El,GND-A = P02 
RIA-B = 100. 
Cl,B-GNO = Q31E1,VC1,600.E-12,475.E-12) 
EQ,GND-C = XlIVC1) 
ROC-Q = 100. 
JQ,Q-GND = 0. 
E2,GND-D = PO4 
R2,D-E = 100. 
C2,E-GNO = Q3(E2,VC2,600.E-12,475.E-12) 
EQB,GNO-F = X2)VC2) 
RCIB,F-GB = 100. 
JOB,QB-GND = 0. 
DEFINED PARAMETERS 
P1 = 0. 
P01 = Ql(P03,VJRS,VJ1,VJ2,VJ3,VJQB,VJRS,VJCK) 
P02 = Q2(VJGB,P01,VJS,VJOB,VJS,VJCK) 
P03 = (111P01,VJS,VJK1,VJK2,VJK3,VJCI,VJS,VJCK) 
PO4 = 02(VJO,P03,VJRS,VJO,VJRS,VJCP 
FUNCTIONS 
011A,B,C,D,E,F,G,F0 = (F01)A,B,C,D,E,F,G,F0) 
02(A,B,C,D,E,F) = (F021A,B,C,D,E,F» 
Q3(A,B,C,D) = (FCAP1)A,B,C,DP 

OUTPUTS 
VJQICI OUTI,VJOBIQB OUT),PLOT 

for subprogram RR72, instead of subprogram FCAP1, 
which is used in conjunction with the Sceptre listing to 
vary capacitance. 
The output impedances associated with the flip-flop's 

Q and QB terminals are fixed at 100 ohms. Although 
this is not an accurate impedance representation for all 
voltage and load conditions, it does provide first-order 
accuracy. Zero-valued current sources JQ and JQB are 
dummy elements that are included in the model to per-
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0 J-K FLIP-FLOP 

MODEL SUBPROGRAMS 

1 CF01 SUBPROGRAM FOR JK FLIP FLOP 
2 FUNCTION F01(A,B,C.0,E,F,G,H) 
3 C SUBPROGRAM FOR JK FLIP FLOP 
4 X = 1.5 
5 NPART1 = 1 
6 IF(A.GE.X.AND.B.GE.X) NPART1 = 2 
7 NPART2 = 1 
8 IF(C.GE.X.AND.D.GE.X.AND.E.GE.X) NPART2 =2 
9 NPART3 = 1 
10 IF(F.GE.X.ANO.G.GE.X.AND.H.GE.X) NPART3 = 2 
11 NPART4 = 1 
12 IF(NPART2.E11.2.AND.NPART3.E13.2) NPART4 = 2 
13 FOI =0.1 
14 IF(NPARTLE1.1.AND.NPART4.E11.1) F01 = 3.0 
15 RETURN 
16 ENO 

1 CF02 FOR USE WITH JK FLIP FLOP 
2 FUNCTION F021A,B.C,O,E,F) 
3 C FOR USE WITH JK FLIP FLOP 
4 X = 1.5 
5 F02 = 0.1 
6 NPART1 = 1 
7 IF(A.GE.X.AND.B.GE.X.AND.C.GE.X) NPART1 = 2 
8 NPART2 = 1 
9 IF(D.GE.X.ANO.E.GE.X.AND.F.GE.X) NPART2 = 2 
10 IF(NPARTLE0.1.AND.NPART2.E11) F02 = 3.0 
II RETURN 
12 END 

mit computer monitoring of the output signals under 
varying performance conditions. 

Modeling the J-K flip-flop 

The RSN54L72 master/slave flip-flop changes state 
on the negative-going edge of the clock pulse. As indi-
cated in Fig. 3, it features multiple J and K inputs with 
direct preset (S) and clear (RS) capability for asynchro-
nous operation. Logic information present on the J and 
K inputs, plus information fed back from the comple-
mentary Q and QB outputs, sets the flip-flop's master 
section. With the clock input at logic 0, the master sec-
tion is isolated from the slave section. As soon as the 
clock pulse rises and reaches its threshold level of 1.5 v, 
the logic information on the J and K inputs is entered 
into the master section. When the clock is at logic 1, the 
master and slave sections remain isolated. But, once the 
clock pulse falls to its threshold level, the logic informa-
tion at the output of the master section is transferred to 
the slave section, which controls the flip-flop's output. 

Provided that the signals on the J and K inputs re-
main stable during the clock transitions, the flip-flop's 
performance will agree with its truth table whenever the 
clock goes from logic 1 to logic 0. Because the flip-flop 
operates on dc levels rather than dynamic signal 
changes, maximum rise and fall times are not imposed 
on the clock signal or the J and K signals. The asyn-
chronous preset and clear inputs, which are active when 
they are low (logic 0), may be applied at any time and 
will override the effect of the clock input pulse. 
The truth table given in Fig. 3 for the J-K flip-flop 

applies for high (logic 1) preset and clear signals. The 
device's significant electrical characteristics are also 
given in this figure. (The device's propagation delay 
characteristics look the same as those drawn in Fig. 1 
for the D-type flip-flop.) 
The computer model for the J-K flip-flop, the Sceptre 

and Circus-2 model descriptions, and the subprograms 
needed to establish the flip-flop's output signal levels 
are shown in Fig. 4. Again, as for the D-type flip-flop, 
all input impedance levels are taken to be infinite as a 
first-order approximation. 
The voltages associated with dependent sources El 

and E2 are determined by the functions FOI and F02, 
which simulate the flip-flop's master and slave sections, 
respectively. The output signals for the master and slave 
sections are saved as DEFINED PARAMETERS to avoid 

confusion if multiple flip-flops are called for as part of a 
network description. DEFINED PARAMETERS POI and 
P03 are the output signals of the master section, while 
DEFINED PARAMETERS P02 and PO4 are the output sig-
nals of the slave gates. These DEFINED PARAMETERS are 
also used in the latching function—a signal greater than 
or equal to 1.5 v is a logic 1, and a signal less than 1.5 v 
is a logic 0. 

Since the flip-flop triggers on the negative edge of the 
clock pulse, the model senses the level of the clock sig-
nal and transfers input information in two steps. As the 
clock signal rises above 1.5 v, input signals are trans-
ferred to DEFINED PARAMETERS P01 and P03 as deter-
mined by function FOI (the master section of the flip-
flop). When the clock signal falls below 1.5 V, the data 
stored in DEFINED PARAMETERS P01 and P03 is trans-
ferred to DEFINED PARAMETERS P02 and PO4 as deter-
mined by function F02 (the slave section of the flip-
flop). Input signals, therefore, enter the flip-flop's mas-
ter section during a high clock signal and are trans-
ferred to the slave section during a high-to-low clock 
transition (the negative edge). 
The delay times, t,n and tpdo, for the model are estab-

lished by time constants RI-C1 and R2-C2. These are 
adjusted by varying the values of capacitors Cl and C2, 
depending upon whether a logic 1 or logic 0 is the out-
put signal. Capacitor values are determined by the same 
subprogram used for the D-type flip-flop, FCAP1 in 
Fig. 2. Again, for the Circus-2 program, the values of re-
sistors RI and R2 are varied by means of routine RR72 
to adjust the model's time-delay characteristics. 

Capacitor C 1 is set equal to 600 pF, unless voltage El 
is greater than or equal to the voltage across Cl (VC1); 
then C 1 assumes the value of 475 pF. Capacitor C2 is 
found similarly. Since output voltage EQ and EQB are 
equal to capacitor voltages VC1 and VC2, respectively, 
a relationship between input-signal and output-voltage 
levels is readily established. 
Output impedances RQ and RQB are fixed at 100 

ohms each, which provides good first-order accuracy for 
output signal level. To duplicate actual impedance vari-
ations, resistors RQ and RQB can be made variable and 
expressed as functions of the load voltage and currents. 
And, as noted for the D-type flip-flop, the zero-valued 
output current sources, JQ and JQB, are dummy ele-
ments that permit monitoring the J-K flip-flop's output 
signal under varying conditions. 
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Designer's casebook 

No-ladder d-a converter 
works from one 5-V supply 
by E Insam 
Chelsea College, University of London. London. England 

An 8-bit digital-to-analog converter that operates from 
a single positive 5-volt supply can be built without the 
usual front-end ladder network. This is done by creating 
a pseudo-random binary generator that is driven by a 
free-running multivibrator at a nominal clock frequency 
of approximately 5 megahertz. The multivibrator also 
provides the -5-v supply line for the converter's oper-
ational amplifier. 
The output from the binary generator is compared 

(by subtraction) with the 8 input data bits. These can be 
in either a normal format or a two's-complement for-
mat, depending on the control input M. The carry out-
put from the full adders is a pulse train whose mean 

value is proportional to the input data and is clamped 
to about 0.6 v by diode DI. 
This pulse train is then fed to an active Butterworth 

low-pass filter formed by the op amp and its associated 
components. In the circuit given here, the gain of this 
stage is set at 1.59 to give the necessary filter-pole posi-
tions and to bring the peak-to-peak output amplitude of 
the converter to 1 V. Potentiometer R1 controls the dc 
shift of the analog output. 
The quantizing noise consists of harmonic multiples 

of the clock frequency divided by 255. In this case, the 
lowest harmonic occurs at around 20 kilohertz, which is 
beyond audibility. The cutoff frequency (co = 1 / RC) of 
the Butterworth filter is around 7 kHz. The circuit's gain 
accuracy, which is not a major concern for audio work, 
depends only on diode DI and the closed-loop gain of 
the op amp. 
The transistor-transistor-logic version of this d-a con-

verter consumes around 300 milliamperes. If low power 
drain is an important design factor, complementary-
MOs devices can readily be substituted, reducing the 
current consumption to around 40 mA. 

From digital to analog. Instead of the conventional ladder network followed by an op amp, this d-a converter employs a pseudo-random 

binary generator and an active low-pass filter. The generator's outputs and the 8 input data bits are subtracted in the full adders, resulting in 

a "carry" pulse train that drives the filter. Only one positive 5-volt supply is needed to power the entire circuit. 
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Dc restorer for video use 
offers ultra-stability 
by Roland J. Turner 
AEL Communications Corp., Lansdale, Pa. 

A sample-and-hold technique, along with strong dege-
nerative feedback, permits an active dc restorer to oper-
ate with very high stability over a wide temperature 
range. Restoration stability can be maintained to within 
30 microvolts, even in the presence of a dc offset voltage 
as large as 100 millivolts. 
The circuit is useful in radar applications, where it is 

often essential to peak-detect or integrate video signals 
relative to a stable dc reference. This is especially true if 
the video sensor contains diodes that have a tempera-
ture-dependent offset voltage. 
The dc restoration must be performed without any 

temperature-induced offset voltage, since dc coupling 
must be preserved in the video processing (peak detec-
tion or integration) following dc restoration. Accurate 
signal detection, then, heavily depends on providing a 
stabilized dc restoration level. The video output signals 
must be independent of any thermal variations that 
may occur in the video detector and dc restorer. 

Conventionally, a dc restorer operates at relatively 
high signal levels and requires considerable video gain 
prior to dc restoration. Moreover, a dc restorer gener-
ally employs a temperature-compensated zener diode, 

and two matched diodes to keep the dc restored level 
relatively constant over a wide temperature range. But 
even with the best matched diodes and the most stable 
temperature-compensated zener, the dc restored level 
cannot be made more stable than ±-10 mv over a 100°C 
temperature range. With the dc restorer shown here, 
however, stabilities of 30 ttv can be established at ex-
tremely low video levels. 
A complete video amplifier employing this improved 

dc restoration technique is drawn in (a). In this circuit's 
sample-and-hold scheme, the dc output of a dc-coupled 
amplifier is sampled over a 50-microsecond gating in-
terval. It should be noted that dc coupling must be 
maintained from the input (sensor) through to the out-
put integrator or peak detector. As a result, dc signal 
changes longer than the sensor's thermal time constant, 
which is typically less than 10 milliseconds, can be rec-
ognized as a valid signal/target by the peak detector or 
integrator. 
The full schematic of the dc-restorer section of the 

video amplifier is given in (b). During the dc-restoration 
interval, the FET shunt gate, Qi, is open, while the FET 
series gate, Q2, is closed. During the gating interval, 
sampling capacitor C1, which is a highly temperature-
stable polycarbonate-film capacitor, charges to the aver-
age noise level present at the output of amplifier A. 
When the sampling gate is closed, the circuit's sam-

pling process activates a degenerative-feedback loop 
that forces the average signal value at A3's output to ap-
proach the signal-noise level. In effect, the dc level at 
the noninverting terminal of input amplifier A1 is 
forced to match the dc level at Ai's inverting terminal to 
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Emphasizing stability. Dc restoration loop of video amplifier (a) allows the amplifier to match dc input levels to within 30 microvolts, in spite 

of widely varying temperatures. The sample-and-hold circuitry of the dc restorer loop is shown in (b). During the gating interval, which is 50 

microseconds long, FET shunt gate 01 is off, FET series gate 07 is on, and capacitor CI (a temperature-stable unit) charges. 
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within 30 µv. During the signal processing interval, 
when shunt FET gate Qi is on and series FET gate Q2 is 
off, the voltage across capacitor C1 establishes an ultra-
stable dc-restored level at the positive input to amplifier 
Ai as a reference for detecting whatever video signals 
may be present at the negative input of Ai. 
To realize a high degree of dc-restoration stability 

within the gating aperture, it is essential to select op 
amps for amplifiers Ai and A2 that have fast slew rates. 
This is why Harris' type HA2620 op amp, which has a 
gain-bandwidth product of greater than 30 megahertz, 
is used for both Ai and A9. Amplifier A4 is a high-sta-
bility buffer that serves as a high-input-impedance load 
for the sampling capacitor, C1. 

This active dc restorer can reduce a 100-mv dc offset 
at the sensor to an equivalent dc offset of less than 
30 gv. And because of the low leakage of the sampling 

gate, the stored charge on capacitor C1 is not disturbed 
during the hold interval, even if a 10-v signal is present 
at the gate input. 
The forward gains (80 decibels) of amplifiers Ai, A2, 

and A3 contribute to the degenerative-feedback loop 
during the dc restoration interval, forcing Ai's positive 
input to follow the dc offset present at Ai's negative 
(sensor) input. The circuit's integrating stage containing 
amplifiers A5 and A6 must be placed outside the dc-res-
toration loop, since the fast slew rate of the forward-
control loop must be preserved during the dc restora-
tion interval. 
For the circuit to operate properly, the input-signal 

condition must be known during the dc-restoration in-
terval. In radar systems, this time occurs between pulse 
transmission and signal reception; for television signals, 
this time occurs during the sync tip transmission. 

Regulator for standby supply 
handles large load currents 
by James Al len 
Honeywell Inc.. Aerospace Division, St. Petersburg. Fla. 

A simple voltage regulator for a standby-power source 
can supply amperes of current at whatever voltage is re-
quired. Additionally, the circuit, which includes current-
limiting and short-circuit protection (current foldback), 
can produce large current pulses. 

There are many systems that require noninterruptible 
power sources—for example: gyro test stands involving 
long test sequences, volatile semiconductor memories, 
and computer systems or test systems where a power 
failure cannot be tolerated because it may destroy com-
ponents or mean going through long start-up sequences. 

If the primary dc supply fails, either because of inter-
nal malfunctions or because of some line disturbance 
that momentarily causes an interruption in its ac source, 
the standby power supply cuts in and continues to sup-
ply the necessary load current. Usually, the power 
source for this standby or backup supply is a bank of 
storage batteries. However, the voltage level provided 
by these storage batteries is not normally the voltage 
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level needed by the backup supply for the system. 
The regulator in the figure offers ample voltage and 

current capability. And it can be conveniently and eas-
ily tailored to suit a specific application. (The figure also 
contains plots of the regulator's dc-output characteristic 
and pulse-current performance.) 
The zener voltage of the zener diode determines the 

output voltage at which the regulator begins to conduct. 
Current limiting is provided by the combination of con-
trol transistor Q1 and field-effect transistor Q2, which 
acts as a voltage-variable resistor. The current-limit 
level is set by the ratio of resistor R1 to resistor R2: 

= 3.1[1 + (Ri/ R2] amperes 

The current foldback of the regulator is obtained 
through transistor Q3 and resistor R3. The voltage level 
(Vr) at which foldback begins is determined by the ratio 
of resistor R.1 to resistor R-,: 

V1 en [R5/ ( R4 + R5)1( VB VZ 2 VriE3 Volts 
where VB is battery voltage, Vz is zener voltage, and VBE3 
is base-emitter voltage of Q. The slope of the current 
foldback curve is set by the ratio of R1 and R3. 

AV/ = 0.2R3/Ri V/ A 

Since the regulator will normally be operating into a 
large-capacity load that will probably exhibit large 
dv/dt variations initially, it should be able to supply a 
significantly larger amount of charge during turn-on. 
This pulse current capability is provided by the capaci-
tor, which delays the feedback current so that transistor 
Qi does not conduct for several hundred microseconds. 
The magnitude of this pulse current is determined by 
the value of resistor Rs. D 

Designer's casebook is a regular feature in Electronics. We invite 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 Well pay $50 for each item published 

Watchdog backup power source. Readily adaptable regulated standby-power supply can produce several amperes of current at the de-

sired voltage level, as shown by its output characteristic. The circuit's pulse-current capability (also plotted) is ample and able to satisfy large 
initial turn-on load current demands. Both current limiting and current foldback are included to protect the regulator circuit. 
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150 Microwatt 
Triple Op Amp 

The L144 monolithic triple op amp draws only 50µA of current 
per amplifier, from a -±-1.5 V supply. What's more, it is 

AVAILABLE NOW FROM YOUR LOCAL DISTRIBUTOR! 

L144 features include: 
• Monolithic triple op amp in DIP or Flatpac packages 
• Wide power supply range—±l.5 V to ±15 V 
• Internal compensation 
• Programmable power dissipation 
• Programmable input bias current 
• Single programming resistor 
• 80 dB gain with 20 MI load 
• Cost effective: $1.63 per single op amp"' 

"'Ll44CJ 100-piece price 

V• 10 V 

V- = -10V 

DOUBLE-ENDED LIMIT COMPARATOR 

Applications examples: 

V = 1 5 V 

INSTRUMENTATION AMPLIFIER 

75 KR 75 KI1 (GND or 
V., NULL) 

1M t1,1, OM • OM., 

IN 

IM11.11.••••• IMIMIMIIMMIB••• 
ffl-M00181 

13.0011.Mi011 

mmumniummuzseedn 
1•111111111111M111Mâll111 

minmagunummannii 

21111111113111111111 
10 100 

(MA) 

000 

The LI44 is a practical industry-standard operational amplifier for use when low current 
drain, low voltage, low power, or very small physical size are controlling criteria. If your 

circuit requirements are unique—and whose aren't—our applications people are eager to help. 
For complete information 

write for data 
IC Applications: (408) 246 8000, Ext. 120 

Eiliconix incorporated 
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COOL POWER 
FROM 

SEMTECH SEMTECH NEWS LSILICON ' RECTIFIERS 
,ef. ASSEMBLIES 

Published from time to time by SEMTECH CORPORATION • 652 Mitchell Road, Newbury Park, California 91320 / Phone: (805)498-2111 

ALPAC ... A Semtech Original ! 
There are a lot of rectifier assemblies that look like ALPAC. 

But only the original ALPAC (a Semtech trademark) has a 
time-tested proven design. 

ALPAC, short for aluminum package, features insulated terminals and 
rugged terminal /rectifier construction. 

Introduced by Semtech more than 10 years ago, ALPAC continues to 
give the industry a new packaging concept offering increased reliability 

while lowering equipment production costs. 

ALPAC is the only series of component assemblies that utilizes the 
"state-of-the-art" Metoxilite hermetically sealed rectifier — the silicon 
rectifier with more NASA and MIL approvals than any other device 
manufactured today. 

Internal components are supported in a low thermal impedance, epoxy 

thermoset-filled high alumina ceramic. This construction firmly secures and 
insulates the internal components to temperatures above 300°C. 

Don't specify a "look alike" specify ALPAC, the original! 

NOTE: "Fast Recovery" available in all ALPAC types. 

ALPAC ...The industry 
standard! 

The first ALPAC bridge rectifier on the 
market, has a proven record in such 
applications as power supplies, AC to DC 
converters and motor controls. Designed to 
eliminate stud rectifier packaging problems. 
Available in medium and fast recovery with 
PIV of 50 to 600V and average rectified current 
of 25A at 55°C case temperature (20A for fast 
recovery devices). Size 1.125 
x 1.125 x 1.0 inches. Also 
available are doubler 
and center taps. 

ALPAC Jr. 
. . . The big little 
package! 

Even though this multipurpose device features 
a small case (.75x.75x.50 inches), it can handle 
an average rectified current of 5A at 55°C 
case temperature. Single cycle surge rating of 
50A and available in PIV from 50 to 600V. 

ALPAC Sr. 
. . . For the big jobs! 
When you need an average rectified current 
of 150 to 250A with PIV from 50 to 600V, 
look to ALPAC Sr. They can handle the load. 
Available in full wave, three phase full wave 
and three phase half wave bridges, doublers 
and center taps. 

ALPAC - 3 
. . . Phase three! 
A logical extension to our original ALPAC 
is a three phase, full wave bridge rectifier. 
Average rectified current rating at 55°C case 
temperature is 25A, PIV from 50 to 600V, 
single cycle surge 150A. Size 2.25x.80x.75 
inches. 

New 
ALPAC-3Jr; 
. . . The smallest three phase! 
A three phase full wave rectifier, measuring 
only 1.25x.45x.40 inches. The device has a 
low profile. Although small, ALPAC-3 Jr. will 
handle an average rectified current of 5A at 
55°C case temperature, PIV of 50 to 600V, 
and a single cycle surge current of 50A. 

New ALPAC3-"T" 
. . .The thin one! 
A small three phase full 
wave rectifier, measuring 
.75x 1.25x .40 inches, 
capable of supplying an average rectified 
current of 10A at 55°C case temperature. 
Single cycle surge rating of 150A, available 
in PIV from 50- 600V. 

ALPAC 50 
. . . Nice to have 
a-round! 

A complete line of single phase full wave 
silicon bridge rectifiers available in the 
ALPAC 50 round (2 inch dia. x 1.0 inch high) 
package. Average rectified current of 50A @ 
75°C case temperature, single cycle surge 
375A, PIV from 50 to 1000V. 

New ALPAC R 50 
. . . With corners! 
Available in single phase 
and three phase full 
wave bridge assemblies. 
Measuring only 
1.0x2.0x 1.1 inches, a solution to stud rectifier 
packaging problems. Rated to handle 50A at 
55°C case temperature. PIV from 50 to 600V. 
Single cycle surge current is 375A. 

.q; • 

"We're number 1 because we try harder" 

SEMTECH 
CORPORATION 

652 Mitchell Road, Newbury Park, California 91320 
(805 498-2111, (213) 628-5392 / TWX: 910-336-1264 

CHICAGO: (312) 352-3227 
DALLAS: (214) 253-7644 
FLORIDA: (305) 644-5404 
NEW JERSEY, (201) 654-4884 
SAN FRANCISCO: (415) 328-8025 
EUROPEAN SALES: (Switzerland) (042) 323-242 

eALPAC IS A REGISTERED TRADEMARK 

OF THE SEMTECH CORPORATION 
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Engineer's notebook 

Digital logic circuit 
reads phase difference 
by Demetrios K Kostopoulos 
DaImo Victor Co., Belmont, Calif. 

The phase difference between two sinusoidal waves of 
the same frequency can be measured digitally if the 
phase difference is converted into a time difference and 
the time difference is converted into a number of pulses. 
A count of these pulses then serves as a numerical rep-
resentation of the phase difference between the two in-
put wave forms. 
The basic outline for this simple and inexpensive dig-

ital phase meter is shown in the diagram. Signal A is the 
reference sinusoidal waveform, while signal B is the 
sinusoidal waveform whose phase (relative to signal A) 
is to be determined. Both signals must have the same 
frequency, but they may differ in amplitude. The wave-
forms are converted into square waves by means of the 
voltage comparators, and two square waves are then 
ANDed together. 
The output of comparator COMPA is low when signal 

A is positive and high when signal A is negative. The 

opposite is true for the output of comparator COMPB. 
This makes it possible to detect any phase difference be-
tween the two waveforms. When they do not overlap, 
both comparator outputs are high for a length of time 
that is proportional to the.phase difference between sig-
nal A and signal B. 
The function of the AND gate is to clear and enable 

the binary-coded-decimal counter. When both gate in-
puts are high, the gate output is also high, and the 
counter is enabled. The counter is cleared when the gate 
output goes low. The number of gate-output pulses 
logged by the counter is directly proportional to the 
time that the gate output is high. Therefore, the final 
number in the counter is directly proportional to the 
phase difference between input wave form A and input 
waveform B. 

During the high-to-low transition of the gate output, 
the counter output is stored in the register. This storage 
register drives a set of numerical readouts that display 
the phase difference. The phase weight of the least-sig-
nificant digit in the display is: 

= 360°(fs/fc) 

where fs is the signal frequency, and fe is the clock fre-
quency. If f. = 360 fs, then the units of the displayed 
number are whole degrees; and if I', = 3,600 fs, the 
units become tenths of a degree. E 

Determining phase digitally. Straightforward approach permits standard logic ICs to be used for measuring phase—the phase difference 

between sinusoidal inputs A and B is converted into a time difference. When the square-wave outputs from the comparators overlap, a phase 

difference exists, and the AND-gate output goes high, enabling the counter. The final count is stored in the register for display. 
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Liquid crystals isolate 
electrical short circuits 
by Roger Anderson 
Honeywell Information Systems, San Llego, Calif. 

Isolating a short circuit on a circuit board or back 
panel is relatively simple when only single-circuit paths 
are involved. But it grows progressively more difficult as 
the number of common voltage and ground paths is in-
creased. 

Surprisingly, encapsulated liquid crystals can greatly 
simplify finding short circuits in this situation. Besides 
saving money and parts, testing with liquid crystals can 
also significantly reduce trouble-shooting time. Other 
techniques for isolating electrical shorts call for unsol-
dering or clipping component leads, or increasing the 
current through the unit being tested until a hot spot or 
smoke is detected. 

Sheets of encapsulated liquid crystals have been used 
successfully to detect: solder bridges on printed-circuit 
and wire-wrapped boards; wire shorts on wire-wrapped 
boards and back panels; internal shorts of such compo-
nents as capacitors and delay lines; and internal shorts 
on multilayer boards from a pin to an etch, from a pin 
to a voltage or ground bus, and from one etch to an-
other etch. Encapsulated liquid crystals can also be used 
for detecting shorts in cables or harnesses, or wherever 
multiple- or common-circuit paths exist. 

Liquid crystals are usually derivatives of cholesterol 
that exhibit the mechanical properties of a liquid and 
certain optical properties of a solid. They have a rather 
unusual characteristic—the capacity to reflect different 
wavelengths of light with variations in temperature so 
that they visibly change color. Liquid crystals have a re-
producible color range within specified temperature 
limits. 

Since the colors are derived from scattered incident 
light, they are most visible when observed against a 
dark background, like black ink. The black ink can ab-
sorb any light transmitted through the liquid crystals 
and allows the selectively (determined by temperature) 
reflected light to be viewed. 

Encapsulated liquid crystals can be supplied as Mylar 
sheets, and the colors can be seen through the Mylar. 

(The capsules containing the liquid crystals are actually 
too small, between 20 and 40 micrometers in diameter, 
to be seen with the naked eye.) 
The sheets have very definite temperature and color 

ranges, as shown by the graph in the figure. These par-
ticular sheets can be bought from Edmund Scientific 
Co., Barrington, N.J. 

All the liquid-crystal sheets exhibit the total spectrum 
of colors as temperature changes. Blue colors are associ-
ated with warmer temperatures, reds with cooler. Be-
cause the colors result from scattered (reflected) inci-
dent light, they will be more intense if a bright light 
source is used. The number 500274 sheet is best for in-
dicating electrical shorts because it produces a bright 

[Nagai 
bum 

500222 

500223 

500221 

500224 

500220 

500274 

BLUE GREEN YEL 

500219 

REO 

Sample lot. Every sheet of encapsulated liquid crystals has its own 
color response over a given temperature range. The sheets shown 

here are sold by Edmund Scientific. The one numbered 500274 is a 

good choice for isolating electrical short circuits. 

Making shorts colorful. In left photo, a bright blue spot of the liquid-crystal sheet pinpoints a shorted capacitor on a wire-wrapped circuit 

board. In the right-hand picture, a shorted wire traces its own path as a blue streak of color across the liquid crystals. 
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blue spot that shows up well against a dark brown back-
ground at the start. 
The liquid-crystal sheet must be placed directly on 

the circuit under test. The closer the liquid crystals are 
to the faulty part, the more readily the short will be de-
tected. To locate faults in hard-to-reach places, the 
sheet can be cut into narrow strips that are laid directly 
on the suspect components. 
By carefully controlling the amount of current ap-

plied to the circuit, it's possible to locate the short with-
out damaging wires or good components. The current 
flow is concentrated through the shorted device and/or 

path, and the liquid-crystal sheet changes color pre-
cisely at the location of the short because of the heat the 
short generates, as shown by the left photograph. 
As little as 12 milliwatts of dissipated power at a 

shorted junction will cause a color change in the sheet. 
The greater the current that can be safely applied, the 
easier it will be to find the short because of the in-
creased heat generated. Even a shorted wire on a back 
panel is generally easy to identify, since its position is 
traced in color across the entire sheet, as the other pho-
tograph indicates. Special care should be taken not to 
exceed the rated current capacities of the wires. 

Regular stereo amplifier 
can be variable ac source 
by M.J Salvati 
Sony Corp. of America, Long Island City. N.Y. 

Here's how to turn an ordinary hi-fi stereo amplifier 
into the power supply for a variable-frequency power 
source. The setup produces a regulated ac output volt-
age that typically contains less than 0.2% distortion and 
that is adjustable from 0 to 130 volts root-mean-square 
at any frequency between 50 and 400 hertz. 
The two channels of the stereo amplifier are driven 

180° out of phase with each other so that the load can 
be connected differentially across the amplifier's "hot" 
output terminals. This technique avoids the inherent 
danger of paralleling the outputs of a transistorized 
power amplifier. 
The output power available depends primarily on the 

particular power amplifier used. (About 220 watts can 
be obtained from an amplifier like the Sony TA-3200F.) 
Naturally, the amplifier's power bandwidth character-
istics must satisfy the application. Usually, any oscilla-
tor that has an rms output of 5 V with less than 0.05% 
distortion will be adequate. If the precise operating fre-
quency matters, then the oscillator's frequency accuracy 
and stability also are important. In some applications, a 
frequency counter might be a useful addition. 

Variable-frequency power sources are available com-
mercially as single-package systems costing from $700 

COUNTER 
(OPTIONAL) 

? 

OSCILLATOR 

to $1,100 for a 250-w unit. But all the equipment re-
quired for the setup shown in the diagram can be pur-
chased new for less than $600. And even greater saving 
can normally be realized, since a suitable oscillator is 
generally available in most laboratories. If a suitable hi-
fi amplifier can also be "found," the cost of the com-
plete setup can be pared to a mere $35. 
Transformer Ti provides two equal-amplitude but 

opposite-phase drive signals for the power amplifier. 
Since most hi-fi power amplifiers have an input imped-
ance of around 50 kilohms, impedance matching need 
not be considered. Transformer T1 must have a good 
low-frequency response and a turns ratio that provides 
the proper drive level for the power amplifier. Gener-
ally, a turns ratio (from primary to each half of the sec-
ondary) of 1:1 or 2:1 is suitable for most oscilla-
tor/amplifier combinations. 
A good frequency response from 50 to 400 Hz is also 

essential for transformer T2. The turns ratio required for 
1'2 depends on the power-output rating and load char-
acteristics of the power amplifier. To determine T2's 
turns ratio, it's necessary to compute the amplifier out-
put voltage (per channel) appearing across the specified 
load impedance (which is usually 8 ohms) at the max-
imum rated power output: 

E -= VPoutRload 

Since transformer T2 is operated "backwards," select a 
120-v power transformer with a secondary voltage rat-
ing that is twice this calculated amplifier voltage. 

Engineer's Notebook is a regular feature in Electronics We invite readers to submit original 
design shortcuts. calculation aids, measurement and test techniques, and other ideas for 
saving engineering time or cost. Well pay $50 for each item published 

Cutting the cost of a watt. Conventional stereo power amplifier can 

serve as the heart of a variable-frequency ac power source. 

STEREO POWER AMPLIFIER 

— 0•-RIGHT CHANNEL-..o 

—o ONO 

Hoe- LEFT CHANNEL -.o 

OUTPUT 
0 - 130 V 
50 - 400 Hz 
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Engineer's newsletter  

Connectors are Digital designers who'd like to blame their connectors for the trouble 

not uilt of they have with pulse shapes and pulse degradation in high-speed logic gy  
systems had better forget it. According to Paul Messinger of irr's Can-

pulse degradation non Electric Co., the common technique of testing the pulse-conducting 
properties of connectors by wiring them all in series and observing the 
pulse for degradation is not valid. More often than not, he says, any 
trouble observed is a transmission-line effect, arising from the length of 
line over which the signal is transmitted. 

In an award-winning paper presented at the recent IEEE Connector 
Conference in Chicago, Messinger showed that even the smallest con-
nector discontinuity would produce a pulse discontinuity greater than 10 
microseconds—and the pulse discontinuities encountered in practice are 
usually no larger than 1 ns. "Look to your circuit designs for the 
trouble, and not to the connectors," suggests Messinger. 

Optical isolators 

save power • • 

In these days of power shortages and fluctuating line voltages, optical 
isolators deserve another look. They can be used to isolate digital logic 
from the ac power line—for instance, power can be conserved in control 
applications by substituting one for the reed relay that's normally in-
serted between the digital control circuit and the triac or SCR output of 
a solid-state relay. In data transmission applications, an opto-isolator 
can serve as a line receiver; having no ground return, the isolator elimi-
nates ground-loop noise between a remote terminal and a central pro-
cessor. Tips are courtesy of application specialists Stu Harris of Fair-
child and Bob Farrall of Clairex. 

. . . and FETs Now that microwave field-effect transistors are beginning to rival bipo-
can handle lar power transistors, it's time to start considering them for microwave 

power amplifier designs. A 6-gigahertz FET delivering 0.63 watt with 1-
more power decibel gain compression was reported at the recent National Tele-

communications Conference by engineers at RCA Laboratories, Prince-
ton, N.J. Other power devices operating up to 1 watt at S band are being 
developed at Westinghouse Research Laboratories, Pittsburgh, Penn. 

How to replace Have you ever needed to replace a selenium rectifier? A silicon rectifier 
a selenium with would, of course, be ideal—if you knew what ratings it needed. Well, a 

selenium rectifier can be its own data sheet, says Richard W. Adams, a 
a silicon rectifier senior technician at Burroughs Corp. in Hollywood, Fla. To determine 

the reverse-voltage rating, count the plates in the selenium rectifier and 
multiply this number by 75 V. Then find the area of one plate (in cen-
timeters) and multiply it by 0.07 ampere to obtain the maximum cur-
rent the rectifier can handle at 75% efficiency. (Remember that effi-
ciency decreases with age.) For safety and added reliability, choose a 
device with ratings that exceed these computed values. 

Items wanted If you've run into a tricky design problem recently and found a neat so-
lution, or if you've any other design tips, we'd be glad to hear about 
them. Send them in to the attention of Senior Editor Laurence Altman. 
Any item used will be credited to you and your affiliation. 
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It draws faster than ink flows. 

We call it the 748. It's 
big. And it's fast. 

Its 4 inking pens move 
at speeds over 40 inches a 
second. That's faster than 
ink flows, so we had to figure 
out a pressure inking system 
that lets the ink catch up to 
the pens. 

If you make integrated 
circuits or maps. Or if you 
have precision drafting 
needs, this is the new tool. 

The 748's plotting area 
is 48"x 82". It can scribe 

coated materials and cut 
strippable film. At peak 
speeds! 

The quality of its line is 
not impaired by its incredible 
speed. And like all CalComp 
flatbed plotters, the new 748 
offers easy-to-use software 
for most computers. 

We service it in 29 
countries. But the way 
we've made it, you won't 
be calling us very often. 

Do call us to see it. Our 
number is (714) 821-2011. Or 

4000000 

write California Computer 
Products, Inc, EM-12-73, 
2411 West La Palma Avenue, 
Anaheim, California 92801. 
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The world leader in audio power ICs does it again. 

TBA 810 S 
first of a new 

protected 
generation 

of boosted power 
audio amplifiers. 

. 

7 watt now 
SGS-ATES underlines its 
leadership in power amplifiers by 
launching its 2nd generation. 
Output power is increased, and a 
key new characteristic, protection, 
is designed-in. IBA 810S, the first 
into production, provides up to 7W 
(r.m.s. continuous) output over 
a 4 2 load. Ideal for car-radio 
applications, it features built-in 

thermal protection which makes it 
completely resistant to 
unexpected variations in supply 
voltage, excessive increases in 
ambient temperature, or 
insufficient heat-sinking. Available 
in plastic quad in-line package 
with external cooling tabs, bent or 
flat, as illustrated. 
Ask for the datasheet. 

10 watt tomorrow 
The TCA 940, currently in 
pre-production and shortly to be 
launched, provides full protection, 
both thermal and against 
permanent short circuit. Great for 
home-radio. More news soon. 

20 watt coming up 
The most powerful yet. Now in the 
final stages of development, this 
exceptional IC is designed as the 
real answer for hi-fi, 
with 100% protection. 
Look out for super-power. 

SGS-ATES Semiconductor Corporation 
435 Newtonville Ave. - Newtonville - Mass. 02160 
Tel.: (617) 969-1610 
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New products 

Logic scope handles 50-MHz data rate 
Asynchronous instrument has dual-threshold detectors; CRT displays 
all control settings, as well as timing diagram of circuit under test 

by Michael J. Riezenman, Instrumentation Editor 

In the instrumentation field, 1973 
will be remembered as the year of 
the logic scope—that new class of in-
struments that displays sequences of 
logic states in much the same way 
that oscilloscopes display voltage 
waveforms. Accustomed as one may 
be to the speed of developments in 
electronics, it is nevertheless re-
markable that since their introduc-
tion last spring, logic scopes have al-
ready evolved to their second 
generation. 
The first of these second-gener-

ation instruments is the AMC 1320 
Digiscope made by E-H Research 
Laboratories of Oakland, Calif. Un-
like its predecessors, which are all 
10-megahertz instruments, the Digi-
scope has a maximum resolution of 
20 nanoseconds per bit, allowing it 
to handle data rates as high as 50 
MHZ. 

More significant than its in-
creased speed, however, is the Digi-
scope's use of dual-threshold detec-
tors. These detectors, which have 
separate thresholds for the logic 1 
and logic 0 states, allow the instru-
ment to detect low-amplitude Is, 
high-amplitude Os, slow rise and fall 
times, ringing, and the presence of 
spikes. 

Unlike most earlier logic scopes, 
the Digiscope is an asynchronous 
instrument that runs off its own in-
ternal crystal-controlled clock. Thus 
it can easily be used to test asyn-
chronous, as well as synchronous, 
logic systems. 

Finally, the Digiscope uses a cath-
ode-ray-tube display on which are 
shown not only the logic sequences 
being measured but all of the con-
trol settings for the instrument, as 
well. Thus, a photograph of the 
screen contains all of the data 

needed to interpret the display cor-
rectly; no notes need be scribbled 
on the back of the photo. 
The CRT display looks like a logic 

timing diagram. A maximum of 
eight channels of input data can be 
stacked vertically. And since all 
eight inputs are sampled simulta-
neously by the instrument's internal 
clock, the time relationships implied 
by the relative horizontal positions 
of the various traces are valid to 
within one (internal) clock interval. 
In testing synchronous systems, the 
Digiscope's internal clock can be set 
to run several times faster than the 
clock of the system under test (up to 
a maximum of 50   
MHz). This makes it 
possible to reduce 
the timing uncer-
tainty to a small 
fraction of a sys-
tem-clock interval. 

All logic scopes 
differ from or-
dinary oscillo-
scopes principally 
in that their data-
acquisition cir-
cuitry is completely 
independent of 
their display cir-
cuitry. Their front 
ends are digital cir-
cuits that can cap-
ture and store se-
quences of digital 
data—whether re-
petitive or single-
shot. The display 
circuitry has no 
need to be able to 
keep up with the 
front end; it needs 
merely to be ca-
pable of handling a 

refresh rate that is high enough to 
eliminate annoying flicker: a simple 
video monitor could do the job. 
Looking backwards. Since logic 

scopes are storage devices, they 
have the extremely valuable ability 
to look back in time. That is, their 
trigger signals can be used to stop 
the collection of data, as well as to 
start it. When negative delay is de-
sired, the logic scope is set up to 
record and dump data continuously 
until a trigger signal is received. At 
that time, it stops acquiring new in-
formation and displays the pre-
viously stored data. Consequently, a 
history of the logic sequence imme-

Diglscope. 50-MHz logic scope displays 100 bits on each of up 
to eight channels. All control settings are shown on CRT. 
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SPECIAL PURPOSE 
TELEVISION 
[q:1:4 

1270 SERIES 

• General Purpose • Low Cost 
• 800 Line Horizontal Resolution 
• Environmental Proofed • Rugged 
• Remote Control 

1400 SERIES 

• Miniature Size • Low Cost 
• 800 Line Horizontal Resolution 
• Low Power Requirement 

1500 SERIES 

eat 

• Subminiature Size • Extra Rugged 
• 800 Line Horizontal Resolution 
• Battery or Line Operated 

• Self-Contained • General Purpose 
• 800 Line Horizontal Resolution 
• RS 170 Synch Generator 
• Power Line Operation 

MODEL V1000 

• Ultra High Resolution 
(30 MHz bandwidth) 

• Photographic Quality 
• Flat Field 
• Multiple Scanning Rates (525-1225) 

MONITORS • SWITCHERS 

PAN & TILTS 

VIDEO TAPE RECORDERS 

REMOTE CONTROLS 
ACCESSORIES 

"Irleft CORP. 
GENERAL OFFICES: 2645 South 300 West. Salt Lake CIty.111ah Ill IS 

MI) 416.7411 • Tales 300-Sis 

New products 

diately preceding the trigger event 
can be studied—an obvious boon to 
troubleshooters who know what 
went wrong, but don't know what 
caused it. 
The Digiscope can store up to 100 

bits on each of its eight channels. 
Thus it can look back as far as 100 
bits before a trigger event. An ad-
justable amount of positive delay 
can be added to the basic 100-bit 
negative delay of the trigger signal, 
making it possible to vary the in-
strument's hindsight from 0 to 100 
bits. One could, for example, dis-
play and examine the 45 bits pre-
ceding a trigger event and the 55 
bits following it, with the trigger 
point clearly shown on the screen 
both as a two-digit number and as 
the length of a horizontal bar. 
The Digiscope is triggered by pro-

graming it to recognize a specific 
logic combination of its inputs. Any-
where from one to all eight inputs, 
some of which may be inverted 
(complemented), are ANDed to-
gether to define the trigger event. To 
add to its flexibility, the Digiscope 
can be made to trigger on either the 
leading edge or the trailing edge of 
the trigger event. 
A free-running mode of operation 

is also available. In this mode, the 
instrument simply acquires 100 bits 
of data and displays them for a se-
lectable length of time (0.2 second, 
1.0 s, or 16 s), and then repeats the 
process. An inhibit switch can be ac-
tivated at any time to freeze the dis-
play if an event of particular interest 
is discovered. 

Flexibility. Although all existing 
logic scopes have adjustable thres-
holds, and thus can be used to test 
many different types of logic cir-
cuitry, the Digiscope can handle two 
different types of logic at the same 
time. Two pairs of logic thresholds 
can be set into the machine, and 

then each input channel can be pro-
gramed to use either pair. 

In addition to these so-called 
"fixed" thresholds which the user 
sets from the rear of the instrument 
on a more or less permanent basis, 
each input channel can also be re-
ferred to two pairs of "variable" 
threshold levels, which are adjust-
able from the front panel. 

All of the operational flexibility in 
the world isn't worth very much if 
the instrument that has it causes 
aberrations in the circuit under test 
because of excessive circuit loading. 
To minimize the possibility of this 
occurring, the Digiscope's designers 
chose to use active probes for the in-
put channels. Each probe has an in-
put impedance of more than 1 meg-
ohm in parallel with less than 6 
picofarads. Probe bandwidth is 100 
MHz. In addition to minimizing cir-
cuit loading, the active probes make 
it possible to operate the instrument 
at a considerable distance from the 
circuit under test. 
The Digiscope's controls are as 

unusual as the rest of the instru-
ment. Momentary-contact switches 
are used instead of multiposition 
rotary switches. To change the time 
per bit, for example, one simply 
holds a switch up (or down, depend-
ing upon whether the time is to be 
increased or decreased) and watches 
the numbers change on the CRT. 
The Digiscope weighs 55 pounds 

and measures 15 in. by 9 in. by 16 
in. Power consumption is 250 watts, 
and screen size is 5 in. high by 7 in. 
wide. Price is $6,300 for a complete 
eight-channel unit. If fewer chan-
nels are desired, the cost breaks 
down as follows: $2,700 for the 
mainframe and $900 for each two-
channel plug-in module. Deliveries 
will begin in March. 
E-H Research Laboratories Inc., P. O. Box 

1289, Oakland, Calif. 94604 [338] 

Self-explanatory. 

Display has all infor-

mation needed to in-

terpret the timing dia-

gram. Channels 

marked by letter T. for 

example, define the 

trigger event. 
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The first name 
in sweep generators is also 
no. 1 in price/performance 
value. Telonic Sweep Generators have a lot more built into them than just 

components. For example — more experience and application know-how 
than you'll find in any instrument; operating features we've incorporated 

from talking to hundreds of users; dependability based on designs that are 
field-proven in thousands of locations. Today, Telonic sweepers give you a lot 
more than just specs. They give you maximum instrument for your investment. 

Consider: 1) The Model 1202, solid state, all modular, covering 100 kHz to 
100 MHz, built-in single or harmonic markers, built-in 102 dB of attenuation, 
variable sweep rate, excellent flatness, linearity, resolution and accuracy, 

with a basic price of only $895.00. 

2) The Model 1204 with all those same fine features, for use in the 1 MHz 
to 500 MHz frequency range, and it starts out at $1,095.00. 

3) The Model 1205 gives you all the benefits of our other models, operates 
out to 1500 MHz, and it, too, is a big value with a base price of $1,395.00. 

4) For displaying swept signals, the Model 121 Oscilloscope is an ideal mate 
for any of the above sweepers. It incorporates an 11" diagonal screen, is 

sensitive to 1 mv/division, has a bandwidth of 15 kHz and is priced at $495.00. 

5) The Model 122 Oscilloscope is a dual display unit for two sweeper traces 
or a reference trace, and it's not twice the price, only $695.00. 

Who was it that said, "investigate before you invest"? We have a new 60-page 
catalog on sweepers, oscilloscopes, and detectors. We would like you to 

investigate it, it's free. 

TELONIC INDUSTRIES, INC. 
21282 Laguna Canyon Road • Laguna Beach, California 92652 Tel • 714 494-9401 • TWX.. 910 596-1320 
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New products 

Process yields low-cost FET op amp 

Selective diode-shorting, done at a standard wafer-probe 

station, rapidly and inexpensively reduces input-offset voltage 

by Joel DuBow, Components Editor 

The performance of nearly all linear 
circuits can be improved by trim-
ming, or matching certain character-
istics, of the circuit. For operational 
amplifiers, the most frequently 
trimmed parameter is the input-off-
set voltage, which is applied be-
tween the input terminals through 
two equal resistances to obtain zero 
output. 
Most trimming processes are 

costly and time-consuming, but now 
Intersil has adapted a technique 
used in its programable memories, 
applied it to a slightly modified 
8007 op-amp chip, and developed a 
new high-performance Fu-input op 
amp—one that the company says 
will eventually sell at a low price. 
Initial price is relatively high, about 
$20, but volume production will 
bring this down significantly. 
The new units, designated the 

8007 series, feature very low input 
current (1 picoampere for the 

8007A), very low offset voltage (2 
millivolts for the 8007-1), a high in-
put impedance of 1012 ohms, and 
internal frequency-compensation. 
They are also low-noise devices, 
with input spot noise below 600 
nanovolts per root hertz at 10 Hz 
and wideband input noise of about 
5 ttv for a 1-kilohm source resist-
ance. Monolithic op amps rarely 
achieve spot noise of less than 1 ttv 
per root hertz. 
The new method of trimming in-

volves selectively connecting a num-
ber of on-chip resistors by short-cir-
cuiting reverse-biased diodes, which 
are in series with the resistors. High-
resistance (10 10 ohms) reverse-
biased diodes are changed into low-
resistance (10 ohms) shorting ele-
ments by means of avalanche-in-
duced migration. This technique 
was pioneered by Intersil three 
years ago for use on electrically pro-
gramable memories. The company 

Avalanche path. Two diodes shown in center are short-circuited by high reverse-biased 

voltage. Further magnification reveals no damage to adjoining silicon and aluminum. 

claims that its reliability data shows 
this technique to be superior to 
other methods, such as fusing links 
of a thin-film material, for obtaining 
the same results. Since the die may 
be trimmed at a standard probe sta-
tion at the wafer-sort stage of pro-
duction, the time required to trim 
and test each die is only slightly 
greater than that required to test an 
untrimmed die of the same type. 

Previously, high-performance FET 
op amps were either costly mono-
lithics or hybrid discrete-monolithic 
modules. An external potentiometer 
can be used to trim performance on 
less expensive units, but pots take 
up space, require time-consuming 
adjustment, especially if compo-
nents have to be replaced, and have 
different temperature coefficients of 
change than the semiconductor 
chips. Laser trimming requires a 
costly ($100,000) setup and complex 
alignment to scan the entire wafer 
and maintain accuracy to hit a few-
mils-wide line, Intersil points out. 

In operation, the sequence of 
trimming events at the sorter con-
sists of checking out the amplifier 
electrically with the given offset-
voltage specification, automatically 
determining the resistor cornbina-
tion that gives the minimum offset-
voltage reading, connecting the ap-
propriate resistors into the circuit by 
avalanching their respective diodes, 
and performing a final electrical 

check. 
The 8007 series includes a broad 

range of both general-purpose and 
special devices for military and 
other applications. It is available in 
TO-99 packages, but dual in-lines 
are also being considered. 
Intersil Inc., 10900 No. Tantau Ave., Cuper-

tino, Calif. 95014 [339] 
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CTC's only business 
is RF power. 
Which leaves our 
competition with many 
other concerns. 

We take large orders in stride. But CTC is also big 
on small orders. The sophisticated kind that big com-
panies aren't organized to handle. Small lots of special 
transistors. And special packages, too. 

We're the only RF supplier that makes its own high-
quality packages. And we give you over 50 to choose from. 
Along with over 500 transistors, designed to withstand 
an infinite VSWR, so they can be safely paralleled in 
higher-power combinations. 

Even though we do second-source older industry 
standards, the majority of our CTC products are sole-
source and prime-source parts. 

So when you need RF power in a big—or even a 
small way, come to CTC. The special powerhouse that's 
equipped to give you undivided attention. 

Communications Transistor Corporation 
301 Industrial Way, San Carlos, California 94070 
Phone (415) 591-8921 TWX 910-376-4893 

CTC: The power in RF power. 
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Available! RCA UHF 
Power Amplifier Modules... 
in production quantities. 

RCA Solid State invites you to 
meet its broad family of UHF Power 
Amplifier Modules. This complete line 
covers the 395 MHz to 512 MHz band 
with three different power levels of 10, 
13. and 15 watts. 

Consider the economical and 
technical advantages of IC power 
modules. They're ready for instant use 
...designed, developed, pre-tuned 
and tested ... ready to plug them into 
your system. 

RCA UHF Power Amplifier 
Modules incor-
porate a reliable 
thin-film tech-
nology. And they 
are designed 
to meet stringent 
reliability specs. 
All modules 
feature 50-ohm 
input and output 
impedance, infinite load-VSWR 

and compact size for high 
density packaging. Take a look 

at the variety of modules 
available to you. 

And best of all they are available 
now... in volume production quantities 
—at very attractive prices. 

So if you have a need for high 
performance, broad bandwidth UHF 
Power Modules, come to RCA Solid 
State—the home of the RF Perform-
ance Expanders. 

Want more information? Write: 
RCA Solid State, Section 70L-20, 
Box 3200, Somerville, N.J. 08876. 
Or phone: (201) 722-3200. 

CHARACTERISTICS R44M10 R44M13 R44M15 R47M10 R47M13 R47M15 R51M10 R51M12 _ 

Frequency Range (MHz) 395-440 395-440 395-440 440-470 440-470 440-470 470-512 470-512 

Power Output. Min. (W) 10 13 15 10 13 15 10 12 

Supply Voltage. Nom. 12.5 125 12.5 12.5 125 125 12.5 12.5 

Power Gain. Min. (dB) 20 20 20 20 20 20 20 20 

Overall Efficiency. Min. (%) 35 35 35 35 35 35 35 35 

RCA Solid State family of UHF Power Modules 

Ii Solid 
State 

products that make products pay off 

International: RCA, Sunbury-on-Tharnes. U.K or Fuji Building. 74 Kasurrigaseki. 3.Chorne. Chiyoda Ku. Tokyo. Japan. In Canada: RCA Lirnited. Ste. Anne de Bellevue 8 10. Canada. 
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New products 

Data handling 

Tape-deck line 
aimed at OEMs 

Parts commonality built in 

to accommodate tension-arm 

and vacuum-column drives 

Original-equipment manufacturers 
are buying digital tape decks now in 
such large quantities that they com-
mand 80% of the market, compared 
with 30% three years ago, asserts 
Norman P. Gruczelak, president of 
Bright Industries, a subsidiary of 
Data Disc Inc. 
Many of the OEM systems use 

both tension-arm and vacuum-col-
umn drives, and that's why parts 
commonality has been extended to 
80% in a new family of low-cost dig-
ital tape decks built by Bright In-
dustries for minicomputers, midi-
computers, and for intelligent 
terminals. The decks were designed 
to reduce OEM inventory and service 
costs and to make both types of 
drive look alike during loading and 
control operations, thus reducing 
loading times and operator errors 
when both types are used in a sys-
tem. With commonality, an OEM 
can service both types, and, if cus-
tomer preferences change, the decks 
can be retrofitted. 

If retrofits are made, Gruczelak 
says, they'll mainly involve upgrad-
ing from tension-arm to vacuum 
drives. Until now, tension-arm 
drives have dominated the market 
because of the higher cost of the 
vacuum-column equipment, but 
Gruczelak predicts that the latter 
will win an increasing market 
share—up to 25%—in the next few 
years. He points out that the vac-
uum-column drives cause less tape 
wear and experience fewer start-
stop errors in such operations as 
merging and sorting separate reels 
in the application of minicomputers 
and intelligent terminals as front-
end processors. 
Compared with the price of as 

much as $3,300 for older tension-

arm models in quantities of 100 and 
more, Bright's new model 2730 is 
priced at $2,800. And the previous 
range of $5,000 to $6,000 for vac-
uum-column decks has dropped to 
$3,200 for the new model 2740 and 
$3,300 for the model 2750. The 2730 
and 2740 operate at read-write 
speeds to 45 inches per second and 
the 2750 to 75 in./s. 

All are Ism-compatible and avail-
able with the usual minicomputer-
tape-memory options, such as seven 
or nine tracks, single and dual pack-
ing densities from 200 to 1,600 bits 
per inch, and the like. Data format-
ters, which the OEM normally builds 
into his systems, are also available 
at $1,300 for NRZI, $2,400 for phase-
encoding and $3,300 for a dual 
NRZI/PE formatter. 

Gruczelak says a lack of com-
monality was a major reason for the 
higher costs of older decks. Bright 
designed its new drives for max-
imum use of interchangeable parts 
so that it could invest heavily in 
value engineering of major parts 
and subassemblies, order them in 
volume, and build and test the 
decks on Detroit-style assembly and 
test lines. For example, the two 
printed-circuit cards carrying read, 
read/write, and drive/control cir-
cuits are identical, except for plug-in 
circuits that adapt each drive to op-
tions and data formats chosen by 
the OEM. The only major subas-
semblies not identical are the vac-
uum and tension-arm electrome-
chanical assemblies—these go on a 
main deckplate with the same over-
all dimensions. In fact, an OEM may 
order the plate machined to accept 
either type of drive. 
To make loading easier and 

faster, all models have similar one-
hand tape-loading paths. Tension 

arms retract so that, as on the vac-
uum models, the operator simply 
runs the tape end around four 
guides and through a head cover 
that is shaped to guide the finders 
through the head threading steps. 
Also added are several data- and 

tape-protection features. Under pro-
gram control, the two normal read-
threshold levels or a third, extra-
high, level can be selected. The new 
level catches dropouts during read-
while-write operation. Electronic 
skew-compensation cuts NRZI er-
rors, automatic braking prevents the 
tape from flying loose if power fails 
during rewind, and a new tape sen-
sor has been developed for the vac-
uum-column models. 
The new sensor replaces conven-

tional photoelectric cells. It cannot 
be thrown off by oxide accumula-
tions, and, extending almost the en-
tire length of the column, it allows 
linear adjustment of the drive servo 
instead of the usual "bang-bang" 
changes in drive speed, Gruczelak 
says. Among other refinements of 
the vacuum design is a three-step 
drive pulley. The steps keep vacuum 
pressure within specifications, 
whether the deck is used on 50-Hz or 
60-Hz line power. 
Bright Industries Inc., 683 W. Maude Ave., 

Sunnyvale, Calif. 94086 [361] 

Terminals are designed for 

dispersed computer systems 

Two terminals, designated models 
1100 and 5500, are intended to en-
hance Datapoint's current line of 
dispersed data-processing systems. 
The 1100 consists of a processor, a 
RAM with a capacity of 8,000 words, 
dual cassette drives, a display, and 
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FLATPACK 

BALANCED 
MIXER 
MODEL MD-113 

• DC-1 GHz 

• 7.5dB Conversion Loss 

• 1/2" x 3/8" x 1/8" 

• 829/Stock Availability 

anzac 
Elf TRONI( S or 

39 Green Street, Waltham, Mass. 

16171 899-1900 • TVVX 710-324-6484 

Circle 132 on reader service card 

S.S. HOPE, M.D. 
Doctor ... teacher .... friend to 
millions on four continents— 
this floating hospital is a 
symbol of America's concern 
for the world's disadvantaged. 

Keep HOPE sailing. 

PROJECT 

legiP_ 

New products 

ASCII keyboard. The terminals are 
for use in on- or off-line multi-loca-
tion intelligent applications. The 
5500 employs memory segmen-
tation, hardware relocation, storing, 
and arithmetic instructions. 
Memory of up to 64,000 bytes is 
available. Price for 36-month lease 
of the 1100 is $138 per month. 
Datapoint Corp., 9725 Datapoint Dr., San 

Antonio, Texas 78284 [364] 

Interactive terminal 

offers data check 

The model 735 interactive data-en-
try terminal offers buffered light-
emitting-diode displays, which al-
low the operator to verify all data 
entered before it is transmitted to 
the computer. The unit has a 16-key 
keyboard with characters 0 through 
9, a send key, a decimal point, and 
four function keys. Additional keys 
are available as options. The termi-
nal is particularly suited to point-of-

sale and check-cashing operations, 
as well as inventory control, and it is 
compatible with most mini-
computers. 
Interface Technology Inc., 10500 Kahlmeyer 

Dr., St Louis, Mo. [366] 

Data controller couples 

collection, display system 

The model 4408-1 data-collection 
controller is an interactive coupler 
between the model 4400 data-collec-
tion system and the model 2409 key-
board-display system. Coupling of 
the two systems increases their ca-
pability for monitoring data in in-
dustrial applications. Functionally 
the controller polls the 4400 system 
input stations for source data and 

transfers the gathered information 
to the 2409 system, where it is stored 
on disk as transaction records. The 
controller automatically adds the 
date and time of day to each data-
collection record, plus other identify-
ing information. 
Mohawk Data Sciences Corp., Box 362, Ut-

ica, N.Y. [367] 

Impact printer operates 

at 100 characters a second 

Designated the model 700, a bidi-
rectional serial impact printer oper-
ates at 100 characters per second 
across a full 132-character line; the 
unit uses a 7-by-9-dot matrix. The 
print head travels left to right on 
one line and reverses its direction on 
the next line. Also featured is an 
automatic line-length control. When 
the printer finishes the last character 
at the right end of the first line, the 
second line is loaded into a full 132-
character buffer. The head then 
moves to a predetermined position 
to the right of the last character of 
the second line, performs a line-feed 
operation, reverses its direction, and 
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prints right to left. OEM prices start 
at less than $1,000. 
Trivex Inc., 3181 Red Hill Ave., Costa Mesa, 

Calif. 92626 [369] 

Disk system is built 

for Datapoint 2200 users 

Manufactured specifically for users 
of the Datapoint 2200 processor, the 
MDP-8 disk system offers 2.5 to 20 
megabytes of on-line storage. The 
unit also incorporates an interface, 

formatter, and random-access, car-
tridge-loaded, disk drive. The inter-
face contains an mos memory-sector 
buffer, which holds up to four sec-
tors of 256 bytes each. This is used 
to temporarily store information be-
tween the disk and the 2200. The 
unit is plug-to-plug-compatible with 
similar disk subsystems offered by 
Datapoint. Prices start at $9,750 for 
a single unit. 
Standard Logic Systems Inc., 2215 S. Stan-
dard Ave., Santa Ana, Calif. 92707 [368] 

Disk system designed 

for PDP-11 computer 

The model 4091 disk system, built 
for use with the PDP-I I mini-
computer, has a movable head and 
removable media. The system con-
sists of a single- or dual-platter 
drive, an interface controller, inter-
connection cables, an i/o device, 
and diagnostic software. Formatted 
data-storage capacities of up to 9.6 
million 16-bit words are available. 
Prices for a basic 1.2-million-word 
system start below $9,000. 
Datum Inc., 1363 S. State College Blvd., 

Anaheim, Calif. 92806 [370] 

Three basic lamp solutions 
from General Electric 

for your design problems. 

Immediate delivery on 
Solid State Lamps (LED's). 

GE has a complete line of com-
petitively priced infrared and 
visible SSL's now ready for off-
shelf delivery from your GE 
distributor or GE representa-
tive. The line includes a new 
small infrared SSL-65 with 
a .050" diameter. Our visible 

SSL's feature high efficiency 
GaP pellet material and the GE-
patented light reflector for 
bright, uniform light. GE will 
refund your cost or provide a 
replacement lamp for all lamps 
not meeting published speci-
fications. 

Improve your product communications 
with Green Glow Lamps. 

Our Green Glow Lamp (G2B) has 
exactly the same electrical and 
physical characteristics as our high-
brightness C2A red/orange/yellow 
glow lamp. You can use the G2B 
alone for 120 volt green indicator 
service. Or together with the C2A to 
emphasize multiple functions with 
colors. 

Uses include: safe-unsafe functions, 
dual state indications and multiple 
operations in up to 5 colors (with 
color caps). They can be operated in 
series with any appropriate current 
limiting resistor. Both the G2B and 
C2A can save money because of their 
low cost, small size and rugged con-
struction. 

Simplify circuitry with these 
newest Wedge Base Lamps. 

Now you can design simple, 
low-cost, non-complex sock-
etry by using these GE Wedge 
Base Lamps. They're available 
in two sizes, the GE T-1% with 
a .240" max. diam. and the GE 
T-3% with a .405" max. diam. 
These all-glass sub-miniature 

lamps are small enough to solve 
the space problem posed by indi-
cator lights. Their wedge-based 
construction virtually ends cor-
rosion problems because they 
won't freeze in the socket. And 
the filament is always positioned 
in the same relation to the base. 

Send today for information. 

For free technical information on 
any or all of these lamps, just 
write: General Electric Company, 

GENERAL 

Miniature Lamp Products Depart-
ment, //4454-M, Nela Park, Cleve-
land, Ohio 44112. 
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WE'VE BEEN ACCUSED OF MAKING 
OUR LOG VIDEO AMPLIFIERS WITH 

Need to 
know 
where 
it's at? 

CVI video instruments provide X-Y co-

ordinate information from TV signals 

— produce boresight reticules — digitize 

target location — analyse scenes — and 

more. If you use television and need 

to reduce data, add special markers, 

or perform other operations, please 

call us. 

We make things like: 

— 304 Motion Detector 

— 321 Video Analyser 

— 603 Data Insertion Generator 

— 610 Video Pointer 

— 621 X-Y Indicator 

— 622 X-Y Digitizer 

— 630 Anomaly Detector 

evi 
Colorado Video, Incorporated 
P.O. Box 928 
Boulder, Colorado 80302 
(303) 444-3972 

Video instruments for data acquisition, processing, 
Transmission, and display. 

HOCUS 
POCUS! 

We don't use hocus pocus. Just maximum design efficiency 
developed over 6 years in the business. Our AC COUPLED LVA's 
combine the unique features of high speed and wide dynamic 
range. They can log 200 nsec to 1.0 usec pulses over a full 80 dB 
dynamic range with 1- 1.5 dB log linearity, and with pulse width 
optimization, 30 nsec pulses can be logged. We also supply them 
in bipolar configurations to provide a full 80 dBv dynamic range 
in either direction. 

Our DIRECT COUPLED LVA's process pulses with duty fac-
tors in excess of 25%, accurate enough to detect a small pulse 
whose leading edge occurs 2 tp 3 ysec after the trailinglguag 
lgrge  pulse, Our basic dc unit has been expanded to operate as a 
bipolar amplifier with a dynamic range of 80 dBv in either 
direction. 
We recently announced a new BASELINE SERVOED LOG AMP 

that permits ac coupling with 25% or Greater, duty fecirs. and  
gajgbggligiuh., All our log amps can be provided as high 
speed LOGARITHMIC MICROWAVE RECEIVERS mated with 
RF detectors in octave bandwidths from 0.10 GHz to 18.0 GHz. 
For the whole story circle the number below or write: 

american astrionics e Division of TECHNICOLOR, ® INC. 

291 KALMUS DRIVE 
COSTA MESA, CALIFORNIA 92626 

TELEPHONE (714) 557-8480 
Circle 135 on reader service card 

"PLAGUE 
FREE" 

All aluminum bonding, Post to Pad. Lower 
sealing temperatures in the assembly of 
Diacon packages makes for higher elec-
trical yields of 8 to 36 lead Diacon package 
systems for surface-sensitive devices. 

For information, call or write... 

DIACON, INC. 
4812 Kearny Mesa Road 

San Diego, California 92111 
(714) 279-6992 
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New products 

Components 

Capacitive keys 
are priced low 

Contactless keyboards 

sell for $69. eliminate 

all wire connections 

In their quest for contactless key-
boards to improve reliability and 
last longer than mechanical key 
switches, manufacturers have 
turned to Hall-effect devices and to 
capacitive-switching systems. The 
Hall devices have gained a large 
segment of their market, but their 
complexity seems to restrict them to 
higher-price applications. Capaci-
tive keyboards, on the other hand, 
have often suffered from unreliabil-
ity brought about by inconsistent 
capacitance among the keys, fast 
wear, and susceptibility to particles 
between the active plates. 
A new noncontact system from 

Controls Research seems to have 
overcome some of these problems, 
and company marketing vice presi-
dent Jim Antrim says the new ca-
pacitive keyboard not only costs less 
than present contactless keyboards 
at $69 in 1,000-piece lots, but it of-
fers the prospect of prices ranging 
from $30 to $40 by 1976. The com-
pany claims a life of 100 million op-
erations per key. 
The active switching element in 

the C-Scan keyboard consists of two 
half-moon segments etched on a cir-
cuit board. An insulated flexible 
moving plate provides a capacitance 
ratio of 6 to 1 as it is pressed against 
the fixed plates, which eliminates all 
wire connections under the keys for 
reliability. The flexible dielectric 
and metal plate, backed up by a 
special foam pad on the plunger, 
also provides return action. The 
flexible pad eliminates a common 
problem in systems using rigid 
plates—small dirt specks that pre-
vent the plates from meeting, un-
even wear, or differences that cause 
capacitance variations. 
The key closure is converted to 

electrical output by a scanned tech-
nique for keyboard encoding. Al-
though a few ics are required for 
this operation, the number is com-
parable to that on a conventional 
electromechanical keyboard. Full 
encoding provides the standard Tri.. 
interface. Antrim expects part of the 
predicted price reduction in the key-
board to come from integration in 
mos of the whole scanning and en-
coding function. 
The standard SC-6000 keyboard, 

an ASR-33 type with "n" key roll-
over, uses standard ASCII coding. It 
includes 53 keys on 1/4 -inch centers. 
Key operating force is 3 ounces 
nominal, pretravel is 0.090 in., and 
total travel is 0.182 in. 
Controls Research Corp., 2100 S. Fairview, 

Santa Ana, Calif. 92704 [341] 

Liquid-crystal displays 

provide from 31/2 to 8 digits 

Three series of liquid-crystal dis-
plays are offered in reflective or 
transmissive versions. The 3400 
series provides a 31/2 -digit clock-type 
readout and a character height of 
1.12 inches. The 3500 series offers 
an eight-digit calculator display 
with a character height of 0.470 
inch, while the series 3600 provides 
a 31/2 -digit instrumentation display 
with a character height of 0.500 
inch. Rise time for all the displays is 
typically 100 milliseconds, and de-
cay time is typically 150 ms. 
Hamlin Inc., Lake and Grove Sts., Lake Mills, 

Wis. 53551 [345] 

Active filters 

are programable 

The 744 series of active filters, which 
are BCD-programable, four-pole, 
low-pass types, are designed for ap-
plications such as programable test 
equipment, computer-controlled 
signal processing, automated mea-
surements, noise reduction, and 
analog-to-digital conversion. Four 
basic models cover the range from 
0.1 hertz to 50 kilohertz with max-
imum cutoff frequencies of 50 Hz, 

500 Hz, 5 kHz, and also 50 kHz. 
Frequency Devices Inc., 25 Locust St., Hav-

erhill, Mass. 01830 [346] 

High-vacuum feedthroughs 

come in mini sizes 

With adapter diameters of 0.247 
and 0.747 inch, a family of min-
iature feedthrough assemblies are 
intended for ultrahigh-vacuum and 
high-pressure applications. The as-

semblies are high in alumina con-
tent and are of ceramic-metal con-
struction. They are available with 
one, two, or four feedthroughs 
mounted in a weld adaptor. Each 
feedthrough is rated at 1,000 volts 
peak, and current ratings are 1, 5, or 
15 amperes. 
Cermaseal Inc, New Lebanon Center, N.Y. 

12126 [347] 

Metal-film resistors are 

combined with capacitors 

Metal-film resistors and ceramic ca-
pacitors have been combined on a 
single substrate to comprise the type 
904C and 906C Multi-Comp family 
of resistor-capacitor networks. The 
networks, which are molded in dual 
in-line packages, are compatible 
with integrated circuits and offer 
mechanical protection during inser-
tion into printed-wiring boards, as 
well as reliability under severe envi-

- ...a. ::e..«......_ _ 
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COMPONENTS BENDING TOOL 
Bending Length: min. rem. 12 max mm. 50 

CUT 

NEW 
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TP 
BEND 

2 
TOOL 
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Cuts lead wires 
from 0 0.3 to 1.5 mm 

PRINTED CIRCUIT HOLDER 

NEW PCSS 
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iiimoill -

PCSS-1 Dimensions of max use 
(with central bar inserted 
mm. 270 x 110 + 270 x 100) 

PCSS-2 Dimensions of max use 
(with central bar inserted 
mm. 500 x 110 + 500 x 100) 

PCSS-3 Dimensions of max use 
(with central bar Inserted 
mm. 750 x 110 + 750 x 100) 

_ ..., 

mm. 270x220 

mm. 500x220 

mm. 750x220 

E MEC SASSO P 
40100 

MARCONI - (Italy) 
O. BOX N. 1750 
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New products 

ronmental conditions. The units are 
designed as by-passed pull-up, 
speed-up, RC-coupling, and active 
terminator networks. The Metanet 
resistors are made from noble met-
als encased in protective glass, and 
are layer-built by alternating metal-
lic electrodes and ceramic dielec-
trics. Capacitance values range from 
100 picofarads to 0.05 microfarad, 
and resistance values are from 100 
to 6,800 ohms. Delivery of the net-
works is from stock. 
Sprague Electric Co., 35 Marshall St., North 

Adams, Mass. 01247 [343] 

LED displays have built-in 

contrast-enhancing filters 

A series of gallium-arsenide-phos-
phide LED numeric displays are 
about half the size of postage 
stamps, but are said to be readable 
from as far as 10 feet, even under 

ambient-light conditions. Desig-
nated model 135-3870, the wide-
angle displays are red seven-
segment types that have large emit-
ting surfaces plus built-in enhancing 
filters. They are compatible with 
low-power digital ICS. 
Genisco Technology Corp., Eldema Division, 

18435 Susana Rd., Compton, Calif. 90221 
[348] 

Ceramic-chip capacitors 

range from 1 pF to 3.7 I.LF 

A series of ceramic chip capacitors 
are said to provide more capaci-
tance in smaller packages for high 
volumetric efficiency. The capacitors 
have a 0.015-inch profile and are 
available in seven sizes, with the 

smallest version measuring 0.40 by 
0.30 by 0.15 inch. Capacitance val-
ues extend from 1 picofarad to 3.7 
microfarads. Price, which varies 
with model, is said to be about 10% 
higher than standard chip capaci-
tors. 

Johanson/Monolithic Dielectrics Division, 
Box 6456, Burbank, Calif. 91505 [349] 

LED digit measures 

0.6 inch in height 

Industrial controls, point-of-sale sys-
tems, instrumentation, and other 
applications requiring readability to 
distances of 20 feet are applications 
for the model 747 light-emitting-
diode digit. Measuring 0.6 inch in 
height, the LED is a common-anode, 
left-decimal-point digit with double-
DIP pin-spacing. Brightness is 5 mil-
licandelas at 20 milliamperes. Price 
is $5.15 each for 1 to 99 pieces, $4.30 
for 100 to 999, and $3.60 in 1,000-
lots. 
Litronix Inc., 19000 Homestead Rd., Cuper-

tino, Calif. 95014 [350] 

4. 

AGENTS AND DEALERS REQUIRED 
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New products 

Packaging & Production 

Wafer prober 
rides on air 

Linear motor for indexing 

table increases machine 

speed, reduces down time 

Trying to save wear and tear by 
eliminating rotating mechanical 
parts, Electroglas Inc., Menlo Park, 
Calif., has introduced an automatic 
wafer prober with an X-Y indexing 
table that rides on a bearing of air. 

The company says that the machine, 
called the model 1034X, is 30% to 
40% faster than wafer probers with 
the usual stepping-motor-and-lead-
screw arrangement. Also, the 1034X 
requires "drastically reduced" main-
tenance time, the company says. 

Basically, the performance fea-
tures of Electroglas' earlier model 
1034 are incorporated in the new 
1034X. The stage on which a wafer 
is mounted can travel up to 5 inches, 
plus an additional 5 inches in the X 
axis for loading and unloading. Dig-
itally controlled acceleration and 
deceleration speeds have been in-
creased, but accuracy stays the 
same—within -±0.0005 inch over the 
full 5 inches of travel. Speed is 5 
inches per second with an accelera-
tion of 1 g. Indexing range is 0.005 
to 4.999 inches with 0.5-mil resolu-
tion. 
Other features include: alignment 

via automatic gross positioning, 
theta-alignment scanning, and a 
multifunction joystick; adjustable-
or fixed-point probe cards that can 
be changed easily; and delayed ink-

ing, as well as conventional in-place 
inking. Options include optics for a 
Tv-type display, and magnetic ink-
ing. 
The new wafer prober relies on 

the so-called Sawyer principle to 
produce motion through the inter-
action of magnetic forces. Essen-
tially, the action is that of a linear 
motor with an electromagnetic "for-
cer" block moving smoothly and 
silently on a cushion of air over a 
ferromagnetic platen. 
The forcer consists of a perma-

nent magnet with an electromagnet 
at each of its poles. The platen is a 
flat plate, cross-scored to form equi-
distant square islands in a pattern 
resembling a waffle. These scorings 
are filled with nonmagnetic material 
to provide a smooth surface. 
Magnetic flux is developed in the 

forcer by the combination of the 
flux in the permanent magnet and 
the two electromagnets. The direc-
tion in which the forcer moves is 
controlled by the current in the 
electromagnets. Two separate for-
cers at right angles to each other 
control motion in the X and Y axes. 

Electroglas' parent company, Xy-
netics Inc., originally applied the 
Sawyer principle to an X-Y plotter 
two years ago. Since then, Electro-
glas has also applied it to its model 
1400X laser scriber for silicon wa-
fers. 

Price of the model I 034X is 
$14,950, compared to $12,950 for 
the earlier 1034. Delivery time is 10 
to 12 weeks. 
Electroglas Inc., 150 Constitution Drive, 

Menlo Park, Calif. 94025 [391] 

Burn-in unit has memory 

tester, heat controller 

An automated burn-in system, des-
ignated the model 1000, combines a 
memory exerciser with a tempera-
ture controller and a chamber to 
provide an efficient burn-in oper-
ation. The exerciser automatically 
performs a variety of tests on differ-
ent memory types, and the test pro-
gram can be adapted to most logic-
board assemblies. The temperature 
controller maintains the chamber at 

+50°C, while circulating fans pre-
vent hot spots. Power to each test 
connector is switched and fused, 
while individual indicators display 
burn-in times up to 99 hours. 
Concept Development Inc., 2401 S. Broad-

way, Santa Ana, Calif. 92707 [393] 

Waste-recovery system 

saves alkaline etchants 

A waste-recovery system, desig-
nated the Reverse Osmosis system, 
operates on MacDermid Contin-
uetch alkaline etchant. The unit 
eliminates the etchant-rinse water as 
a pollution source, and it provides a 
means of recovering etchant from 
the concentrate. Instead, 93% of the 
etchant feed is recycled as clean 
rinse water, and the concentrate is 
collected for recovery with the spent 
etchant. 
Abcor Inc., 341 Vassar St., Cambridge, 

Mass. 02139 [395] 

Pc-card bus bar mounts 

under DIPs or sockets 

A three-layer printed-circuit-card 
bus bar is made to a 0.050-inch 
maximum measurement so that it 
will mount easily under standard 
DIPS or sockets. Called the M-827, 
the unit incorporates the third layer 
to provide a second voltage-distri-
bution level. When used in conjunc-
tion with two-sided pc boards, the 
combination is equivalent to a five-
layer board, consisting of two layers 
for signals, two for voltage, and one 
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National Semiconductors Ltd. can now offer you a complete 
line of high efficiency, low current gallium phosphide LEDs. 
A sampling of our LED lamps available include the panel-
mount MA 2300 series with its built-in lens/reflector system, 
typically producing 2 mcd luminous intensity at 5 mA, the 
MA 2400 series in the industry accepted panel-mount package, 
the low profile MA 2600 series, the side-viewing MA 2700 
series, and the MA 2800 series in a wide viewing plastic TO-18 
package. 

Red and green LEDs are generally available in optional clear, 
clear diffused, tinted clear, or tinted diffused epoxy packages. 

NSL can also offer you a complete line of photocells, photo-
diodes, phototransistors, optocouplers, optoelectronic arrays 
and customized optoelectronic devices. 

NATIONAL SEMICONDUCTORS LTD 
331 Cornelia St., Plattsburgh, N.Y. 12901, Tel.: (518) 561-3160 
2150 Ward St., Montreal, Que., H4M 1T7; Tel.: (514) 744-5507: 

TWX 610-421-3362 

New products 

for ground. Price is $2.95 each in 
100-lots. 
Rogers Corp., Box 700, Chandler, Ariz. 

85224 [397] 

Substrate-cutting system 

can handle liquid crystals 

A substrate-cutting system has been 
adapted for slicing and dicing liq-
uid-crystal-glass display material. 
Called the Accu-Cut 500, the unit 
provides void-free bonds between 

the glass and its back-up plate to 
guarantee chip-free cuts. Multiple 
cutting of the glass plates is also of-
fered, and the company says that 
about 5,000 substrates can be cut 
per day. Price of the system is 
$4,995 plus the cost of diamond cut-
off wheels. 
Aremco Products Inc., Box 429, Ossining, 

N.Y. 10562 [394] 

Miniature connector 

is rated at 5 kV dc 

Rated at 5 kilovolts dc at 70,000 feet 
and operating over the temperature 
range of -55 to + 125 C, a sub-
miniature high-voltage connector 
requires less than 0.6 square inch of 
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How to 
ship small 
packages in 
a big hurry. 

lesu .s 
„ecel4G 

e se peC)Pà• ̂  

DECTA Met3s 
Delta guarantees delivery on 

the flight or routing you specify 
between most Delta cities. 

Packages accepted up to 50 lbs. 
with length plus width plus height 
not to exceed 90" total, with only 
one dimension exceeding 301 

Delivery to Delta's passenger 
counter or air freight terminal at 
the airport at least 30 minutes prior 
to scheduled departure time. 

Pick-up at DASH Claim Area 
next to airport baggage claim area 
30 minutes after flight arrival at 
destination. 

Charges for DASH shipments 
are nominal. Delta reservations will 
be pleased to quote actual charges 
between specific points. 

Payments accepted in cash, by 
company check, most general-
purpose credit cards, special credit 
arrangements or on government 
shipments by GEL. kmeura. 

Rate examples (Tax included) 
Atlanta-Washington $21.00 
Boston-Miami .  S26.25 
Cincinnati-Louisville   S21.00 
Cleveland-Phoenix S26.25 
Los Angeles-New Orleans   S31.50 
Dallas-Los Angeles . S26.25 
San Francisco-Atlanta ... $31.50 
Philadelphia-Houston. $26.25 
New York-Tampa $26.25 
For full details, call Delta 
reservations. 

Delta is ready 
when you are! 

Circle 160 on reader service card 

mounting surface and occupies less 
than 0.75 cubic inch per mated pair 
of six-position units. The fully pola-
rized plug and receptacle are 
molded of flame-retardant glass-
filled polyester, with a silicone-rub-
ber insert to provide an interfacial 
seal. The recessed contacts are gold-
plated and have a 5-ampere rating. 
Capitron division, AMP Inc., 1595 S. Mount 

Joy St., Elizabethtown, Pa. 17022 [398] 

Platform-type DIP 

aimed at hybrid work 

A platform-type dual in-line pack-
age is made from hard alumina 
glass. The 14-pin hermetic packages 
can also be supplied with epoxy pre-
forms for sealing. Applications are 
in hybrid-circuit manufacturing. 
Delivery is from stock. 
Packaging Unlimited Inc., 10 Railroad SI., 

Lawrence, Mass. 01841 [399] 

Ribbon-cable assembly 

interconnects pc boards 

A ribbon-cable assembly, designed 
to interconnect printed-circuit 
boards, is said to simplify the prob-
lem of busing and crossovers. Sev-
eral varieties of wire sizes, conduc-
tor terminations, and stranding 
configurations are available to suit 
most applications. For example, the 
conductors may be round or flat, 
and the jumpers, which come in 
various sizes, may be made with any 
number of conductors from two to 
100. They are available individually 
with pretinned leads and can be 
supplied in a continuous roll form 
with conductors stripped at desired 
intervals. 
Spectra-Strip Corp., 7100 Lampson Ave., 

Garden Grove, Calif. 92642 [400] 

WATCH us 
THE PEOPLE DOING 
THINGS THAT MATTER 
IMAGINATIVELY 

SERIES 2600 

DIGITAL STOPWATCH/ 

TIME INTERVAL METER 

e 3 to 6 Digit Displays 

• Parallel BCD Outputs 

• Resolutions ... Minutes to 
Microseconds 

• Manual or Remote Control 

• Available with 60 Hz 
OR Crystal Timebases 

Telephone (913) 631-6700 

7618 Wedd 
Overland Park, Kansas 66204 

Mail to: P.O. Box 913, Dept. I15 
Shawnee Mission • Kansas 662:11 

TWX: (910) 749-6477 

$500* 

BALANCED 

MIXER 
MODEL MD-108 

• DC - 500 MHz 

• 7dB Conversion Loss 

• 30dB Isolation 

• 8 - Pin Relay Header 

• 500 piece qty. 1-49 pieces ($7.001 

50-499 pieces ($6.00). 

anzac 
ELECTRONIC', 

1 

39 Green Street, Waltham, Mass. 

1617) 899-1900 • TWX 710-324-6484 
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11114 PILPIl 

New 
Fluke 
Counter 

• $299, 5 Hz to 40 MHz 
• Measure frequency, read rpm 

directly or totalize events 
• Big six digit display clearly 
readable from a distance 

• Switchable low pass filter and 
attenuator for noisy electrical 
environments 

• Optional BCD output and pro-
grammable offset 

• 40 mV sensitivity 

• Fluke quality at a rock bot-
tom low price 

• Functional "burn-in" to elimi-
nate marginal parts 

• World-wide network of Fluke 
service centers to provide 48 
hour turn-around repairs 

IFLUKE1 
FLUKE, P.O. Box 7428, Seattle, 
Washington 98133. Phone (206) 
774-2211. 

Circle 161 on reader service card 

RCA's drift-free Master 
VoltOhmyst only $135* 

It's the RCA WV-510A Master Vol tOhmystO, a 
solid-state VOM with all of these features: 
• Excellent stability — drift-free operation 
• Battery or AC operation 
• Measures from 0.01 ma to 1.5 A in 8 ranges ... 0.2 
ohms to 1000 megohms in 7 ranges ... 0.01 volt 
to 1500 volts DC in 8 ranges ... 0.2 to 1500 rms 
AC volts in 7 ranges 
• Measures peak-to-peak voltages of complex wave-
forms from 0.25 to 4200 volts in 7 ranges 
• 21-megohm input resistance on all DC ranges 
• Mirror scale meter-movement electrically protected 
against burnout 
To buy: order from any one of the more than 

1,000 Authorized RCA Distributors worldwide, or 
through RCA Electronic Instruments Headquarters, 
Harrison, N.J. 07029. (RCA will forward your order 
to the distributor of your choice.) Also ask for your 
copy of the new full-line Electronic Instruments 
1Q1218F catalog. 

Electronic 
Instruments 

140 Circle 162 on reader service card 

Optional Price including probe and current leads. 
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New products 

Subassemblies 

Hybrid drivers 
are shelf items 

Units designed for switching 

bias current of p-i-n diodes 

are compatible with TTL, DTL 

Microwave-equipment makers look-
ing for switch drivers have usually 
had two choices—buying big dis-
crete units off the shelf, or buying 
smaller hybrids on a custom basis. 
With the introduction of the UHC-

200 series of off-the-shelf hybrid 
switch drivers by Hybrid Systems 
Corp., the user can have the best of 
both worlds. The devices are the 
first in a line of standard products 
from Hybrid's new microelectronics 
division, recently bought from 
Sprague Electric Co. Hybrid Sys-
tems officials hope that the standard 
products will "lead Hybrid out of 
the woods from being errand boys" 
for companies who need custom 
items. 
The UHC-200 series is designed 

for switching the bias current of 
p-i-n diodes in series and shunt-
switching applications, and they can 
be used in coaxial, stripline,•or mi-
crostrip circuits. Current is provided 
from either the positive or negative 
supply, and inputs are compatible 
with most TTL and DTL circuits. 

Current spikes as large as 400 
milliamperes are generated to inject 
and remove the diode-junction 

charges. Type UHC-201 has a 
steady-state output minimally set at 
5 MA, but this is externally adjust-
able to ±30 mA. Several other out-
put options are available, including 
complementary inverting designs. 
All types have output short-circuit 
protection. 

Open-circuit output voltage is -±2 
volts. Minimum logic 1 input volt-
age uses 2.0 v, while logic 0 input 
voltage is 0.8 v maximum. Logic 1 
output is +5 mA, and logic 0 is -5 
mA on the UHC-201. Delay time is 
10 nanoseconds maximum. Supply 
voltage is -±5 to ±-12 V dc. Operating-
temperature range is -55°C to 
125°C, and the units meet the re-
quirements of MIL SPEC 883. The de-
vices are hermetically sealed in a 
fiatpack 0.5 by 0.5 inch, but they 
may also be ordered in a plug-in de-
sign. 
The UHC 201 is priced at $48 

each for 1 to 9, and $16 each in 
quantities of 1,000. 
Hybrid Systems Corp., 87 Second Ave., Bur-

lington, Mass. 01803 [381] 

Rms-to-dc converter 

is priced at $62 

Priced as low as $42 each in 100-lots 
and selling for $62 singly, the model 
440 rms-to-dc converter measures 
1.5 by 1.5 by 0.41 inch. In addition 
to performing as a converter, the 
unit can also measure true rms 
when it is hooked to a digital dis-
play. The 440 responds to the total 
effective dc-heating value of any 
waveform, and its maximum error is 
±-2 mv ±0.05%. This level of ac-
curacy and the 3-dB bandwidth of 
500 kilohertz enable the model 440 
to process SCR waveforms and com-
plex noise patterns. 
Analog Devices Inc., Rte. 1 Industrial Park, 

P.O. Box 280, Norwood, Mass. 02062 [383] 

Digital-to-resolver converter 

accepts 12-bit binary input 

A modular digital-to-resolver con-
verter accepts a binary 12-bit angle 
input and provides two ratiometric 

outputs proportional to the sine and 
cosine of the programed input 
angle. The converter can be used 
with frequencies down to dc. With a 
power-output module, it can be 
used in 400-hertz systems of either 
11.8 or 90 volts with 1-vA power 
output. 
Astrosystems Inc., 6 Nevada Dr., Lake Suc-

cess, N.Y. 1140 [384] 

8-way power divider 

is compact, broadband 

An eight-way power divider-com-
biner in a flatpack configuration, 
measuring 13/4 by 1 by 0.22 inch, of-
fers a frequency response of 30 to 
1,000 MHz. Designated the model 
FP8A-HJ-8-689, the unit also pro-
vides an insertion loss of 2.5 dB 
maximum, isolation of 25 dB min-
imum, and a nominal impedance of 
50 ohms. Maximum VSWR is 1.4 to 
1, and maximum power rating is 1 
watt. Price is $250 each for one to 
four units. 
Olektron Corp., 6 Chase Ave., Dudley, 

Mass. 01570 [385] 

Multidigit LED display 

is available in green 

A LED display with a height of 0.120 
inch is offered in green. The gal-
lium-phosphide device can directly 
replace equivalent red gallium-arse-
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CLASSIFIED ADVERTISING 

SEARCHLIGHT SECTION 
BUSINESS OPPORTUNITIES 
USED OR SURPLUS EQUIPMENT 

IMMEDIATE DELIVERY .%\ 
Minis & Peripherals 
DEC—HIS—NOVA 

SEL—HP—MOHAWK 

CPU, Card, Printer, Tape, Disk 

NEW • MOHAWK 4320 PRINTERS 
• DATA PRINTER V132 

PDP 8 CPU $1500 

$750 Minis 
TELETYPE 35 & 37 

DEC & HONEYWELL Modules 
617/261-1100 

Send for Free Report "Maintenance of Computers 

AMERICAN USED COMPUTER CORP. 
P 0 Box 68. Kenmore Sta . Boston. MA 02215 
member COMPUTER DEALERS ASSOCIATION 

CIRCLE 951 ON READER SERVICE CARD 

free catalog 
POTTING APPLICATORS 
MANUAL OR AIR OPERATED 

21/2 cc 6cc 12cc 30cc 
FOR POTTING, ENCAPSULATING ETC 

PHILIP FISHMAN CO., INC. 
7 CAMERON ST wELLFSLFY MASS 02181 

CIRCLE 952 ON READER SERVICE CARD 

RADAR SYSTEMS GROUND AND AIRBORNE AUTOMATIC 

TRACKING ANTENNA SYSTEMS NIKE AJAX NIKE HER-

CULES M-33 MS0-1 A MPS-I 9 MPS-9 SCR 584 TPS-10 

TPS-78 FAA-ASR•2 AIRBORNE SYSTEMS APH•04 APN•I 07 

AP5•70 APS-27 APS-45 DPN49 DIF;ITAL COMPUTERS 
Ulm 650 Illm 704 

#. LARGEST INVENTORY OF RADAR AND 
MICROWAVE EQUIPMENT IN THE WORLD 

RADIO RESEARCH INSTRUMENT CO. 
3 QUINCY St . NOM.K. COMM 06850 '2031 853•2600 

CIRCLE 953 ON READER SERVICE CARD 

ati EMPLOYMENT 
Mr1 OPPORTUNITIES 

Positions Available 

IN MAJOR ELECTRONICS 
FIRMS IN ISRAEL 

Candidates should be interested in permanent 
settlement in Israel. 
1—ENGINEER—Expert in printed circuit manufacturing 

for senior position 
1—PRODUCTION ENGINEER—Experienced in manufac-

ture of microwave tubes. 
3—ELECTRONIC TECHNICIANS—Experienced in final 

test icomponents-systems). 
4—DRAFTSMAN—Mechanical Design and Packaging. 
5—TECHNICAL WRITER—For electronics firm. 
6—PRODUCTION MANAGER—For large electronics firm. 
Interviews will take place in New York. Apply by 
sending resume to: 

Employment Division 

ISRAEL ALIYAH CENTER 
515 Park Avenue 

New York, NY 10022 

Job-seekers... 
be the first to know 
with McGraw-Hill's 
Advance Job Listings 
By having our new weekly ADVANCE JOB LISTINGS sent First-Class (or by Air Mail, if 
you prefer) to your home every Monday you can be the first to know about nation-wide 
openings you qualify for both in and out of your field. 

This preprint of scheduled employment ads will enable you to contact anxious domes-
tic and overseas recruitment managers BEFORE their advertisements appear in up-
coming issues of 22 McGraw-Hill publications. 

To receive a free sample copy, plus information about our low subscription rates 
from one month to 12). fill out and return the coupon below. 

ADVANCE JOB LISTINGS / P.O. BOX 900 / NEW YORK NY 10020 fifj Fir 

PLEASE SEND A SAMPLE COPY L • 
OF ADVANCE JOB LISTINGS TO:  • rl 

NAME ADDRESS 

CITY STATE ZIP 

E 12/20, 73 

New products 

nide-phosphide displays in most cir-
cuits, solid-state calculators, timers, 
and counters. Luminous intensity is 
30 microcandela typical at 1 mil-
liampere average current per 
segment. The nine-digit version, 
called G-B125, is supplied on a pc 
board measuring Y8 by 23/4 inches. 
Other versions with fewer digits are 
available. 
Opcoa Division, AVX Corp., 330 Talmadge 
Rd., Edison, N.J. 08817 [386] 

Op amp operates over 

±18 to ±125-V supply range 

The model 1032 modular FET oper-
ational amplifer is offered either as 
a general-purpose problem solver 

FET high voltage 
OparatiOnal arylplif 

,..st meemé r  

for new high-voltage applications or 
as a low-cost replacement for 
higher-priced amplifers used in 
existing designs. Price of the 1032 is 
$59. The unit operates over the 
range of ±-18 to -1125 volts, and 
when used with ±-120-v supplies, it 
provides ±-112-v output at ± 12.5 mA. 
Teledyne Philbrick, Allied Dr. at Rte. 128, 

Dedham, Mass. 02026 [387] 

Operational amplifier gives 

500-volt isolation 

A maximum of 500 volts of contin-
uous input/output isolation is a fea-
ture of the model 3450 operational 
amplifier, one of a series called Iso-
op-amps. The unit is fabricated for 
use with low-level signals from low-
impedance sources, such as strain 
gages and thermocouples. Input-
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voltage drift is less than ±1 micro-
volt/ 'C maxiinum, and gain non-
linearity is ±-0.01% maAimurn. The 
FET-input version, model 3451, is 
designed for use with higher .level 
voltage sources or low-level current 

sources. Input impedance is 101' 
ohms and bias current is -25 pi-
coamperes maximum. Price of the 
3450 is $165, and of the 3451, $105. 
Burr-Brown Research Corp., International 

Airport Industrial Park, Tucson, Ariz. 85734 

[388] 

Dual power supply 

is priced at $9 

Priced at $9 each for 1 to 99 units, 
the model S21 dual power supply 
provides ±15 volts at 100 milliam-
peres and 0.01% regulation to dis-
crete and integrated-circuit oper-
ational amplifiers and function 
modules. The unit is an epoxy-en-
capsulated module suitable for 
printed-circuit-board mounting, and 
it can be supplied with fixed volt-
ages from ±-5 to -±100 volts. 
Sinclair Electric Inc., 155 Brighton Rd., Clif-

ton, N.J. 07012 [389] 

OUR ANGLE: 
The FIRST Digital 
Phase Angle Voltmeter 

....This NEW DPAV provides complete analysis of complex 
AC waveforms at discrete frequencies and displays the results 
on a high readability 41/2 digit display. Parameters measured 
are Total, Fundamental, In-Phase, and Quadrature voltage plus 
Phase Angle. Phase angle is displayed directly in degrees 
from 00 to 360" witil a resolution of 0.1". 

The Model 220 upei aies phase-sensitively at a single fac-
tory-set frequency from 30 Hz to 32 KHz. The Model 225 has 
the capability of operating with two to four pre-specified fre-
quencies. Both models have a total voltage measuring capabili-
ty from 30 Hz to 100 KHz. 

The DPAV can be used on the bench or in Automatic Test 
(ATE) applications. Remote programming, 1 °MI? input isolation 
auto ranging, and BCD output options allow for complete hands 
-oft operation necessary in automated test consoles. Priced 
from $2950.00. 

Let our sales engineering representative demonstrate our 

NEW angle to you. Call toll-free (800) 645-9200 for his name A and address. 
.11."-i'l...A. 1•T 'r I C". industries, inc. 

200 Teriainal Drive, Plainview, New York 11803 • Phone (516) 681-8600 
California District Office: 13418 Wyandotte Street, N. Hollywood, CA 91605 • PhonL (213) 982-0442 

It v ce card 

SALON INTERNATIONAL DES 

composants 
électroniques 
PARIS 1-6 / 4 / 74 
COMPONENTS - MEASURING 

MATERIALS - EQUIPMENT 

Organisation S D.S A - 14, rue de Presles 75740 Paris Cedex 15 

FRENLi SHO1A1,5 
NEW YOFIK, N.Y. 10019 i Lie;L--49t.,,,, 1 
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16K BYTES MEMORY CARD 

be Second Best ond best 

Seller 

Doesn't necessarM iroei sec  

CMS 2802: [MM micro 3000 
CMS 2803: AMPEX 1800 series 
Plug-to-plug compatible. 
A clear system using our own hybrid circuit ICs. 

Access time cycle time Temp. range Power supply voltage 

CMS2802 300 os. 650 os. 0°—+50°C 
+5V ±3%. 4.0A max. 
+15V ±3%. 4.0A max. 
—15V ±3%. 0.9A max. 

CMS2803 340 os. 850 ns. 0°— +55°C 
+5V ±5%, 3.5A max. 
—15V ±3%. 4.5A max. 

CMS 2802 

FUJI ELECTROC HEMICAL CO.,LTD. 
Head Office: Hamagomu Bldg., 5-36-11, Shinbastu, Mmato-ku, Tokyo, Japan. TEL: 434-1271 
Overseas Office: 
New York. TEL: (212) 532-5630/Los Angeles, TEL: (213) 620-1640/Düsseldorf, TEL: (211) 89031 

Circle 144 on reader service card 

Staggered fingers 
let case-mounted semi's 

work harder in 
less space 

Now you can safely operate such 
devices as TO-3, TO-6, TO-66, plas-
tics, at many times their bare case 
power rating using our patented 
Staggered Finger dissipators. We've 
got over 70 different models with dissipa-
tion capabilities ranging from 3 to 35 
watts in natural convection, up to 125 

watts in forced air. Why are 
they better? Staggered Finger 

design increases dissipating sur-
face, cuts re-radiation, and pro-

duces turbulence in forced air. Send 
for catalog. 1ERC, 135 W. Magnolia Blvd., 
Burbank, Calif. 91502, a subsidiary of 
Dynamics Corporation of America. 

IERC Heat Sinks 

New products/materials  

Designated Galax GGG, a single-
crystal gadolinium-gallium-garnet 
material is for use as an electronic 
substrate. Nonmagnetic GGG is 
used for the epitaxial growth of 
uniaxial magnetic garnet films ap-
plicable to bubble memories, shift 
registers, counters, and other de-
vices. The material is available in 
boules, sawn blanks, polished wa-
fers of various degrees of finish, and 
special shapes. Specifications in-
clude a melting point of 1,750°C 
and a lattice constant of 12.3832 
-±0.0005 angstrom. 
Allied Chemical Corp., Synthetic Crystal 

Products, Box 1021R, Morristown, N.J. 

07960 [476] 

A variety of sizes of glass-epoxy coil 
bobbins are available for use in so-
lenoids and power supplies. Core 
sections are molded tubes of Fiber-
glas-laminated epoxy, sanded out-
side and cut to length. Flanges are 
wire-side-sanded and made for a 
drive fit over the core tube. Bonding 
is done with a 155°C epoxy adhe-
sive. 
Stevens Products Inc., 128 North Park St., 

East Orange, N.J. 07019 [477] 

A mercaptan-terminated liquid poly-
mer that provides rapid curing of 
epoxy resins, when used in combi-
nation with selected amines, is 
known as Dion Polymercaptan 
3-800. The product is said to pro-
vide quick cures at low tempera-
tures in thin films. Moreover, curing 
rates and properties of the formula-
tion can be varied by small changes 
in the amine content or content of 
the Dion 3-800. 
Nopco Chemical division, Diamond Sham-

rock Chemical Co., 350 Mt. Kemble Ave., 

Morristown, N.J. 07960 [478] 
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New literature 

Components. A 12-page catalog 
from Brooks Instrument division, 
Emerson Electric Co., Hatfield, Pa. 
19041, describes precision compo-
nents for analytical instrumentation, 
including controllers, regulators, 
and flowmeters. Circle 421 on 
reader service card. 

Instrumentation. A line of high-per-
formance instrumentation is de-
scribed in a 40-page catalog from 
Heath/Schlumberger Instruments, 
Benton Harbor, Mich. 49022. The 
booklet provides photos, general in-
formation and specifications for fre-
quency counters, oscilloscopes, 
power supplies, digital multimeters, 
and other instruments. [4221 

Impulse noise. Bowmar Instrument 
division, 531 Main St., Acton, Mass. 
01720. A technical brochure pro-
vides information on the model 
480A impulse-noise and level-mea-
suring set. [423] 

Temperature control. The Quantem, 
an 8.5-ampere proportional control-
ler that comes equipped with set-
point pot, dial plate, and sensor, is 
described in a bulletin from Heine-
mann Electric Co., Magnetic Dr., 
Trenton, N.J. 08602 [423] 

Connector. Test and evaluation re-
ports on the Mini-Wasp connector 
are available from Malco, a Micro-
dot company, 5150 W. Roosevelt, 
Chicago, Ill. 60650. Three reports 
cover the low-insertion, medium-in-
sertion and high-insertion versions. 

Supplies and modules. Advanced 
High Voltage Co., 14532 Arminta 
St., Van Nuys, Calif. 91402. A four-
page catalog describes the com-
pany's line of standard high-voltage 
supplies and modules. [425] 

Thermistor probes. A 12-page cata-
log describing sizes, series, and types 
of thermistor probes is offered by 
the Keystone Carbon Co., St. 
Marys, Pa. 15857. A series of seven 
probe configurations is available in 
20 styles. [426] 

Resistor system. A brochure on the 
Rely-Ohm resistor system, which 

if you're "in a vacuurn 

We'll help you otit. 

The Conex Conveyorized Exposure Systems 
replace vacuum printers. And the bottlenecks and 
headaches that often go with them. 
Air inflated transparent flexible rollers and fixed internal mercury vapor 
lamps do the trick. Conex provides fast collimated, double-sided exposure 
to photosensitive panels and artwork and takes anything you can feed it, 
up to 24", including glass artwork and protruding pins. Always excellent 
resolution. And no image shift. Waiting period? Only seconds! We have 
other exposure systems to give you the applications you need at a price 
you can afford, including a junior bench top Micro-Conex. Any way you 
look at it a Conex will get you out of the vacuum you're in. 

For more information on other Gyrex products call or write today. 

GYREX CORPORATION 
400 E. GUTIERREZ ST. o SANTA BARBARA, CALIF. 93101 0 CALL (805) 966-7131 

Circle 145 on reader service card 

Why mess around when you 
can have the ELECTRONICS 
BOXER clean up your 
copies—keep them in top 
condition. 

And, it's easy and 

inexpensive to keep the 
ELECTRONICS BOXER in 
your corner. Just complete 
the coupon and mail. Your 
order will be processed 
immediately, postpaid. 

ELECTRONICS BOXER 
Jesse Jones Box Corporation 
2250 E. Butler St., Philadelphia, Pa. 19137 

Please send me: El] boxes @ $4.25 each; 

fl 3 boxes @ $12.00; El 6 boxes @ $22.00 
My check or money order is enclosed. 

Name  

Address  

12ity State  Zip 
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'adorn 

MAN, WHAT A BEGINNING 
FOR YOUR 

CIRCUIT DESIGN LAB! 

E&L INSTRUMENTS, INC. 
61 First Street, Derby, Conn. 06418 

Phone (203) 735-8774 Telex No. 963536 

In Canada: JOHN FORTIN CO., LTD. 
221 Academy Road, Winnipeg, Manitoba Phone (204) 284-5813 

If you are doing any circuit 

design work, somewhere 

along the way you're going 
to have to breadboard a 

working unit. ADAM is a 
new modular breadboarding 

system that takes you from 
circuit concept to working 
hardware in minutes. The 
heart of the system is the 
Mainframe with 5 power 

supplies, for all your digital 

and analog work. Solderless 
circuit design and testing 
is easy on the Socket 
Module. 

Other modules include a 

Function/Pulse Generator, 
a Signal Source Module, a 
Readout Module, and Blank 

Modules for "in-house" 
construction. All modules 

are interchangable, provid-
ing flexibility for develop-
ment and growth at all 
levels of technology. 

As pictured, The ADAM sys-

tem sells for $395 (less the 
apple). Write today for full 
details. 

Circle 146 on reader service card 

Simple, low cost way to give your displays 
stop-action and four other competitive advantages— 
all in one small package. 

Introducing the Hughes Model 
639 video storage unit. A complete 
electronic image memory system. 
With all the circuitry, power and 
controls built-in to make your 
displays versatile exhibitions. 

It stores alphanumeric, graphic, 
and pictorial data. With high resolu-
tion, high-speed writing capability, 
selective updating and fast erasure. 
It converts slow-scan and x-y 
information to TV format. 

It integrates signals (automati-
cally enhancing weak or low light 
images). It speedily processes and 

stores input signals for conversion 
into TV displays for the medical, 
management, law enforcement; and 
many other applications. 

If you need close-up images, 
there's a zoom control, with a 
positioning joystick. And because it's 
flexible, it can be customized to star 
in any graphic display system. 

Write for new brochure: 
2020 Oceanside Blvd., Oceanside, 
CA 92054. r  

Or call: i HUGHES 
(714) 

MUGIIES AIRCRAFT COMPANY 

757-1200- INDUSTRIAL PRODUCT* DIVISION 
'MASS DEVICES 

New literature 

provides resistor inks used in hybrid 
circuits for high stability and repro-
ducibility, is available from Engel-
hard Industries, 430 Mountain Ave., 
Murray Hill, N.J. 07974 [427] 

Capacitors. The line of capacitors 
and ceramic substrates available 
from Centralab Distributor Prod-
ucts, 5757 N. Green Bay Ave., Mil-
waukee, Wis. 53201, is described in 
a 36-page catalog. Electrical tests 
and specifications are given, along 
with applications data. [428] 

MOS circuits. A revised product 
guide on a broad line of cosimos 
ICs for low-voltage digital appli-
cations in industrial, military and 
commercial fields is being offered 
by RCA Solid State division, Rte. 
202, Somerville, N.J. 08876 [429] 

Microwaves. A two-page bulletin 
containing a comparison chart and 
discussion of low-noise microwave 
front-end configurations for C and 
X bands is available from RHG Elec-
tronics Laboratory Inc., 161 East In-
dustry Court, Deer Park, N.Y. 
11729 [430] 

Switching system. Siemens Corp., 
186 Wood Ave. South, Iselin, N.J. 
08830. The mobile ESK crosspoint 
switching system is described in a 
four-page brochure. The system, 
mounted on a tractor-trailer, can be 
equipped with up to 2,000 lines. 
[431] 

Ceramics. Three brochures have 
been published by The General 
Electric Co. Ltd., Hirst Research 
Centre, East Lane, Wembley, Mid-
dlesex, England, that describe a 
high-permittivity dielectric ceramic 
for microwave applications. [432] 

Switches. Chicago Switch Inc., 2035 
Wabansia, Chicago, Ill. 60647. 
Catalog 7309 is a 20-page handbook 
providing information on switching 
products. The booklet gives testing 
data and applications information. 
Products include subminiature 
switches in slide, push-button, and 
rotary configurations, in addition to 
rockers, leaf-types, and indicator 
lights. [433] 
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New SPERRY, Clock Display 
lowers cost of electronic clocks! 
This unique SPERRY Clock Dis-
play not only helps cut engineer-
ing expense, reduce assembly 
time and lower component cost, 

it looks a lot better than other 
displays now on the market. 

FOR COMPLETE TECHNICAL 
INFORMATION, 

write Sperry Information Displays, P.O. Box 3579, Scottsdale. Arizona 85257 or phone (602) 947-8371. 

--1-"Jr-L-SPERY 
.• INFORMATION OISPt AYS 

There's more eye appeal in SPERRY Displays! 

Circle 148 on reader service card 

SOLID RELIABILITY 
Micropackaged pulse transformers with 

outstanding performance. 
Toko pulse transformers are proven per-
formers in the electronics world, and are 
known for compactness, reliability and 
product quality which are hard to beat. 
Make your selection from our list of 
standard types or let us design a unit spe-
cifically for your application. -an 

Standard Types 

hire T 
ratiourns 

P 
inductance rimary 

EY 
Constant 
(min.) 

Leakage 
inductance 
ç max ) 

Interwindong 
capacitance 

(max) 

DC 
resistance 

max.) 
Connections 

PGWB 4-1AA 1:1 1.8 1.2 0.10 8.0 0.20 A (LCED) 
PGWB 10-1AA 1:1 11.0 2.5 0.15 12.0 0.20 A (LCED) 
PGBB 8-1AA 1:1 38.0 3.5 0.15 8.0 0.20 A (LCED) 
PGRB 10-1AA 1:1 134.0 5.0 0.15 12.0 0.20 A (LCED) 
PGRB 16-1AA 1:1 340.0 10.0 0.15 18.0 0.30 A (LCED) 
PGXB 22-1AA 1:1 1,400.0 20.0 0.20 25.0 0.35 A (LCED) 

Technical Data 
• Operating temperature range: 0--70'C • Storage terrT :rature range: 
-40^-±100'C • Insulation resistance: (At 250 VDC) More than 103 M 
• Package: Transfer molding (epoxy) • Environmental test: Units satisfy 
MIL-STD-202D *For detailed information, please contact our sales department. pop TOKO, INC. 

New Cork Toko New York Inc. 
I Head Office: 2-chortle, Ihgasht-Yukigaya, Ohta•ku, Tokyo, Japan 

-1A1111 330 fifth Avenue, New York, N.Y. 10001 U.S A. Tel: 565-3767 
Los Angeles: Yoko, Inc. Los Angeles Liaison Office 3440 Wilshire Blvd., Tishman Building, 

Suite 1106 Los Angeles, Calif. 90010. U.S A. Tel. 3130-0417 
Orcsse/dorl. Yoko Eleldronik G.m.b.H. 4 Dusseldorf, Lakronstrasse 77, W. Germany Tel: 0211-284211 

Advertising Sales Staff 
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When the questions 
are about enclosures, 

Optima has beautiFul answers. 
IR 

Whether packaging small, digital 
multimeters or a huge, commu-
nications center, you need 
enclosures with structural in-
tegrity, access, and versatility. 
Doing their job and doing it 
well. 
How do you get them? Con-

sider the alternatives ...job 
shop?... in-house construction? 
... a manufacturer? To decide, it 
is important to ask the right ques-
tions and get the right answers. 

Sales Appeal 

The first ten seconds of display 
loran electronics unit focus simply 
on its style, color and finish. They 
won't  break a sale—the equip-
ment inside does that. But they 
can sure help make one. 

• Is an industrial designer with 
packaging skills involved? 
• Can you get the superior vinyl 
finishes so much in demand 
today? Or woodgrains? Or spe-
cial textures? 
• Is a total range of designer 
colors on hand? 

Versatility 
An important sales tool is the 

ability to adapt to the changing 
needs of a client. 

• Does a source offer hundreds of 
configurations to choose from? If, 
for instance, your client is think-
ing vertical rack, but wants the 
operator seated, can you offer a 
console-desk? 
• Does a client need a ventilating 
grille? a blower? stabilizers? 
Wouldn't drawer slides help his 
operations? What about writing 
surfaces, storage areas, drawers, 
casters? Are they in production, 
on line and ready to go? 

Customer Service 
Are your own needs being 

served? 
• Can you get personal service 
from engineers, designers, and 
production people? 
• Can you get special applications 
assistance? 
• Does your source have a 
knowledgeable customer-service 
representative? 

The Optima Line 
Our line of enclosures for 
electronics is the product of 
finding good answers to 
tough questions. Whether 
your question is component 
access, cooling, special 
applications or new product 

development and even safe 
shipping—we're ready! 
Ready with Small Cases in 24 

sizes from 133.6 to 1445.4 cubic 
inches; Instrument Cases and 
Racks in 124 sizes for 19- and 24-
inch panels; Desk Consoles which 
are adaptable systems of instru-
ment housing, counter and stor-
age space; and the unique 
combination of chassis and case-
Optima 17. 

Computer scheduled manufac-
turing assures you of top quality 
control. We finish each unit in-
side and out with rugged vinyl 
and assemble them for final 
inspection—including most 
options and accessories—right at 
the plant. 
Optima is the best answer. No 

question about that. 

Write Optima Enclosures, 2166 
Mountain Industrial Blvd., Tucker, 
Ga. 30084 or call OrmA 
(404) 939-6340. 

Other Scientific-Atlanta Inc. Divisions are • Cable Communications • Instrumentation • Electro-Systems • Southern Tool and Machine • Security 
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Two New Opto -Isolators 
Featuring LED s with CdS Cells... 
Offering high reliability at low cost, PHOTO-
MOD' opto-isolators, series CLM-6000 and 
CLM-8000, are now available for immediate 
delivery from Clairex. Using solid-state lamps 
and Clairex photoconductive cells, reliability 
and ruggedness are inherent in the design. 
CLM-6000 is a miniature, low power, low resist-

ance, isolator offering noiseless switching and 

complete isolation for TTL to TTL interfaces. 
-CLM-8000 provides a hermetically sealed CdS 

cell and an LED. Operates on line voltage to 
drive SCRs and Triacs from TTL outputs. 
For complete data or special assistance with 

your isolation problems, call (914) 664-6602 
or write Clairex", 560 South Third Avenue. 
NI-bunt Vernon. New York 10550. 

CLAIREX ELECTRONICS 
\ DIVISION OF CLAIREX CORPORA I loN 
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