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Could it be 
all things to 
all people? 

It could be if you need a general purpose, 1-1000 MHz 
automatic stimulus/response test system. 

What it is. 
The HP 8950B Transceiver Test 
System is a rackful of powerful 
measuring instruments. It was de¬ 
signed for efficient transceiver 
testing, but it's finding applications 
in a wide range of general RF 
module testing as well. 

At S60,500r the HP 8950B may 
just be the system you'll need 
too. Contact your nearby HP field 
sales office for the information 
or write. 

What it can do. 
• Measure turn-on drift response 
of LO from cold start or vs. 
environment. 

• Plot audio filter/amplifier 
response. 

• Measure AGC compression 
characteristics. 

• Test mixers, or with external 
bridge, measure output 
impedance. 

• Measure spurious signals with 
optional spectrum analyzer. 

What you get. 
• 1300 MHz Synthesized Generator. 
• 13 MHz Synthesized Oscillator. 
• 4200 MHz Power Meter. 
• 1300 MHz Counter. 
• True RMS Digital Voltmeter. 
• 10A DC Power Supply. 
• Signal Switching Interface 
Panel. 

• 9825A Desk Top Computer 
and modular software 
subroutines. 

•Domestic US price only 

HEWLETT PACKARD 

1507 Page Mill Road. Pao Alto. California 94304 

047078 For assistance call: Washington (301 ) 948-6370. Chicago (312) 255-9800. Atlanta (404) 955-1500. Los Angeles (213) 877-1282 INFO/CARD 1 



Mever available until now. . . 

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

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

Test conditions 
RF 1 = 200 MHz, RF 2 = 202 MHz at OdBm 
LO = 180 MHz at 4-17 dBm 

Special Features 
• Wide bandwidth 
50 kHz — 1000 MHz 

• 1 dB compression point 4-15 dBm 
• Low insertion loss 6 dB 
• High isolation, 
greater than 45 dB 

• 3 connector versions, 
2 pin versions 

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

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

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

International Telex 620156 
International R»pr»t»ntathr»t: □ AFRICA: Afitra (PTY) Ltd PO Box 9813 Johannesburg 2000 S 
Africa □ AUSTRALIA: General Electronic Services 99 Alexander Street New South Wales 
Australia 2065 □ ENGLAND: Dale Electronics Dale House. Wharf Road Frimley Green 
Camberley Surrey □ EASTERN CANADA BD Hummel 2224 Maynard Avenue Utica NY 13502 
(315) 736-7821 □ FRANCE SCIE - DIMES 31 Rue George - Sand 91120 Pala.seau 
France □ GERMANY. AUSTRIA. SWITZERLAND. DENMARK Industrial Electronics GMBH 6000 
Frankfurt/Main Kluberstrasse 14 West Germany □ INDIA Gaekwar Enterprise Kama Mahal ML 
Dananukar Marg Bombay 400 026. India □ ISRAEL: Vectronics. Ltd . 69 Gordon Street Tel-Aviv 
Israel □ NETHERLANDS BELGIUM. LUXEMBOURG Coimex Veldweg II Hattem Holland 

$19.95 
MODEL TAK-1H (5-24) 

1 dBm ’ 
Conv. compr. 
losa level Size 

Model Freq. (dB (dB Con- (w x 1 x ht.) Price 
No. (MHz) max.) min.) nections (in.) (Qty.) 

TFM-1H 2 - 500 85 +14 4 pins 021x0 5x025 $23 95(5-24) 
TFM-2H 5 - 1000 10 + 14 4 pins 0.21x0.5x0.25 531.95(5-24) 
TFM-3H 0.1 -250 8.5 +13 4 pins 021x0.5x0 25 $23 95(5-24) 

TAK-1H 2 - 500 8.5 +14 Spins 04x08x025 $19 95(5-24) 
TAK-1WH 5 - 750 9.0 +14 Spins 04x08x025 $2395(5-24) 
TAK-3H 006 - 300 8 5 +13 Spins 04 x 08 x 0.25 $21 95(5-24) 

ZAD-1SH 2 — 500 8.5 >14 BNC TNC 1 15x225x140 $40 95(4-24) 
ZAD1WSH 5 - 750 9 0 +14 BNC,TNC 1.15 x 2.25x1 40 $44 95(4-24) 
ZAD-3SH 0 05- 300 8 5 +13 BNC. TNC 1.15 x 2 25x1 40 $42 95(4-24) 

ZLW1SH 2 - 500 8.5 >14 SMA 0 88xl.50xl.15 $50 95(4-24) 
ZLW-1WSH 5 - 750 9.0 +14 SMA 0 88x150x 1.15 $54 95(4-24) 
ZLW-3SH 005-300 85 +13 SMA 0 88x1 50x1.15 $52 95(4-24) 

ZFM-1H 2 - 500 8.5 -H4 BNC. TNC 1.25x1.25 x 0.75 $53 95(1-24) 
SMA.N 

ZFM-2H 5 -1000 10 +-14 BNC.TNC 125x125x075 $61 95(1-24) 
SMA.N 

ZFM-3H 0 05 - 300 8 5 +13 BNC.TNC 1.25x1.25 x 0.75 $54 95(1-24) 
SMA.N 

Impedance: 50 ohms. Isolation: 30 dB min., 
BNC standard. TNC on request Type N and SMA $5 00 additional 

World s largest manufacturer of Double Balanced Mixers 

□□ Mini-Circuits 
MINI-CIRCUITS LABORATORY 
A Division of Scientific Components Corp 

□ NORWAY Datamatik AS Ostensjoveien 62. Oslo 6 Norway □ SINGAPORE A MALAYSIA 
Electronics Trading Co (PTE) Ltd 87 Bukit Timah Road Singapore 9 Malay Peninsula 
□ SWEDEN Integerad Electronik AB Box 43 S- 18251 Djursholm Sweden 

US Diitnbutort □ NORTHERN CALIFORNIA penn STOCK Co Foothill Office Center 105 
Fremont Avenue Los Altos CA 94022 (415) 948-6533 □ SOUTHERN CALIFORNIA. ARIZONA 
Crown Electronics 11440 Collins Street No Hollywood CA 91601 (213)877-3550 
NEW YORK: MICROWAVE DISTRIBUTORS COMPANY 
61 Mall Drive Commack N Y 11725 516 543-4771 G36/Ofig 
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Now Available,.. ♦ 

MIXERS with a 
3 year guarantee* 

from ■ SRA-1I50ÖI 

*Thrqp years ago,-Mini-Circuits >1 ^1 ^1 
offered a two-year guarantee for* 11 I 
its industry-standard SRA-1 herme-
tically-sWed double-balanced nwxer. 
now used world-wide for a variety of * I II 
military and industrial applications. I 
The two-year guarantee was made possible « 
toy the.use of*an accglerated-life screening 
tey for diodes generally reserved only for 
space applications. The HTRB-screened 
Schottky diodes are subjected to a one-volt 
negative bias at 150°»C for 1¿o hours, a 
stress designed to accelerate ageing and 
force time-related failures—thus screening out potentially unreliable devices. 
Now JVlini-Circuits ij proud to offer a three-year guarantee for the SRA-1 

achieved by further stressing and testing the assembled unit. Each completed 
5RA-1 experiences: 1. Burn-in for 96 hours at 100° C with 8 mA at 1 kHz. 
2. Thermal shock. 3. Gross and fine leak tests (per MIL-STD 202). 
And ahe three-year guarantee SRA-1 is still only $7.95! , 

Of „course, the gfditienal testing adds to our cost, but our Ç 
continuing commitments to offer performance 
and reliability unmatched for off-the-shelf 
double-balanced- mixers. * • • 

So, for space or rugged industrial applications, 
ensurehighest system reliability by specifying 
SRA-1 <nîxersvthe only double-balanced mixers 
wif)Auhree-vear guarantee . . from 

Model 

SRA-1 
Freq range (MHz) 
L0 . 0 5 500 
RF . 0 5-500 
IF —. DC-500 

Conversion loss (dB) 

MinÄhrcuits wl price 
hand with unmatched qualii 

1-250 MHz 
0.5 500 MHz 

Isolation (dB) 
0 5 5 MHz 

5-250 MHz 

250 500 MHz 

Max 

LO RF 
LO-IF 
LO-RF 
LO-IF 
LO-RF 
LO-IF 

Max. 

Min. Electronic Attenuation (20 mA) 3 dB Typ 
Signal. 1 dB Compression Level ♦ 1 dBm e 
Impedance All Ports, 50 Ohms 
LO Power • 7 dBm ' ’ „ 

E “I Mini-Circuits t Brooklyn. New York 11235 (*212) 769-0200 
îmêstic and International Telex 125460 International Telex 620156 
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“It Won’t Fly, Wilbur!” 
Back in 1901, a couple years before they actually made 

it happen, Orville Wright told Wilbur, “’Never in the next 
100 years will man be able to fly”. The cause for Orville’s 
bad attitude on the particular day was the aviation literature 
of the day. He and his brother had been discovering over and 
over again that what other people had written down as being 
engineering fact really was not. 
One of their big problems was 
deciding what was valid from 
the literature and what was not, 
because most of it turned out to 
be bad research. 
A few weeks ago we visited 

the Bureau of Standards and 
NOAA in Boulder, Colorado, where 
they are doing some things to¬ 
day which are analagous to what 
the Wright brothers were doing 
75 some odd years ago. For 
example, they are conducting 
experiments pumping megawatts of energy into the iono¬ 
sphere thereby “heating” it up and getting radio-frequency 
reflection at frequencies and at times of day when it is 
not possible under normal circumstances. In another interest¬ 
ing project, they have developed a technique for measuring 
ocean currents by scattering “h.f. radar” off the fundamental 
standing waves in the ocean and measuring the doplar 
shifts as the waves move. The h.f. frequency used matches 
the six-meter wavelength of fundamental ocean waves. 
Therefore, even in a storm the velocity of fundamental 
wave motion can be measured because all others cancel. 
The engineers and scientists in Boulder have exactly 

the same need that Orville and Wilbur had for reliable 
technical information... good solid technical information 
is the backbone of new discovery and better design. 
They need to know, for example, when transistors will 
really fail...they need to know what are the implica¬ 
tions of new products like V-MOSFET semiconductors 
(page 16 of this issue).. .they need to know the latest 
in test gear so that they can better instrument (page 49 
this issue). 
Good engineers will overcome almost any obstacle 

(including the literature) like Orville and Wilbur and ul¬ 
timately come up with a working design. But good tech¬ 
nical literature sure helps a lot. r.f. design intends to be a 
main source of that kind of information. Help us to do 
so. Let us know your suggestions and what you think 
so far by sending in the feedback card on page 67. □ 



One Great Value 
Three Great Ways 

Programmable Direct Synthesizer: 0.1 to 160 MHz 
THE VALUE 
Rockland Series 5600 Programmable Frequency 
Synthesizers employ the direct synthesis technique 
— no slow and noisy phase-locked loops - yet 
cost less than many PLL designs in this range! 
Resolution is constant: 1 Hz across the entire 0.1 
to 160 MHz range. That's a single range, too; 
no range switching, no multipliers. Spectral purity 
is outstanding: -70 dB phase noise: -35dB har¬ 
monics; —70 dB spurious. Stability is exceptionally 
high: 1 x 10-9 /day, with a very low T.Ç. (1 x 10~8 

from 0°C to 50°C). Or inject your own external 
reference. Output levelling is exceptionally tight: 
±0.5 dB throughout the frequency range. 

Digitally programmable at much higher speed 
than conventional PLL designs: 20psec switching 
time, negligible switching transient. All functions 
are remotely programmable {including level). 

Applications unlimited: satellite communications 
NMR source, spectrum analysis, HF surveillance 
receivers, radar testing, frequency-agile/automated 
test systems, manual testing, crystal manufacturing 
and calibration, and as a true secondary transfer 
standard of frequency. 

The greatest value: Rockland engineering and 
manufacturing experience. Superb quality. 
Maximum applications support. 

THE WAYS 
Model 5600 has manual front-panel controls plus 
full remote digital programmability. 

Model 561 0A has blank front panel, no manual 
controls, but the same full digital programmability. 
Considerably lower in price than Model 5600. 
Ideal for OEM Systems. 
Model 5620 is a stripped-down chassis version for 
OEM build-in, and retains all electrical features. 
Even lower in price than Model 561 0A. 

THE DATA 
Complete engineering specifications, 
price and delivery quotations. 
Use the reader-service card, 
or call or write 
Rockland Systems Corporation, 
Rockleigh Industrial Park, 
Rockleigh, NJ 07647 
(201) 767-7900 

ROCKI.RI\IID 
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get the next issue of 

ntuiBleisign 

FREE! 
to all qualified engineers 

designing in RF frequencies. 

March/April articles will include: 
• Modulation Analyzer Uses Digital 

Sampling Techniques 
• SAW filters at R.F. 
• Mechanical Filters Find I.F. Applications 
• Designing With PIN Diodes 

Future topics include: 
• New RF Semiconductors 
• Frequency and Amplifier Companders 
• New Ideas in Doppler 
• Human Engineering 
• New Antenna Strategies 
• Designing Broadcast Transmitters 
• Spectrum Analyzer Roundup 
• Sampling Techniques Reduce L.O. 

Frequency Range 
• New Designs in ILS Systems 
• RFI/EMI 
• Managing R&D Dept. 
• and much more! 

ACT TODAY! 
use card facing for =RE subscription! 



I wanted to compliment you 
and your staff on the premiere 
issue of r.f. design. I was really 
impressed from an information, 
editorial and layout standpoint. 

I in particular paid special at¬ 
tention to the editorial in the first 
issue and can honestly say I really 
enjoyed it and learned a lot. 
Thank you for your editorial in¬ 

terest in Racal-Dana and keep up 
the good work. 

Dennis P. Hollow 
Vice President, Public Relations 
Basso/Boatman 

I’ve just received a copy of 
the first edition of r.f. design. 
Congratulations — at last here is 
a magazine which satisfies RF 
circuit designers working in the 
HF through UHF bands. 
There is an omission and cor¬ 

rections which need to be indicated 
in your next edition. In Figure 6 
on page 49: 

1. The units for MTBF are YEARS. 
2. BeO thickness is 40 mil — 

not 60 mil. 
3. Vcc is 12.5V — not 12.54 
Keep up the good work! 

Alan Wagstaffe 
Product Planner 
High Frequency Products 
Motorola Inc. 
Discrete Semiconductor Division 

that we’re close to abolishing RF 
communications. Your journal will 
serve a need that has been starv¬ 
ing for several years! 

M.F. “Doug” DeMaw, W1 FB 
Manager, ARRLTechnical Dept. 
The American Radio 
Relay League, Inc. 

Tremendous! ! After 16 years of 
RF design engineering, I was 
delighted to receive the first issue 
of r.f. design and certainly look 
forward to reading every issue. 
It is a pleasure to know that 
the microprocessor hasn’t elimi¬ 
nated the forgotten RF man. 
Keep up the good work. 

Noel Atkinson 
Electra “Bearcat” 
Division Masco Corp, of Ind. 
300 East County Line Road South 
Cumberland, Indiana 46229 
317-894-1440 

are all cognizant. Speaking from 
an editorial point of view, I’m 
certain you will be our primary 
publication for RF material. 

Lothar Stern, Manager 
Technical Information Center 
Motorola Inc. 
Semiconductor Products Inc. 

I want to congratulate you and 
your associates on a fine first 
issue. The quality and readability 
is excellent, the articles well writ¬ 
ten and timely. 

Having been a design engineer 
in the past, I can tell you that 
the book looks and feels right. 

Best of luck in the future. 

Paul S. Rumford 
Product Marketing Engineer 
Hewlett-Packard 
Loveland Instrument Division 

I’d like to extend my hearty 
congratulations for an outstanding 
trade journal. I’m probably as 
excited as you folks are about 
making a publication available to 
the long-forgotten RF engineer 
and technician. Not only have 
The Proceedings gone seriously 
awry in the subject matter and 
the manner in which it is pre¬ 
sented, but old standby journals 
such as EDN and Electronics 
have capitulated entirely to the 
computer audience. I don’t feel 

I noticed an error in the FM 
calibrator section on page 28 (r.f. 
design November/December). Ap¬ 
parently it was misread from my 
draft: 
...computes peak deviation FM 
as [(fH-f|_y2] (33 kHz) nominal peak. .. 

John L. Minck 
Stanford Park Division 

Congratulations on launching 
r.f. design. There has been a need 
for such a publication. No other 
publication addresses itself to the 
RF equipment design engineer. 
Your new publication should be 
an overwhelming success. 

Leo G. Sands 
Communications Consultant 

Just saw the first issue of 
r.f. design. It looks good to me 
and I’ll pass it around our various 
RF groups just to make sure they 

r.f. design 

I have seen your November/ 
December issue of r.f. design and 
scanned the editorial. I am im¬ 
pressed. The RF world in which 
I have spent most of my profes¬ 
sional career, needs a dedicated 
magazine and you might just have 
the right menu. 
Good luck for the future. 

David Ford 
Product Manager 
Hewlett-Packard 
Loveland Instrument Division 

I would like to apologize to 
Bert L. Henscheid of Theta-Com 
CATV a division of Texscan Cor¬ 
poration for not giving him a byline 
in the November/December issue 
of r.f. design. He wrote the article 
entitled Co-Ax Provides D.C. Power 
for Receiver. 

Bart Gates 
M. Editor 
r.f. design □ 
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Before we became attenuator manufacturers 
ourselves, we used to buy them from other vendors. 

We were tough customers because the sweep 
generators and test equipment we made 
demanded it. 

Attenuator specs had to be right on. The quality 
had to be right up there. The delivery had to be 
right on time. 

And then there were all those special custom 
requirements we needed. 

Everybody probably sighed with relief when we 
gave up and started making our own attenuators. 

But not for long. 
Because we became an even tougher 

competitor than we were a customer. 
We pioneered Distributed Field Resistor 

Technology, which has set new industry standards 
for attenuator accuracy and repeatability. 

And we offer a very wide range of off-the-shelf 
attenuator types in fixed and variables, plus custom 
designs to meet your special needs. 

Nobody knows a customer’s problems like 
a customer. 

And nobody solves them like Telonic/Berkeley. 

_ Contact us today for full information. 

Z TeLONIC/BERKELey 
2700 DuPont Drive, Irvine, CA 92715. 
(714) 833-3300. TWX: 910-596-1320. 

Toll free (800) 854-3813. 
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World Administrative 
Radio Conference 
The FCC has adapted a Report 

and Order announcing its propo¬ 
sals to amend the international 
radio regulations to be considered 
at the general World Administra¬ 
tive Radio Conference in Sept. 1979. 

The FCC’s Report and Order 
in this proceeding comes at the 
end of four years of inquiries in 
preparation for the general World 
Administrative Radio Conference 
(GWARC). The Department of State 
will now use this Report and Order 
to prepare United States proposals 
which will be delivered to the 
International Telecommunication 
Union (ITU) in January 1979 for 
circulation among the nations of 
the world. 

Proposing the expansion of the 
AM broadcasting band. The ex¬ 
pansion would create a band at 
1615-1800 kHz which is shared 
between broadcasting and various 
other services, and a band at 
1800-1860 which is exclusively 
allocated to broadcasting. This 
change could result in approximately 
14 new channels (for approximately 
700 new AM stations). Because 
most of the available broadcasting 
channels have been allotted to li¬ 
censees, this would provide new 
channels for potential diversities 
in broadcasting and minority owner¬ 
ship. However, it will require that 
changes in the design of AM 
radio receivers be made. These 
new receivers should not be more 
costly than existing ones, although 
a significant number must obviously 
be in use for the new allocations 
to be economically viable. 

Proposing that the UHF band 
be internationally allocated equally 
among most communications ser¬ 
vices. Because communications 

technology is rapidly changing and 
the demand for local communi¬ 
cations is increasing, it is highly 
desirable to minimize international 
restraints in this band. Therefore, 
the FCC is proposing to add the 
fixed and mobile communications 
services in nearly the entire band 
between 470 and 890 MHz which 
is presently allocated exclusively 
to broadcasting. 

Proposing to double the avail¬ 
able radio/orbital resource avail¬ 
able for advanced satellite com¬ 
munication systems at 12 GHz. 
Because many of our country’s 
technologically advanced, domestic 
communication systems will be 
introduced in the 12/14 GHz bands 
during the next decade, this issue 
in considered by many to be one 
of the most significant for the 
U.S. at the 1979 GWARC. In light 
of a number of factors, the Com¬ 
mission is proposing to make the 
entire range of the geostationary 
orbit available in the Western 
Hemisphere equally to fixed and 
broadcasting services; and at the 
same time, separating into individual 
500 MHz segments the frequency 

bands within which the services 
must operate. 

Proposing an amendment which 
would allow future consideration 
of a land mobile-satellite service 
in the 806-890 MHz band. This 
amendment allows the implemen¬ 
tation of a land-mobile satellite 
service in some 20 MHz segment 
in the 806-890 MHz band. Such 
a service could provide inexpen¬ 
sive two-way voice and data com¬ 
munications to a wide variety of 
local, state, and federal govern¬ 
ment users in mountainous or 
rural areas where such systems are 
not presently feasible. 

Proposing a number of changes 
to transmitter technical standards 
which would improve the efficiency 
of spectrum use. These changes 
include additional limits on un¬ 
wanted signals of radio transmitters, 
on the requirement that a trans¬ 
mitter stay within a certain fre¬ 
quency range, the eventual con¬ 
version to single sideband equip¬ 
ment in the short-wave broad¬ 
casting service, and improved con¬ 
trol over the pointing of satel-
lite antennas. 

Electronic Conventions 

April 24, 26,1979: 

September 18-20, 1979: 

November 6-8, 1979: 

May 13-15, 1980: 

Electro/79 Show and Convention, New 
York Coliseum and Americana Hotel 

Wescon/79 Show and Convention, Brooks 
Hall and St. Francis Hotel 

Midcon/79 Show and Convention, O’Hare 
Exposition Center and Hyatt Regency 
O’Hare 

Electro/80 Show and convention, Hynes 
Auditorium and Boston Sheraton 

r.f. design 13 



Future of Discretes 
John R. Welty, Motorola vice 

president and general manager 
of the Semiconductor Group spoke 
out on the future of discrete 
semiconductor components re¬ 
cently at a Data Quest meeting. 
Essentially he tied the future of 
discretes to the booming micro¬ 
processor industry. Even though 
micrprocessors are replacing con-

Welty 
ventional standard logic integrated 
circuit families, their impact on 
discrete components is definitely 
positive, he said. Microprocessors 
can not function by themselves. 
Depending on the application, a 

number of different types of dis¬ 
cretes are required for rectifica¬ 
tion, voltage regulation, for power 
handling and for carrying out the 
actions determined and ordered 
by the microprocessor. We an¬ 
ticipate rather dramatic growth 
for power transistors, rectifiers, 
thyristors and optoelectrics. 

Cellular Mobile 
Rules Extended 

Cellular systems are mobile 
radio systems that attain large 
capacities through the coordinate 
reuse of a group of radio chan¬ 
nels. In such systems, each chan¬ 
nel can be used many times in 
separate areas or "cells” within 
a single city and its surrounding 
area. Mobile units communicate 
with any of an array of cell con¬ 
trol locations distributed about 
the system. These in turn are con¬ 
nected by wire line facilities to 
switching and control centers, 
and thus are interconnected to 
the telephone network. 
The FCC said it was extending 

the period for cellular develop¬ 

ment in the hope that it would 
lead to the submission of in¬ 
formation that would enable it 
to adopt a framework of rules 
making possible a nationwide com¬ 
patible mobile communications 
network to meet all needs of the 
American public. The Commission 
added that it still encouraged the 
submission of new developmental 
proposals from the telecommunica¬ 
tions industry, and stated that 
the experience gained from even 
a short period of developmental 
operation of a new system might 
be of more value in designing a 
framework of rules for future sys¬ 
tems than an entire year of plead¬ 
ings and comments. 

CB’ers Cautioned 
Scramblers Illegal 

Recent reports in the media in¬ 
dicate scramblers (automatic en¬ 
coding and decoding devices) may 
be marketed for use in the Citi¬ 
zens Band Radio Service. A scram¬ 
bler is a device which encodes 
the message upon transmission 
and decodes it upon receipt. Citizen 

R. F. ÉNCLOSURES 
LINDGREN 

DOUBLE 
ELECTRICALLY 
ISOLATED 
1951 - 1978 

PHONE: PHONE: 

ULTRA 
HIGH 
VOLTAGE 
TRANSMITTING 
CAPACITORS 

High Voltage Transmitting Capacitors 

ALL ROOMS ARE DEMOUNTABLE 
AND SUPERIOR TO CELL-TYPE 
USING THE SAME SHIELD 

ISOLATED 
NOT ISOLATED 

WRITE FOR OUR COMPARATIVE 
TEST REPORT PRESENTED TO IEEE 

ERIK A. LINDGREN & ASSOCIATES, INC. 
4515 N. RAVENSWOOD AVE., CHICAGO, ILL. 60640 

2.5 to 30 KV 
Designed for use in critical and general applications 
in LF to UHF equipment 
Range. 1 pf to .068 mfd 
Temp Range. -10 to +125°C (standard) 

-55 to +125°C (military) 
Available Tolerances. ±1% thru GMV 

Closer tolerances available 
Types. NP0 thru N2200, K1200 thru K5000 

KX> COMPONENTS, INC. 
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Band operators should be aware 
that use of a scrambler would 
be in violation of Part 95 of the 
Federal Communications Com¬ 
mission’s Rules. 

Violation of these rules can 
subject the operator to possible 
fine and loss of license. 

CB Licensees Hit 
All Time High 

For the first time the number 
of Citizens Band licensees has 
gone over 14 million. Over 2.5 
million new licenses have been 
issued in the last 12 months, 
which represents a 22 percent 
growth rate in the CB community. 
Texas has over a million licensees, 
California and Ohio have over 800 
thousand and Florida, Illinois, Michi¬ 
gan, New York, and Pennsylvania 
all have over 500 thousand licensees. 
One out of every ten residents 
in Wyoming, Alaska, North Dakota 
and South Dakota have Citizen 
Band licenses. If the present growth 
rate continues the number of CB 
licensees will double every three 
and a half years. 

Trade Imbalance 
U.S./Japan 

Charles E. Sporck president of 
the National Semiconductor Cor¬ 
poration gave the Japanese some 
suggestions at conference between 
the Semiconductor Industry As¬ 
sociation and the Electronic In¬ 
dustry Association of Japan. Spec¬ 
ifically, the semiconductor indus¬ 
try association would like to see 
evidence of: 
• An active exchange of IC tech¬ 
nology between the U.S. and Japan; 
for example, free access under 
appropriate licenses to “all” VLSI 
research; 
• A single rather than a two tier 
pricing system in semiconductors 
under which the Japanese equalize 
their domestic and export prices; 
• A significant increase in real 
IC imports to Japan as measured 
by share of market, which would 
indicate vigorous and sincere af¬ 
firmative action by the Japanese 
semiconductor industry and the 
government to change the culturally 
ingrained “buy Japan” attitude. □ 

Incredible, 
but true! 

10 Watts 
1 to 1000 MHz 

Sprague-Goodman. 
The first and last name 
for trimmer capacitors. 

At Sprague-Goodman we specialize 
in trimmer capacitors. They’re our only 
business. So we offer prompt service 
and off-the-shelf delivery of our full 
line of catalog parts. From multi-turn 
tubular Pistoncops.’in glass or quartz, 
thru ceramic single turn and Filmtrim'“ 
plastic single turn, to our new Mica com-
pression line. 

Our comprehensive line of trimmer 
capacitors deliver reliability at com¬ 
petitive prices, and our staff is always 
available for custom designing to your 
needs 

So rhe next time trimmer capacitors 
are colled for. coll us or your distributor 
and ask for them by name Sprague-
Goodman 

SPROGUE 
Gooomon 

Sprogue-Goodmon Electronics, Inc. 
(AnAffiliote of the Sprogue Electric Company) 
134 FULTON AVE GARDEN CITY PARK. N.Y 11040 • 516-746 13Ô5 • TLX: 14-4533 

ULTRA-WIDEBAND 
AMPLIFIER 

Amplifier Research again leads 
the way with its new Model 
10W 1000, an ultra-wideband 
amplifier that delivers 10 watts 
of linear power from 1 to 1000 
MHz—more power and band¬ 
width than any other amplifier 
of its kind. In fact, as the “next 
generation” in ultra-wideband 
amplifiers, Model 10W1000 of¬ 
fers you 2‘/z times the power of 
its predecessor, the Model 
4W1000. 

Versatile and unconditionally 
stable, this high-performance 
amplifier can be used with fre¬ 
quency synthesizers or swept 
signal sources to provide high-
level outputs for RF1 suscep¬ 
tibility testing, NMR spec¬ 
troscopy, antenna and compo¬ 
nent testing, general lab ap¬ 
plications, and other uses. 

For complete information on 
our 10W 1000 and other W 
Series amplifiers, write or call: 

Amplifier Research 
160 School House Road 
Souderton, PA 18964 
Phone: 215-723-8181 
TWX 510-661-6094 
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Meet the V-MOSFET Model 

A modeling of the V-MOSFET Transistor for high frequency design. 

Ed Oxner 
Si Ucon ix, Incorporated 
Santa Clara, Calif. 

Vertical MOS transistors for high frequency appli¬ 
cations have, within the past year, mushroomed 

in popularity partly because of the inherent tempera¬ 
ture-related advantages unique to the technology. 
Such advantages include no thermal run-away, no 
current hogging and, to a lesser extent, a greatly re¬ 
duced secondary breakdown phenomenon. As a 
result of this increased popularity it is important 
that a model is available that allows the designer tne 
freedom to use CAD (Computer Aided Design) tech¬ 
niques for design optimization. Although V-MOS 
models have been reported by several investigators, 
none has achieved a fully satisfactory representa¬ 
tion that offers viable results over wide ranges of 
frequencies. 1-2 
The principle deficiency of these earlier models 

appears to lie in the heretofore neglect of the para¬ 
sitic bipolar transistor inherent in a vertical channel 
MOS structure (although not discussed in this paper, 
the published models of the double-diffused DMOS 
transistor also suffers from this same neglect.)3 This 
parasitic NPN bipolar transistor arises from the inter¬ 
action of the P channel (base), the N + source (emit¬ 
ter) and the N - drain drift epitaxy (collector). 

At D-C and frequencies below 5MHz, it appears 
that the elements of this parasitic NPN bipolar tran¬ 
sistor have little effect on amplifier performance. 
However, as the frequency rises the continued neglect 
of including this parasitic transistor into the model 
becomes increasingly severe. 

Device Design 
Much has been written offering the casual reader 

a basic understanding of VMOS design.4-5 Begin¬ 
ning as a four-layer bipolar transistor all similarity 
ends when a ‘V’ groove is anistropically etched ver¬ 
tically into the structure providing access to the P 
channel for an overlay metal gate. Such design 
offers an opportunity for high-frequency performance 

not easily possible with planar silicon MOS tech¬ 
nology. 
To effectively reduce the parasitic NPN bipolar 

transistor effect the P channel (base) is shorted to 
the N + source (emitter) as shown in Figure 1. Gen¬ 
erally with the base tied to the emitter an NPN bi¬ 
polar transistor remains in a non-conducting state. 
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Device Simulation 
The Physical Model 
Once a physical model has been constructed 

achieving a workable schematic model is easy. Figure 
2 shows the basic four-layer structure: An N + sub¬ 
strate — the wafer itself — with an N - epitaxy into 
which has been diffused, first a P doped layer and 
then into this P layer N + diffusion. Needless to say 
that this figure is not to scale! Left alone this would 
be the beginning of a typical bipolar transistor. A 
‘V’ groove, suitable oxide and an overlay metal for 
gate and source completes the physical model. The 
model is then mounted on a header — in the case 
for the Siliconix VMP4 a flanged 380SOE high-fre¬ 
quency package — and, finally, lead bonds attach 
the source and gate to their respective package ter¬ 
minals. Adding the parasitic capacitors and resistors 
is obvious. The result is a physical model of the 
VMOS high-frequency transistor, VMP4. 

The Schematic Model 
Using the physical model one can trace the entire 

electrical path and place all the parasitic elements 
that comprise the schematic model of the VMOS 
transistor. Figure 3 identifies each element of the 

schematic model. The element, Ros (1/G OS ), repre¬ 
sents the output resistance (conductance) which 
cannot be physically realized. LG , Lsand LDP are not 
intrinsic (that is, not part of the actual semiconductor 
element) but represent the package parasitic induct¬ 
ances of the Siliconix VMP4. RG and RSP represent 
resistive losses in both the gate and source metali-
zations as well as the lead losses. CGS differs from 
CGN in that the former is the field capacitance where¬ 
as the latter is that parasitic capacitance existing 
between the gate metal and the N + source diffusion. 
The parasitic NPN bipolar transistor evident in 

Figure 1 must be considered as contributing para¬ 
sitic elements (RB, CGB and CDB ) as well as being a 
potential parasitic generator; that is, contributing a 
finite Beta as an active element. The latter is, indeed, 
possible and some explanation is necessary. Al¬ 
though the VMOS source is metallically tied to the 
base to reduce the effects of this parasitic NPN bi¬ 
polar transistor, it so happens that the resistivity 
of the P diffusion, that forms both the VMOS channel 
and the parasitic transistor’s base, has a finite re¬ 
sistance (measured as ohms-per-square). Although 
at the point of metallic contact the base-to-emitter 
resistance is effectively zero, nonetheless as the dis¬ 
tance is removed from the short the bulk resistance 
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Figure 3. The Schematic Model VMOS (VMP4). The values in parentheses are for This Siliconix VMP4 where 
resistance is in ohms: capacitance in pF; inductances in nH; and transconductance in mMhos. do oe found in the 
upcoming 1979 Yearbook on the McGraw-Hill Encyclopedia of Sc ence & Technology.) 

increases, so Figure 1 can be ‘corrected’ as shown 
in Figure 4. Should a voltage exist across this base 
resistance, RB, it is conceivable that the parasitic 
NPN bipolar transistor can turn ON. One obvious 
means of placing a voltage across this resistance is 
by coupling the output voltage on the drain through 
the drain-base capacitor, CDB . However, it was deter¬ 
mined that this parasitic NPN bipolar transistor, act¬ 
ing as an independent parasitic generator is effec¬ 
tively muted having been found not to be a major 
contributor to the performance of the VMP4 at HF 
through VHF (400MHz). Nevertheless, the contribu¬ 
tion of the NPN bipolar transistor's parasitic ele¬ 
ments, Rb, CGB and CBD , as an RC feedback network 
are of paramount importance as illustrated in Figure 
5 where the intrinsic gain, S2i (dB), of the VMOS 
model is computed both with and without the con¬ 
tribution of these parasitic elements. 

Experimental Results 
Measured scattering parameters were used as the 

basis for establishing an exact model. Nodal analysis 
using the Circuit Optimization Program, Compacts 
working with 15 variables allowed the interconnec¬ 
tion of 3 and 4 port networks as illustrated in Figure 
6. In the Compact program variables are identified 

Figure 4 
VMOS with a Parasitic 

NPN Bipolar 
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Figure 5 
Effect of Including/Excluding 
The Body Resistance in the 

Calculation of S21 (dB). 

as negative quantities. The final program used to 
determine the values of each element of the VMP4 
transistor is listed in Figure 7. Please be aware that 
one does not simply insert measured S-parameters 
and let the program crank numbers endlessly. No in¬ 
deed. First you have to have a good idea of ‘where 
you’re coming from,’ and use good judgment as to 
the initial values. Compact’s values is an optimization 
of the initial data to arrive at parameter-fitting model. 
Rin (in Figure 6) is used simply as a sense element 

required to realize a 4-port generator. To reduce it’s 
effect, a value of 1E10 ohms was assigned. S-para¬ 
meters measured at 200MHz were entered into the 
program and the computed Y-parameters were then 
compared with measured values and found to be in 
close agreement as shown in Figure 8. 

Conclusions 
This model offers a designer an excellent start in 

computer aided design of amplifiers and what-not. 
To ease the burden of transfering these data into 
your Compact program, the Siliconix VMP4 S-param-
eter data file is available in the Compact library under 

NODAL ANALYSIS FLOW CHART 
For COMPACT SYNTHESIS 

Figure 6 
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In the Tradition of Excellence 
Down through the ages, craftsmen have constantly 
striven toward perfection. Now, at last, -they can rest. 

With the creation of our PE-100, the ultimate paging 
encoder has arrived. It features full 100 call capability,
digitally synthesized tones for unmatched stability, operation 
on any paging tone frequency from 268 Hz to 3906 Hz and, 
of course, 1 day delivery. And, for just $224.95, the PE-100 is 
unquestionably your best buy in a paging encoder today. 

426 West Taft Ave. Orange, CA 926e7 (800)854-0547 
C aitfornia re-identsuse: (714) 998-3021 
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Ailtech. 

CAP AA PA 
SRL BB SE 
CAX AA BB 
CAP BB PA 
CAP CC SE 
RES DD PA 
CAP EE SE 
CAP FF PA 
CAX BB FF 
CAP CC SE 
PAR BB CC 
GEN CC VC 
CAP DD SE 
RES EE PA 
CAX DD EE 
SRL EE SE 
SRL FF SE 
CAP GG PA 
CAX FF GG 
CON AA T3 
CON BB T3 
CON CC T4 
CON DD T3 
CON EE T2 
CON FF T3 
DEF AA T2 
TWO BB S1 
SET AA BB 
PRI AA S1 
END 
200 
END 
.77 -146.3 2.14 
END 
.001 
1 1 1 

1.18 
-0.110 — 0.886 

-8.47 
-6.33 
-1.40 
-21.10 
- 13.50 

-4.24 

.100E+11 0.150E + 05 215 
-21.7 
-0.800 

-0.973E-01 -0.847 
-0.552 -0.918 

1.20 

1.00 2.00 0.0 
2.00 3.00 5.00 
2.00 5.00 4.00 3.00 
2.00 4.00 5.00 
5.00 0.00 
3.00 6.00 0.0 
1.00 6.00 

50.0 

50.0 

57.5 .035 -6.0 .759 -146.6 

.627 
END 

The 
BROAD line in 
BROAD band 
Linear High Power Amplifiers. 
Ailtech — we've got a full line of Broadband amplifiers with 
all the features you're looking for: 
• All Solid State — 10 KHz to 1 Ghz. 
• Built-in Wattmeter — reads true forward and reflected 
power. 

• ALC Signal — typically allows for leveling the amplifier 
output to within ± 0. 1 dB. 

• Constant Forward Power — the forward power is 
held constant into any load. 

• Positive Protection — no damage when operated into 
any load. 

We have power ranges from 50 watts minimum (70 watts 
available) with a 10 KHz -10 MHz frequency rate — our 
Model 5001 — up to our Model 5020 with 50 watts, with up 
to 75 watts available and a frequency range of 1 MHz to 
200 MHz. 
In addition to our amplifiers, we have modules tailored to 
individual requirements. They're packaged in RFI proof 
enclosures, and operate from a standard DC power supply. 
We've got the complete line, and we'd like to send you our 
complete story so write today. 

EOF: 

Figure 7. Compact program including the parasitic elements 
of NPN bipolar in a Nodal analysis. 
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the manufacturer’s code ‘SIX’ and device code ‘AA.’ 
Compact is presently available from 6 networks: 

NCSS; Control Data/Cybernet; GE/Honeywell; United 
Computing Systems; Tymshare; and, Computility/Call 
Data. 

Finally, I would like to acknowledge the sacrificing 
work of my close associate, Larry Leighton for his 
efforts in assisting the development of this model. 
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We custom design and build these heavy duty units to UL 
and VDE construction requirements 
• Wide range of ratings 10-100A/ 115-480 VAC. DC to 
400Hz 
High dielectric strength 10 times rated line/gnd 
voltage 
Low voltage drop >1% of line/gnd voltage at 
power freq 
Insertion loss vs frequency range 1-100MHz 
Max leakage of just 5.0mA • Continuous duty 
operation to *85 C • Available in single and 
multi-circuit configurations 

MINI-FILTERS 

Get the most out of 

your miniaturized 

filtering designs with 

reliable, cost-effective 

Mini-Filters 

RFI/EMI TESTING AND ENGINEERING 

Our long-term expertise in the field and 
state-of-the-art extensive facilities give you 
the most for the least investment. 
Emission and susceptibility testing to MIL-STD-
461/462: MIL-STD-1541. MIL-STD-704 
FCC/parts 15 and 18. VDE 0871; and related 
specifications. 
Shielding effectiveness testing to MIL-STD-285 
(shielding enclosures) and MIL-C-38999 tor 
connectors. Also EMI gasket and shielding 
materials 

Extensive EMI lab facilities include: 

6-room well-equipped 
shielded enclosure complex 

Up-to-date semi-automatic 
EMI receiver systems 

• Mobile lab capabilities 

Expert engineering services 

Generation of EMC control 
plans, including prediction 
and analysis 

Development of EMI test 
procedures/reports 

Customized EMI filter 
design 

a 

j 

3 
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• Wide current range 10mA to 10A 

Four voltage ratings 50. 100 or 200Vdc/*28VAC (to 400 Hz) 

Choose from 4 standard circuits Operating temperature range: -55 to 
125 C. 

SiGNAL-LINE AND WAVE FILTERS 
Signal line types are ideal for telecommunication 
applications, providing isolation of over 100dB at 
Ireguencies from 14KHz to 1 0GHz 

Wave Filters include high and low pass band-reject and 
band-pass: single side-band. RF. AF and IF: equali _:" 
and harmonic types: telemetering telegraph tone, 
band-elimination units that meet or exceed MIL-F-
18327/ MIL-F-15733 and MIL-Q-9858 

HEAVY DUTY POWER-LINE FILTER ASSEMBLIES 

Current ratings to 1.000A • Voltages to 480V RMS (0-400Hz) 

Designed, built and tested to meet or exceed DCA/NEMA enclosure and MIL-F-15733 
filter specs 

Circuit breakers and/or surge arrestors can be provided in single and multi-filter 
enclosures 

Over 100dB isolation/attenuation for screen and shielded room applications Operating 
temperature range: -55 to ♦65°C 

The Famous First Family in Filters for 25 years 

GENISCO TECHNOLOGY CORPORATION 
Components Division 18435Sus3n3 Rosd, Compton, CA 90221 • (213) 537-4/50 
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HP: Experience in Microwave Technology 

Looking for value in 
Consider the measurement accuracy you get with 

the HP 140 series Spectrum Analyzers. 
Consider how you can extend your frequency 

coverage with just a small incremental investment. 
Consider the useful companion instruments 

that add to your measurement capabilities. 

You’ll see why so many engineers around the world 
not only considered the HP 140 series but are now 

For assistance call: Washington (301) 258-2000, Chicago (312) 255-9800. Atlanta (404) 955-1500. Los Angeles (213) 877-1282 



Spectrum Analysis? 
Select either normal or variable persis¬ 
tence display, choose economy or high-
resolution IF module. Then pick or 
change your frequency range by simply 
plugging in the appropriate tuning 
module. 
No matter what range you're working in, 
you need reliable unambiguous answers. 
HP's spectrum analyzers give you accu¬ 
rate measurements over wide, distortion-
free dynamic ranges, time after time. 

Call your nearby HP field engineer or 
write for the full story on value in 
spectrum analyzers. 

MODEL » DESCRIPTION DOMESTIC 
US PRICE 

140T 
141T 

Normal Persistence Display 
Variable Persistence/Storage Display 

51800 
$2600 

8552A 
8552B 

Economy IF Section 
High Resolution IF Section 

$3175 
$4025 

8556A 20 Hz-300 kHz RF Section $2525 

8553B 
844.3A 

1 kHz-110 MHz RF Section 
Companion Tracking Generator/Counter 

$3350 
$5000 

8554B 
8444A 

100 kHz-1250 MHz RF Section 
Companion Tracking Generator 

$4975 
$3675 

8555A 
8445B 

10 MHz-40 GHz RF Section 
10 MHz-18 GHz Automatic Preselector 

$8100 
$3180 

20 Hz to 300 kHz KM) kHz to 1250 MHz 

The 8556A tuner covers 20 Hz to 300 kHz and comes 
with a built-in tracking generator. It's calibrated for 
measurements in both 50 and 600 ohm systems, with 
accuracies better than ±1 dB. Highest resolution 
is 10 Hz. 

Use the 8554B tuning section to cover the 100 kHz 
to 1250 MHz range. Maximum resolution is 100 Hz. 
Measure with ±134 dB accuracy. Its companion 
HP 8444A Tracking Generator (500 kHz to 1300 MHz) 
also works with the 8555A tuning section. 

1 kHz to 110 MHz 10 MHz to 40 GHz 

The 8553B takes you from 1 kHz to 110 MHz with 
— 140 dBm sensitivity and resolution as high as 10 Hz. 
Signals can be measured with ±134 dB accuracy. 
Choose the companion HP 8443A Tracking 
Generator/Counter for wide dynamic range swept 
frequency measurements and precise frequency 
counting. 

For 10 MHz to 40GHz. choose the 8555A. Its internal 
mixer covers to 18 GHz, accessory mixer for 18-40 
GHz, Maximum resolution is 100 Hz. Measure with 
±134 dB accuracy to 6 GHz, ±234 dB to 18 GHz. For 
wide scans free from unwanted response between 
10 MHz and 18 GHz, add the HP 8445B Automatic 
Preselector. 

HEWLETT PACKARD 

1507 Page Mill Road. Palo Alto. California 94304 
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A step by step Smith Chart design of a microstrip RF power amplifier 

By Thomas P. Litty 
Consulting Engineer 
3092 Bostonian Drive 
Los Alamitos, CA 

Of the many graphical aids designed to assist in 
the computation of microstrip transmission 

line circuits, the Smith Chart is the most generally 
useful. In the form in which it is printed, this 
chart displays orthogonal curvilinear coordinates 
of normalized impedance components on the volt¬ 
age reflection coefficient plane. The Smith Chart 
is derived from the following expression: 

(Z/Zo) - 1 

(Z/Zo) + 1 
Equation 1 

Where: 

p = The complex voltage reflection coefficient at 
a transmission line point. 

Z/Zo=The normalized value of the impedance 
at that point. 

Now that you have read this rather sophisticated 
description of the chart, I will explain how I use 
it in the design and development of microstrip 
RF power amplifiers. 

What To Do First 
There are of course, several steps that must be 

taken before one can utilize the convenience of 
a Smith Chart. The most practical Smith Chart 
is one that has been normalized to 50 ohms 
characteristic impedance and 20 millimhos charact¬ 
eristic admittance and has coordinates in contrast¬ 
ing colors. This particular arrangement greatly simp-
lies the use of the Smith Chart. 
A chart of this nature, however, may not be 

immediately available to you, so first a discription 
of how a regular Smith Chart can be used will be 
given. Then, as a final practical example, a discrip¬ 
tion of how the design can be greatly simplified 
utilizing the Immitance Chart will be given. The se¬ 
quence of design steps actually pertain to the use 
of both charts. 
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Design Steps 
The following is the sequence of steps necessary 

to effect a practical design utilizing the Smith Chart. 

Obtain and arrange all of the design data 
& Specifications. 

Specifications & Design Data 
A. Transistor input and output impedances 
B. System Operating Impedance 
C. Bandwidth and dB Roll-off limits 

be black boxes with a system input and output 
impedance. This impedance is typically 50 ohms in 
communications power amplifiers, and as such we 
will use a chart normalized to this impedance. How¬ 
ever, it is not difficult to normalize to any impe¬ 
dance and often useful to convert to several different 
impedance levels during a given design. Important 
to note is that what ever impedance the chart is 
normalized to will be the impedance of the trans¬ 
mission matching networks. Since changing this 
line impedance through the various stages of match¬ 
ing can make a circuit much easier to fabricate, 
this technique will be covered. 

Source 

A. Transistor Manufacturer 
B. Design specifications, usually 50 ohms 
C. Design specifications 

Table I 

A. Transistor Input and Output Impedances 
This data is typically given by manufacturers of 

RF power transistors as a series equivalent input impe¬ 
dance at the base and a series equivalent load 
impedance at the collector of the power transistor. 
When taking this information from the specifica¬ 
tion sheet, however, it is extremely important to 
verify that the data has been given in this format. 
If the data is in a different format it will be necessary 
to convert it to a series equivalent circuit. As an 
example I have chosen the TRW J04O75 and re¬ 
produced the necessary data sheet information 
regarding these impedances. (Figure 1). 

B. System Operating Impedances 

For most applications, amplifiers are assumed to 

Figure 2. Transistor Schematic. 

C. Bandwidth 
One of the most important considerations in any 

amplifier design is that of bandwidth. Bandwidth 
is, of course, directly related to the circuit Q 
by the following formula. 

Q = -— Equation 2 

= Upper bandwidth frequency limit 
f2 = Lower bandwidth frequency limit 

r.f. design 
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These are the limits at which the power transfer 
drops by 3 dB. 

f0 = The resonance or geometric mean frequency 
between f1 and f2 and is equal to: 

¡o ~ ^2 Equation 3 

In most practical RF power amplifier designs, 
the -3 dB power gain frequencies are not valid 
points to use as bandwidth limits. Not only is 
the power gain of the amplifier unacceptably re¬ 
duced, but collector efficiency and input VSWR 
are generally to poor for normal applications. There¬ 
fore, a good practice is to relate the amplifier 
-1 dB or less bandwidth to the 3 dB bandwidth 
and then from these limits calculate the correspond¬ 
ing maximum allowable Q for the matching circuit. 
This bandwidth relationship between the 3 dB and 
other bandwidths has been derived for several 
useful values and these are listed in the following table. 

Gain and power 
reduction at 
band edge 

dB Bandwidth Ratio to 3 dB 
Bandwidth 

10% 
20% 
30% 

0.5 dB 
1.0dB 
1.5dB 

Table 2 

.34 

.55 

.69 

These numbers are only approximations of the 
bandwidth because of the variables in a transistor’s 
gain and impedance over a given range of fre¬ 
quencies. To determine the maximum impedance 
transforming ratio of each section of the matching 
network we then take the Q calculated from the 
bandwidth requirements and use it in the follow¬ 
ing expression. 

Q2+1 = (Z^Z.)^ Equation 4 

here (Z2: is the impedance transforming ratio. 

The parameter that ultimately limits the band¬ 
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width of an amplifier is the transistor’s input and 
output impedance Q. This Q will have to be equal 
to or less than the calculated matching network 
Q in order to meet the bandwidth design goals. 

For the series Zin

X. 

For the series Z|oacj 

Equation 5 

QZload - p 
n 

Equation 6 

Using the Smith Chart 
When we have determined the Qz in and Qzout of 

the transistor, the system impedance level, the Q 
necessary to obtain proper bandwidth and the confir¬ 
mation that the transistor Q will not be a problem, 
then we have compiled enough data to intelligently 
use the Smith Chart. 

Let’s stop for a minute and see just how we 
would use the Smith Chart for an arbitrary impedance 
transformation, then we will apply this technique 
to the data assembled and an amplifier design 
will appear. 

The Basic Chart 

Step 1: Normalize the impedance to the desired 
system impedance. To do this multiply all of the 
Z values and R values by the system impedance 
level. I. e. in a 50 ohm system the 1 ohm in the 
center of the chart would be multiplied by 50 and 
become 50 ohms. 

Step 2: Normalize the admittance chart to the desired 
system admittance level. To do this multiply all 
S and G values by corresponding system admittance 
levels. In a 50 ohm system this multiplier would be 
20 millimhos and the 1 Mho in the center of the 
chart would become 20 millimhos. 

Step 3: When using the Chart series elements 
appear as impedances or resistances and parallel 
elements will be read as susceptances or conduc¬ 
tances. With a basic Smith Chart it will be neces¬ 
sary to use an accurate measuring instrument to 
convert from series impedances to parallel suscep¬ 
tances. 

Sample Procedure 
As the first example Figure 4 we will match a 

5Q + j5Q source to a 50 ohm system. We will 
not worry about Q at this time and will match 
the source to the load with three elements. We 
will also normalize the chart to 50 ohms and 20 
millimhos. 
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WWte 
¡Mitties from ivieiex 

Metex EMI/RFI shielding comes in an 
infinite assortment of shapes and 
sizes for every conceivable 
electronics application, from 
sophisticated mobile communications 
and radar systems to fluorescent 
lighting fixtures. Fact is, we're the 
most experienced company in the 
business, worldwide. 

That's why, when you get hung up on 
an interference problem, call your 
Metex representative. No matter what 
kind of shielding your application 
requires, the chances are Metex has 
a design for it. If not, we’ll create 
one, just for you. 

Part of our problem-solution 
technology is the use of knitted metal. 
Another is our Xecon® Conductive 
Elastomer. When we combine the 
two, the result is Metex Armored 
Xecon® Gasketing. The most 
advanced EMI/RFI shielding 
available. Anywhere. 

Metex Shield Vu™ Windows allow you 

to see clearly (98% visibility) into any 
cabinet, chamber or digital display 
without EMI/RFI leakage. Again, we 
use knitted metal - between panes of 
acrylic or glass. 

Omni Cell® Panels, with our transverse-
oriented honeycomb configuration for 
ventilation shielding, are opaque to all 
electrostatic polarization vectors. 

Metex Combo® Gaskets can be 
designed to accommodate any 
pressure differential application 
regardless of joint unevenness. 
They're available in combinations of 
six different standard elastomers and 
two different knitted metals. The 
knitted metal strip comes with or 
without an elastomer core. 

Metalex® Shielded Frames are a 
combination of knitted metal 
gasketing mounted within an extruded 
aluminum cross section. 

So, whether you can best use custom 
designed Combo® or Pola® Shielding 

Gaskets in sheets, rings or strips, or 
conductive coatings, Metex should be 
your first thought when it comes to 
EMI/RFI shielding. 

And, to help you realize the infinite 
possibilities of Metex shielding, we 
want you to have, free of charge, our 
124 page EMI/RFI Shielding 
Handbook, acclaimed the world over 
as the "textbook” of the field. Write 
to us on your company letterhead, at 
970 New Durham Road, Edison, N.J. 
08817, or on the west coast, 20437 
S. Western Ave., Torrance, Ca. 90501. 

Or, if you need an answer right away, 
talk to one of our applications 
engineers in N.J. at 201*287-0800, or 
in California on 213*320-8910. Also 
ask about samples and our free video 
seminars, offered periodically. 

ELECTRONIC SHIELDING GROUP 
A Unit of Metex Corporation 
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curve, (distance C), point (5). In this procedure we 
have now determined now many wavelengths we 
must move to arrive at an impedance requiring only 
one additional element to complete the matching 
to 50 ohms. The wave lengths on to a ohm trans¬ 
mission can be read from the chart directly in an 
extention of the constant impedance line to the out¬ 
side ring, point (6). In this design it is .06À. The 
construction technique is shown in Figure 5. 

Construction of line AC, such that AB = BC. 

Procedure: (Refer to Figure 6) 

Step 1: Locate the series 5Q + j5Q intersection 
on the 50 ohm chart by first locating the 5Q 
point on the pure resistance (center diagonal) line 
and then moving in the inductive reactance direc¬ 
tion until the + 5Q line is intersected. 
Step 2: Draw a diagonal line from this point through 
the center of the chart to a pointequidistant but 
on the opposite side of the center (50 ohm) point, 
(distance A). This new point will be the location 
where - j100 millimhos susceptance intersects the 
100 millimho conductance curve. 
Step 3: To determine the first element of the match¬ 
ing network we move along the 100 millimho con¬ 
ductance curve until we again intersect the pure 
conductance line. We have in effect added an ele¬ 
ment in parallel to make this move to pure con¬ 
ductance on the chart and that element’s value 
is the susceptance (- j100 millimhos) at the start 
less the susceptance value (0 millimhos) at the finish. 
It is a capacitator by virtue of the direction in 
which we moved (towards less inductive suscep¬ 
tance). This element is therefore a capacitator of 
value j100 millimhos and the circuit now looks like 
Figure 4b. 

1. Construct a second circle having radius r. tangent to the 
small circle at B. 

The line drawn through the intersection of the constructed 
circle and the larger circle, and point B will meet the require 
ment AB= BC. 

Figure 5. 

Step 6: The final stop is now to rotate our 50 
ohm intersection, point (7) along the constant 50 
ohm curve until we reach a pure 50 ohms, the 
desired load impedance. The amount of susceptance 
necessary to move to this point is read from the 
chart as 40 millimhos and is capacatative. This is a 
parallel component. 

IMPEDANCE OR ADMITTANCE COORDINATES 

Step 4: We now have to add a series impedance 
so it will be necessary to move back to the 
opposite (impedance) side of the Chart. This is 
accomplished by drawing a line that passes through 
the center of the chart and measuring an equal 
distance from the center and the new point to the 
center and the original point (distance B). This new 
point is labeled (4). 

Step 5: From point (4), 10 ohms, we now move 
along the constant, 10 ohm, resistance curve until 
we find a point equidistant from the center of 
the Chart passing through the center of the Chart 
that intersects the 50 ohm constant resistance Figure 6. 
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From 20 Hz 
to 4,500 MHz 
S-D has just the right counter for you. 

Communications Counters 
Systron-Donner offers you a choice of no less than four communications 
counters from 100 MHz to 4,500 MHz. Small and lightweight, all of these 
counters feature the latest advances. 
• Sensitivity: 10mV RMS (Models 6241A, 6242A, 6243A). Model 6244A: 
10mV RMS to 500 MHz, —13 dBm above 500 MHz. • Overload protection: 
Withstands high input signal levels without damage. • Display: 8 LED digits. 
0.1 Hz resolution. • Tone measurement (opt.): Example: measure 1020.01 
Hz automatically in 1 sec. • Meet the whole family: 100 MHz Model 6241A; 
512 MHz Model 6242A; 1250 MHz Model 6243A; 4500 MHz Model 6244A. 

Low frequency counters, 10 and 80 MHz 
Not all low cost counters are alike! S-D's are different because they can 
accurately measure most of the signals encountered in low frequency 
applications. Here’s why: 
• Three-position attenuator: x1, x10, x100. (avoids false counting) 
• Offset control allows measurement of non-sinusoidal waveforms 
• Four selectable gate times from 0.1 Hz to 100 Hz • 25 mV RMS sensitivity 
• Advanced input circuitry to assure error-free measurements. 
Model 6202C (10 MHz). Model 6203C (80 MHz). 

S-D. The counter people. 
And a lot more 

SYSTRON DONNER 
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Our matching network is now complete and 
is shown in Figure 4c. 

After going through this laborious exercise of 
converting from admittance to impedance using a 
ruler several times one will gain a deeper under¬ 
standing of the Chart’s function. Once Smith Chart 
understanding has been gained, this latter method 
should be disregarded, since it is slow and cumber-
som. An impedance/admittance overlay chart should 
then be used for all serious design work. 

How The Same Network is Determined 
On an Overlay Chart 

Figure 7 is an overlay Smith Chart on which the 
same network has been developed. As we can see 
it is not necessary to go from end to end with 
a ruler, but to simply refer to the overlay impedance 
or susceptance curves. 

Figure 7. —^g 

159MHz 159MHz 
Required Q m,k = - =-

max 3dB Bandwidth 85MHz 

A Practical Design Example 
Now after all of the practice, we will design an 

amplifier. This amplifier will meet the following 
specifications: 

Step 2: Determine the maximum impedance 
transformation ratio for each matching section 
from equation 4. 

Power input: 15 watts 
Power output: 80 watts 
DC operating voltage: 13.6 VDC 
.5 dB bandwidth: 145 to 174 MHz 
System impedance: 50 ohms 

Q2 + 1 = (Z2:Z1 )max

4.5 = (Z2:Z^) max 
(Equation 4) 

Step 1: Determine the Q requirement for the input 
and output matching networks based on the .5 dB 
bandwidth from Table 2 and Equations 2 and 4. 

.5 bandwidth = (.34) (3 dB bandwidth) 

3 dB bandwidth = 174-145 MHz 
= 29 MHz 

(Equation 2) 

3 dB Bandwidth necessary for .5 dB specified 

29 MHz 
3 dB bandwidth =-  = 85 MHz 

.34 

f0 (Equation 3) 

the maximum impedance transformation ratio 
4.5 is then in any section of our matching 
network. 

Step 3: Transistor Q We will select a TRW 
J04O75 since it meets the specifications of power, 
frequency, gain and operating voltage. Examin¬ 
in the input and output impedances, (see 
Figure 1) for the maximum Q requirement 
we find: 

QZin = -¿ <1 (Equations) 
n 

and 

q </ (Equations) 
Zout R from 145 to 174 MHz 

hence 

32 

fo = ¿(145) (174) = 159 MHz ^max — 1-87> Qzln and QZout
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Our Q requirements can therefore be met by this 
transistor and the design can proceed. 

Step 4: Block diagram the impedance transformation 
network before calculating values. Important: For 
simplicity and design flexability each impedance 
transformation should bring the circuit back to a 
real resistance. 

Before determining values of the network ele¬ 
ments we must first locate the transistor's complex 
input and output impedances on the Smith Chart 
and transform them to pure resistances. See Figure 
A, point 1 is the input impedance and point 2 
is the output impedance. 

Step 5: Since the base lead of this transistor is 
.200 inches in width and the input impedance is 
very low we will make the first transmission line 
matching’ network a 33 ohm transmission line thereby 
causing less physical problems in circuit layout. 
A 33 ohm line of fiberglass G-10 PC board 
(.0625 in thick) is .230 inches wide so this will 
quite conveniently fit under the base lead of the 
transistor. To convert a normalized 50 ohm chart 
to 33 ohms, multiply all impedances by 33/50, 
(.66) and multiply all of the admittances by 50/33, 
(1.5). 

Now, to the Chart, Refer to Figure 8. 

#2 output series Rs = 1.5QXS=1Q 

parallel R|| _ 217Q ’ = 300 
All 

Values 
Series Values 

Figure A. 

Function & Procedure 

1. The base inductance at 160 MHz (1.2 +j1.5) 
is resonated out by a capacitator of value 
400 millimhos. At the design center of 160 
MHz this would require 404 pf capacitor. 
The conductance and susceptance value can 
be obtained from point 1 in Figure A. The 
value of the capacitor comes from C = 
1/(2nfXc). 

2. By placing a 404 pf capacitator on the base 
of the transistor we now have a gain block 
with a pure input resistance of 3.07 ohms. 
Since our Q creteria specifies a maximum 
of X4.5 for impedance matching we will 
block diagram out the following circuit scheme. 

3. With the Smith Chart normalized to 33 ohms, 
move along the constant 3.07Q ohm resistance 
curve until it intersects the constant admitt¬ 
ance curve passing through the 10 ohm (100 milli¬ 
mhos) curve. Rotate this point along the 
constant admittance curve until it reaches 
the pure resistance point of 10 ohms. The 
ending value of susceptance .(0), is subtracted 
from the beginning value of 159 millimhos 
and this value, since it was rotated in the 
direction of decreasing inductive susceptance, 
is a capacitator, C2 of value 159 milli¬ 
mhos. To intersect the 10 ohm (100 millimho) 
curve we moved .022 wavelengths. This value 
is found by following the line of constant 
inductive reactance intersecting this latter 
point to the outside circle marked “wave¬ 
lengths towards generator”. The .022 wave¬ 
length line becomes T6. 

4. Proceed with each matching section in the 
same manner being careful to normalize the 
chart to 50 ohms for the remaining two 
matching sections. The values of these sec¬ 
tions are: 

T5 = .039 À C3 = 48 millimhos 
T4 = .074 À C4 = 20 millimhos 

5. The collector circuitry is matched in the same 
manner as the base circuitry. Remember-
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IMMITTANCE CHART 
IMPEDANCE COORDINATES — 50 OHM CHARACTERISTIC IMPEDANCE 

ADMITTANCE COORDINATES — 20 MILLIMHO CHARACTERISTIC ADMITTANCE 

Figure 8. 



ing that we want to operate into a capacita-
tive load (1.5Q — j1Q) we will know the 
complex conjugate of this, (1.5Q + j1Q), is 
the collector output impedance. Locating this 
point on the Smith Chart and then resonat¬ 
ing out the collector inductance a capacitator 
of 300 millimhos leaves us with a pure out¬ 
put resistance of 2.17Q ohms. 

6. With the output impedance converted to a 
pure resistance of 2.17 ohms we can now 
block diagram the collector matching circuit, 
again however, remembering our Q require¬ 
ments. 

7. For physical convenience I choose 40 ohms 
as the first matching transmission line im¬ 
pedance and normalized the balance of the 
circuit matching to 50 ohms such that it 
is identical to the input matching circuitry 
from the 25 ohm impedance point on to the 
output. 

Figure 11. 

Next month I will give a number of practical 
examples including pictures of actual fabricated hard¬ 
ware. This article was not meant to be an in depth 
dissertation on the use of the Smith Chart. The intent 
of this article, quite simply stated, has been to show 
how to apply the Smith Chart to the design of 
practical RF power amplifiers. 

Next month I will also include the information 
necessary to calculate exact dimensions of micro¬ 
strip transmission line transformers on any practical 
material. With this additional information it should 
then be possible for the designer to develope an 
amplifier on paper and see excellent results the 
first time power is applied. □ 

r.f. design 
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Some of the world’s toughest communications 
problems require some of the world’s 
best people to live on Florida’s Gulf Coast. 

That’s who we hire—and who we keep—at ECI. Our assignments are the reason. The world looks 
to us for innovation. Through our total systems integration, ECI provides answers to the world's 
communications problems. 

How can we attract—and keep—the calibre of people required for such projects? We don’t offer jobs, 
but careers. The majority of our contracts are for government projects, not just one, but many. When one is 
complete, another is ready to take its place. Our engineers move on to new challenges and new state-of-the-
art communications programs. 

Our modern electronics facility is in St. Petersburg, on the Florida suncoast. The living is easy, the cost 
of living reasonable, and the winters ... almost never. It’s a place where an engineer completely taxed by the 
challenge of the job can unwind and relax with golf, boating, swimming, fishing and tennis at his doorstep. 

ECI is an operating division of E-Systems, a $347 million Dallas, Texas based company. And a 
worldwide developer and producer of high technology electronic products and systems for both government 
and commercial uses. 

It's this kind of corporate climate that gets results. Achievements such as developing communications 
equipment for the U.S. Air Force E-3A, Airborne Warning ard Control System (AWACS), pioneering satellite 
communications hardware used with the Fleet Satellite Communication System (FleetSatCom) and 
developing data systems for missile control for the U.S. Navy. 

Hiring and keeping the best people— that’s our system for designing the best system. If you are 
interested in working as an engineer in communications, software, modems, systems, antennas, quality, 
reliability or components and you are career-oriented, like new challenges rather than routine jobs and 
would enjoy the warm, relaxed lifestyle of sunny Florida, send your resume to: William R Peterson 
Personnel Manager, E-Systems, Inc. ECI Division, P.O. Box 12248, St. Petersburg, Florida 33733 ’ 
Equal opportunity employer M/F. 

INFO/CARD 16 
E-SYSTEMS 

Answers to the world’s communications problems. 



SOMEDAY SOMEONE ELSE WILL 
MAKE CTCSS THIS GOOD! 
SPACE-AGE TECHNOLOGY OPENS ANOTHER DOOR 

DECODER MODULES ONLY 

FIXED FREQUENCY MODULE 

MODELS 

CHOOSE 
< FROM. 

(714] 781 1222 

DECODER 

jk MODULES ONLY 

FIXED FREQUENCY 
CTCSS ENCODER • DECODER 

ENCODE FROM 67 HZ TO 3000 HZ 

AMC CAN SATISFY ANY “OER 
SUB-AUDIBLE TONE REQUIR 
MENT. CHOOSE FROM Fl 
ONES, FLAT ONES, LONG C 
SHORT ONES. IF PREFERRE 
WE’LL PROVIDE JUST THE Ml 
IATURE HYBRID MODULE 
READY FOR INSERTION IN YOl 
OWN PCB ASSEMBLY. AT AM 
WE SPECIALIZE IN SERVIR 
THE TONE SIGNALLING NEEI 
OF RADIO EQUIPMENT MAN 
FACTURERS. WE KNOW THI 
YOU MUST HAVE RELIABILIT 
PERFORMANCE AND COMPE' 
TIVE PRICE. AMC HAS THE E 
PERIENCE, THE PRODUCTIC 
CAPACITY, AND THE VER1 
CAL PRODUCTION CAPABILI1 
FROM BARE HYBRID SU 
STRATE, TO COMPLETED PC 
THAT’S WHY WE’RE THE N 
1 OEM SUPPLIER WORLDWID 

THE WORLDS MOST COMPLETl 
LINE SUB AUDIBLE TONE PRODU( 

DECODER MODULES 
ONLY 

ENCODER MODULE 
ONLY 

FIXED FREQUENCY 
MODULE 

INFO/CARD 17 

AMERICAN MICROSIGNAL 

Pulse Tone Encodei 

Repeater Panels 

Tone Filters 

Multi-Freq. Tones 

Special Tone Packaç 

Select Call Systems 

CORP 
8431 MONROE AVE., STANTON, CA. 90680 



The Measure of Excellence Goes On 
with Precision Instrumentation from 

AILTECH 
Ailtech’s growing list of customers, spanning the 

globe, is representative of the ever changing needs of 
Industry in search of excellence.. .our skilled engi¬ 
neers’ dedication and expertise in meeting these needs 
is always constant at Ailtech. Performance, Ease of 
Operation and Reliability have gained us recognition 
in the field of instrumentation... and we’re confident 
that the measure of excellence which has become an 
Ailtech standard will be your first consideration when¬ 
ever precision instrumentation is required. 

For Instrumentation designed to meet the total needs 
of Industry today and in the future... Look to Ailtech. 

A Microwave Spectrum Analyzers, 1-22 GHz 
B Synthesized Signal Generator, 10 KHz-2000 MHz 
C Noise Measuring Equipment, 1 MHz-40 GHz 
D Broadband Power Amplifiers, 1-512 MHz 
E EMI Instrumentation, 20 Hz-18 GHz 
F AC Instrumentation 
G Communication Service Monitors, 50 Kc-1.212 GHz 
H Broadband Sweep Oscillators, .01-18 GHz 
I High Power Signal Sources, 10 KHz-2500 MHz 

Long Island Operation 2070 Fifth Avenue, Ronkonkoma NY 11779 
Telephone: (516) 588-3600 • TWX: 510-228-6507 
City of Industry Operation 19535 East Walnut Drive, City of Industry Ca 91748 
Telephone: (213)965-4911 . TWX: 910-584-1811 
Los Angeles Operation 5340 Alla Road, Los Angeles, Ca 90066 

- Telephone: 213-822-3061 
France La Garenne-Columbes Tel: (01) 780-73 73 Telex: 620821 - Germany Munich - Telephone (089) 523 30 23 Telex 529420 
Nederland: Rotterdam. Telephone: (010) 81 4466 Telex: 28661 - United Kingdom Crowthorne. Telephone: Crowthorne 5777 Telex: 847238 

DIVISION CUTLER-HAMMER 
International Offices: 

MEMBER OF CUTLER-HAMMER INSTRUMENTS AND SYSTEMS GROUP 
INFO/CARD 18 





RF Linear Hybrid Amplifiers 
Two sources of a new family of medium 
power broadband gain blocks for RF applications. 

By Don Feeney 
Applications Engineer 
RF Products 
TRW Semiconductors 

Anew class of low cost, high performance hybrid 
amplifiers has emerged to assist the design 

engineer working in the frequency range of 1 to 
500 MHz. Utilizing the low distortion and wide 
dynamic range performance technology developed 
for the CATV industry, these amplifiers feature power 
output capabilities previously unavailable in hybrid 
circuits. Two major semiconductor manufacturers, 
Motorola (MHW series) and TRW (CA series), now 
offer these devices as standard products for the 
RF design engineer. 

What Are They? 
RF linear hybrid amplifiers represent a new family 

of medium power, broadband gain blocks for multi 
purpose RF applications. Internally matched at both 
the input and the output for either 50 ohm or 
75 ohm systems, these devices cover gains ranging 
from 17 to 35 dB, and can accommodate output 
power levels in excess of 400 mW. Linear class 
A bias conditions accommodate third order intercept 
values in excess of +45 dBmV. Depending on 
quantity and model selected, most prices fall in 
the range of $30. to $60. If you've been using 
transistors like the 2N3866, 2N5109, or stud mounted 
devices, read on. You may save a lot more than 
just design time. 

Construction 
RF linear hybrid amplifiers utilize the thin film 

manufacturing and construction techniques developed 
for the demanding CATV industry. All ceramic 
substrates are alumina (A 12O3) with gold conducting 
paths. Resistors are either cermet or nichrome, 
and are laser trimmed to better than one per¬ 
cent tolerance. For maximum MTBF, gold metallized 
transistor die are used incorporating resistive ballast¬ 
ing in the emitter fingers to provide even thermal 
distribution across the surface of the die and to 
eliminate “hot spotting.’’ These transistor die are 

subjected to rigorous testing through an extensive 
wafer qualification program before being mounted 
on the circuit. The hybrid manufacturer must in¬ 
sure that the transistors used will meet the exact¬ 
ing requirements for gain, distortion, and noise 
figure. 

Basic Circuit 
To meet the stringent performance requirements 

of low distortion and low noise figure, the basic 
parallel cascade circuit shown in Figure 1 has emerged 
as the standard gain block used in CATV repeater 
amplifiers. Using resistive feedback techniques to 
assure product uniformity, this basic circuit ac¬ 
complishes gain functions ranging from 17 to 25 dB. 
For higher gain models, two sections of this circiut 
are cascaded as shown in Figure 2. To accommodate 
the increased package density in the same form 
factor, the transmission line transformers are mounted 
on a bridge assembly suspended above the sub¬ 
strate. 

Functional Schematic 

Figure 1 

Functional Schematic 

Figure 2 
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Electrical Performance Features 

Gain — RF linear hybrid amplifiers are fixed 
gain devices (17 to 35 dB) which are fully 
cascadable for additional gain. If adjustable 
gain (AGC) is required for a particular applica¬ 
tion, it must be added externally (as with a 
conventional pin diode attenuator). 

Frequency Range — These hybrid amplifiers 
utilize broadband transmission line transformers 
and 5 GHz fy transistor die to achieve wide 
bandwidths and linear phase response. Although 
some models may be optimized over a par¬ 
ticular frequency range to fit a certain market, 
these hybrid amplifiers will often deliver satis¬ 
factory performance beyond the frequency ranges 
specified by the manufacturer. 

Impedance — All hybrids are internally matched 
at both the input and the output for either 
50 or 75 ohms. This not only reduces the 
external components normally required to match 
to these impedances in discrete designs, but 
it also simplifies the requirements for inter¬ 
facing printed circuit board connections. For 
short path lengths, strip line width has little 
effect on RF performance. 

Output Power — RF linear hybrids are often 
operated at power levels well below their maxi¬ 
mum output capability (for example, in receiver 
applications). In such cases, operation at a 
reduced power supply voltage is recommended 
to reduce power consumption (assuming the 
full dynamic range is not required). 
The maximum power capability for linear 

class A operation of these circuits may be 
restricted by several factors: 
a) The operating supply voltage, which limits 

the maximum AC peak to peak swing. 
b) The quiescent bias conditions, which limit 

the maximum current swing across the 

transformed load impedance. 
c) Core saturation in the output transformer, 

a condition aggravated by high permeability 
ferrites operating at high ambient temperatures. 

Changes in Performance with Supply Voltage 
— Simply as a point of reference, most RF 
linear hybrid amplifiers are characterized at a 
supply voltage of 24V. However, a design en¬ 
gineer may operate above (to increase avail¬ 
able output power) or below (to reduce DC 
power consumption) the rated supply voltage 
and observe little or no change in gain or 
frequency response. However, certain specifica¬ 
tions are directly affected by the supply vol¬ 
tage: 
a) Current consumption. These hybrid amplifiers 

are biased (quiescent operating point) in 
a linear mode for class A operation. The 
higher the supply voltage, the more current 
they draw. The lower the supply voltage, 
the lower the current consumption. There is 
a 1:1 linear relationship between supply vol¬ 
tage and current consumption. Therefore, power 
consumption varies as the square of the sup¬ 
ply voltage. 

b) Output power capability. As the supply vol¬ 
tage increases, so does the maximum avail¬ 
able output power (higher peak to peak 
AC swing is possible across a given load). 

c) Linearity. Third order intercept, a measure 
of linearity, is directly related to supply 
voltage. In many applications, however, these 
RF hybrid amplifiers offer more linearity 
than required. In these cases operation 
at a lower supply voltage is recommended 
to reduce power consumption. 

d) Noise Figure. Just like a low noise tran¬ 
sistor, the lower the bias current (or supply 
voltage, for these hybrid amplifiers), the lower 
the noise figure. 

Packaging Technique 
The form factor standardized by the CATV industry 

allows the hybrid amplifier to be bolted directly 
to the chassis frame for maximum power dissipa¬ 
tion. The pins are located on 0.100” centers for 
easy connection to a printed circuit board. Mat¬ 
ing sockets are manufactured by Amphenol (P/N 
502-20071-572) and Barnes (P/N 027-018-02). 
One note of caution. DO NOT attempt to lap 

or file the heatsink of the hybrid amplifier. Not only 
does this void the warranty (considered “mishandl¬ 
ing” by the manufacturer), but you can induce 
substrate cracking during the machining operation. 

Heatsink Your Hybrid 
Like all RF power devices, hybrid amplifiers 

require heatsinking for proper operation. How much 

heatsinking is necessary? As much as is required 
to maintain the case operating temperature at the 
maximum value under worst case ambient tempera¬ 
ture and maximum supply voltage. The presence 
or absence of the RF signal is insignificant due 
to the class A bias conditions. Reducing the supply 
voltage will decrease the power consumption, but 
it will also decrease the linearity. Attach the hybrid 
amplifier directly to the chassis, to a module card 
sidewall, to a small baseplate, or to a mounting 
bracket that is connected to one of the above. 
But before you complete your design, verify that the 
maximum case (flange) temperature for the hybrid 
amplifier is within the manufacturer’s specified 
limits under your worst case operating conditions. 
This will insure that the maximum junction temp¬ 
eratures of the individual transistor die will not be 
exceeded (usually 140°C). 
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Reliability Screening, 
Military Applications 
Since reliability is a major factor in the profitability 

of CATV systems, the component manufacturers 
who are supplying hybrid circuits in volume to this 
competitive industry have developed extensive data 
bases to insure the reliability of their product. 
Additional reliability screens uncommon to com-
merical products are often added at the manu¬ 
facturer’s expense to insure against field failures. 
Reliability is a major consideration, but these hybrid 
devices were not designed to qualify to MIL-STD-883, 
level B. 

For example, the caps are sealed with epoxy 

(non hermetric). The physical mass of the ferrite 
transmission line transformers prohibits excessive 
levels of mechanical shock and variable frequency 
vibration. However the manufacturers should be 
consulted for specific applications, because hybrid 
amplifiers of this generic type have qualified for 
certain military programs. 

Why Use a Hybrid Circuit? 
Many engineers can design a circuit with dis¬ 

crete components to do exactly what they want. 
Selecting a hybrid amplifier from a standard pro¬ 
duct line results in some compromise, but usually 
offers several advantages: 

Who Uses Them? 
Because of their wide bandwidth and linear operation, RF linear hybrids are effective for digital 

(or pulse) applications as well as for analog waveforms. Their unique combination of high performance 
over a broad frequency range and low cost make them the ideal choice for a broad spectrum of major markets: 

Markets 
Communications Networks 
Long Haul or Data Bus 
Coaxial or Fiber Cable 
Communications Radios 
HF, VHF, UHF 
Commercial or Military 
Satellite Ground Stations 
High Speed Facsimile 
Telemetry 
Radar 
ECM 
Instrumentation 

Applications 
Antenna Distribution 
Cable Drivers (50Q or 75Q) 
CCD Drivers 
IF Amplifiers 
Local Oscillator Buffers 
Repeater Amplifiers 

SAW Filter Amplifiers 
Signal Processing Equipment 
Swept Measurement Testing 
Transmitter Drivers 

Key Features 
Linear Phase Response 
Wide Bandwidth, Low Distortion 
High PowerOutput Capability 
Unconditional Stability and Linear 
Operation into Highly Reactive Loads 
Infinite VSWR Protection 
High Third Order Intercept 
Excellent Impedance Match 
Low Noise Figure, Wide Dynamic 
Range 

SATELLITE COMMUNICATIONS EQUIPMENT 

1 to 
1000 MHz 

42 

DIGITAL, DATA, OR VOICE CHANNELS 

DRIVER FOR EXTENDED LENGTHS OF 
COAX 

APPLICATIONS 
DME, TACAN, IFF APPLICATIONS 
RADAR, ECM, DRONE APPLICATIONS 
BROADBAND SWEPT INSTRUMENTATION 
HF THROUGH UHF TRANSMITTER DRIVERS 

TRANSMITTER DRIVER 
AM OR FM TRANSMISSION 
COMMERCIAL OR MILITARY EQUIPMENT ANTENNA DISTRIBUTOR 
N-WAY POWER SPLITTER 

(Continued on page 44.) 
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DoesThat GiveYou Any Ideas? 
As a designer with tough EMI problems, you need 
all the good ideas you can get. Elastofoam, the 
newest shielding material from Tecknit, will give 
scope to your good ideas. How? Elastofoam allows 
reliable environmental 

sealing at only 
25 psi! 

For starters, 
this means: 

1. fewer fasteners, 
2. relaxed tolerances, 

3. thinner sheet metal, 
4. less weight, 5. reduced costs. 

Best of all, it means increased design flexibility! 

Elastofoam’s extraordinary compressibility ' 
due to its unique combination of elements. 
The elastomer is a specially formulated closed-cell 
silicone sponge providing softness, resilience, and 
environmental seal. EMI shielding is provided by 

scores of oriented Monel® wires (100/ sq.cm.) Cir¬ 
cuit damage due to “wire fall -out 
is prevented by chemical / . 
bonding of wire to elas- I ) I , ¡ 
tomer. Elastofoam’s / / /// \ 
compressibility also *’ A \ ( ( ( ' ' A — 
tolerates broadly irregular \\\ \\z 

X" surfaces; convolutions^'ClU^ 
\ allow the wires to compress and 

rebound like springs. Compression set 
is under 5% after 25% compression: 

it bounces back repeatedly at 
temperatures from -55°to 230°C. 

Elastofoam is available 
in standard strip sizes 

down to .030" thick, and in special 
r configurations and custom gaskets to 

your specifications. Contact Tecknit today for 
Data Sheet 880 and a FREE SAMPLE. Great idea! 

€lastofoam™,the newest shielding product from 

EMI Shielding Products Division 

ECKNIT 
320 North Nopal Street • Santa Barbara, CA 93103 • (805)963-5811 
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Performance — The product of years of research, 
the RF linear hybrid offers the design engineer 
low distortion levels, wide dynamic range, and noise 
performance that are difficult to achieve in discrete 
form. This “extra margin” of performance may en¬ 
hance the overall equipment design or allow more 
competitive specifications. 

Size — If space is a consideration in the equip¬ 
ment design, the added real estate required for 
discrete circuitry may be prohibitive. 

Reliability — The high degree of reliability demanded 
by the CATV industry has already been discussed. 
But given equivalent manufacturing and screen¬ 
ing methods, hybrid circuits offer improved system 
reliability over a circuit comprised of multiple dis¬ 

crete components. This reliability improvement is a 
result of reduced package count, fewer solder inter¬ 
connects (each interconnect is a potential failure 
point), and system level testing and screening per¬ 
formed by the hybrid manufacturer. Consequently, 
the hybrid manufacturer is accepting a larger re¬ 
sponsibility for reliability. The delivered product is 
a combination of many discrete components tested 
as a complete system. Losses due to individual 
component interaction or failure are isolated during 
the manufacturing cycle. 

Cost — The raw cost of materials to build a replace¬ 
ment discrete circuit for a particular application is 
usually less than the initial price of a hybrid. 
However, the following factors are often overlooked 
in many equipment designs: 
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a) The hybrid manufacturer is absorbing the costs 
of incoming inspection, assembly, and test on 
the circuit he is providing. Manufacturing costs 
for equipment using discrete circuitry are always 
higher than equivalent equipment utilizing com-
merically available hybrid circuits. This is especially 
true if any tuning or tweaking of the circuit 
is required. 

b)An equipment manufacturer’s cost of procure¬ 
ment and cost of stocking are higher for a 
multi-component discrete circuit than for a single 
thin film hybrid amplifier. These higher costs 
apply not only during the production build cycle, 
but throughout the lifetime of the equipment 
(spare parts inventory). 

c) Engineering costs to design reliable replacement 
circuit. Don’t forget to include the time spent in 
debugging and optimizing the circuit, and the 
time spent in production support. The manu¬ 
facturers of these RF linear hybrid amplifiers 
have spread their development costs over more 
than 1,000,000 units operating in the field. 

Is the RF Liner Hybrid The 
Right Choice For My Design? 

In the end, the choice between a standard hybrid 
amplifier and a discrete circuit must be made by 
the design engineer. Find out what’s available from 
the various manufacturers, what their prices are, 
and what it costs your company to implement 
a discrete design. One thing you can be sure of: 
the thin film hybrid amplifiers described in this 
article have been proven in production and will 
be around for a long, long time. Probably longer 
than the discrete transistors they are replacing. 

Most Valuable 
Components 
of the Month. 
NEW l&Q Integrated 
Networks for Radar Systems 
HF, VHF and UHF. 
Part of Merrimac’s winning combination is the 
capability of providing 
“specials” to your 
particular 
specifications. 

Our complete 
in-house 
capability and 
comprehensive 
component lines allow 
us to quickly and easily 
match components to provide the system you 
need with excellent turn-around time. 

Typical of that capability is illustrated in the block 
diagram which shows a single channel l&Q 
network... dual channel networks are also 
available in the same package. 
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INCIDENT & QUADRATURE SUB SYSTEM BLOCK DIAGRAM 

Tell us about your special requirements ... we will 
be happy to supply a quotation and/or a 
proposal. 

Or circle the Reader Service Number and we'll 
send you our data sheet showing typical 
performance @ 30 MHz. 

now there is one. .. in signal processing 

Merrimac bi 
INDUSTRIES. INCORPORATED 
POST OFFICE BOX 968, 41 FAIRFIELD PL . W. CALDWELL. N.J. 07006 

• 201 575-1300 • TWX 710-734-4314 
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HP has just re-invented 
the universal counter. 

Here's a counter built like no other 
low cost counter has ever been built! 
Its the new HP5315A. For versatility 
and speed, it features an architecture 
that closely resembles that used in 
our highest performance, highest priced 
models. For economy, the design is 
implemented by a highly complex, 
multi-family, analog/digital LSI chip 

INFO/CARD21 

02825A 

that HP designed and builds for the 
5315A. For the resolution benefits of 
reciprocal counting, there's a 
microprocessor. 
The result is what we call the 

re-invention of the universal counter— 
an innovative, full capability instru¬ 
ment with features not often found in 
instruments costing twice as much. 



Now look what you 
get for just $800: 

A Full Complement 
of Measurements 
• Frequency/period to 100 MHz 
• Time interval with 100 ns. 
single shot resolution 

• Time interval average to 10 ps. 
• Period average 
• Frequency burst 
• Frequency ratio 
• Electronic and manual totalize 

Count Any Signal 
With full signal conditioning, 

just about any signal can be 
reliably counted. In addition to 
all the expected controls for input 
slope, attenuation and ac/dc 
coupling, there are, for the first 
time, both a sensitivity control 
(best for frequency measure¬ 
ments) and a trigger level control 
(best for time interval). Plus 
you get two aids for noisy signal 
measurements: a 100 kHz filter 
and a variable, measured time 
interval delay to handle input 
signal ringing or contact bounce. 

You’re Never In The Dark 
About Triggering 

Trigger lights are off if the 
trigger level is set too high to count, 
they'll blink when counting 
takes place, and they are fully 
illuminated when the input amp¬ 
litude is above the trigger level. 

Faster, More Accurate 
Measurements 
Now you can have frequency 

measurements significantly more 
accurate than with conventional 
counters. This is possible be¬ 
cause the 5315A measures period 
and computes and displays its 
reciprocal— frequency. 
The 5315 Agives at least 7-digit 

resolution, (0.0001%) in 1 second, 
for inputs from 1 Hz to 100 MHz. 
By contrast, in the same time. 

conventional counterscan resolve 
1 k Hz to only 0.1 % and 10 Hz 
to only 10%. At last, the 5315As 
advanced technology finally 
brings reciprocal counting out of 
the $2000 range. 
And, for higher time base 

stability, HP offers a temperature 
compensated crystal oscillator 
iTCXO) option. 

Continuously Variable 
Gate Times 

Being limited to decade values 
of gate times are a thing of the 
past. The 5315A gives you 
continuous adjustability from 
50 ms. to 10s, and the instrument 
will measure it precisely if you 
wish. This means: 
• You get the resolution you want 
in the most convenient measure¬ 
ment time. 

• You get automatic selection of 
sample size in period and time 
interval averaging for easy, 
confident trade-offs between 
accuracy and measurement 
time. 

• You get a more stable readout 
for many measurements. 

A Faster,-
More Certain Readout 

Just glance at the big, bright, 
amber LED's and see how easy 
it is to read and interpret. The 
display is in engineering units— 
a 6 exponent for MHz. —6 
for ps. It thinks the way you do. 

New Confidence in Time 
Interval Measurements 
A new dimension has been 

added to HP-pioneered time 
interval averaging: The 5315A 
internal CPU truncates the dis¬ 
play to a resolution that is in 
keeping with the accuracy. No 
longer are there the extra. 

meaningless digits you've seen in 
the past. 

Perhaps the Quietest 
Counter Ever 
The 5315A will pass Germany's 

VDE 0871/0875 level A limits 
for electromagnetic compatibility, 
and the metal-cased 5315B will 
pass U.S.A.'s MIL STD 461 
on RFI. Both are excellent for 
RFI sensitive measurements such 
as receiver testing. 

Take It With You 
The rugged polycarbonate case 

and optional, sealed lead-acid 
battery make it a dependable unit 
for use in both plant and field. 
And LEDs give you full details 
on battery status. 

A Low Price for a 
Lot of Performance 
The 5315A brings you per¬ 

formance unequalled by any 
counter in its price range, and 
many features not often found in 
counters costing twice as much. 

Price is only $800*: B version 
with metal case is $950*: battery 
option is $225*: TCXO option 
is $100? ‘Domestic U.S.A, prices only. 

Call your nearby HP field sales 
office or use this publication's 
reply card for complete data on 
the most advanced counter for 
the money: the re-invented 
universal counter. 

HEWLETT ftp] PACKARD 

1507 Page Mill Road, Palo Alto. California 94304 

For assistance call Washington 301 ) 258-2000. Chicago (312) 

255-9800 Atlanta (404) 955-1500. Los Angeles (213) 877-1282 

\ 
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Frequency Counter Cornucopia 

A survey of frequency counter specifications. 

The data on frequency counters has been collected 
to save the reader time in surveying the marketplace 
for the frequency counters that would best meet his 
needs. Five different lists of counter manufacturers 
were asked to return a questionnaire on their counter 
specifications. Over three hundred questionnaires 
were mailed to the directors of sales of these com¬ 
panies. The collection of specifications found here 
represents those companies that returned the ques¬ 
tionnaires, and does not necessarily represent all 
of the counters available today. 

All the companies represented were asked to ad¬ 
here to the same format, so that the reader could 
more easily make a comparison of the various capa¬ 
bilities of the counters. This requirement forced 
manufacturers to specify their counters somewhat 
differently than they may on their own data sheets. 
Furthermore, the sophistication of many counters 
is beyond the scope of this table. So, if a particular 
counter interests you, please contact the manufac¬ 
turer for all the details on the instrument. The con¬ 
tributing manufacturers are listed in box below. 

Lectrotech Inc. 
5810 N. Western Avenue 
Chicago, Illinois 60659 
W.S. Grossman (312) 769-6262 

Systron-Donner Corporation 
One Systron Drive 
Concord, California 94518 
Gale Dishong (415) 676-5000 

John Fluke Mfg. Co., Inc. 
P.O. Box 43210 
Mountlake Terrace, Washington 98043 
Lee Meyer 800-426-0361 

Hewlett-Packard Company 
5301 Stevens Creek Blvd. 
Santa Clara, California 95050 
Tom Nawalinski (408) 246-4300 

Data Precision Corporation 
Audubon Road 
Wakefield, Massachusetts 01800 
Jim Hayes (617) 246-1600 

Phillips Test & Measuring Instruments, Inc. 
85 McKee Drive 
Mahwah, New Jersey 07430 
Bob Grassi (201) 529-3800 

Ballantine Laboratories, Inc. 
P.O. Box 97 
Boonton, New Jersey 07005 
Roger A. Stagnol (201) 335-0900 

EIP Microwave 
3230 Scott Boulevard 
Santa Clara, California 95051 
R.C. BLack(408) 244-7975 

Racal-Dana 
18912 Von Karman Ave. 
Irvine, California 92715 
A.W. Conway (714) 833-1 234 

Sencore, Inc. 
3200 Sencore Dr. 
Sioux Falls, S.D. 57107 
George Carey (605) 339-0100 

B&K Precision Dynascan Corp. 
6460 W. Cortland Ave. 
Chicago, Illinois 60635 
Jim Farrell (312)889-9087 

Simpson Electric Company 
853 Dundee Ave. 
Elgin, Illinois 60120 
Stew Cud worth (312) 697-2260 
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DATA PRECISION 

CORPORATION 

EIP MICROWAVE B & K PRECISION 

DYNASCAN CORP. 

Model S85 5800 5740 331 3S1 371 451 1827 1101 1820 1150 

Parameter measurement capability A. frequency B. 
period C. freq, ratios D. time interval E. totalizing 
F. Other (specify in comments) 

A A AB 
DE 

A A A, F A. F A A A A 
B B 
DE 

Frequency (max.) 10HZ 10HZ 5HZ 
250 MHZ 520 MHZ 100 MHZ 

825 MHZ 20 HZ 20 HZ 925 MHZ 
TO TO TO TO 

18GHZ 18GHZ 18GHZ 18GHZ 

100 HZ 20 HZ 5 HZ 5 HZ 
30 MHZ 40 MHZ 80 MHZ 520 MHZ 

Frequency resolution .1 HZ .1HZ .1 HZ 1 KHZ 1 HZ 1HZ 10 KHZ — — — — 

Time resolution .01 $ IMS IMS 1 MS 100 MS 01SFC 2SEC 

Sensitivity (peak to peok) 10 MV 10 MV 10 MV 
RMS RMS RMS 

-25 DBM -30 DBM -30 DBM -10 DBM 100MV 30MV 30MV 30MV 
50MV 50MV 

Max signal for accurate count (min. attenuator 
setting) r.m.s. 

200 DC 200 DC 250 AC 
250 AC 250 AC TO 
TO 8AC TO 8AC 5 AC 

+ 7 DBM 7 DBM 7 DBM 10 DBM 200V 200V 200V 200V 

Input protection Y-yes, N-no Y Y Y N Y Y Y Y Y Y Y 

Max signal prior to permanent internal damage 200 DC 200 DC 250 DC 
250 AC 250 AC TO 
TO 8 AC TO 8 AC 5 AC 

20 DBM 2 W 2 W 30 DBM 200V 200V 200V 200V 

Input impedance 1MQ 1MQ 1MQ 
50Q 50Q 

50Q 50Q 50Q 50Q 10KQ 1MQ 1MQ 1MQ 
50Q 

AC coupled mode Y-yes. N-no Y Y Y Y Y Y Y N N N N 

Number of significant figures including ± 1 digit 8 8 7 8 11 11 7 6LED 6LED 6LED 6LED 
8 8 8 8 

Time base crystal oscillator used RTXO, TCXO 
OCXO POXO 

RTXO RTXO RTXO 
TCXO TCXO 

TCXO TCXO TCXO RTXO RTXO RTXO RTXO TCXO 

Long term time base stability ppm /month RTXO TCXO 
,6/M ,3/M 

<3 <3 <3 <3 l/M Í/M 10/YR. 1/YR. 

Time base frequency change over 0°C to 50 °C 
temperature range, ppm 

±5 ±5 <2 <2 <2 <30 10 10 10 1 

Time base frequency change coused by a 10% 
change in line voltage, ppm 

.1 .1 <1 <1 <.l <.l — — 1 1 

Portable Y-yes, N-no Y Y Y Y Y Y Y Y N N Y 

Battery Y-yes, N-no Y Y N N N N N Y N N Y 

Rechargable Y-yes, N-no Y Y — - _ — Y 

Hours of battery operation 

Weight Lbs 

Öimensions 

4 4 

1.3 IBS 3.5 IBS 5 IBS 

5.5" 8.5" 8.5" 
1.75" 7.2" 7.2" 
3.5" 3.5" 3.5 ' 

27 IBS 25 IBS 29 IBS 25 IBS 

3.5" 3.5" 3.5" 3.5" 
16.7" 16.7" 16.7" 16.7" 
19.6" 19.6" 19.6" 19.6" 

8 

1 IBS 5.5 IBS 5 IBS 5 IBS 

1.75" 3.3" 3 25" 3.25" 
3.75" 8.69" 11.6 11.6" 
6.6" 10.5" 7.5" 7.5" 

Measurement strategy A direct count B prescoling 
C. automatic transfer oscillator D automatic Hetero¬ 
dyne converter E. Other 

ABA D D D D A A A A 

IEEE 488 System Compatibility Y-yes, N-no 

Meets MIL 461 and/or VDE 0871 /0875 
Y-YesN-No 

N N N 

N N N 

Y Y Y Y 

N N N N 

N N N N 

Warm-up time 

Price 

10 MIN 

S345 $429 $295 

0MIN 0MIN 0MIN 0MIN 

$4295 $5800 $6800 $7200 

30 MIN 30 MIN. 

$120 $200 $285 $480 
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RACAl-DANA BALLANTINE 

LABORATORIES, INC. 

SIMPSON 

ELECTRIC COMPANY 

9913 9915 9919 9921 9035 9510 
9514 

5500B 5500B 5720A 5722A 5725C 
OPT 35 

7016 7026 710 

A A A A AB AB 
CD CD 
E E 

AB AB AC AB AC 
CD CD E CE E 

E PULSE E PULSE 

AE AB A 
CD 
E 

10 HZ 10 HZ 20 HZ 10 HZ 100 MHZ 500 MHZ 
200 MHZ 520 MHZ 1,1 GHZ 3 GHZ 500 MHZ 

DC DC 10 HZ 10 HZ 10 HZ 
TO TO TO TO TO 

110 MHZ 1GHZ 80 MHZ 1.25 GHZ 220 MHZ 

5 HZ 5 HZ 10 HZ 
50 MHZ 50 MHZ 60 MHZ 

1HZ .1 HZ .1HZ . 1 HZ .1 HZ .1 HZ 
1 HZ 

.1 HZ 1HZ .001 HZ .001 HZ 1HZ .1 HZ .1 HZ 1 HZ 

10 MS 10 MS .02 S 10 MS IONS 100 NS 
IOPS 100PS 

100 NS 100 NS 1 pS IhS IpS IOmS lOpS — 

28 MV 28 MV 28 MV 28 MV 75 MV 75 MV 
RMS RMS RMS 50 MV 30 MV 30 MV 

140MV 140MV 140MV 70 MV 140MV 
P-P P-P P-P 50 MV P-P 

P P 

50 MV 50 MV 50 MV 
RMS RMS RMS 

— — IV IV 
RMS RMS 

25 MV 25 MV 50 MV 50 MV 50 MV 
RMS RMS RMS RMS RMS 

240 V 240 V 240 V 

Y Y Y Y Y Y Y Y Y Y Y Y Y Y 

25 W 25 W 25 W 25 W 240 V 240 V 
5V 5V 
RMS RMS 

400 V 400 V 250 V 250 V 250 V 
RMS 5V RMS RMS RMS 

RMS 

250 V 250 V 250 V 

1MQ 1MQ 1MQ 1MQ 1MQ 1MQ 
50Q 50Q 50Q 50Q 50Q 50Q 

1MQ 1MQ 1MQ 1MQ 1MQ 
50Q 50Q 

1MQ 1MQ 1MQ 

Y Y Y Y Y Y 

8 8 8 9 9 9 

Y Y Y Y Y 
DC DC 

8 8 8 8 6 

Y Y Y 

6 6 6 

TCXO TCXO TCXO TCXO TCXO TCXO 
POXO POXO POXO POXO POXO POXO 
POXO POXO POXO POXO POXO 

TCXO TCXO POXO TCXO POXO 
POXO 

POXO POXO 

RTXO RTXO RTXO 
TCXO TCXO 

TCXO POXO POXO ,3/M ,3/M 
1/M .003/0 ,0005/D 

,3/M .3/M 2/M 2/M 2/M 
.003/M .3/M 

RTXO TCXO 710 
_5/Y 1/Y ±5/Y 

8 .15 .3 5 5 <2 <2 <25 <25 <25 
<2 

±10 1 ±10 

— — — .1 .1 <±.5 <5 <5 <5 <5 ±1 ±.l ±1 

N Y N N N N Y Y Y Y Y N N N 

N Y N N N N N N Y N Y N N N 

Y — — — — - - Y — Y _ — _ 

4-15 EXT. — EXT. — _ — 

5.5 IBS 6 IBS 6 IBS 8 4 IBS 19 IBS 15 IBS 7 IBS 7 IBS 2.8 IBS 2.14 LBS 2.14 IBS 6.5 LBS 6.5 LBS .75 LBS 

3.3" 3.3" 3.3" 3.3" 16.75" 16.75" 
9.5" 9.5" 9.5" 9.5" 15.63" 16" 
10.6 10.6 10.6" 10.6 3.5" 3.5" 

A 30 MHZ A 60 MHZ B A100 MHZ A A 
B 200 MHZ B 520 MHZ B 560 MHZ B 

4-4 4-10 C3GHZ 

TALK N Y Y Y N/Y 
Y 

N N N N Y Y 

13.5" 13.5" 2.4" 2.4" 2.4" 
18.4" 18.4 8.2" 8.2" 8.2" 
12.5" 12.5" 8.7" 8.7" 8.7" 

A A A A A 
B B 

Y N N Y N 
OPT. 

Y Y Y Y Y 

4" 4„ 2" 

8.5" 8.5" 5.63" 
8" 8" 4.6" 

A A A 
B B 

BCD BCD 
N N N 

N N N 

6-20 MIN 6-20 MIN 6-20 MIN 6-20 MIN 30 MIN 30 MIN 5 MIN 5 MIN 10 MIN 10 MIN 10 MIN _ — — 

S450 S395 S650 $1095 S2995 $1995 $825 $1095 $225 $950 $295 $398 $445 $167 
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SYSTRON-DONNER CORPORATION SENCORE, INC. 

Model 6041* 6042* 6043* 6241* 6242* 6243* 6244* FC45 K51 

Parameter measurement capability A. frequency B. 
period C. freq, ratios D. time interval E. totalizing 
F. Other (specify in comments) 

A A A * * A A A A 

Frequency (max.) 100 512 1250 100 512 1250 4500 
MHZ MHZ MHZ MHZ MHZ MHZ MHZ 

30 HZ- 10HZ-
230 MHZ 1 GHZ 

Frequency resolution 0.1 HZ .1 HZ . 1 HZ .1 HZ 1HZ .1 HZ .1 HZ 1 HZ .01 HZ 

Time resolution 
N/A 

Sensitivity (peak to peak) 25MV 25MV 25 MV 10MV 10MV 10MV 10MV 
RMS RMS RMS RMS RMS RMS RMS 

-13DBM -13DBM 

25 MV 25 MV 

Max signal for accurate count (min. attenuator 
setting) r.m.s. 

5 V 5V 5 V 5 V 5V 5 V +20 
RMS RMS RMS RMS RMS RMS DBM 

250V 250V 

Input protection Y-yes, N-no YES Y Y Y Y Y Y Y FUSE Y FUSE 

Max signal prior to permanent internal damage 5 V 5V 5 V 5 V 5V 5 V +20 

RMS DBM

12 WATTS .5 WATT 

Input impedance 1MQ 1MQ 1MQ 1MQ 1MQ 1MQ IMS 
50Q 50Q 50Ö 50Q 50Q 

1MQ 1MQ 
50Q 50S 

AC coupled mode Y-yes, N-no Y Y Y Y Y Y Y Y Y 

Number of significant figures include ± 1 digit 8 8 8 8 8 8 8 8 8 + 
OVERFLOW 

Time base crystal oscillator used RTXO, TCXO, 
OCXO, POXO. 

TCXO TCXO TCXO POXO POXO POXO POXO OCXO POXO 
A 

Long term time base stability ppm /month 0.3 0.3 0.3 0.015 0 015 0.015 0.015 .17 .17 

Time base frequency change over 0 °C to 50 °C 
temperature range, ppm 

1 1 1 0.01 0.01 0.01 0.01 1 PPM .5 PPM 

Time base frequency change caused by a 10% 
change in line voltage, ppm 

0.05 0.05 0.05 0.0005 0.0005 0.0005 0.0005 <.l PPM <.1 PPM 

Portable Y-yes, N-no 
N N N Y Y Y Y Y Y 

Battery Y-yes, N-no N N N Y Y Y N Y Y 

Rechargable Y-yes, N-no 
N N N Y Y Y N N N 

Hours of battery operation - - 4 4 4 — — 

Weight Lbs 4.5 KG 4.5 KG 4.5 KG 4.5 KG 4.5 KG 4.5 KG 4.5 KG 
10LB5 10 LBS 10LBS 10 IBS 10 IBS 10 IBS 10 IBS 

6.5 6.5 

Dimensions 1.75" 1.75" 1.75" 3.5" 3.5" 3.5" 3.5" 

16.75" 16.75" 16.75" 8.4" 8.4" 8.4" 8.4" 
13" 13" 13" 13.5" 13.5" 13.5" 13.5" 

5.5" 5.5" 
7.8" 7.8" 
9" 9" 

Measurement strategy A. direct count 8 prescaling 
C. automatic transfer oscillator D. automatic Hetero¬ 
dyne converter E. Other 

A AB 
B D 

IEEE 488 System Compatibility Y-yes, N-no YSTD YSTD YSTD N N N N N N 

Meets MIL 461 and/or VDE 0871 70875 Y-Yes N-No — — — Y Y Y Y N N 

Warm-up time ,15MIN. .15MIN. 15MIN. 15MIN. 15MIN 15MIN. 15MIN. 10MIN 10MIN 

Price $895 $1095 $1395 $495 $695 $995 $2395 $448 $975 
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HEWLETT-PACKARD 

$370* 5345* 5354* 5340* 5341* 5342* 53000 5315* 5314* 5313* 5302« 5311* 5320« 53000 
PLUG-IN 53050 53150 53OU 

— ———————— ——- — 

AB AB A A A A A AB A. B A, C A. C A. C AB AB 
CD CD CD C, D CD CD 
F EF EE EF EF 

100MHZ 500MHZ 4 GHZ 18GHZ 4.5GHZ 18GHZ 1.3 GHZ 100MHZ 100 520 225 80 1.3 75 
(18 GHZ (23 GHZ) (24 GHZ) MHZ MHZ MHZ MHZ GHZ MHZ 
W/P.l.) 

20 PS IpHZ .01 HZ 1HZ 1 HZ 1 HZ .0001 HZ 7 DIGITS .1 HZ .1 HZ .1 HZ .1 HZ .1 HZ .1 HZ 
GATE TIME PER SEC. 

20 PS 2 NS — — — — — 10 PS 100 — — — 100 INS 
IMPROVE NS PS 

100 MV 20 MV -20 DBM -35 DBM -20 DBM -25 DBM 60 MV 30 MV 75 MV 75 MV 75 MV 75 MV 75 MV 75 MV 

1 VOLT 250 MV +20 DBM +7 DBM +20 DBM +5 DBM — — — — — — — — 
( + 20) 

NHNNNNTNNYNNYN 

±5V 24 DBM 25 DBM 30 DBM 30 DBM 25 DBM 250V 500V 350V 200DC 200DC 200DC 250V 250V 
AC&DC AC&DC 250VAC 250VAC 250VAC 

1MQ 1MQ 50Q 50Q 50Q 50Q 1MQ 1MQ 1MQ 1MQ 1MQ 1MQ 1MQ 1MQ 
50Q 50Q 50Q 50Q 50Q 

YYYYYYYACYYYYACAC 
DC DC DC 

12 11 11 8 10 11 8 8 PLUS 7 9 8 7 9 8 
EXPONENT 

POXO POXO POXO TCXO TCXO TCXO RTXO RTXO RTXO RTXO RTXO RTXO RTXOSTD RTXOSTD 
IN 345A TCXO TCXO TCXO TCXO TCXO TCXO OCXO TCXO 

OPTIONAL OPTIONAL 

,3/M 0005/D ,3/M ,3/M 1/M ,1/M ,3/M .3/M 3/M ,3/M ,3/M ,3/M ,3/M ,3/M 

.007 < 007 <2 <2 <1 <1 ±5 ±5 ±10 ±2.5 ±2.5 ±10 ±2.5 ±5 

.0001 .0001 <.l <1 <.l <.1 ±1 ±1 ±1 ±5 ±5 ±1 ±1 ±.l 

Y/NYYYYYYYYYYYYY 

N N N N N N OPTION OPTION OPTION N N N N OPTION 

NNNNNNYYY — — — — Y 

N — — — — — 4 4 8 — - — — 4 

14.55KG 17KG 3.6(8) 11.3(25) 10.5(23) 9.1 (20) 2.5/ 2.9/ 2.0/ 2.2/ 2.2/ 2.2/ 8.5/ 2.4/ 
32LBS (37LBS) 5.5 6.4 4.4 4.75 4.75 4.75 18.6 5 1/3 

16.75" 17" 17" 17" 8.52" 13.5" 9.4 9.4" 3.5" 3.5" 3.5" 16 6 13.5" 
5.25" 19.8" — 16.64 16.64" 20" 16.25" 3.4" 3.4" 6.25' 6.25" 6.25" 16.6 " 6.25" 
18" 5.28" 3.52" 3.52" 5.3" 19.75" 10.9 10.8 9.75" 9.75" 9.53" 3.5" 9,75"_ 

A E D C D HARMONIC BA+ AAAA A A 

INTER- RECIP HETERDYNE RECIP B B 
POLATE 

y y y y Y Y OPTIONAL N N N N N OPTIONAL OPTIONAL 

N .NNNNNNY NNNNNN 

10 MIN —_ —_ —_ —_ —_ —_ —_ —_ —_ —_____—_ —_ ~_ 

$6500 $4400 $3400 $6200 $4950 $4500 $460 $800 $375 $650 $395 $295 SEE $460 
$900 $950 LIST $450 
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PHILLIPS 

Model 6625 6624 6622 6616 6615 6614 6613 PM6610 6664 6661 6650 
6612 

Parameter measurement capability A. frequency B. 
period C. freq, ratios D. time interal E. totalizing 
F. Other (specify in comments) 

AB AB AB AB AB AB AB D A A AB 
ED ED ED CE CE CE CE CD 

AVGMODE AVGMODE AVGMODE E

Frequency (max.) IG 520MHZ 80MHZ 1.3GHZ 1.0GHZ 520MHZ 250MHZ 80MHZ 520 80 DC TO 
MHZ MHZ 512 MHZ 

Frequency resolution 1HZ .1HZ 1HZ .1HZ -1HZ .1HZ .1HZ .1HZ 1 HZ 1 HZ .01 HZ 

Time resolution ICONS 100NS 100NS 100NS ICONS 100NS 100NS 1OONS — — IONS 
TO TO TO OR OR OR OR OR 
10*5 10’5 10’5 lOOpS lOOpS lOOpS lOOpS lOOpS 

Sensitivity (peak to peak) 20 MV 20 MV 20 MV 10 MV 10 MV 10 MV 10 MV 10 MV 20 MV 20 MV 50 MV 
500 MV 

Max signal for accurate count (min. attenuator 
setting) r.m.s. 

230 AC 230 AC 230 AC 230 V 230 V 230 V 230 V 230 V — - 230 AC 

250 DC 250 DC 250 DC 300 DC 

Input protection Y-yes, N-no YYYYYYYYYYY 

Max signal prior to permanent internal damage 230 AC 230 AC 230 AC 230 AC 230 AC 230 AC 230 AC 230 AC 260 AC 260 AC 230 AC 
250 DC 250 DC 250 DC 250 DC 250 DC 250 DC 250 DC 250 DC 300 DC 300 DC 300 DC 

Input impedance IMS IMS 1MQ IMS IMS IMS IMS IMS IMS IMS IMS 
50Q 50Q 50Q 50Q 502 502 502 

AC coupled mode Y-yes, N-no 

Number of significant figures including ± 1 digit 

yyyyyyyyyyy 

99999999889 
— 

Time base crystal oscillator used RTXO, TCXO, 
OCXO, POXO 

RTXO RTXO RTXO TCXO TCXO TCXO TCXO TCXO RTXO RTXO TCXO 
TCXO TCXO TCXO RTXO RTXO RTXO RTXO RTXO TCXO POXO 
POXO POXO POXD POXO POXO POXO POXO POXO 

Long term time base stability ppm/month TCXO RTXO .1/M TCXO RTXO POXO POXO RTXO TCXO ,1/M 
,1/M ,5/M 0015/D .1/M >.5/M .1/M .0005/D 2/Y .1/M 0015/D 

0005/D .0015/D 0005/D 

Time base frequency change over 0 °C to 50 °C 
temperature range, ppm 

1 >10 .1 1 >10 .1 005 1 5 1 .02 
.03 0005 
.005 0005 

Time base frequency change caused by a 10% 
change in line voltage, ppm 

" " ■ . . ■■■■ " 
.001 .01 .001 .001 .01 .001 .0005 — — .001 

.0005 0005 .0001 

.0005 °00 ' 

Portable Y-yes, N-no yyyyyyyynnn 

Battery Y-nes, N-no YYYYYYYYNNN 

Recharable Y-yes, N-no yyyyyyyy — — — 

Hours of battery operation 2-4 2-4 2-4 2-4 2-4 2-4 2-4 2-4 — — — 

Weight Lbs 6 LBS 6 LBS 6 LBS 6.2 LBS 6.2 LBS 6.2 LBS 6.2 LBS 6.2 LBS 3.2 LBS 3.2 LBS 20.9 LBS 

Dimensions 8.25" 8.25" 8.25" 8.25" 8.25" 8.25" 8.25" 8.25" 8.7" — 16.16" 
3.5" 3.5" 3.5" 3.5" 3.5" 3.5" 3.5" 3.5" 5.75" - 12.2" 
12.8" 12.8" 12.8" 12.8" 12.8" 12.8" 12.8" 12.8" 1.75" — 5.28" 

Measurement strategy A. direct count B prescaling 
C. automatic transfer oscillator D. automatic Hetero¬ 
dyne converter E. Other 

ATO ATOAAAAAAAAA 
80 MHZ 80 MHZ 80 MHZ 80 MHZ 80 MHZ 80 MHZ 80 MHZ 80 MHZ 
-5-16B -e-4B t16B -r!6B -Í-8B -r4B B 

IEEE 488 System Compatibility Y-yes, N-no TALK TALK TALK TALK TALK 
yyyyyyyynny 

Meets MIL 461 and/or VDE 0871 /0875 
Y-Yes N-No 

yyyyyyyyyyy 

Warm-up time STANDBY STANDBY STANDBY STANDBY STANDBY STANDBY STANDBY STANDBY 25 MIN — STANDBY 

Price $1525 $1290 $985 $1430 $1215 $960 $910 $740 $590 $298 $4125 
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LECTROTECH INC. JOHN FLUKE MEG. CO., INC. 

TF-5O 
-512 

PRESCALER 
1900* 1910* 1911* 1912* 1920* 1925 19528 1953* 

A 
AB AB AB AB A AB AB AB 
CE CE Œ CE a CD CD 

E E 

10 HZ 
50 MHZ 
500 MHZ 

80 MHZ 125 MHZ 250 MHZ 520 MHZ 1250 520 MHZ 80 MHZ 1250 
MHZ MHZ 

1 HZ 
1HZ .1 HZ .1 HZ .1 HZ .1 HZ .1 HZ .1 HZ .1 HZ 

(.001 HZ OPT) 

— 100PS 100NS 100NS 100N5 — 100NS ICONS 100NS 

Market Place 
100 MV 
300 MV 

75MV 45 MV 45 MV 45 MV 45 MV 45MV 150MV 90 MV While making this 
survey of frequency 
counters, r.f. design had 
the opportunity to 
discuss the future of the 
market place with many 
product managers. The 

50 V 250V 250V 250V 250V 150V 250V 150V 150V 
RMS RMS RMS RMS RMS RMS RMS RMS 

Y NNNNNNNN 

250 V 
50 V 

250 V 250 V 250 V 250 V 150 V 250 V 150 V 250 V 
RMS RMS RMS RMS RMS RMS RMS RMS 

general concensus was 
that the instrument 
industry had experienced 
a good year in ’78, and 
was looking forward to 
another good year in '79. 
The impact of the 
microprocessor is just 
beginning to be felt in 

1MQ 
50Q 

1MQ 1MQ 1MQ 1MQ IMS 1MQ IMS 1MQ 

Y Y Y Y Y Y Y SWITCH- SWITCH¬ 
ABLE ABLE 

8 67779988 

RTXO RTXO RTXO RTXO RTXO RTXO RTXO RTXO OCXO 
POXO 
TCXO 

the frequency counter 
market. Future counters 
will have much greater 
capabilities in terms of 
data collection and 
manipulation. Dedicated 
IC’s are now being made 
available and should 

±1/M .5 .5 .5 .5 .3 .5 .5 .3 

±10 55552552 

1 .1 .1 .1 .1 .1 .1 .1 .1 reduce the price of 
counters. 

So, the customer can 
Y YYYYYYNN look forward to less 
N YYYYYNNN expensive counters with 

greater capabilities. 
What could be better — YYYYY — — N 

— 44443 — — N news than that? 
4 LBS 2.75 LBS 3.2 LBS 3.2 LBS 3.2 LBS 6 LBS 6 LBS 6 LBS 9.5 LBS 

2.5" 
8.25" 
8.25" 

8.5" 8.5" 8.5" 8.5" 9.0" 8.5" 13" 14" 
2.5" 2.5" 2.5" 2.5" 3.5" 3.5" 3.5" 3.5" 
10.0" 10.0" 10.0" 10.0" 12.5" 13.25" 9.5" 13.5" 

A 

B-rlO 

AAAAAAAA 
B B B B B 

N NNNNNNNY 

N nnnnnynn 

30 MIN — — — — — 0 10MIN 

$199.50 
$99.50 

$345 $395 $495 $620 $1095 $750 $895 $1195 
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10 kHz-1280 MHz Synthesized Signal Generator 
ADJACENT CHANNEL SELECTIVITY 

MEASURE OF RECEIVER'S ABILITY TO DIFFERENTIATE BETWEEN A DESIRED 
MODULATION SIGNAL AND MODULATION SIGNALS ON ADJACENT CHANNELS 

Test Setup 

Figure 1. Equipment setup for adjacent channel selectivity test. 

IMPORTANCE OF SIGNAL GENERATOR PHASE NOISE 
IN ADJACENT CHANNELTESTS. 

Noise in channel 
varies with 
offset from 
carrier 

Increase signal in adjacent 
channel until sinad - 6 dB 
must be sure degradation 
is not due to generator 
#2 noise getting into 
wanted channel. 

(Note for 20 kHz offsets. 
Generator noise must be 
>140 dB/Hz to measure 
selectivity ratios up to 90 
dB.) 

56 

Center frequency 
wanted channel 
(generator#!) One channel 

spacing away 
(generator #2) 

Figure 2. Signal effects of generator SSB noise. 

Synthesized signal generators have 
found applications in many important 
applications which need their unique 
performance characteristics, and can 
justify their relatively high price. High 
stability receiver testing such as sat¬ 
ellite doppler tests need the precision 
frequency tuning, resolution, and long¬ 
term stability of synthesizers. Auto¬ 
matic test systems depend on the 
ability to program frequencies, ampli¬ 
tudes and modulations with speed 
and accuracy. Satellite ground stations 
often use synthesizers as the starting 
signal for multipliers and up-converter 
chains to get to the C-band or X-band 
operating signal and since noise char¬ 
acteristics are also multiplied, the 
synthesizer noise is critical. 

But in spite of this great applica¬ 
tion range, synthesizer performance 
has fallen short in areas of single¬ 
sideband (SSB) noise and spurious 
signals. This has limited their useful¬ 
ness in out-of-channel testing of re¬ 
ceivers such as adjacent channel and 
spurious response testing. The rea¬ 
sons are shown in Figures 1 and 2. 
Adjacent channel tests are performed 
by driving a very high level signal into 
the radio channel only 25 to 50 kHz (in 
mobile FM) away from the tuned chan¬ 
nel. If the generator itself has SSB 
noise at that carrier offset it comes 
through the tuned channel at only 
- 105 dBc/Hz (typical of the HP 86600/ 
86602A synthesizers), and the test re¬ 
sults are limited. Thus, most industry 
tests are presently run with the HP 
8640B cavity-tuned signal generator 
which is the signal/noise perform¬ 
ance leader at this time. 8640B SSB 
noise is -143 dBc/Hz at a 20 kHz 
carrier offset at 256 MHz. But of course, 
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it is not programmable, thus automatic 
test systems typically use the syn¬ 
thesizers for in-channel testing (sen¬ 
sitivity, modulation, etc.) and roll up 
a manual 8640B for the out-of-channel 
tests. 

Radio spurious responses present 
a similar problem since non-harmonic 
spurious signals from the 8660C/ 
86602A are from 70-80 dB below the 
carrier, whereas the manual 8640B 
essentially has no spurious, being 
cavity-tuned. 

Better SSB Performance 
For a Synthesizer 

With the introduction of Hewlett-
Packard’s model 8662A synthesized 
signal generator, signal purity of indi¬ 
rect synthesis now rivals that of the 
best cavity-tuned generators. Operat¬ 
ing in the 10 kHz to 1280 MHz range, 
this new generator offers 0.1 Hz reso¬ 
lution below 640 MHz, 0.2 Hz above. 
Single sideband phase noise in the 
basic 320 to 640 MHz range at 10 kHz 
offset is specified as -132 dBc/Hz, 
even less at lower frequencies (typ¬ 
ically - 147 dBc at 160 MHz, for ex¬ 
ample). Non-harmonically related 
spurious signals are at least - 90 dBc 
up to 640 MHz. From 640 to 1280 
MHz noise and spurious are both 6 dB 
higher. 
Such spectral performance was 

achieved by specific design attention 
to two areas. First, the frequency 
reference section which includes mul¬ 
tipliers, dividers, and phase lock loops 
has exceptional steps taken to provide 
spectrally clean, multiplied reference 
signals. For example, in two separate 
circuits, crystal filter sections provide 
very high purity clean-up of reference 
signals, while still permitting frequen¬ 
cy agility. In addition, the 10 MHz 
reference crystal oscillator itself has 
been designed for particularly clean 
characteristics. 

Second, the instrument uses a 
switched reactance oscillator of novel 
design which provides a quiet, free-
running oscillator source before dis¬ 
ciplining with the reference signals. 
Usually oscillators require relatively 
wide frequency tuning with varactors 
(2:1) to allow broad frequency cover¬ 
age. But this means high sensitivity 
to noise on the control voltage. The 
HP 8662A uses a special low sensi¬ 
tivity design with a narrow tuning 
range varactor to control noise. Then 
a series of separate inductance/react-
ance elements are switched in with 
PIN diodes to quickly change ranges 
(Figure 3). The combination of switched 
inductance values with narrow-tuning 
varactors results in a very high-Q 
oscillator with exceptional spectral 
purity but with 2:1 tuning range over¬ 

Figure 3. Switched inductance oscillator allows narrower range 
tuning of varactor. 

Offset from Carrier (Hz) 

Figure 4. Comparison of SSB noise performance of new HP 8662A 
with cavity-tuned 8640B and older 8660C/86602A. fc = 500 MHz. 

all. By starting with such a clean os¬ 
cillator, the indirect synthesis method 
reaches its highest performance. 

Actual performance results are 
shown in the SSB noise curves of Fig¬ 
ure .4. Output signals of the cavity-
tuned HP 8640B are compared with 
typical previous synthesizers (HP 
8660C) and with the new HP 8662A. 

It is seen that the 8662A substantially 
exceeds the close-in spectral perform¬ 
ance of the cavity and compares fa¬ 
vorably at 20 kHz offset. The new syn¬ 
thesizer considerably exceeds the old 
synthesizer on both counts. 

Contact Hewlett-Packard, 1507 Page 
Mill Rd., Palo Alto, Calif. 94304. Circle 
INFO/CARD #80. 
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Microprocessor Compatible 
A/D Converters 

Beckman Instruments has introduced 
two new CMOS Hybrid 12-bit Suc¬ 
cessive Approximation Analog-to-Digital 
Converters, that are believed to be 
the first converters to offer guaranteed 
12-bit accuracy, 8-bit microprocessor 
compatibility and TTL or CMOS logic 
output. 

Available in both commercial and 
military models, the series 7555 and 
7556 Analog-to-Digital Converters have 

installation on instruments or compo¬ 
nents requiring a cable termination. 
The unique recessed design pro¬ 

therefore increases the scope of its 
applications. The model 165 comple¬ 
ments the two original model 163 and 
model 164 plug-ins. Features such as 
shortened aperture durations, vari¬ 
able gain, faster response and a unique 
alternate channel triggering mode are 
all incorporated into the model 165 
plug-in. Such equipment is used pri¬ 
marily to recover fast signals from 
masking noise. 

Aperture durations are selectable 
from 2 ns to 5 ms to accommodate 
a variety of signals. Full scale sensi¬ 
tivity is variable over a 100:1 range 
from ± 50 mV to ±5 V. Shorter aver¬ 

three-state outputs that facilitate a 
variety of busing schemes for the 
data bit outputs, as well as a Serial 
Register Output and an End of Con¬ 
version Output. Each data bit output 
is separated into a 4 bit most sig¬ 
nificant bit (MSB) and 8-bit least sig¬ 
nificant bit (LSB) byte. 
Contact Beckman Instruments, 

Inc., Technical Information Section, 
Advanced Electro-Products Division, 
2500 Harbor Boulevard, P.O. Box 
3100, Fullerton, California 92634. 
INFO/CARD #78. 

Printed Circuit Jack 
And RF Jack 
A straight jack receptacle, mating 

with MIL-C-39012, series SMC plugs, 
is now available from Sealectro Cor¬ 
poration. The 50-051-0000 has a PC 

vides protection against accidental 
knocks or blows. It is made of brass, 
gold plated, and is 50 ohms impedance. 
The unit extends 43/64" behind the 
mounting surface, including the cable 
crimp ferrule. 
Complete details are available by 

contacting the R.F. Components Div., 
Sealectro Corp., Mamaroneck, N.Y. 
10543. Circle INFO/CARD #81. 

Directional Couplers 
Wide Band Engineering Company, 

Inc., has expanded its line of direc¬ 
tional couplers to include four new 
models with 45 dB minimum direc¬ 
tivity. 

Single and dual 1-100 MHz couplers aging time constants are provided to 
reduce experimental times in cases 
where signals are relatively noise free. 
The model 165 fits all model 162 
mainframes. The model 165 is $2,995 
FOB Princeton. Availability is May, 
1979. 
Contact EG&G Princeton Applied 

Research, P.O. Box 2565, Princeton, 
N.J. (609) 452-2111. Please circle 
INFO/CARD #83. 

board mounting termination, with four 
mounting legs and a center signal 
straight termination. 

Sealectro Part No. 51-033-0000 is an 
SMB RF receptacle, entirely recessed 
behind the mounting panel, and fea¬ 
tures a cable attachment by means of 
crimp. The bulkheaded jack is de¬ 
signed for low-cost, high production 

and 10-200 MHz single and dual cou¬ 
plers have 50 ohm impedance. 

All other specifications for the “P” 
series coupler remain the same. Impe¬ 
dance is 50 ohm, connectors BNC. 
Delivery 4-6 weeks. “P” series couplers 
are available for 75 ohms with power 
limited to 10W cw. 
Wide Band Engineering Company, 

Inc., P.O. Box 21652, Phoenix, Ariz. 
85036, Phone (602) 254-1570. Circle 
INFO/CARD #82. 

Switching DC 
Power Supplies 
Standard Power, Inc. has just intro¬ 

duced an entirely new line of switch¬ 
ing regulated DC power supplies. 

58 

Averager Plug-In 
The model 165 gated integrator plug¬ 

in module enhances the performance 
and versatility of the popular model 162 
dual channel boxcar averager and 

The model SWS 750, is rated at 750 
watts. The units are available in five 
models, providing 5, 12, 15, 24 and 28 
volts DC, from 28 to 150 amps. The 
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SWS 750 models are priced at $675 
each. 

For full details contact Standard 
Power, Inc., 1400 South Village Way, 
Santa Ana, Calif. 92705. (714) 558-8512. 
Circle INFO/CARD #84. 

Saw Filters 
Rockwell International announces 

the availability of a complete line of 
surface acoustic wave (SAW) filter 
devices for use in industrial, commer¬ 
cial and military applications. 
SAW filters are fabricated on quartz 

and lithium niobate substrates, de¬ 
signed to perform in temperatures 
from - 55°C to 85°C, and are produced 
in microelectronic industry-compatible 
packages. The devices are available 
with center frequencies from 20 MHz 
to 100 MHz, and fractional bandwidths 
from 0.2 percent to 15 percent. Phase 
linearity, a flat group delay, controlled 
amplitude and time response comple¬ 
ment design specifications. Typical 
applications of the SAW devices in¬ 
clude satellite communications, ra¬ 
dar systems, electronic counter¬ 
measures, communication receivers 
and signal processing. Standard pro¬ 
duction SAW devices in 100-piece 
quantities are typically priced in the 
$100 range. 

Specialized requirements for proto¬ 
type filters and delay lines for center 
frequencies from 20 to 600 MHz may 
be obtained from Rockwell Filter Prod¬ 
ucts' Advanced Development Depart¬ 
ment, 3310 Miraloma Ave., P.O. Box 
3669, Anaheim, Calif. 92803. TWX 910-
591-1654. Circle INFO/CARD #86. 

Contact Cambridge Thermionic 
Corporation. 445 Concord Avenue, 
Cambridge, Mass. 02138. (617) 491-5400. 
Circle INFO/CARD #85. 

Digital Capacitance Meter 
Dynascan Corp, has introduced a 

low cost digital capacitance meter 
with 10 selectable ranges with full 

Low Inductance Choke Series 

scale values from 999.9 picofarads to 
999.9 millifarads. The meter reads 
from 0.1pF to 1000 millifarads (1 Far¬ 
ad), and has an accuracy of 0.5 percent 
of full scale, ± digit to 100pF; 1 per¬ 
cent of full scale, ± 1 digit from WOOpF 
(1 millifard) to WOOmF (1 Farad), with 
a resolution of 0.1pF. Reading time 
for the meter is 0.3 sec to 1000pF, in¬ 
creasing to 35 second maximum at 1 
Farad, with an overrange indicator for 
all ranges. All bottom segments of 
the digits are “ON” when the capaci¬ 
tor value exceeds the value of the 
range selected. 
The meter has a 4 digit LED dis¬ 

play with front panel controls for 10-
position range switch, zero adjust, 
ON-OFF switch. Power source of the 
meter is 4 standard “C” size cells 
operating from 4-6 volts, and weighs 

674g. (1.51 lbs.) Optional accessories 
are BC-28 charger, BP-28 battery pack, 
LC-28 carrying case, battery. 
Contact Dynascan Corp., 6460 W. 

Cortland Street, Chicago, III. 60635. 
(312) 889-9087. Circle INFO/CARD 
#87. 

Large-Wire Ultrasonic Bonder 
The model 20 large-wire bonder 

bonds 5- to 20-mil wire at throughput 
rates up to 1000 devices an hour. The 
system is available in a hand-fed ver¬ 
sion with a selection of chucks for 
bonding a variety of packages at rates 
of 250-300 devices an hour. The sys¬ 
tem shown in the photo incorporates 
a parts indexer that automatically 
feeds devices through the bonder 
at rates of 500 to 600 an hour. 
A soon-to-be-introduced system will 

include an automatic parts loader 
and unloader and a fast-track feeding 
system. Device throughout with this 
new version is 1000 devices an hour. 
This fast track feeder also incorpor¬ 

ates an automatic bond pull tester. 
The system also provides automatic 
parts storage and handling. Users of 
the model 20 are reporting bonding 

Two new series of extremely low 
inductance, fixed RF chokes for higher 
frequency circuits are now available 
from Cambion. These new, extremely 
low inductance RF chokes fill a need 
long pointed out by engineers. Cam-
bion s new 551-5169 and 551-5172 
series provide values from a low of 

RF BRIDGES 
Fixed or Variable 

Directivity (balance) 40 or 
50 dB options. 

1-500 MHz RF 
Instruments 

• RF Amplifiers 
• RF Analyzers 
• RF Comparators 
• RF Switches 
• Hybrid Divider/Combiners 
• RF Detectors 
• Impedance Transformers 
• Precision Terminations 
• Precision DC Block 
• Filters 
• Available 50 or 75 Ohms 

.022 uH through .100 uH. This low in- j 
ductance series adds new, lower in¬ 
ductance values to the standard Cam¬ 
bion 550-3640 RF chokes (.15 uH 
through 33 uH), and to the Cambion 
550-3399 RF chokes (.1 uH through 
1000 uH). 

WIDE BAND ENGINEERING COMPANY, INC. 
P.O. Box 21652, Phoenix, Arizona 85036, U.S.A. Telephone (602) 254-1570 
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DSI COMMUNICATIONS SERIES 
1.3GHz — 1GHz — 700MHz 

C asi Ciooo 16Hz Frequency Counter 

; fl L LI Li LI LI 0 
-- I "" 

OSI C-WO 700MHz Freese, Counter 

MODEL C1000 10Hz to 1GHz MODEL 0700 50Hz to 700MHz 

$49990 
INCLUDES BATTERY PACK 
AUTO ZERO BLANKING 
AUTO DECIMAL POINT 
10MHz TIME BASE S36995

INCLUDES BATTERY PACK 
AUTO ZERO BLANKING 
AUTO DECIMAL POINT 
10MHz TIME BASE 

Accuracy . . . that's the operational key to this rugged ad¬ 
vanced design Model C1000 1GHz frequency counter ... a 
significant achievement from DSI. That's because you get 
. . . .1 PPM 0° to 40°C proportional oven time base . . . Built 
in 25DB preamplifier with a 60DB adjustable attenuator . . . 
xIO & x100 audio scaler which yields .01 Hz resolution from 
10Hz to 10KHz equivalent to 10 sec. & 100 sec.Gate Time . . . 
Selectable .1 & 1 sec. time base and 50 ohms or 1 meg ohm 
input impedance . . . Built-in battery charging circuit with a 
Rapid or Trickle Charge Selector ... Color keyed high quality 
push button operation ... All combined in a rugged black 
anodized (.125" thick) aluminum cabinet. The model C-1CO0 
reflects DSI's on going dedication to excellence in 
instrumentation for the professional service technician, 
engineer, or the communication industry. 

ALL NEW! All UNPARALLELED DSI QUALITY! The model 
C 700 700 MHz frequency counter features ... .2 PPM 
0° to 40° C proportional oven time base . . . 25db preamplifier 
with a 60db adjustable attenuator. Built in battery charger 
with a rapid or trickle charge selector . . . Combined in a 
rugged (.125" thick) aluminum cabinet makes the C700 
ideal for the communication industry and professional serv¬ 
ice technician. 

3600A OWNERS: Up date your 3600A frequency counter to 
a C 700 includes, new back board, .2PPM proportional oven, 
25db preamplifier, rugged .125" thick aluminum cabinet, 
order 3600A-700. Unit must be returned to DSI factory for 
modification. 

DSI — GUARANTEED SPECIFICATIONS — FACTORY ASSEMBLED — MADE IN USA 

Model 
Frequency 
Range 

Proportional Oven 
Accuracy Over 
Temperature 

50Hz 
To 

75MHz 

75MHz 
To 

500MHz 

500MHz 
To 
1GHz 

Number 
Of 

Digits 

Size 
Of 

Digits 
Power 

Requirements Size 

C700 50Hz to 700MHz 2PPM 0° to 40° C 50MV 10MV NA 8 .5 Inch 115 VAC-BATT 
8 to 15VDC 

3"H X 8"W X 6"D 

C1000 10Hz to 1GHz 1PPM 0° to40°C 20MV 1MV >50MV 9 .5 Inch 115V AC-BATT 
8 to 15VDC 

4"H X 10"W X 7%”O 

— All Units Are Factory Assembled, Tested And Carry A Full 5 Year Limited Warranty — 
Model C 700 $369.95 

FOR MORE INFORMATION 

Call Toll Free (800) 854-2049 DSI Instruments Inc. 
California Exchanges Call Collect (714) 565-8402 
7914 Ronson Road, San Diego, CA 92111 

Atlanta (800) 241-4545 
Georgia Exchanges Call Collect (404) 977-2225 
53 Old Stone MUI Road, Atlanta, GA 30067 

INFOCARD22 

3600A-700 Factory Update (3600A only) 
Includes Labor & Re-Calibration $199.95 

Model C 1000 $499.95 

Opt. 01 1.3GHz (CWOOonly) $99.95 

Opt. 02 .05 PPM 10MHz Double Oven 
0° to 50° C Time Base (C1000only) $129.95 

Ant. 210Telescopic Ant./BNC Adapter $11.95 



yields of over 98 percent and system 
payback within a few months operation 
because of increases in throughput 
and decreases in scrapped parts. 

Contact Orthodyne Electronics, 
1599 Superior Avenue, Costa Mesa, 
Calif. 92627. (714) 646-1616. Circle 
INFO/CARD #88. 

Wideband Pulse Amplifier 
The VV100B microcircuit provides 

exceptional performance for very-
high-frequency applications of pulse 
and video signals in high-speed, low-
signal-level instrumentation and data 
communication systems. 

With a rise time of less than 2 nsec 
and a skew rate of 2500 volts/^sec, 
the VV100B will drive a 25-ohm load 
to -5 volts with ±0.1 percent linear¬ 
ity, 3 dB down at 230 MHz. Input noise 
is less than 4.2 nv/y^Hz. Total input 
drift and offset over a 0-70°C temper¬ 
ature range is less than 1 mV, per¬ 
mitting the VV100B amplifier to be 

Miniature 
Isolators and Circulators 
Innowave now has available, minia¬ 

ture isolators and circulators offering 
excellent performance across full MIL¬ 
SPEC temperature range of -54 to 
+ 85 degree C in the 8.0 to 18.0 GHz 
frequency band. Specifications are: 
frequency range, 8.0 to 18.0 GHz; iso¬ 
lation, minimum, 15 dB; insertion loss, 
maximum, 0.8 dB; VSWR, maximum, 
1:60:1; operating temperature range, 
- 54 to + 85 Degree C; size (LxWxT ex¬ 
cluding connectors and load), 0.63 
x0.75x0.50 inches; load rating, 2 Watts 
CW; connectors, standard, SMA Fe¬ 
male. 

Isolator model 1130IR and circulator 
model 1130CR are available with a six 
to eight week delivery at this time and 
at a unit price of $135.00 each. 

Contact Richard Sanders, vice-
president of marketing, 485 Macara 
Ave. #902, Sunnyvale, Calif. 94086. 
(408) 737-9622, TWX 910-339-9321. 
Circle INFO/CARD #91. 

cascaded to provide gains of up to 
1000. (Unit price: $65.00 (>501 : $32.00). 
Availability: Stock to four weeks. 

Further details may be obtained by 
contacting LeCroy, Microcircuits Di¬ 
vision, 700 S. Main St., Spring Valley, 
N.Y. 10977. (914) 425-2000. Circle 
INFO/CARD #90. 

Fixed Attenuators 
The 3300 series miniature fixed at¬ 

tenuators cover a frequency range 
of DC to 2 GHz and are available in 
28 standard nominal values from 0.1 
dB to 100 dB. Designed primarily for 
the OEM, the units have a VSWR of 
only 1.15:1 maximum and are accur¬ 
ate typically to ±0.3 dB of nominal 
value (up through 30dB). 

Consistent performance and reli¬ 
ability of these OEM units are achieved 
through modern fabrication techniques 
of injection molding, stamping, broach¬ 
ing, and thick-film printing. A spring 
contact arrangement eliminates the 
use of epoxy or solder. Body and 
connectors are stainless steel. The 
3300 series is provided with WPM 
connectors (male/female) which mate 
non-destructively with SMA type per 
MIL-C-39012. 

Contact Julian Parker, Product Pro¬ 
motion Coordinator, Weinschel Engi¬ 
neering, Gaithersburg, Maryland. (301) 
948-3434 ext. 241. Circle INFO/CARD 
#89. 

Programmable 
Frequency Synthesizer 

In sub-system, build-in form for Sat-
com, radar, ATE, and other critical 
system applications the frequency 
synthesizer provides direct frequency 
synthesis from 100 kHz to 160 MHz 
with 0.1 Hz resolution, high spectral 
purity, 20mS6C switching speed, low 
switching transients. 
The necessary controls are normally 

provided by the “host system", at con¬ 
siderable overall savings in most OEM 
applications. Further savings are pos¬ 
sible at OEM levels by incorporating 
only as much resolution as required 
by the application. 
The model 5620A is a direct synthe¬ 

sizer (no phase-locked loops), and 
consequently is far faster than in¬ 
direct phase-locked VCO designs. Its 
maximum switching time of 20 micro¬ 
seconds makes computer-programmed 
frequency sweeping both easy, effec¬ 
tive, and smooth, and conveniently 

enables digital-feedback stabilization 
in closed-loop circuits. Spurious har¬ 
monic outputs are 10 to 15 dB lower ' 

r.f. design 

Controls 
Low-Power 

VHEUHFand 
Fast Digital 
Pulse Signals 

oi 10j- 1- 1- 1- U-- 1-
0 TOO «0 600 8M 10W 1200 

FREQUENCY (MHi) 

Typical rf Performance in a 50! ’ Microstrip Circuit 

• Micro-Miniature RF Reed Relay 

• Switches Sub-Nanosecond 

Pulses DC to 1.2 Ghz 

• Low VSWR 

• Low Insertion Loss and 
High Isolation 

• Short Switching Path 

• Good 50/75 ohm Impedance Match 

Write or Phone for Bulletin 

COTO-COIL COMPANY, INC. 
56 Pavilion Ave., Providence, RI 02905 

Tel: (401) 467-4777 
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than indirect designs f>35 dB below 
fundamental), and close in phase 
noise is 6 to 10 dB lower (>70 dB 
below fundamental, minimum). Spuri¬ 
ous non-harmonic outputs are >70 dB 
below fundamental. The instrument is 
designed for use with an external 
frequency standard of 5 MHz or 10 MHz. 

Contact Rockland Systems Corp., 
Rockleigh Industrial Park, Rockleigh, 
N.J. 07647. (201) 767-7900, TWX 710-
991-9852. Circle INFO/CARD #92. 

High-Power RF Switch 
A new switch handles radio-fre-

qency energy at power levels that 
would cause ordinary RF switches to 
break down. Although compact, the 
new component can switch five kilo¬ 
watts of RF power under difficult high-
vacuum conditions. 
The high-power switch resembles 

other RF switches except that all 
gaps between the RF-carrying con¬ 
ductors are filled with Teflon. The di¬ 
electric prevents “multipactor break¬ 
down,” in which an electron is re¬ 
leased into the vacuum space be¬ 
tween coaxial conductors and is ac¬ 
celerated first in one direction and 
then in the reverse direction by the 
RF field. If there is a vacuum in the 
gap, the electron can be accelerated 
to a high enough speed to free sec¬ 
ondary electrons, creating an “aval¬ 
anching” effect that can erode the 
switch contacts. 

This work was done by Edward R. 
Caro of Caltech for NASA’s Jet Pro¬ 
pulsion Laboratory. 

Inquiries concerning rights for the 
commercial use of this invention 
should be addressed to the Patent 
Counsel, NASA Resident Legal Coun-
sel-JPL [see page A8]. Refer to NPO-
14229. INFO/CARD #93. 

Frequency Counter Time Base 
The TCX-20 is a high-accuracy TCXO 

(temperature compensated crystal os¬ 
cillator) time base, which features 
temperature stability of better than 
± 1 PPM from 0 to 50 degrees celsius. 
The maximum aging rate is ±1 PPM 
per year. The model 1820, when used 
with the TCX-20 time base, has instant 
warm up. As a result, the unit will 
retain its accuracy under virtually all 
operating conditions. This increased 
accuracy allows the 1820 to be used 
for critical laboratory applications. 
The TCX-20 time base is available 

at local B&K-Precision distributors at 
a user net of $100.00. For additional 
information contact B&K-Precision 
Sales Department, 6460 W. Cortland, 
Chicago, III. 60635. (312) 889-9087. 
INFO/CARD #94. 

Digital Panel Meter 
Datei Systems, Inc. has introduced 

a digital panel meter model DM-
3100U3. Features for the new meter 
are a tiny 3-1/2 digit liquid crystal DPM 
using 230 VAC power or 9-15 VDC @ 

representing a totally new approach 
to meeting the industry need for eco¬ 
nomy and ease of application. The 
new version of E-Kote 3063 exhibits 
little or no change in shielding effec¬ 
tiveness after forty days exposure to 

DESIGNERS! 
Disciplines are RF, UHF/VHF, 
HF, Satellite, Tropo, Terrestrial, 
Digital Communications and 
Micro Processors . . . Also in¬ 
cludes overall systems design. 
National and International posi¬ 
tions in all salary levels. Call or 
send confidential resume to A. 
Holt, Professional Staffing, 114 
S. Witchduck Rd., Va. Beach, 
Va. 23462.804-490 3151. 

INFO/CARD 25 

3 mA; ± 1.999 VDC input range; auto¬ 
zero, autopolarity; ratiometric for scal¬ 
ing to engineering units; PCB pads for 
attenuators, current shunts, offset 
pot, ohmmeter circuits, 200 mV range; 
balanced differential inputs, trans¬ 
former isolated: and display descrip¬ 
tor labels for mA, mV, K ohm, AC, 
DC. Price for the meter is $49 in 
100’s. 
Contact Eugene L. Murphy at Datei 

Systems, Inc., 1020 Turnpike St., Can¬ 
ton, Mass. 02021. (617) 828-8000. Circle 
INFO/CARD #95. 

Shielding Paint 
A new version of Acme Chemicals’ 

E-Kote 3063 shielding paint is now 
available with greatly improved resist¬ 
ance to environmental stress. E-Kote 
3063 is an electrically conductive 
coating specifically designed to meet 
the needs of the electronic industry 
for a low cost, easily applied EMI/RFI 
shielding material for plastic and 
structural foam enclosures. 

E-Kote 3063 contains neither silver 
nor other commonly used substitutes. 
It is one of a series of new products 

95 percent relative humidity at 140°F 
and thirty days heat at 250°F. 

For additional information, contact 
Vincent Sussman, director of research, 
Acme Chemicals & Insulation Co., 
Division of Allied Products Corp., P.O. 
Box 1404, New Haven, Conn. (203) 
562-2171. INFO/CARD #96. 

DMM’s 
The latest Fluke instruments to be 

sold through distribution are the model 
8010A and 8012A bench/portable 
DMM’s. Designed for general test and 
service work, the new instruments 
have six functions and 31 ranges, in¬ 
corporating several features of the 
8020A hand-held multimeter that has 
been a highly popular distributor item. 
Large, sharp LCD’s are used in the 
readout, conductance is included for 
leakage measurements to 10,000 Meg 
Ohms and overload protection has 
been extended to cover 6000V tran¬ 
sients and up to 600V DC (440 RMS) 
applied across the current input jacks. 

Both meters use a new Fluke-manu¬ 
factured hybrid RMS converter with 
50 kHz response. 
The 801 0A ($239) and 801 2A ($299) 

will be stocked by all distributors 
in the U.S. and Canada, now number¬ 
ing more than 100 locations serving a 
variety of markets from tool catalogs, 
semiconductor OEM’s, education, 
maintenance/repair organizations 
(MRO’s), and hobbyists as well as both 
electronic-related and non-electronic 
industrial markets. 

For further data on the 8010A or 
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8012A, write to the John Fluke Mfg. 
Co., Inc. at P.O. Box 43210, Mount¬ 
lake Terrace, Wash. 98043. 800426-0361. 
INFO/CARD #97. 

Spectrum Analyzer 
Using microprocessor control, the 

new 100 Hz to 22 GHz model 8566A 
spectrum analyzer from Hewlett-
Packard gives the user the ability to 
more accurately resolve closely spaced 
signals over a wider range of ampli¬ 
tudes than previously possible. Using 
the 10 Hz resolution bandwidth, the 
analyzer’s sensitivity is - 137 dBm to 
1 GHz, - 134 dBm to 5.8 GHz, - 115 
dBm at 22 GHz. This high sensitivity 
includes the presence of built-in pre¬ 
selection from two to 22 GHz. Related 
attributes are 80 dB dynamic range 
and full frequency range amplitude of 
±2.2 dB. This performance permits 
direct measurement on microwave sig¬ 

to 10mV, and sweep plus or minus 0 
to 1 MHz from set frequency. 
A special feature allows the opera¬ 

tor to lock in all but the last two digits 

so that the frequency may be moved 
up or down in 100 Hz steps without 
re-entering the entire frequency. With 
electronic tuning, the CB-1000 can, 
as an option, be supplied for automatic 
operation with or without provision 
for connection to the IEEE 488 buss 
for computer control. The instrument 
weighs only 19 lbs. Corn-Ser supplies 
the BR-1000 with its exclusive tilt up-
tilt down, and color coded function 
control panel features. List price is 
$3,500.00. 

Contact Corn-Ser Labs., 7853 State 
Route 301, P.O. Box 1766, Bradenton, 
Fla. 33506. Please circle INFO/CARD 
#99. 

Microwave Power Transistor 
With the MRF 2000 series of 1 to 

10-watt 2 GHz transistors, Motorola 
is planning to enter the high-volume 
microwave power transistor market. 
The new MRF2001-2010 NPN silicon 
microwave power transistors, a series 
of four devices designed for Class B 
and C amplifier or oscillator applica¬ 
tions, are the forerunners of a line 
of 32 devices to be introduced during 
1979. The goal is to reach a 250-watt 
output in the gigahertz region by the 
end of that year. 

All units are 100 percent tested for 
load mismatch at all phase angles 
with 10:1 VSWR. In addition, the de¬ 
vices offer gold metallization and 
emitter ballasting for long life and 

resistance to metal migration. Mini¬ 
mum gain ranges from 9 dB for 1-
watt types to 6 dB for the MRF2010 @ 
10 watts. All MRF 2001/10 series are 

nals of line-related sidebands that are 
50 dB down. In addition, frequency 
accuracy virtually that of the internal 
frequency reference error (1x10 - 9 
per day) can be achieved. This per¬ 
formance is complemented by fea¬ 
tures that make the 8566A extremely 
easy to operate, and easy to set up 
for automatic operation with HP-IB 
(IEEE-488). 

U.S. price of the Hewlett-Packard 
model 8566A spectrum analyzer is 
$47,500. Delivery is 18 weeks. Contact 
Inquiries Manager, Hewlett-Packard 
Company, 1507 Page Mill Road, 
Palo Alto, Calif. 94304. Please circle 
INFO/CARD #98. 

Communications Service Monitor 
Corn-Ser Laboratories Inc., of Bra¬ 

denton, Florida, announced it began 
shipping its new BR-1000 communi¬ 
cations service monitor in November. 
The BR-1000 has basically the same 
specifications as most communication 
service monitors including 10 kHz to 
1,000 MHz frequency range with 1ppm 
accuracy, AM or FM modulation meas¬ 
urements or generation 10 Hz to 9,999 
Hz, calibrated output levels from ,1uV 

SETTING THE PACE IN 

VHF-SYNTHESIZERS 
FOP DEMANDING TASKS 

GIVES YOU UNEQUALLED 

PERFORMANCE 
QUIET: -70 dB res. phase noise 
FAST: 5-20/j sec. switching 
RELIABLE: 10.000 h+. dem. MTBF 
VERSATILE: optional resolution, 
controls, interface (BCD or 488 Bus) 

PRICE 
0.1 Hz Model 
with oven std. 

$4.700 — 
488 Bus option 

$650 — 

PROGRAMMED TEST SOURCES INC 
HAYWARD RD.. ACTON. MA 01720. (617) 263-6467 
INFO/CARD 26 

AS 
FREQUENCY SYNTHESIZERS 
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now available from distributor and 
OEM warehouse stock. Either pills 
(Motorola case 328-01) or flange mounts 
(Motorola case 328A-01) are available. 

Contact Alan Wagstaffe, P.O. Box 
20912, Phoenix, Ariz. 85036. (602) 
244-6900. Circle INFO/CARD#100. 

Sequential ZIF 
Edgeboard Connector 
Note: This appears to be the only 
sequential ZIF connector on the mar¬ 
ket, according to Amp Inc. Approxi¬ 
mately 25 percent of this connector’s 
applications will be due to the se¬ 
quential feature. The other 75 percent 
will be because of the connector's 
other features. 
The new sequential ZIF (zero inser¬ 

tion force) connector from Amp in¬ 
cludes a contact timing mechanism 
to ensure that signal, power, and 
ground circuits make and break in 
the proper sequence during PC board 
mating and unmating. Placement of 
the rotary-cam actuator, combined 
with an open board slot at one end of 
the connector housing permits entry 
of the PC board for packaging ver-

quency range from 200 Hz to 15 MHz 
(tuned in either 1 or 4 kHz increments). 
The front panel controls and display 
are shared by each of the six demod¬ 
ulators. The unit may be controlled 
either remotely or locally. Group delay 

satility. Top-entry versions are also 
available. A safety lock prevents the 
contacts from closing unless the board 
is properly positioned and helps hold 
the board in place. 

Gold-over-nickel plated phosphor 
bronze contacts are rated at 3 Amperes 
and have a life expectancy greater 
than 5000 mating cycles. Operating 
temperature range is - 55° to + 105°C. 
In large-volume, production quanti¬ 
ties the cost is approximately $0.05 
per contact position. 

Further information on Sequential 
ZIF Edgeboard Connector is avail¬ 
able from AMP Incorporated, Harris¬ 
burg, Pa. 17105. Circle INFO/CARD 
#101. 

Six-Channel Demodulators 
Watkins-Johnson Company, a major 

manufacturer of surveillance receiv¬ 
ing equipment, announces the devel¬ 
opment of the WJ-9518 Demodulator. 
The WJ-9518 contains six com¬ 

pletely independent SSD demodula¬ 
tors which are capable of processing 
signals with a 4 kHz BW in the fre¬ 

equalization is also offered and is 
designated as the model WJ-9518E. 

For further information or specifi¬ 
cations, please contact the Watkins-
Johnson Company, 3333 Hillview Ave¬ 
nue, Palo Alto, Calif. 94304. (415) 
493-4141. Circle INFO/CARD #102. 

Switch Deck 
Designated the series 500, Electro-

Mech Components, Inc., has intro¬ 
duced a new improved switch assem¬ 
bly to its family of standard switches. 
The units provide attractive chrome 
barriers between each switch or indi¬ 
cator in a unitized modular assembly 
to improve display appearance and 
mounting simplicity on test equip¬ 
ment, instrumentation or consumer/ 
appliance applications. 

Additional features of the 500 series 
design include independent or inter¬ 
locking switch action with ten types 
of tracking action and switch se¬ 
quences and up to 12 inches in a sin¬ 
gle or dual row, on 7/8” or 1” centers. 
Switch functions range from SPST to 
6PDT. 30 volts DC or 115 volts AC. 
2 AMPs resistive, 1 AMP inductive. 

Contact Electro-Mech Components, 
Inc., 1826 N. Floradale Avenue, S. El 
Monte, Calif. 91733. (213) 442-7180. 
Circle INFO/CARD #103. 

R.F. Impedance Bridges 
Wide Band Engineering Company, 

Inc., has expanded its line of RF 
Impedance Bridges to include two 
fixed bridges with a range of 1-900 
MHz. These are the A57U with RF In, 
RF Out, test, and reference ports 
and the A57TU which is internally 
terminated. All other specifications 
are identical to those for the A57 
and A57T bridges. Impedance 50 or 
75 ohms with BNC connectors. 
Wide Band Engineering Company, 

Inc., P.O. Box 21652, Phoenix, Ariz. 
85036, (602) 254-1570. INFO/CARD #79. 

Sweep/Function 
Generator 
The sweep/function generator, des¬ 

ignated the model 3020, can actually 
replace a function generator, sweep¬ 
generator, pulse generator and tone¬ 
burst generator. The instrument’s wide 
frequency coverage spans from 0.02 
Hz to 2 MHz in seven ranges. Each 
range provides linear 1000:1 frequency 
control. The operating frequency of 
the 3020 can be varied on each range 
by either the front panel frequency 
control or by applying a control voltage 
to its voltage-controlled oscillator ex¬ 
ternal input. 
Almost any wave shape can be gen¬ 

erated by the 3020. By utilizing the 
variable symmetry control, the duty 
cycle of any waveform can be changed 
over a 40:1 range. The square-wave 
output can generate conventional 
square waves or be shaped to produce 

rectangular waves or pulses. A trian¬ 
gle wave can be transformed into a 
sawtooth or ramp, and even sine-wave 
distortion can be simulated. All wave¬ 
form types can be inverted. Sine¬ 
wave distortion is typically less than 
0.5 percent. 
The B&K Precision model 3020 is 

now available from local distributors 
at a price of $325.00. The unit comes 
complete with a text-like 75-page users 
manual. For additional information, 
contact B&K Precision, Dynascan 
Corporation, 6460 W. Cortland Street, 
Chicago, III. 60635. (312) 889-9087. 
Circle INFO/CARD #104. 

Five New Types of “REN” 
Three transistors and two IC’s have 

been added to Raytheon’s popular line 
of “REN” replacement semiconduc¬ 
tors for home entertainment equip¬ 
ment. The new transistors include 
two PNP silicon audio frequency pow¬ 
er amplifiers, the REN187A that com¬ 
pliments the REN186A, and the REN281 
that compliments the REN280 and is 
used primarily in top end amplifiers. 
The third new transistor, the REN283, 
is a NPN silicon high voltage-high 
current device used in switching and 

64 January/February 1979 



Even a quick glance at the face of 
our new Model 3003 tells you it's no 
ordinary signal generator. 

Right away you can see the 
unique internal and external 
modulation features, such as the 
provision for complex or 
simultaneous modulations with 
AM-AM, AM-FM or FM-FM. 
The 3003 gives you twice as many 

modulation frequencies as most 
other generators. Besides the 
standard frequencies of 400 Hz and 
1 KHz, you can choose and pre-set 
two more frequencies between 
100 Hz and 10 KHz. And like other 
models in the 3000 Series, this one is 

accurate to 0.001% over the entire 
1 MHz to 520 MHz range. (We also 
have a unit that goes down to 1 KHz.) 
But the main thing you'll notice is 

how convenient the Model 3003 is to 
use: internal or external FM 

meter. For extra readability and 
accuracy, you get two AM scales 
and /our FM scales. Everything is so 
clearly labeled that learning to 
operate the instrument takes only a 
matter of minutes. 
One thing you can't see on the 

face of the 3003 is the price. At a low 
$3,350, we're really hiding one of its 
most attractive features. 
Wavetek Indiana, Inc., 
66 N. First Ave., P.O. Box 190, Beech 
Grove, Indiana 46107. Telephone 
(317) 783-3221, TWX 810-341-3226. 

deviation and AM modulation are\ .A. ZAX 
easily set on the big front-panel ▼ ▼ fañ I 

ACCURACY 

VERNIER 

FREQUENCY 
1—520 MNi 

E .o' o' cr 

OUTPUT 
VtSNIlt 

0 

Performance 
is written 

all over our face. 
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TV horizontal output applications. 
New IC’s are the REN1189 color 

processor and the REN 1190 horizontal 
oscillator driver and vertical driver. 
Both are used primarily in Sharp, 
Hitachi, Truetone, Eatons, Montgom¬ 
ery Ward and other private label TV’s. 
“REN” replacement semiconductors 
cover 95 percent of all home enter¬ 
tainment service needs with minimum 
inventory, and provide distributors 
with top quality products at the lowest 
prices in the industry. 

Contact Burlington Company, Dis¬ 
tributor Products Operation, Fourth 
Avenue, Burlington, Mass. 01803. Cir¬ 
cle INFO/CARD #107. 

New Monolithic CMOS 
A/D Converter Series 
A new series of high performance, 

monolithic CMOS A/D converters from 
Datei Systems features typical linear¬ 
ity of ± 1/4 LSB for 8, 10, and 12 bit 
resolution models. The ADC-ET series 
converters employ the quantized feed¬ 
back integration technique to achieve 
accurate conversions with excellent 
noise immunity. Conversion times are 
1.8, 6.0, and 24 milliseconds maximum 
for the 8, 10, and 12 bit models 
respectively. With CMOS circuitry the 
power requirement is only ±5 VDC 

with 5 mA maximum current drain. 
The digital outputs are latched three-
state outputs controlled by an enable 
input for interfacing to data buses. 
The ADC-ET series employ an oper¬ 

ational integrator, comparator, CMOS 
switch, clock, two counters, latching 
output buffers, and digital control cir¬ 
cuitry on the single silicon chip. Ex¬ 
ternally the units require a voltage ref¬ 
erence, two metal film resistors and 
several compensation components 
for operation. Connection and ap¬ 
plication is simple and straightforward. 

Contact Eugene L. Murphy, Senior 
Applications Engineer, Datei Systems, 
Inc., 1020 Turnpike St., Canton, Mass. 
02021. (617) 828-8000 X141. Circle 
INFO/CARD #106. 

Backshells 
A family of split backshells which 

provide complete EMI isolation are 
now available from Glenair, Inc., for 
use with the oopular D-subminiature 
connector series (MIL-C-24308) which 
is produced by several connector 
manufacturers. The new backshell 
was designed specifically to provide 
EMI integrity from the cable through 
the connector panel, here-to-fore not 
attainable with existing D-subminia¬ 
ture connecter accessory hardware. 

The split shell design which incor¬ 
porates overlapping joints provides 
complete enclosure of the mated cable 

plug and panel mounted receptacle. 
The plug is entrapped within the shell 
and captivated male screw locks pro¬ 
vide attachment to the receptacle. 

Features include positive internal 
shield termination, EMI panel gasket, 
silicone grommet for moisture sealing 
and a choice of straight or 90-degree 
entry. Contact John Merrell, Dir. Mktg., 
Glenair, Inc., 1211 Air Way, Glendale, 
Calif. 91201. (213) 247-6000. Circle 
INFO/CARD #105. 

Microwave Transistors 
Two new microwave transistors, of¬ 

fering high linear power, gain and 

We 
help 

Magnetic Radiation Laboratories provides you with know¬ 
how and experience in the design, engineering, production 
and testing of magnetic shielding to meet the critical needs 
of the electronic industry. 

■ Seamless tube construction 

you 
help. 

■ Maximum attenuation through proper hydrogen annealing 

■ All types of mu metals 

■ Design and engineering assistance 

For complete information, write or phone: 

RADIATION 
LABORATORIES, INC. 
2475 W Devon Ave.. Elk Grove Village. IL 60007 
312/595-9696 

An employee of yours has a house fire, a 
disabled parent, an emergency of any 
kind. 
That’s when Red Cross —America’s 

Good Neighbor— steps in to lend a hand. 
Because helping people is what we’re all 
about. 
You could say all this helps your com¬ 

pany, too. 
Because easing people over life’s rough 

spots makes them easier in their minds. 
And no one has to tell you how important 
that is on the job. 
So help Red Cross any way you can. 
When you help us, it helps your people. 
And when you help your people, you 

help yourself. 
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power-added efficiency for use in 
RF and IF applications in radar, ECM, 
space, and other commercial and mili¬ 
tary communications up to 5 GHz are 
introduced by Hewlett-Packard. Both 
devices offer low thermal resistance 

inversion; bright-line operation; DC 
coupled Z-modulation input; calibrator 
output and a front-panel trace-rotate 
control. Triggering is AC coupled from 
an internal or external source with 
positive or negative slope and level 
selected by a variable control. 

For more information contact Mar¬ 
keting Services, Gould Inc., Instru¬ 
ments Division, 3631 Perkins Avenue, 
Cleveland, Ohio 44114. (216) 361-3315. 
Circle INFO/CARD #109. 

and meet MIL-S-19500 and MIL-STD-
750/883. 

HXTR-5103 has a guaranteed 1 dB 
compressed gain of 11 dB at 2 GHz, 
with associated Pub linear output 
power of 23 dBm typical at 2GHz. 
This transistor has typical power-
added efficiency of 34 percent. 

HXTR-5104 provides typical linear 
output power of 29 dBm at 2 GHz 
and is useful in amplifier applications 
ranging up to 4 GHz. Associated Pub 
gain is 9 dB typical at 2 GHz, and 
power-added efficiency of 35 percent. 

Contact Inquiries Manager, Hewlett-
Packard Company, 1507 Page Mill 
Road, Palo Alto, Calif. 94304. Circle 
INFO/CARD #108. 

High-Speed Octal Counter 
New octal latching counter designed 

for use in high-speed counting appli¬ 
cations features high density, high 
speed, low-input threshold, and low 
deadtime. Containing eight identical 
18-bit binary counters with parallel 
storage latches in a compact single¬ 
width Camac module, the new model 
8588 can count fast pulses at a rate 
of 50 MHz. 

Each channel has a low-threshold 
input discriminator, adjustable from 
-60 mV to -580 mV, permitting di¬ 
rect use with a variety of primary 
detectors. The counter’s low mini¬ 
mum threshold is particularly useful 
where input signals may be degraded 
by long cables from the source. 
Counting continues until the unit 

is inhibited externally, after which 
time the data is latched and the 
counter can be cleared and counting 
resumed within 650nsec. Because of 
its 18-bit capacity, the 8588 can also 

Ate 
Uhf/ 
Microwave 
Capacitors 

100 A&B: The indus-
s Ü try standard in micro¬ 

wave capacitors for 
—IP|—s high “Q,” high power 

for microstrip and strip 
line. 0.1 pF-1000 pF to 500 
WVDC. TC +90 ±20 PPM/°C. 

175B: Ultra high “Q,” 
typically 4 X higher 

(pl than ATC 100 at mi¬ 
crowave frequencies. 

1 pF-100pFto 500 WVDC. 

>> 100 E: 
High volt¬ 

age, high “Q” 
transmitting capacitors 

for your demanding requirements 
in H.F. transmitting equipment. 10 
pF-10,000pFto 3600 WVDC. 

ip, 700 A&B: Ultra-
Stable NPO’s with 
UHF characterization. 
1 pF-5100 pFto500 

WVDC.TC0 ±30 PPM/°C. 

Dual-Trace Oscilloscope 
A new 12 MHz oscilloscope that 

offers unusual value for an instru¬ 
ment in its low price range is an¬ 
nounced by Gould Inc., Instruments 
Division. 

E 

MF to 50 WVDC. 

200 A&B: Highest 
packaging density, 
stable high K, chip 
capacitors for bypass, 
coupling. 510 pF-0.1 

Priced at only $695, the 0S253 boasts 
dual-trace and X-Y display capability; 
2 mV/cm vertical sensitivity with AC 
ground and DC coupling; channel 
sum and difference with channel 2 

be used in an integrating mode where 
the unit is not recleared. 

Further details may be obtained by 
contacting LeCroy Research Systems 
of California, 1806 Embarcadero Road, 
Palo Alto, Calif. 94303. (415) 328-3750. 
Circle INFO/CARD #110. 

Wideband Dual 
Ultra-High-Speed Counter 
New dual ultra-high-speed counter, 

especially suited for analog converter 
applications, is announced by the Mi¬ 
crocircuits Division of LeCroy Re¬ 
search Systems Corp. The new model 
SC105 counter combines two 12-bit 
80 MHz ripple counters in a single 
24-pin DIP hybrid integrated circuit 

Capacitors are available with 
Laser Marking and Barrier/Cap® 
Terminations. 

For rapid delivery, call 
(516)271-9600 

american 
technical 
ceramics 
Div. of Phase 
Ind-, Inc. 

ONE NORDEN LANE 
HUNTINGTON STATION 
NEW YORK 11746 
(516)271-9600 
TWX 510-226-6993 

r.f. design 69 

INFO/CARD 29 



package. Hybrid construction allows 
extremely high speed in this small 
package with the unusually low worst¬ 

case power dissipation of 600 mW at 
+ 5VDC. 
Guaranteed 80 MHz input capability 

permits a minimum clock pulse width 
of 5 nsec. The counter will resolve 
pulse pairs spaced 12 nsec apart. 
The tri-state output multiplexer per¬ 
mits direct connection to data buses, 
while separate clock, reset, and carry 
connections allow complete design 
freedom in counting and data conver¬ 
sion applications. Unit price: $67.00. 
(>501 : $42.70.) Stock to 4 weeks. 

Further details may be obtained by 
contacting LeCroy Microcircuits 
Division, 700 S. Main St., Spring Val¬ 
ley, N.Y. 10977. (914) 425-2000. Circle 
INFO/CARD #1 11. 

Portable DMM 
The model ME-521DX multimeter is 

a 3 1/2-digit battery-powered unit. It 
features a high-low ohm switch for all 
ranges, five function modes, automatic 
zero adjustment, automatic polarity, 
and overload protection. Low current 
drain assures long battery life and 
thousands of measurements without 
the need for battery replacement. This 
accurate and completely portable de¬ 
vice (27 ounces) has (1) a voltage 
measurement capability to 1000 VDC 
and 600 VAC, (2) a current measure¬ 
ment range to 1000 ma (AC or DC), 

Contact Soar Electronics Corp., 813 
2nd Street, Ronkonkoma, N.Y. 11779. 
(516) 981-6444, Telex No. 144638. Circle 
INFO/CARD#112. 

RF Attenuators, Resistors 
And Terminations 

Motorola has introduced three new 
series of RF modules that provide at¬ 
tenuator, resistor and termination 
functions at frequencies up to 1 GHz. 
All three module series are designed 
for RF operation with input power 
capability up to 50 watts. 
The MAR series of 50-watt, 50-ohm 

RF attenuators offer six attenuation 
values ranging from 1 to 20 dB. They 
are specifically designed and pack¬ 
aged for high power RF applications 
in stripline circuits. 
The MFR series of 50-watt RF re¬ 

sistors offer five resistor values, from 
12.5 to 100 ohms for use in high-
power splitting and combining net¬ 
works and similar applications. 
The MTR series of 50-watt RF ter¬ 

minations offer five values, from 12.5 
to 100 ohms. MTR devices are used 

0.01 percent of final value is 2.5 ̂ sec. 
for a 10V step. The slew rate limita¬ 
tion is lOOV/psec. minimum and gain 
bandwidth product is typically 10 MHz. 
The AM-303 also exhibits excellent in¬ 

high voltage 
operational 
AMPLIFIER 

AM-303A 

5°^ 
HIGH VOLTAGE 

operational 
amplifier 

AM-303B 

and (3) a resistance measurement 
range to 20 megohms. Accuracy is 
0.5 percent (typical). Price: $115.00. 
Delivery: From stock. 

to terminate RF transmission lines 
and circulators, and may be used to 
establish a reference impedance mis¬ 
match. 

Prices for all parts described above 
are $12.00 each, in 100-up quantities. 
Contact Motorola, P.O. Box 20912, 
Phoenix, Ariz. 85036. Circle INFO/CARD 
#113. 

FETOP Amp 
Model AM-303 from Datei Systems 

is a new FET input amplifier module 
with an extremely wide operating volt¬ 
age range. The output range is ± 10V 
to ± 140V when using a power supply 
range of ±15V to ± 150V. Output cur¬ 
rent capability is ±20 mA with in¬ 
ternal power dissipation limiting. The 
input common mode voltage range 
is also ± 10V to ± 140V with a com¬ 
mon mode rejection ratio of 100 dB 
minimum. 
The AM-303 is specifically designed 

for high speed, high voltage applica¬ 
tions such as electron beam deflec¬ 
tors, beam intensity modulators, au¬ 
tomatic test circuits, and high voltage 
pulse drivers. Output settling time to 

put characteristics with ohms 
input impedance and 100 pA maximum 
input bias current. 

Contact Datei Systems, Inc., 1020 
Turnpike St., Canton, Mass. 02021, (617) 
828-8000, TWX: 710-348-0135, Telex: 92-
4461 . Circle INFO/CARD #114. 

Spectrum Analyzer 
A spectrum analyzer with simplified 

controls has been introduced by Cush¬ 
man Electronics. The CE-15 Spectrum 
Monitor, originally developed for the 
two-way radio maintenance market, 
also has many other applications in¬ 
cluding production and quality con¬ 
trol, CATV service, classroom instruc¬ 
tion, and general laboratory work. 
The analyzer, with a continuously 

tuneable range of 1 to 1000 MHz, 
has many of the features of more 
expensive laboratory instruments, but 
with fewer controls. For example, sweep 
rate and IF filter controls have been 

eliminated and are automatically set 
to their optimum values depending on 
the scan width selected. 

Unique to the Cushman instrument 
is its ability to receive AM or FM 
transmissions so they can be listened 
to on a built-in speaker. A sensitivity 
of 0.5 microvolts allows it to monitor 
transmitters off the air with a simple 
whip antenna. Contact: Cushman Elec¬ 
tronics, Inc., 830 Stewart Dr., Sunny¬ 
vale, Calif. 94086. Circle INFO/CARD 
#115. 
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Your life may not depend 
on modulation accuracy. 

With the Boonton 82AD Modu¬ 
lation Meter you get FM and AM 
accuracy specified to a constant 2% 
of reading—from 10 MHz to 1200 
MHz—over the full modulation 
bandwidth of 30 Hz to 100 kHz, 
within a temperature range of 0 to 
55° C. .. and with a special close¬ 
tolerance AM specification for air 
navigation applications. 

That’s the Boonton difference: 
a difference in accuracy. 
You can check the 82 AD’s accu¬ 

racy advantage in the resolution of 
the 4-digit display. Get results fast 
with the automatic feature that 
tunes and levels without manual 
adjustments. Or, control the 82AD 
through a field-installable IEEE-
488 bus option. 

Supported by true peak re¬ 
sponding detectors and selectable, 
closely-defined, post-detection 
bandpass filtering, the 82AD’s 
accuracy advantage adds up in 
every way except price. 

Sure, you can spend less ... or 
much more. But either way, you’ll 
“pay the price” when accuracy is 
important 

But we built our 82 AD as if it did. 

Call or write for details or a demonstration: 
Boonton Electronics, Rt. 287 at Smith Rd., 
Parsippany, NJ 07054; (201) 887-5110. 
INFO/CARD30 
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Solid-State 
A new full-color brochure that de¬ 

scribes Raytheon Company’s exper¬ 
tise in the design and manufacture 
of high-performance solid-state modu¬ 
lators, airborne emitters, and radar 
subsystems for commercial and military 
applications is now available. In ad¬ 
dition to product information, the 12-
page brochure provides technical data 
on several areas on microwave tech¬ 
nology including magnetron injection 
priming, precise control of RF pulse 
shape in low-frequency coaxial magne¬ 
trons, and achievement of continuously 
variable pulse widths in multi-fre¬ 
quency band transmitters. 
A free copy of “Electronic Equip¬ 

ment Experience at Raytheon” is 
available from Raytheon Co., Electronic 
Equipment Group, 190 Willow Street, 
Waltham, Mass. 02154. Please circle 
INFO/CARD #1 16. 

ments. This catalog covers general 
application, high performance, switch¬ 
ing transient, connector types and 
three-phase filters. 

For more information, contact C. 
Jean Littrell, SAE, 340 Martin Avenue, 
Santa Clara, Calif. (408) 243-9200. 
Circle INFO/CARD #118. 

Miniature Potentiometer 
A new six-page brochure describing 

in detail series 100 miniature poten¬ 
tiometers designed for use in mobile 
radios, laboratory instruments, tele¬ 
communication equipment, business 
machines and computers, is now 
available from Centralab. The new 
brochure includes complete design 
specifications and how to order in¬ 
formation. Cooies of the brochure 
are available by writing Centralab 
Electronics Division, Globe-Union Inc., 
5757 North Green Bay Avenue, P.O. 
Box 591, Milwaukee, Wisconsin 53201. 
Circle INFO/CARD #119. 

ing measurement errors. A simple 
method for measuring SWR Bridge 
or Coupler directivity using inexpen¬ 
sive Wiltron precision components is 
described. 

Copies of this eight page technical 
paper are available at no charge from 
Wiltron. Contact Walter L. Baxter, 
Wiltron Company, 825 E. Middlefield 
Road, Mountain View, Calif. 94043. 
(415) 969-6500. Circle INFO/CARD 
#121. 

Transient Power of Zener Diodes 
Motorola has prepared an applica¬ 

tion note, AN-784, dealing with the 
power-handling capabilities of zener 
diodes, and pointing out how zeners 
can be used as a transient suppres¬ 
sor. Entitled, “Transient Power Capa¬ 
bilities of Zener Diodes”, the applica¬ 
tion note covers the transient character¬ 
istics of zeners. in terms of a mathe¬ 
matical model and from the stand¬ 
point of circuit design. 
The application note AN-784 is 

available from all Motorola sales of¬ 
fices and distributors, or by writing 
to Motorola Semiconductors, P.O. Box 
20912, Phoenix, Ariz. 85036. Circle 
INFO/CARD #1 17. 

1978-79 Instrument Catalog 
A new 1978-79 catalog describing 

Weinschel Engineering’s line of micro¬ 
wave measuring and generating instru¬ 
ments is now available. This updated 
edition includes the company’s new¬ 
est product developments and their 
uses. The catalog also contains use¬ 
ful information such as applications, 
techniques, theory of microwave sweep¬ 
ers, attenuation measurements and 
RF power measurements. Other data 
includes a decibel-to-milliwatt conver¬ 
sion table and bibliography of tech¬ 
nical articles that have been pub¬ 
lished by Weinschel’s engineering 
staff. 

Contact Don Krivos, (301) 948-3434, 
ext. 208, Gaithersburg. Maryland. Circle 
INFO/CARD #120. 

Ceramic Capacitor Catalog 
Centralab’s new Ceramic Capacitor 

Catalog No. 501 covers CK05 and 
CK06 series molded monolithic ceramic 
capacitors qualified to MIL-C-11015. 
The CK05/CK06 series capacitors are 
designed for general purpose bypass 
and coupling applications in telecom¬ 
munications, instrumentation, and 
other types of industrial equipment. 
The new Centralab catalog also in¬ 
cludes CKR05 and CKR06 series mili¬ 
tary type capacitors which meet MIL-
C-39014 specifications. CKR05 and 
CKR06 series capacitors serve as the 
industry standard for high reliability 
applications within the communica¬ 
tions, computer and aerospace fields. 

Copies of the new catalog are 
available by writing Centralab Elec¬ 
tronics Division, Globe-Union Inc., 
5757 N. Green Bay Avenue, P.O. Box 
591, Milwaukee, Wis. Circle INFO/CARD 
#122. 

EMI Filter Catalog 
Stanford Applied Engineering an¬ 

nounces the release of their new 
EMI filter catalog. This catalog de¬ 
scribes SAE’s line of electromagnetic 
interference (EMI) filters. These de¬ 
vices are designed to suppress un¬ 
desirable electrical impulses or dis¬ 
turbances in power lines. They are 
used extensively to allow equipment 
to operate compatibly on a common 
power source. EMI filters limit the 
amplitude of interferring voltages on 
AC power lines and prevent them from 
propagating into or out of the filtered 
equipment. 
The devices offered in this catalog 

are designed to satisfy a wide range 
of mechancial and electrical require-

Measuring SWR/Return Loss 
Wiltron Technical Review No. 8 

describes new easy-to-use methods 
for accurately measuring reflected 
signals over the 5 MHz to 18 GHz 
range. The paper also discusses the 
impact that recent advances in pre¬ 
cision SWR autotesters, terminations, 
air lines, and detectors have had on 
SWR measurement techniques. 

The techniques discussed yield SWR 
measurement accuracies previously 
unobtainable, even with computer-
aided systems. Frequently overlooked 
errors and ambiguities are identified. 
Removable conversion tables are in¬ 
cluded for determining and correct¬ 

VHF Filters 
High power low pass, band-pass 

and band reject filters for the 10-
1000 MHz band are described in 16-
page brochure (Catalog VI). An ex¬ 
tensive series of low pass filters 
for incorporation in VHF-UHF trans¬ 
ceivers is included. Microwave Filter 
Company, Inc., 6743 Kinne St., East 
Syracuse, N.Y. 13057. (315) 437-3953. 
Circle INFO/CARD #123. 

IF/RF Amplifiers Catalog 
A new comprehensive catalog tell¬ 

ing you all you want to know about 
IF/RF amplifiers, pre-scaler amplifiers, 
solid-state switch drivers and custom 
thick-film hybrid circuits is available 
from the Optimax Division of Alpha 
Industries, Colmar, Pa. The 95-page 
catalog fully characterizes the Opti¬ 
max product line of IF/RF amplifiers 
with typical performance curves over 
various temperature extremes. 

Included are four (4) application 
notes covering “The Understanding 
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XR-H 500 
the all new 1500MHz phase lock-

sweep signal 
generator 

INFO/CARD31 

*$2850. 

from Texscan corp. 
2446 North Shadeland Avenue, 

Indianapolis, Indiana 46219 

Phone 317-357-8781 



of Linear Amplifier Specification”, 
“Designing with Thick-film RF Modules”, 
"GHz Pre-scaler Design”, and “Solid-
State Switch Drivers.” In addition to 
numerous photographs and diagrams 
the catalog contains ordering and 
warrenty information along with a gen¬ 
eral description of Optimax. 

Complimentary copies of the new 
catalog are available from the Sales 
Department, Optimax Div. of Alpha 
Industries, Inc., P.O. Box 105, Colmar, 
Pa., 18915. (215) 822-1311. Please circle 
INFO/CARD #124. 

Training Aid Teaches 
Microprocessor Hardware, 
Software and Troubleshooting 

This new model 5036A Microproces¬ 
sor Lab from Hewlett-Packard is a 
first entry-level microprocessor learn¬ 
ing program that includes three fun¬ 
damental areas: hardware, software 
and troubleshooting. Troubleshooting 
and service have not been covered 
to any great extent in previously 
available microprocessor teaching sys¬ 
tems. Hewlett-Packard’s 5036A con¬ 
sists of a 20 lesson textbook/lab 
manual and a briefcase-contained op¬ 
erating microcomputer. It is designed 
to give 'hands on’ experience with 
the topics covered. The time required 
to complete the course is typically 

50 hours. 
Adding the Hewlett-Packard model 

5004A Signature Analyzer and the 
model 5024A Troubleshooting Kit to 
the Lab gives the user extensive 
training in microcomputer fault loca¬ 
tion. Jumpers are used to introduce 
faults and program failures into the 
system. The models 5004A and 5042A 
can also be used in lab, production 
of service departments for trouble¬ 
shooting a wide variety of digital 
logic circuitry. 

Contact Inquiries Manager, Hewlett-
Packard Company, 1507 Page Mill 
Road, Palo Alto, Calif. 94304. Circle 
INFO/CARD#125. 

RF switches, phase modulators, 180° 
and quadrature hybrids, bi-directional 
couplers, and amplifiers. Composite 
hybrids, which incorporate two or more 
functions on a single substrate, are 
described in a separate section. 

Copies of the brochure are avail¬ 
able free of charge from Raytheon 
Company, Industrial Components Op¬ 
eration, 465 Centre Street. Quincy, 
Mass. 02169. INFO/CARD #128. 

Magnetic Shielding Material 
And Application Guide 
A new magnetic shielding material 

guide features CO-NETIC AA alloy 
in metric and English units. Includes 
complete magnetic and physical data, 
application notes and fabrication 
methods. Catalog MG-5. Magnetic Shield 
Div., Perfection Mica Co., 740 N. 
Thomas Dr., Bensenville, III. 60106. 
(312) 766-7800. Circle INFO/CARD 
#126. 
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Power Supplies 
A 88-page catalog describing Soren¬ 

sen Company’s full line of modular 
power supplies, power assemblies and 
power instruments is now available. 
Included in the Sorensen modular 
line are switching and linear supplies. 
More than 500 input/output configura¬ 
tions are available from the Soren¬ 
sen modular power supply line. 

Details are also given on Soren¬ 
sen's power assemblies. In addition, 
data is included on the Sorensen 
line of industrial and laboratory power 
supplies in voltage ranges from 0-10VDC 
to 0-600VDC, and power levels up to 
20 kW. 
The catalog provides features, op¬ 

erating specifications and dimensions 
for each power supply. Copies are 
available from Sorensen Company, 
676 Island Pond Road, Manchester, 
N.H. 03103. INFO/CARD #127. 

Quite Line Filter Handbook 
New 16-page booklet from the Capi-

tron Division of AMP Incorporated is 
a valuable asset to anyone involved 
in eliminating and/or preventing elec¬ 
tromagnetic interference (EMI). 
The handbook includes information 

on regulatory agencies and EMI preven¬ 
tion methods including grounding, 
shielding, balanced lines, twisted pairs, 
coaxial cables, etc. Ferrite filters are 
discussed in detail, with emphasis 
on proper filter testing, installation 
and application. Considerations for 
digital circuits are given special at¬ 
tention. Directed at the application 
of AMP Quiet Line low-pass sub¬ 
miniature filters, the booklet also in¬ 
cludes a Filter Selection Guide and 
charts indicating full electrical per¬ 
formance characteristics of AMP In¬ 
corporated’s EMI filter products. 
A copy of the AMP filter handbook 

and additional information on the 
Quiet Line filter series are available 
from the AMP Capitron Division, Eliza¬ 
bethtown, Pa. 17022. Circle INFO/CARD 
#129. 
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RF & IF Hybrid Circuits 
High-reliability hybrid circuits for 

RF and IF signal processing applica¬ 
tions are illustrated and described in 
a new eight-page brochure available 
from Raytheon Company. The brochure 
gives application information and 
specifications for a wide variety of 
hybrids including two and three-way 
power dividers, double balanced mixers, 

Interfaces For Frequency 
Synthesizers & Filters 
A four-page bulletin on a new series 

of bus interfaces which provides com¬ 
plete compatibility between three 
families of Rockland instruments and 
any system based on the IEEE Std 
488 (1975) instrumentation bus. 

Each interface, according to the 
bulletin, rigorously conforms to the 
specified constraints of IEEE Std 
488 (1975) and is specifically tailored 
to its particular Rockland instrument, 
without unnecessary hardware and with 
all requisite auxiliary circuitry for 
full control of all programmable para¬ 
meters. Each is in a stand-alone en¬ 
closure plugging in to the instrument 
and the bus via two cables. And each 
may be field-retrofitted to instruments 
already in use. 

Contact Rockland Systems Corp¬ 
oration, Rockleigh Industrial Park, Rock¬ 
leigh. N.J. 07647. (201) 767-7900, TWX 
710-991-9852. INFO/CARD #130. □ 
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Tomorrow 

400 WATT/ 10401 
• 10 kHz to 500 kHz 
• Up to 700 Watts Output 
• Useful Power up to 1 MHz 
• Built-in True Average Power Meter 
Primarily designed as a transducer 
drive source, and for use in high power 
ultrasonic laboratory applications. 
Any load impedance may be con¬ 
nected to the output without fear of 
damage or oscillation. 
1.4 KILOWATT/ 11 40LA 
• 9 kHz to 250 kHz 
• All Solid State 
• Weighs less than 45 lbs. 
• Works from 115 Volt Outlet 
A revolutionary development in high 
power solid state amplifiers, the 1140L 
is designed for high power RF heating, 
ultrasonics and laboratory applications. 
Optional matching transformers will 
deliver full powertoany load impedance 
from 3 ohms to 800 ohms balanced or 
unbalanced. 
150 WATT/240L 
• 20 kHz to 10 MHz Coverage 
• Up to 150 Watts Output 
• 40 Watts Linear Class A Power 
• Works into any Load Impedance 
Extraordinary performance in a wide 
range of transducer drive applications. 
The 240L is a high quality laboratory 
instrument for ultrasonics, biological 
research and electro-optic modulation. 

100 WATT/3100L 
• 250 kHz to 105 MHz 
• Up to 180 Watts Pulse 
• Driven by any Signal Generator 
• Extremely Rugged 
Designed to replace bulkier tube 
amplifiers, the model 3100L provides 
reliable and maintenance-free operation 
for NMR, ultrasonics and communica¬ 
tions applications. 
150 WATT/A150 
• 300 kHz to 35 MHz 
• Up to 250 Watts Pulse and CW 
• No Bandswitching 
• Works Into Any Load Impedance 
An ultra-linear Class A design, the 
A150 will "boost" the output of any 
signal source by a flat 55 dB and 
provide its full forward power into 
any load impedance. High quality 
laboratory unit, for NMR, ultrasonics 
and biological research. 
300 WATT/A300 
• 300 kHz to 35 MHz 
• Up to 500 Watts Pulse and CW 
• 55 dB + 1 dB Gain 
• Portable 
Highest power in a portable package. 
Top quality signal transmission in AM. 
SSB and pulse communication systems. 
Cannot be damaged by mistuned 
antenna. 

ENI 
World's Leader in Power Amplifiers 

40 WATT/440LA 
• 150 kHz to 300 MHz 
• 40 Watts Class A Linear 
• State-of-the-Art 
• Up to 75 Watts CW and Pulse 
The widest band solid-state power 
amplifier available at its 40 watt power 
level, the ENI 440LA is truly a state-of-
the-art instrument. As a drive sourcefor 
high resolution acousto-optic modu¬ 
lators and deflectors, the model 440LA 
is invaluable. 
10 WATT/510L 
• Flat 1.7 to 500 MHz 
• 1.3 to 515 MHz Usable Coverage 
• 9.5 Watts Linear Output 
• Microelectronic Construction 
An ultra-linear Class A design, the 510L 
provides faithful reproduction of the 
input waveform for AM. FM. SSB, CATV, 
pulse and other complex modulations. 
The use of microwave transistors on thin 
film substrates, microstrip circuitry, and 
plug-in modules make this unit reliable 
and easy to service. 

3WATT/6O3L 
• 0.8 to 1000 MHz 
• 3 Watts of Linear Power 
• Flat 37 dB Gain 
• Up to 5 Watts Saturated 
3 watts of power 0.8 to 1000 MHz when 
driven by any laboratory signal genera¬ 
tor. Exceptional as a general purpose 
laboratory instrument and for wideband 
pulse systems. 

If you would like to receive the new catalog of our full line of amplifiers and multicouplers , write: 
ENI. 3000 Winton Rd. So.. Rochester. New York 14623. Call 716-473-6900. TELEX 97-8283 ENI ROC. 
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Still the world’s smallest 

RF relay 

...and the stingiest 

When we first told you about the inherently low inter-contact 
capacitance and low contact circuit losses of our TO-5 relays, 
you agreed that they were ideal for RF switching. And you began 
designing them in immediately. They provided high isolation 
and low insertion loss up through UHF (typical performance 
45 db isolation and 0.1 db insertion loss at 100 MHz). 

Then you discovered another benefit — particularly for hand¬ 
held transceivers where battery drain is critical. The TO-5 is 
very stingy on coil power ; the sensitive versions draw only 
210mW at rated voltage. 

So if you’re looking for a subminiature RF switch, don’t 
settle for anything less than TO-5 technology. It’s available in 
commercial/ industrial as well as MIL qualified types. Write or 
call us today for full technical information. 

TELEDYNE RELAYS 
12525 Daphne Avenue, Hawthorne, California 90250 • (213) 777-0077 
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