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NEW 30 MHz 
TRACEABLE RF STANDARD 

With Boonton’s 2520 RF Calibrator, you have the 
ideal, easy-to-use, and affordable tool to stand¬ 
ardize power meters, attenuators, amplifiers, 
detectors, and RF/microwave components. . in 
the metrology lab or as part of a military calibra¬ 
tion system. 

□ 30 MHz level reference, traceable to NBS 
□ Programmable from -70 dBm to +20 dBm 
□ Resolution of 0.1 dB 
□ Accuracy to 0.055 dB 
□ 50 Q output with VSWR <1.05 
□ Automatic compensation for 75 Q output 

The 2520 is fast. . .150 ms settling time with level 
changes. Rugged and reliable, it meets all the 
requirements of MIL STD-28800C, type II, class 5. 
And it is easy to use with versatile front panel cur¬ 
sor controls, alphanumeric display and full func¬ 
tion GPIB interface. 

Check with your local representative or call Boonton 
directly to arrange for an early demonstration. 

Boonton Electronics Corporation 
791 Route 10, Randolph, NJ 07869 
Tel: (201) 584-1077 FAX: (201) 584-3037 

Signal Generators ■ Modulation Analyzers ■ RF Power Meters ■ RF Millivoltmeters ■ Capacitance Meters and Bridges ■ Audio Test Instruments 
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Imagine an oscillator... 
Custom designed to meet your exact needs; featuring unbeatable electrical performance, space-
miser packaging, highly competitive pricing, and QPL-supplier quality. An array of oscillators, from 
hybrid TCXO's and VCXO's to high frequency ECL clocks to AAIL-0-55310 devices to low phase noise 
ovens are available from Reeves-Hoffman. 

Reeves-Hoffman offers the benefit of years of design experience in hybrid and discrete 
oscillators. This experience translates into a wealth of standard designs and a 

Free Catalog 
Call or write for 
our new frequency 
control products 
catalog and further 
information about 
>ur oscillator 
apability. 

REEVES-HOFFMAN 
=_ DIVISION DYNAMICS CORPORATION OF AMERICA 

Reeves-Hoftman, 400 W. North Street, Carlisle, PA 17013 USA • Phone 717-243-5929 
TLX 265873 RHDV UR • FAX 717-243-0079 

A 

e 

wi accept new s. 
Coupled with our in-house crystal, 

hybrid substrate, hybrid pack-
\ age, and quality assurance 
À capabilities, Reeves-Hoffman 

oscillators provide the bridge 
K" from imagination to reality. 

INFO/CARD 2 



L/S Band Power 
GaAs FETs: 
A New Era In 
Power Amplifiers. 

Power amplifier technology has come a long way. 
Just consider NEC’s new L/S band power 
GaAs FETs. 

There’s the NE345L-10B L/S-band GaAs 
FET with 10W of linear power or the NE345L-20B 
L-band GaAs FET with 20W of linear power. 

Pldb 61 Eff. 
Part_ (TYP) (TYP)_ (TYP) 

NE345L-1OB 40dbm 9db 40% @23 GHz 

NE345L-20B 43dbm 10 db 40% @1.5 GHz 

With MTBF’s that are orders of magnitude better 
than TWT’s, no warm-up time, and no heavy 
power supplies, these parts are ideal replacements 
for TWT’s in existing systems. 

The NE345L series’ excellent linear gain, 
high performance, and hermetically sealed ceramic 
packaging also make them the perfect choice for 
many applications: such as phased array radars, 
airborne navigation systems, studio/transmitter 
links, educational TV, and mobile satellites. 

Contact CEL for more information, data 
sheets, or application support. Then see how your 
power amplifiers can truly come of age. 

NEC 
California Eastern Laboratories 
3260Jay Street, Santa Clara, CA 95054 (408) 988-3500 
Western (408) 988-3500 Eastern (301) 667-1310 
Canada (613) 726-0626 
Europe NEC Electronics GmbH 0211/650301 

INFO/CARD 3 
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Cover Story 

22 Development of a New Direct VHF Synthesizer 
Programmed Test Sources’ new PTS-300, a signal synthesizer covering 0.1-300 MHz 
in 1 Hz steps, was developed to meet a specific set of performance requirements. This 
article provides insight into the engineering tasks required for the development of a 
new instrument by describing some of the concepts, design techniques and packag¬ 
ing methods developed by the PTS staff to create a synthesizer meeting their goals. 

Page 30 — Test Instruments 

Page 32 — Op Amp S-Parameters 

Features 

30 Special Report — 
Test Equipment: New Features and Capabilities 
Economical, high performance digital and analog components and design techniques 
are making every new piece of test equipment more powerful than its predecessor. This 
report takes a look at some of the recent developments in test equipment features and 
performance capabilities. — Mark Gomez 

32 Featured Technology — 
S-Parameters of Wideband Op Amps and Buffers 
High speed op amps and buffers are being increasingly used in RF and related analog 
applications. This article shows how these components’ S-parameters can be measured, 
allowing engineers to use well-known RF design techniques with the DC-coupled, 
feedback-controlled technology of operational amplifiers. — Brian Mathews 

42 RFI/EMC Corner — RF Radiation Hazards: 
Power Density Prediction for Communications Systems 
Both public awareness and governmental regulation are increasing in the controver¬ 
sial area of non-ionizing radiation hazards. As a result, modeling and prediction of hazards 
will be required to determine whether a proposed communications system will exceed 
allowable levels. This article applies basic electromagnetic radiation models to ANSI 
standard C95.1-1982, the most widely used hazard guideline currently in use. 

— Gary A. Breed 

Departments 
6 Editorial 
8 Viewpoint 
13 Letters 
14 News 
20 Calendar 
21 Courses 
48 New Products 
56 New Software 
57 New Literature 
59 Classified Advertising 
62 Advertisers Index 
66 Info/Card 

Page 42 — RF Radiation Hazards 

R.F. DESIGN (ISSN: 0163-321X USPS: 453-490) is published monthly plus one extra issue in September. December 1987, Vol. 10, No. 12. Copyright 1987 by Cardiff Publishing Company, a subsidiary 
of Argus Press Holdings, Inc., 6300 S. Syracuse Way, Suite 650, Englewood, CO 80111 (303) 220-0600. Contents may not be reproduced in any form without written permission. Second-Class 
Postage paid at Englewood, CO and at additional mailing offices. Subscription office: 1 East First Street, Duluth, MN 55802, (218-723-9355). Domestic subscriptions are sent free to qualified in¬ 
dividuals responsible for the design and development of communications equipment. Other subscriptions are: $30 per year in the United States; $37 per year in Canada and Mexico; $41 (surface 
mail) per year for foreign countries. Additional cost for first class mailing. Payment must be made in U.S. funds and accompany request. If available, single copies and back issues are $5.50 each 
(in the U.Sj. This publication is available on microfilm/fiche from University Microfilms International, 300 N Zeeb Road, Ann Arbor, Ml 48106 USA (313) 761-4700. 
POSTMASTER & SUBSCRIBERS: Please send address changes to: R.F. Design, PO. Box 6317, Duluth, MN 55806. 

RF Design 5 



HIGH POWER 
COUPLERS 

rf editorial_ 

Join the Celebration 

2000 WATTS 
.01-250 MHz 

• MODEL C1460 
• COUPLING 50 dB 
• DIRECTIVITY 20 dB 
• VSWR 1.15:1 

The year-long celebration culminates 
with two very special issues in October 
and December. October is our official An¬ 
niversary Issue, and will feature the recol¬ 
lections and analysis of some of our long¬ 
time supporters: readers, authors and 
advertisers. Their perspectives on the last 
10 years of RF history will undoubtedly be 
fascinating reading. 

In December we will change the direc¬ 
tion of our focus by asking another group 
of engineers to make their best predic¬ 
tions for the next 10 years. We all know 
there is no magic “crystal ball” to see the 
future, but the views of thoughtful, experi¬ 
enced members of our industry will surely 
be able to get us thinking about the future 
of RF. 

100 WATTS 
.05-1000 MHz 

• MODEL C1634 
• COUPLING 40 dB 
• DIRECTIVITY 20 dB 
• VSWR 1.2:1 

BROADBAND RF 
COMPONENTS 

• Hybrid Junctions 
• Power Combiners 
• Power to 20 KW 
• Frequency .01-2000 MHz 

By Gary A. Breed 
Editor 

It’s December, when we usually look back and reflect on the year that is end¬ 
ing. I am not a big fan of “end of the year” 
editorial retrospectives, so you won’t see 
that in this column. Significant events of 
the past 12 months are relatively fresh in 
our minds, and my further commentary 
isn’t going to add a whole lot. 

However, a ten-year retrospective is 
quite another matter. That is what we are 
going to be doing in 1988 to celebrate the 
10th anniversary of RF Design'. I am a big 
fan of history — it’s important to know 
something about the events and achieve¬ 
ments that got us where we are today, 
whether they happened in 1987 or 1978. 
RF Design will be entering 1988 with ex¬ 
citement and enthusiasm, along with a 
sense of humility and thanks that we have 
been able to grow from a germ of an idea 
to an established part of the engineering 
scene. 

Where Were You 10 Years Ago? 
We want to know your views on the past 

10 years, too! Send us a short note telling 
us what you remember best, or what 
things you think were important in the 
world of RF since 1978. In our “Letters” 
column, we will publish as many of our 
readers’ comments as possible. It doesn’t 
matter whether you point out the good, 
the bad, or the ugly — every viewpoint is 
a valuable contribution. 

In the course of history, very few of us 
get to make much of an impact. At RFDe¬ 
sign, we are happy to be passing a mile¬ 
stone that indicates our impact has been 
significant. Join the celebration by shar¬ 
ing your personal view of the past 10 years 
with your fellow readers. 

See Gold Book and Microwave & RF 
Product Directory for Additional 
Products. 

WERLATONE INC. 
P.O. Box 47 

Brewster, NY 10509 
Tel: (914) 279-6187 

. . . TWX 510-600-0747 decades ahead 
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RF 
MATRIX 

MULTICOUPLER 

MODEL 6855 
MATRIX 

MULTICOUPLER 

• 20-1200 MHZ 
• 4 ANTENNAS TO 12 
RECEIVERS 

• FULL FAN-OUT 
• COMPACT—SVz " HIGH 
• COMPUTER CONTROL 
• TEMPEST DESIGN 

GUARANTEED QUALITY 
HIGH RELIABILITY 

For further information, please call (703) 471-6060 

f REACTION 
L INSTRUMENTS 

475 Springpark Place, Herndon, VA 22070 
INFO/CARD 5 



rf viewpoint 

Do RF Engineers 
Need Certification? 

ffdesign 
a Cardiff publication Established 1978 
Main Office: 
6300 S. Syracuse Way, Suite 650 
Englewood, CO 80111 • (303) 220-0600 
Publisher 
Keith Aldrich 

By Mark Gomez 
Assistant Editor 

With new mandatory and voluntary 
regulations being imposed in the 

RF industry there is a need assure the 
competence of personnel responsible for 
complying to these standards. Particular 
areas of importance to the RF engineer 
are regulations imposed by Military stan¬ 
dards and compliance to FCC and foreign 
regulations and voluntary standards. 
Many RF companies are responsible 

for supplying government departments 
and military services with specifically cer¬ 
tified components and subsystems. The 
certification is normally obtained by hav¬ 
ing the facilities inspected and devices 
concerned tested and pass a high stan¬ 
dard of evaluation. In order to ensure con¬ 
tinued compliance the engineers should 
be tested on their theoretical and practical 
understanding of manufacturing and per¬ 
formance requirements. This ensures that 
the human element is taken into consider¬ 
ation as well as the facility and finished 
product. 
Another sector of the industry of con¬ 

cern is EMC personnel at test facilities. 
EMC engineers and technicians play a 
very important role in the certification of 
a product. Companies that build systems 
and sub-systems generally farm out their 
compliance testing (eg. MIL-STD 461C) to 
EMC test facilities. Engineers responsible 
for this kind of work should be tested to 
verify their competence in understanding 

the standard and carrying out the required 
tests. 
When a product is passed by an EMC 

test facility, the company that makes the 
product is generally ready to market it. 
If a product was not properly tested, and 
if there is a hidden problem with non-
compliance, the product may be seized 
by the FCC. This usually results in fines 
and lost revenue for the client company. 
The fines caused by non compliance can 
be expensive. In 1982, the FCC issued 
$11,350 worth of fines while in 1986 this 
figure rose to $878,750. During this period 
the number of citations rose from 33 to 
959. 
From this we can surmise that the num¬ 

ber of EMC test facilities will be increas¬ 
ing at a fairly rapid rate, creating a number 
of jobs in the industry. With the in-flux of 
newcomers, the quality of testing is going 
to drop unless measures are taken to en¬ 
sure that engineers understand what is 
expected of them. Certification for these 
engineers can be achieved by creating a 
structured program for training followed 
by an apprenticeship where the engineer 
is supervised by a senior member who 
has a thorough understanding of the sys¬ 
tem. After a certain length of time the new 
engineer should be required to take a writ¬ 
ten as well as a practical examination 
where upon successful completion she or 
he will be allowed to perform tests 
individually. 

Certification such as P.E. (professional 
engineer) registration is not sufficient 
since it does not necessarily take into ac¬ 
count specific regulations. However, P.E. 
registration together with the NBS NVLAP 
lab accreditation program would be one 
way to tailor a proper certification program 
for RF engineers. With the proper certifi¬ 
cation of engineers in such crucial posi¬ 
tions, the level of compliance can be 
maintained or increased within the grow¬ 
ing RF industry. Once a proper trend is 
achieved we can be sure the quality of RF 
engineering will be maintained. 
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DAICO 
PHASE COMPENSATED 
STEP ATTENUATORS 

OPTIMIZED FOR SINGLE FREQUENCY/NARROW 
BAND APPLICATIONS 

□ Range of Center Frequencies: 20 to □ Range of Attenuation Values/ □ Low Transients 25mV Typical 
70MHz Steps: From O.ldB (LSB) to 32dB □ Meets Military Environmental 

□ High Speed 25 Nanoseconds Typical (MSB) One Bit (Step) through Requirements 
Eight Bits (Steps) 

FREQUENCY 

FEATURES: 
■ Single + 5V Supply Operation 
■ TTL Control Inputs 
■ RF Operating Power +10dBm 
■ 50 Ohm Impedance 
■ VSWR 1.35/1 Maximum 
■ Insertion Loss 0.6dB/Bit 

typical Idb/Bit Maximum 
■ Dual In-line MIC (Microwave 

Integrated Circuit) Package 

Also Available Broad Band Phase Compen¬ 
sated Step Attenuators and Voltage Controlled 
Attenuators with Operating Frequencies from DC 
to 2 GHz. 

DAICO INDUSTRIES, INC. 
2139 East Del Amo Blvd., Compton. CA 90220 
Telephone: 213/631-1143, TWX 910-346-6741. 

INFO/CARD 6 1986 DAICO INDUSTRIES, INC. mp86454 



OUR MOST 
POWERFUL 
ADVANTAGE 
IS POWER 
rrsETE 

-- 7.Ö. " 

You’re looking at the 
highest power density 
long pulse UHF amplifier 
we’ve ever built. And as far as we know, 
no one else has even come close. 

To do so, MMD had to develop the 

The result is a module 
capable of 1600 Watts 

of output power at a pulse 
width of 1.6 milliseconds (20% duty 
cycle) with over 9db of gain, operating 
Class C. It’s a powerful reason why you 

world’s highest power 
long pulse UHF tran¬ 
sistor, engineer an in¬ 
novative flatpack trans-
former/balun, and 
devise a sophisticated 
thermal/mechanical 
package for maximum 
heat transfer. 

TYPICAL PERFORMANCE 

(WATTS) 

1700 

1600 

1500 

GAIN (dB) 

10.0 

9.0 

8.0 

410 420 430 440 
(MHz) 

Test conditions: 1 6ms«. 20% D C . 40 »"C 

should call MMD for 
your amplifier needs. 

Phone us at (415) 
961-1473, or write to 
Microwave Modules 
and Devices Inc., 
550 Ellis St., Mountain 
Mew, CA 94043, 
Telex 508 746. 
INFO/CARD 7 Literature 
INFO/CARD 51 Demo 
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POWER 
TO GET 

Here’s a unique solution to a tough 
requirement. A solid state VHF ampli¬ 
fier that delivers all the muscle needed for 
continuous duty, reliable, broadband 
power. 

The amplifier performs from 
30-150 MHz with a minimum of 30 

db gain. Its design, using power FET’s, 
insures high gain and low noise figure. 

So what does this remarkable 
It’s an innovative amplifier design 

indeed. One that’s 
largely made possible 
by MMD’s broadband 
high power quadra¬ 
ture combining tech¬ 
niques which enable 
us to provide 1000 
watts of CW output 
power (class AB) into 
a 2:1 mismatch across 
the entire band. 

power amplifier mean to you? It 
ably demonstrates 
MMD’s custom design 
capabilities; and the 
powerful thinking we 
bring to all our ampli¬ 
fier solutions. Which 
is why you should 
contact us to find out 
about the powerful 
things we can do 
for you. 

FREQ (MHz) 

■fett condHton»: 2:1 V.S.W.R . Vx Supply. 10V Bas 

Pout 1000W Forward Delivered Power INFO/CARD 52 Literature 
INFO/CARD 53 Demo 
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The optimal solution . . . 

Custom amplifiers and subsystems from the device experts - MSC 
From hi-rel/military to high volume commercial applica¬ 
tions, rely on amplifiers and subsystems from MSC to 
give you a competitive edge. With an in-house device 
capability, our amplifier and device engineers work 
together to design or optimize devices for specific perfor¬ 
mance characteristics ... the optimal solution to your 
system design. 

MSC has designed and manufactured pulsed/CW 
amplifiers and subsystems for avionics, radar, telecom¬ 
munications, telemetry and ECM applications . . . with RF 
output powers from 1W-10KW and frequencies from UHF 
to 20 GHz. Consider these examples: 

high volume production and is equipped to meet the full 
range of high-rel device and amplifier/subsystems screen¬ 
ing .. . as well as military quality/inspection requirements. 

So put “the device experts" to work for your amplifier 
and subsystem requirements. For more information, circle 
the bingo number for our new brochure. Or call (201) 
563-6300 for immediate assistance. 

MICROWAVE SEMICONDUCTOR CORR 
A Siemens Company 
100 School House Road, Somerset, 
New Jersey 08873. 

800W . 3.1-3.4 GHz . Radar 
1KW . 1.2-1.4 GHz . Radar 
1KW . 960-1215 MHz . JTIDS 
6KW . UHF . IFF 

MSC ... the experienced 
leader in advanced microwave 
technologies. 

Building on a leadership position in a wide range of 
silicon and GaAs power transistors, MSC has been a 
major amplifier/subsystems manufacturer for more than 
15 years. Our updated manufacturing facility is capable of 

INFO/CARD 8 



Kf letters_ 
Letters should be addressed to: 
Editor, RF Design, 6300 S. Syracuse 
Way, Suite 650, Englewood, CO 
80111. 

International Comments 
Editor: 
Suggestion — Articles on technical 

aspects of NMR spectroscopy/spectrome-
try, also MRI (medical, industrial, geologi¬ 
cal). 
D.M. Bussell 
University of Aberdeen, NMR Section 
Aberdeen, Scotland 

Editor: 
I would like to see the working princi¬ 

ple of cellular radio, frequency hopping 
radios, SSB transceivers, satellite com¬ 
munications equipment and antennas. 
Suheyla Guven 
PTT Genei Müdürlügü 
Ankara, Turkey 

Man vs. Machine 
Editor: 

I truly admire your understanding of the 
computer’s proper role in engineering, as 
expressed in your September editorial. 
But, having been an editor myself, I know 
that the real power in a magazine lies with 
the advertising manager. This is clearly 
evidenced by ads which promote the 
mindless computer you warned of. One 
shows a bundle of goodies to be discard¬ 
ed. There are three roach clips (pardon 
me — I mean hemostats) and a perfectly 
good calculator. Perhaps the lights never 
go out in California. But the strangest ar¬ 
tifact is a module marked “N.F.G.” this 
probably means “noise figure: good,” but 
a more cynical person might read it as 
“not functioning good” or something 
equally professional. 
Most engineers want to spend more 

time in the lab, not less. And, contrary to 
the ads, “tweaking trash” is not 
necessarily a waste of time — it can be 
a worthwhile learning experience. Seeing 
a circuit come to life in the laboratory is 
the real thing. Doing it with “just a few 
keystrokes” just isn’t the same. 

George Woodward 
Teleco Oilfield Services 
Meriden, CT 

Wideband RF 
transformers 

Call Coilcraft for the lowest prices, 
even at low quantities. 

Coilcraft’s RF transformers give you excellent wideband 
performance and low off-the-shelf prices. Plus the best high 
volume pricing in the industry. 

Choose tapped or untapped versions in low-profile DIP 
packages for through-hole or surface mounting. 

Our RF transformers cover the range from .005 to 600 MHz, 
with impedance ratios from 1:1 to 4:1. 

And all of them are available from stock for immediate 
shipment. 

For a free evaluation sample, technical data, and ordering 
information, call 800/322-COIL (in IL 312/639-6400). 

RF DESIGNER’S KITS To order call 800/322-COIL 
Help celebrate the 10th Anniversary of 
RF Design during 1988 — send us 
your observations, recollections, or 
philosophical musings about the past 
ten years of RF technology. We will 
print as many letters as we can. 

Tuneable inductors 
‘Slot Ten" 10 mm inductors 
0.7 pH-1 143 pH 
18 shielded. 18 unshielded (3 of each) 
Kit M100 S60 

“Unicoil" 7/10 mm inductors 
.0435 pH-1 .5 pH 
49 shielded. 49 unshielded (2 of each) 
Kit M102 $60 

RF Design 

Surface mount 
inductors 
Fixed inductors 
4nH-1.000pH 
64 values (6 of each) 
Kit C100 $125 

Tuneable inductors 
100 nH-10pH 
11 values (45 total) 
KitC101 $50 

Fixed inductors 
Axial lead chokes 
0.1 pH-1000 pH 
25 values (5 of each) 
Kit F101 $50 

“132 Series” coils 
31.5nH-720nH 
20 values (6 of each) 
Kit F100 $50 

INFO/CARD 9 



news 

Technical Presentations Highlight RF Expo East 

Although Mother Nature did her best to 
slow things down, over 1000 RF engin¬ 
eers made their way to the World Trade 
Center in Boston to attend RF Expo East 
87. Overwhelmingly, their purpose in at¬ 
tending was to learn — about the pro¬ 
ducts and services offered by the ex¬ 
hibitors; what fellow engineers in RF and 
related industries are doing; but most of 
all, about the art and science of RF 
engineering. 
Many took advantage of the formal 

classroom instruction in Les Besser’s 
“Fundamentals of RF Circuit Design” 
one-day course. Approximately 230 (50 
per cent more than last year) attended this 
course, which has been revised and re¬ 
fined to more precisely meet the educa¬ 
tional needs of RF engineers. Evidence 
of the changing nature of RF engineering 
was seen in an impromptu survey made 
at the beginning of the two sessions: 
about one-fifth of the course attendees 
identified themselves as being involved in 
digital design, data acquisition or trans¬ 
mission, industrial electronics or medical 
applications. 

Exhibiting companies offered the first 
public showing of many products. Test in¬ 
struments, components, modules and 
system subassemblies were viewed by in¬ 
terested attendees. Despite a slump in 
total attendance caused by a major snow¬ 
storm on the second day the Expo, many 
exhibitors noted that those engineers able 
to attend represented the most important 
RF manufacturers. 

Products introduced at RF Expo East 
that had not been announced in advance 
included the S-Series of microwave 
sweep generators from Integra Micro¬ 
wave. The S-0210 model covers 2-10 GHz 

with a leveled power output of +13 dBm 
and harmonics at -55 dBc. Optimax in¬ 
troduced a 240-270 MHz low noise bipolar 
amplifier, the AH-5780, with 14.4 dB gain 
and 1.7 dB NF. Another announcement 
came from AVCOM of Virginia, showing 
low-cost YIG signal sources to demon¬ 
strate their increasing capabilities. 
Seven of the 15 technical sessions had 

standing-room-only crowds (in rooms 
seating 160), including the three special 
tutorial sessions on power amplifiers, 
CAD filter design, and phase-locked 
loops. In addition, sessions on oscillators 
and multipliers, RF components, and RF 
test systems had more engineers than 
available seats. Other technical sessions 
drawing substantial interest involved 
digital applications, high power RF, and 
principles of analog design. The high in¬ 
terest in these engineering sessions 

demonstrates the need for a continuing 
effort in education and information for the 
RF community. This was underscored by 
the attendees repeated references to the 
sessions as “courses,” rather than 
“papers.” 

Engineers at RF Expo East got a look 
at the future in a session on superconduc¬ 
ting technologies. Beginning with an in¬ 
troductory tutorial by Professor Michael 
Tinkham of Harvard, seven engineers and 
scientists offered practical and theoretical 
applications for superconducting mater¬ 
ials in filters, low-noise amplifiers, oscil¬ 
lators and delay line applications. This 
emerging technology will undoubtedly 
have an impact on future RF components 
and design techniques. Those attending 
were able to get a preview of its impact 
on their work, as well as techniques be¬ 
ing used to achieve superconductivity. 

14 December 1987 



New! 
1 Symmetrical Shielding Strips (S3) 
provide bi-directional engagement 

Three models are available: basic, rivet-mount and 
double-faced adhesive-mount designs. The basic 
design consists of low-compression, adhesive¬ 
mounted strips. A generous radius profile 
provides for the greatest incident engagement an¬ 
gle with the lowest force. As with all Sticky Fin¬ 
gers® shielding strips, the self-adhesive tape 
makes mounting easy and secure. 

The rivet-mount design incorporates the addition 
of an integral track, pierced for mounting with 
nylon push rivets. This configuration allows bi¬ 
directional engagement, and is specially designed 
for slide applications, PC board connections, etc. 

The third design also incorporates an integral 
track-mount design, but employs a double-faced 
adhesive tape instead of push rivets. This provides 
for fast, easy field replacement in military applica¬ 
tions, especially where high frequencies do not 
permit the use of mounting holes. 

For complete information, including exact specifi¬ 
cations, dimensional drawings, etc., on these and 
other Instrument Specialties shielding strips, use 
this publication’s Reader Service Card. Or write to 
us directly at Dept. RFD-36. 

A INSTRUMENT SPECIALTIES COMPANY, INC. 
PO. Box A • Delaware Water Gap, PA. 18327 
Phone:717-424-8510 • TWX: 510-671-4526 

Strips with integral 
mounting track* and 
self-adhesive strip for 
fast field replacement. 

Specialists in beryllium copper since 1938 *patent pending 
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ff news Continued 
NBS Expands Electromagnetics 
Lab Program 
The electromagnetics laboratory ac¬ 

creditation program managed by NBS 
under the National Voluntary Laboratory 
Accreditation Program (NVLAP) has been 
expanded to meet requests from par¬ 
ticipating labs, manufacturers, and the 
U.S. Naval Air Systems Command. Test 
methods have been added to help labs 
improve the quality of testing on products 

that must meet Federal Communications 
Commission (FCC) approval and to as¬ 
sure the performance of electronic devic¬ 
es for weapons systems. The expanded 
program includes test methods for radio 
frequency devices including receivers 
(FCC Part 15); industrial, scientific and 
medical devices (FCC Part 18); radio 
transmitters (FCC Part 90); and a military 
standard (MIL STD-462) to measure elec¬ 
tromagnetic interference characteristics. 

Introducing a small 
accomplishment in 

UHF frequency sources! 

Our SAW-stabilized frequency 
sources provide a unique solution 
to your demanding UHF system 
requirements. They pack the 
performance of a fine cavity 
oscillator into less than a tenth of 
a cubic inch. Their small size, 
low power consumption and ex¬ 
cellent reliability are made possi¬ 
ble by our advanced UHF Quartz 
SAW technology. 
We cover applications from 

150 MHz to 6000 MHz, and 
offer a wide range of options 
including temperature compensa¬ 
tion, frequency multiplication 
and voltage tuning. We can cover 
the full -55°Cto +125°C 

temperature range and offer test¬ 
ing and screening to a variety of 
MIL Standards. 
Our SAW-stabilized UHF 

frequency sources are being used 
in IFF systems, radar frequency 
synthesizers, GPS receivers, 
emergency location transmitters, 
fiber-optic communications and 
a host of other UHF and micro¬ 
wave system applications. 

Contact us with your next 
UHF frequency source require¬ 
ment. You’ll find our engineer¬ 
ing staff ready to provide you 
with a custom solution that is 
innovative, timely and cost-
effective. 

HFM 
RF Monolithics, Inc. • 4441 Sigma Road • Dallas, Texas 75244 U.S.A. 

Phone: (214) 233-2903 • Fax: (214) 387-8148 • Telex: 463-0088 
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MMD, AMT Announce Merger 
In a joint announcement, Microwave 

Modules and Devices (MMD) and Amer¬ 
ican Microwave Technology (AMT) con¬ 
firmed their intention to merge by acquisi¬ 
tion, leaving AMT as a wholly owned sub¬ 
sidiary of MMD. Since they plan to share 
technologies, the two microwave and RF 
amplifier companies are expecting new 
products, capabilities and applications to 
emerge. MMD’s products are used in 
defense radar, communications and 
broadcast applications. AMT’s products 
are used in medical, instrument and elec¬ 
tronic warfare markets. MMD, head¬ 
quartered in Mountain View, Calif., is ex¬ 
pecting to maintain AMT’s operations in 
Fullerton, California. 

New FCC Rules Publication 
Pike & Fischer, Inc. announces the 

availability of Private Radio Rules Service, 
a new publication for public safety and 
business communications professionals 
who have to keep up with changes in the 
Federal Communications Commission’s 
rules and regulations. 

Private Radio Rules Service consists of 
a looseleaf reference volume containing 
the full text of Part 90, “Private Land 
Mobile Radio Services,” Part 94, “Private 
Operational-Fixed Microwave Service,” 
Part 95, “Personal Radio Services,” Part 
99, “Disaster Communications Service,” 
and Part 17, “Construction, Marketing and 
Lighting of Antenna Structures” of the 
FCC’s rules. All the FCC materials are up¬ 
dated on a regular bimonthly schedule, 
and each update includes a “Washing¬ 
ton” newsletter that discusses Commis¬ 
sion rule makings and summarizes signifi¬ 
cant recent court decisions and govern¬ 
ment actions affecting the allocation of 
spectrum for two-way radio and private 
paging. 
A one-year subscription to Private 

Radio Rules Service is $175, plus a one¬ 
time charge of $85 for the 1300-page 
reference volume. Write Pike & Fischer, 
Inc., Suite 433N, 4550 Montgomery Ave., 
Bethesda, MD 20814; or call (301) 
654-6262. 

Tachonics and Gigabit Logic In 
Second Sourcing Agreement 
Tachonics Corporation, an affiliate of 

Grumman Corporation’s Electronics Sys¬ 
tems division, and Gigabit Logic, Inc. have 
announced a second sourcing agreement 
whereby both companies will manufac¬ 
ture and distribute the same lines of 
gallium arsenide digital integrated circuits. 
This second sourcing agreement will in¬ 
clude both standard and application 
specific gallium arsenide integrated cir-
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SIEMENS 

Is there anything left to say? 
Talk to Siemens for a broad 

selection of cost-efficient, high 
performance microwave products. 
We provide reliable, high quality 
Schottky diodes, PIN diodes, 
varactors and silicon bipolar 
transistors... plus a wide range of 
advanced GaAs FETs and MMICs 
too. They’re perfect for sensitive 
receiver front ends where low noise, 
high gain and broadbanding capa¬ 
bility are crucial. 

Get the last word in quality and 
performance. Call for immediate 
assistance or the name of your near¬ 
est Siemens Sales Representative: 
(201) 321-3400 or 1-(800) 222-2203. 

Siemens ... 
your partner for the 
future in microwave 
semiconductors. 
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Siemens Components, Inc., Box 1000, Iselin, NJ 08830 
□ Please send me information on Siemens microwave products. 

Name _ _ 

Firm _ _ _ 

Address _ 

City _ _ 

State _ _ 

Zip - —_ 

CG/2000-383 WLM 514 
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news Continued 
cuits. The second sourcing agreement 
calls for design, manufacturing and test 
data of Gigabit Logic’s standard cells and 
of its Picologic product family to be 
transferred to Tachonics. The standard 
cell “SCI” family includes a library of 25 
fully characterized macros, and the Pico¬ 
logic family consists of over 30 standard 
logic functions. Cell libraries will be co¬ 
developed for future gallium arsenide 
processes. 

MSC Joins Westinghouse 
MIMIC Team 

Microwave Semiconductor Corporation 
(MSC) today announced that they have 
been added to the Westinghouse “Phase 
1” MIMIC program team. MSC’s role as 
a team member will be to develop power 
technology and provide “Power MMIC” 
foundry services. The company's team 
responsibilities will also include serving 

Get a Step Ahead of the Competition 
with the widest selection of 
compact Programmable 

Attenuation 
Steps 

1 dB, 5 dB, & 10 dB Steps 
in Widest Ranges Available 

dc-4 GHz, dc-18 GHz, dc-26.5 GHz 

+ 24 Vdc or + 5 Vdc Control 

Ideal for OEM Applications 

54 Standard Varieties 

CALL TODAY 

Compact Size 
1.78" X 5.25" X 0.9 

Low VSWR and 
Insertion Loss 

We Do 
Specials 

CALL TOLL FREE 

FOR FREE BROCHURE (800) 638-2048 

WEINSCHEL 
ti ENGINEERING 
One Weinschel Lane, Gaithersburg, MD 20878-4094 
(301) 948-3434 • 800-638-2048 • Telefax: (301) 948-3825 
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as a merchant supplier of MMIC sets. 
Along with team members Avantek and 
Rockwell, MSC will contribute technical 
support to the Westinghouse team. MSC 
was selected for its technology including: 
sub .5 micron E-beam gates; small area 
via-holes; high voltage power MMIC pro¬ 
cess; large signal non-linear modeling. 
MSC has recently completed a 100,000-
square-foot wafer fabrication facility with 
7,500 square feet of Class 10 clean area. 

Airtron Acquires Hyletronics 
Airtron, division of Litton Industries, 

Inc., has acquired Hyletronics of Littleton, 
MA. Hyletronics specializes in microwave 
stripline components and subassemblies 
including: solid state switch-driver assem¬ 
blies, linear attenuators, variable attenu¬ 
ators, digital attenuators and directional 
couplers. Airtron has its divisional head¬ 
quarters in Morris Plains, NJ. They serve 
the aerospace, avionics, communications, 
marine and military marketplaces. 

Ford and Vitesse Sign GaAs IC 
Second Source Agreement 

Ford Microelectronics, Inc. and Vitesse 
Semiconductor Corporation announced 
an agreement to provide alternate sourc¬ 
ing for foundry production of custom 
large-scale integrated (LSI) gallium 
arsenide (GaAs) integrated circuits. This 
agreement is the first of its kind among 
commercial gallium arsenide manufac¬ 
turers. Compatible design rules for cus¬ 
tom E/D gallium arsenide products can be 
furnished immediately. Ford and Vitesse 
share similar company charters of design¬ 
ing, manufacturing, and marketing digital 
LSI Enhancement/Depletion (E/D) gallium 
arsenide circuits for the commercial and 
military markets. To date, other gallium 
arsenide IC manufacturers have focused 
on producing small- to medium-scale in¬ 
tegrated devices using the current in¬ 
dustry standard Depletion Mode process. 

EPSCO Receives $1.3M Contract 
EPSCO, Incorporated of Westwood, 

MA, announced that its RF Division 
located at Westlake Village, CA, received 
a $1 ,255,000 contract from the U.S. Navy. 
The contract is for the design and produc¬ 
tion of a quantity of Command Transmit¬ 
ter Systems to be used at the Pacific 
Missile Test Center. The current contract 
has options extending into 1988 to pur¬ 
chase additional systems. The Division is 
also under contract to deliver a quantity 
of command transmitters to Hill Air Force 
base. EPSCO, Incorporated designs and 
manufactures RF/Microwave transmitter 
components and subsystems for defense 
and commercial markets. 
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Putting GaAs ICs to work: 

How to make high-speed measurements more accurately. 
Let’s face it... your measurements are only as 
good as your timing standard. 
When measuring high-speed ICs, edge 

placement accuracy is a critical issue. But now, 
the unique Harris HMD- 11502-2 Program¬ 
mable Pulse Driver/Formatter (PPDF) makes 
life a little easier. It generates complex pulse 
trains with independent, variable control of 
leading and trailing edge placement! 
We used our PPDF with other Harris GaAs 

ICs to build this precision signal generation 
system for testing our own devices. It’s just the 
ticket for measuring propagation delay, setup 
and hold times. Edge placement accuracy can 
be controlled to within 50 picoseconds! 

The Delay Block “programs” the output 
waveform of the PPDF, with our HMD- 11685 
GaAs IC Comparator providing continuous 
fine adjustment over the 250 picosecond 
“steps” of the ECL digital delay. 
This circuit is a key building block for our 

high-speed test pattern generator. If it’s fast 
enough for our GaAs ICs, just imagine what 
it can do for your ECL devices! 
For more information, write or call us: 

Harris Microwave Semiconductor, 1530 
McCarthy Blvd., Milpitas, CA 95035. In U.S., 
phone 1-800-4-HARRIS, Ext. 1510, or 
(408)433-2222, Ext. 202 (TWX: 910-338-2247). 
In Canada: 1-800-344-2444, Ext. 1510. 

Mode Switch 

♦AO MA 

HMD-AWA 

Reference 
clock 

HMD-11188 
CLK Buffer 

Divide by 10/11 
Frequency reference 

Half-frequency 
reference 

©1987, Harris Corporation 

HMD-WOA 
HAND/ MAD 

DELM BLOCK 
E CL Digital 
Delay 

Reference clock 
and complement 

Coarse 
Adjust 

J HMD-11685 
Comparator 

PPDF Precision signal 
and complement 

Fine 
Adjust 

Mode 
Switches 

“It's about time 
■ someone put GaAs 
■ ICs to work!" 

IN GALLIUM ARSENIDE, 
THE NAME IS 

HARRIS 
Harris Semiconductor: Analog - CMOS Digital 

Gallium Arsenide - Semicustom - Custom 

® HARRIS 

"That figures... Harris 
was first to make 
them commercially 
available!" 
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rí calendar 

January 11-14, 1988 
SMART IV 
Westin Bonaventure, Los Angeles, CA 
Information: EIA, 2001 Eye St., N.W., Washington, DC 20006; 
Tel: (202) 457-4932 

January 20-21, 1988 
San Diego Electronics Show 
Del Mar Fairgrounds, San Diego, CA 
Information: Epic Enterprises, Show Management, 3838 Camino 
Del Rio North-Suite 164, San Diego, CA 92108; Tel: (619) 
284-9268 

February 7-9, 1988 
ADEE 88 
Rivergate Exhibition Center, New Orleans, LA 
Information: Show Manager, ADEE West, Cahners Exposition 
Group, 1350 East Touhy Ave., RO. Box 5060, Des Plaines, IL 
60017-5060. Tel: (312) 299-9311 

February 10-12, 1988 
RF Technology Expo ’88 
Disneyland Hotel, Anaheim, CA 
Information: Linda Fortunato, Cardiff Publishing Company, 6300 
S. Syracuse Way, Suite 650, Englewood, CO 80111; Tel: (303) 
220-0600; (800) 525-9154 

February 23-25, 1988 

NEPCON West '88 
Anaheim Convention Center, Anaheim, CA 
Information: Jerry Carter, Cahners Exposition Group, 1350 East 
Touhy Ave., P.O. Box 5060, Des Plaines, IL 60017-5060; Tel: (312) 
299-9311 

March 7-10, 1988 
33rd International SAMPE Symposium & Exhibition 
Anaheim Convention Center, Anaheim, CA 
Information: Marge Smith, P.O. Box 2459, Covina, CA 91722; Tel: 
(818) 331-0616 

March 8-10, 1988 
Southcon ’88 
Orange County Convention Center, Orlando, FL 
Information: Electronic Conventions Management, 8110 Airport 
Boulevard, Los Angeles, CA; Tel: (213) 772-2965 

April 19-22, 1988 
IEEE Instrumentation/Measurement Technology Conference 
San Diego Princess Hotel, San Diego, CA 
Information: Bob Myers, IMTC, 1700 Westwood Blvd., Los 
Angeles, CA 90024; Tel: (213) 457-4571 

May 9-11, 1988 
38th Electronic Components Conference 
Biltmore Hotel, Los Angeles, CA 
Information: EIA, 2001 Eye St. N.W., Washington, DC 20006 

5000 MHz PULSE GENERATOR WITH 30 ps RISETIME 

unnMh 

Above Photos Include the 30ps Risetime of the Sampling Head. 

Our newest pulse generator is ideally suited for testing GaAs systems and for driving fast laser diodes. It 
features pulse repetition rates from 10 - 5000 MHz, risetimes as low as 30 ps, a true dual-channel capability, 
independent amplitude (2V max.), and offset controls (-5V to +5V) for each output. All settings are digitally 
displayed (Model PG 5000A: $1 7,500). A 5V dual-channel version is also available for repetition rates up to 
3000 MHz, Model PG 3000A at $1 9,500. High power single-output versions include the Models PG 5000A-
4V to 5000 MHz and 4V output, and PG 3000A-1 0V to 3000 MHz and 10V output, at $22,500 each. For your 
system integration applications, the output drivers of the above pulse generators are offered separately as 
clock drivers ($4,800 to $9,500). We also furnish six different dc-coupled clock drivers which operate to 
2200 MHz and to 5V per output. They feature variable risetime and duty cycle, programmable output 
amplitude and output offset, and sub-nanosecond gating capability ($995 to $3,500). 
In addition, our popular PG 1000A pulse generator offers both differential TTL (to 350 MHz) and differential 

Colby Instruments, Inc. 
Electronics Research & Development 

1810 14th Street, Santa Monica, CA 90404 

ECL (to 1000 MHz) with built-in source and variable 
duty cycle (1 V ECL: $7,700; 2V option: add $800). All 
prices quoted are U.S.A, list prices only. Complete 
specifications on all of our products are available on 
request. We also offer custom modifications to suit 

20 

(213) 450-0261 specific needs. 
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The George Washington University 
SAW Devices and their Signal Processing Applications 

February 22-25, 1988, Washington, DC 
Electromagnetic Interference and Control 

February 22-26, 1988, Washington, DC 
Fiber-Optics System Design 

February 29-March 2, 1988, Washington, DC 
Electronic Countermeasures 

February 29-March 4, 1988, Washington, DC 
Solid-State Radar Transmitters 

February 29-March 1, March 8, 1988, Washington, DC 
Microwave Radio Systems 
March 7-8, 1988, Washington, DC 

Hazardous RF Electromagnetic Radiation 
March 16-18, 1988, Washington, DC 

Frequency-Hopping Signals and Systems 
March 21-23, 1988, Washington, DC 

Elements of Optical Warfare 
March 30-April 1, 1988, Washington, DC 

Spread-Spectrum Communications Systems 
April 4-8, 1988, Washington, DC 

Grounding, Bonding, and Shielding 
April 7-8, 1988, Washington, DC 

Modern Communications and Signal Processing 
April 18-22, 1988, Washington, DC 

Introduction to Receivers 
April 18-19, 1988, Washington, DC 

Modern Receiver Design 
April 20-22, 1988, Washington, DC 

Information: Shirley Forlenzo, Continuing Education Program, 
George Washington University, Washington, DC 20052; Tel:(800) 
424-9773, (202) 994-8530 

Besser Associates 
Microwave Circuit Design I: Linear Circuits 
Feb 1-5, 1988, Los Angeles, CA 
June 20-24, 1988, Los Angeles, CA 

Microwave Circuit Design II: Non-linear Circuits 
Feb 8-12, 1988, Los Angeles, CA 

Information: Les Besser, Besser Associates, Inc., 3975 East 
Bayshore Road, Palo Alto, CA 94303; Tel: (415) 969-3400 

UCLA Extension 
Superconductive Electronics 
January 26-28, 1988, Los Angeles, CA 

Microwave Circuit Design I 
February 1-5, 1988, Los Angeles, CA 

Microwave Circuit Design II 
February 8-11, 1988, Los Angeles, CA 

Modern Microwave Techniques 
April 25-28, 1988, Los Angeles, CA 

Information: UCLA Extension, P.O. Box 24901, Los Angeles, CA 
90024; Tel:(213) 825-1901; (213) 825-1047; (213) 825-3344 

Test Systems, Inc. 
MIL-STD-1553 

February 24-25, 1988, Phoenix, AZ 
May 10-11, 1988, Phoenix, AZ 

Information: Leroy Earhart, Test Systems, Inc., 217 W. Palmaire, 
Phoenix, AZ 85021; Tel: (602) 861-1010 

Interference Control Technologies, Inc. 
Grounding and Shielding 

February 8-12, 1988, Phoenix, AZ 
February 22-26, 1988, Atlanta, GA 
March 7-11, 1988, Palo Alto, CA 

RF Design 

March 21-25, 1988, Hilton Head, SC 
Tempest Facilities 

February 1-5, 1988, Palo Alto, CA 
Intro to EMI/RFI/EMC 
March 15-17, 1988, Orlando, FL 

Information: Penny Caran, Registrar, Interference Control 
Technologies, Inc., State Route 625, P.O. Box D, Gainsville, VA 
22056; Tel:(703) 347-0030 

Integrated Computer Systems 
Digital Signal Processing 
March 1-4, 1988, Ottawa, Canada 
March 8-11, 1988, San Diego, CA 
March 22-25, 1988, Washington, DC 
April 26-29, 1988, Toronto, Canada 
May 10-13, 1988, Washington, DC 

Image Processing and Machine Vision 
February 23-26, 1988, Ottawa, Canada 
February 23-26, 1988, San Diego, CA 
April 12-15, 1988, Washington, DC 
April 26-29, 1988, Palo Alto, CA 

Hands-On Programming in C 
February 2-5, 1988, Washington, DC 
February 16-19, 1988, Montreal, Canada 

Hands-On Advanced Programming in C 
February 23-26, 1988, San Diego, CA 
March 8-11, 1988, Ottawa, Canada 
April 5-8, 1988, Washington, DC 
April 19-22, 1988, Los Angeles, CA 
May 10-13, 1988, Toronto, Canada 
May 24-27, 1988, Palo Alto, CA 

Fiber Optic Communication 
February 9-12, 1988, Los Angeles, CA 
February 23-26, 1988, Washington, DC 
March 15-18, 1988, Palo Alto, CA 

Information: Barbara Fischer, Integrated Computer Systems, 
5800 Hannum Avenue, PO. Box 3614, Culver City, CA 90321-3614; 
Tel:(800) 421-8166, (213) 417-8888 

Compliance Engineering 
Compliance Seminars: EMI, Safety, ESD, Telecom 

February 9-12, 1988, San Francisco, CA 
April 19-22, 1988, Chicago, IL 
June 7-10, 1988, Boston, MA 

Information: Compliance Engineering, 593 Massachusetts 
Avenue, Boxborough, MA 01719. Tel: (617) 264-4208 

EMC Services, Inc. 
EMI Control in Switched Mode Power Supplies 

February 17-19, 1988, San Diego, CA 
June 27-30, 1988, Boston, MA 

Filter Design for Switching Supplies 
February 22-23, 1988, San Diego, CA 
July 1-2, 1988, Boston, MA 

Information: Mark Nave, EMC Services, 11833 93rd Avenue 
North, Seminole, FL 33542. Tel: (813) 397-5854 

Georgia Institute of Technology 
Principles of Pulse Doppler Radar: 
High, Medium and Low PRF 

February 23-25, 1988, Atlanta, GA 
Infrared Technology and Systems Applications 

February 24-26, 1988, Atlanta, GA 
Information: Deidre Mercer, Education Extension Services, 
Georgia Institute of Technology, Atlanta, GA 30332-0385. Tel: 
(404) 894-2547. 
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ft coyer story 

Development of a New 
Direct VHF Synthesizer 
Engineering Staff 
Programmed Test Sources 

This story about the new PTS 300 syn¬ 
thesizer is an excellent case history 
describing development of a new product. 
By sharing functional and performance 
goals, and the engineering choices nec¬ 
essary to meet them, PTS’ engineers not 
only describe their new instrument, they 
let us in on their design philosophy and 
engineering techniques. 

Frequency synthesizers for producing 
a range precision frequencies came 

into widespread use during the 1960s and 
’70s. They vary in form from simple digital¬ 
ly tuned radio receiver-oscillators to com¬ 
plex microwave instruments costing 
$50,000 or more. Synthesizers sold as 
separate entities may be divided into two 
broad groups: “pure” synthesizers and 
synthesized signal generators. This dis¬ 
tinction is mainly one of the intended use. 
The PTS 300 is a “pure” frequency syn¬ 

thesizer. Instruments in this category in¬ 
corporate only frequency generating syn¬ 
thesis circuits, and are usually designed 
to serve as systems components. Syn¬ 
thesized signal generators, primarily de¬ 
signed for laboratory use, are typically 
equipped with modulation capabilities, 
calibrated output attenuators and shield¬ 
ing to permit sub-microvolt sensitivity 
measurements. 
The ability of frequency synthesizers to 

perform a particular job is determined 
largely by the users requirements for four 
parameters: 
1. Frequency range, resolution and 

accuracy. 
2. Purity of output signal in terms of the 

suppression of unwanted discrete 
outputs and spurious (angle) modula¬ 

Figure 1. Block diagram PTS 300. 

tion. 
3. Frequency switching speed. 
4. Price. 

Design Goals and 
Engineering Philosophy 

PTS' present line of synthesizers con¬ 
sists of five units with maximum frequen¬ 
cies of 40, 120, 160, 250 and 500 MHz. 
All have similar specifications, allowing 
the customer to select an instrument 
closely tailored to his frequency coverage 
needs without paying for excess perfor¬ 
mance. Although instruments have actual¬ 
ly decreased in inflation-adjusted prices 
over the last few years, contemporary syn¬ 
thesizer design is not a mature technolo¬ 
gy, and properly directed R & D can en¬ 
hance performance and still reduce cost. 

To this end, PTS set the following target 
for a comletely new instrument: frequen¬ 
cy coverage of more than 250 MHz with 
1 Hz resolution, 20 ps frequency switch¬ 
ing speed, -60 dB spurious outputs and 
broadband phase noise (0.5 Hz-15 kHz) 
below 1 milliradian, plus an architecture 
which would allow the simple integration 
of a fine resolution section offering phase 
continuous frequency switching and op¬ 
tional phase rotation. MTBF of 25 to 
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30,000 hours, 31/z-inch cabinet size, and 
a cost reduction of 20 percent from the 
present 250 MHz unit were further goals. 

To reach these goals, a review of cur¬ 
rent technology was conducted. The need 
for cost-effective fine resolution, phase-
continuous frequency switching and 
phase rotation all pointed to table-look-up 
direct-digital synthesis (TLU-DDS). This 
technology is offered in present PTS units 
as an option covering a 3 MHz bandwidth. 
It was determined that this bandwidth 
could be increased a factor 10 at the ex¬ 
pense of considerably higher power con¬ 
sumption, higher manufacturing cost and 
a spurious level of only 40-45 dB. This 
technology alone is not suitable for a unit 
covering 250 MHz. 

This situation is not new for the synthe¬ 
sizer designer. It is usually possible to 
produce a moderately narrow band of fre¬ 
quencies with fine resolution at a reason¬ 
able complexity and cost. However, 
whether the technology used is divide-by-
n, repetitive mix-and-divide or TLU-DDS, 
it proves disproportionately difficult and 

expensive to increase the band coverage 
to even 100 MHz. More significant digits 
of the output signal must be produced by 
a different approach, and as a result, most 
modern synthesizers use a hybrid config¬ 
uration. 
Faced with this problem earlier in the 

design of the 160 unit, PTS engineers 
had developed a simple, effective solu¬ 
tion: auxiliary frequency economy. The 
reduction in auxiliary frequencies and 
their use and re-use in both the fine 
resolution and more significant digit sec¬ 
tions in the PTS 160 allowed the direct 
analog synthesizer to remain moderately 
priced. The HP 5100, the first direct syn¬ 
thesizer, used 27 auxiliary frequencies, 
while the PTS 160 makes do with only 
eight and a pulse. It was only natural, 
then, that the PTS design team further 
pursue simplification by reducing again 
the number of auxiliary frequencies need¬ 
ed and increasing the commonality in 
their generation. 

Figure 1 is a block diagram of the PTS 
300. Note that all auxiliary frequencies are 

produced in one module. This standard 
generator takes either 5 or 10 MHz form 
an internal or external source and in a 
pulse generator produces a “picket 
fence” of equal-amplitude frequencies 
from 10 to 150 MHz spaced at 10 MHz in¬ 
tervals. The 70 through 110 MHz frequen¬ 
cies are divided by 5 to produce 14, 16, 
18, 20 and 22 MHz frequencies. It is evi¬ 
dent that the filtering required to produce 
these frequencies with a suppression of 
spurious frequencies to 60 dB is minimal, 
because 2 MHz sidebands are at least 9 
percent removed, while 10 MHz side¬ 
bands are divided and are even further 
removed from the carriers. The 14 through 
22 MHz and the 100 MHz frequency form 
the set of auxiliary frequencies used in 
conjunction with the “picket-fence” pulse. 
The outputs and functions of this module 
are diagrammed in Figure 2. 

TLU-DDS Fine 
Resolution Generation 

Table-look-up direct digital synthesis 
was chosen to provide PTS 300’s fine 
resolution. TLU-DDS, also called simply 
DDS, derives its name from the digital 
“table-look-up” process that is used to 
generate a sine wave frequency output. 
The technique uses a four-stage process, 
to cover a bandwidth with arbitrarily fine 
resolution. Block one is a phase accumu¬ 
lator driven by a system clock which in¬ 
crements phase from 0 to 2 n linearly in 
steps which are proportional to the 
selected frequency. The next block, a 
PROM look-up table, uses the output of 
the phase accumulator (or more specif¬ 
ically, the MSBs of the output) as an ad¬ 
dress into the PROM for the stored value 
of the sine wave amplitude. Block three, 
a DAC, receives the digital sine wave 
values from PROM and converts them to 
an analog output. A low-pass filter cutting 
off just above the desired bandwidth is 
used to suppress the clock frequency, the 

Range: 0.1-300 MHz 
Resolution: 1 Hz 
Switching Time: 3-20 u sec. 
Spurioús: -60 dB 
Phase Noise: 63 dB (0.5 Hz-15 kHz); 

-115 dBc/Hz at 1 kHz 
offset 

Price: $5,050.00; Manual, 
remote incl. 
TCXO-standard 

Phase Rotation: Optional Resolution 
<0.5° 

Table 1. PTS 300 Major Specs. Figure 3. TLU-DDS section. 
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Figure 4. Wideband output 10 MHz step section. 

output alias and higher harmonics. 
Phase continuous frequency switching 

in this type of synthesizer results from the 
fact that within one clock cycle the phase 
increments output by the phase accumu¬ 
lator will assume the value proportional 
to the new frequency. Phase rotation can 
also be peformed by including a second 
accumulator which adds an increment 
proportional to the desired phase rotation 
to the output of the phase accumulator, 
and using the new sum as the address 
into the PROM of the stored sine wave 
values. Finally, another interesting proper¬ 
ty is the capability to arbitrarily set the 
phase of the output signal to zero by asyn¬ 
chronously resetting the phase accumu¬ 
lator to zero. 

The key design decision for this section 
was the choice of the clock frequency, 
because it determines directly (via the Ny¬ 
quist Theorem) the output bandwidth of 
the DDS, and the required speed (and 
power consumption) of the logic family 
employed. Further key components af¬ 
fected by the clock frequency are the 
PROMs and the DAC. All of the above 
also have a direct impact on the spurious 
output suppression performance. 
An architecture allowing for the output 

of exact decimal frequencies and for BCD 
programming was selected rather than a 
binary architecture, to avoid code conver¬ 
sion in a BCD and decimal oriented 
market. With at least 7 decades of resolu¬ 
tion required, internal propagation delays 

Synthesizer Systems in Brief 
Direct 
With the aid of a limited number of 

auxiliary or standard frequencies, 
which are derived from the frequency 
standard, the output band is produced 
solely by arithmetic operations on 
these frequencies, using generally 
fixed-tuned filters and RF switches in 
addition to mixers, multipliers and 
dividers. The “mix-and-match” ap¬ 
proach permits the use of many iden¬ 
tical modules producing resolution¬ 
steps of widely differing significance, 
and arbitrarily small steps. 

Indirect 
Using phase-lock loops which may 

take various forms: Divide by n, frac¬ 
tional n and mix and divide governed 
by a derivative of the frequency stan¬ 
dard. Mix-and-divide synthesis again 
can use many identical modules as 
above. 

Direct Digital 
Phase, accumulated at a rate depen¬ 

dent on frequency selected, is used to 
address a PROM which stores discrete 
values of the sine function. A D/A con¬ 
verts the digital output of the PROM 
to a sine wave which is low pass 
filtered to remove clock frequency, 
aliases and D/A glitches. Maximum fre¬ 
quency is one-half of clock. 

mandated F-type or faster logic. However, 
ECL logic was ruled out as too power in¬ 
tensive. Furthermore, it was established 
that a clock speed above 20 MHz would 
make reaching a -60 dB spurious level 
difficult. Resolution in the phase ac¬ 
cumulator (or more precisely, the resolu¬ 
tion of the portion of the accumulator out¬ 
put used to address the PROM) is the 
determining factor in the level of spurious 
frequencies which arise from finite phase 
quantization. In theory it is only necessary 
to increase this resolution to reduce angle 
modulation sidebands, but this is a first-
order approach not considering PROM 
and DAC effects, and overall degradation 
with increasing clock speed is the usual 
practical result. 

Unfortunately, F-type logic components 
required by a BCD-oriented DDS do not 
support reliable operation at 20 MHz. A 
novel hybrid binary-BCD DDS was there¬ 
fore developed. This DDS operates at 16 
MHz, generates exact decimal output 
steps with a resolution of 1 Hz, and pro¬ 
vides an output bandwidth of 6 MHz. In 
addition, this architecture allows for a 
more efficient utilization of PROM storage, 
resulting in an improvement in the spur¬ 
ious output level over that provided by 
available pure-BCD DDS synthesizers. 
The final TLU-DDS fine resolution section 
is outlined in Figure 3. 

MHz Step Up-Conversion 
Up-conversion of the TLU output, con¬ 

taining all steps from 1 Hz to 1 MHz, is 
accomplished conventionally in the block 
following the TLU and takes the form of 
two mixes interspersed with selectivity of 
conventional double tuned filters and 
gain. The auxiliary frequencies from the 
standards-generator described are 100 
MHz and 14-22 MHz (n x 2). The latter five 
frequencies are switched with transistors 
and together with the 2 MHz coverage 
from the TLU an output band of 10 MHz 
from 140-150 MHz is covered and con¬ 
stitutes the input to the 10 MHz step 
section. 

10 MHz Step Generation 
A wideband output generation scheme 

presently favored by many designers is a 
three-band approach, with an octave 
covering the top half of the desired out¬ 
put frequencies, a mid-band derived by 
one or two divisions by 2, and a low-band 
generated by a heterodyne system. Mas¬ 
sive RF switching, discontinuities and 
three different specifications for spurs and 
noise are some of the detracting proper¬ 
ties of this system. 

PTS’s approach is a simple one-band 
beat-frequency system. The same 10 MHz 
picket fence used to produce the auxiliary 
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power 
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Figure 5. Switching sequence 
100.080 to 100.480 MHz (-100 MHz) 
rate 40 kHz. 

Figure 6. 180° phase step, 2 kHz 
rate. 

frequencies is also fed to the 10 MHz step 
generator. Here, a drift-cancelled oscillator 
produces the 10 MHz steps from 0 to 290 
MHz. Figure 4 shows the essentials of this 
arrangement. The technique employed is 
similar to the superheterodyne in princi¬ 
ple, with tunable selectivity replaced with 
a stable fixed-tuned filter. At the same 
time this accomplishes up-conversion to 
final mix-frequencies which are high 
enough to produce the full wide-band out¬ 
put with an acceptable final mix ratio. 

Packaging and Shielding 
To achieve suppression of spurious out¬ 

puts it is necessary to shield the various 
functional blocks. Depending on the de¬ 
gree of suppression required, packaging 
methods range from mechanical castings 
with gaskets and screws at 1-inch inter¬ 
vals to simple drawn shield cases. Re¬ 
gardless of the spurious specification, 
packaging accounts for a substantial por¬ 
tion of the cost of synthesizers. For this 
reason, and to allow the PTS 300 to be 
presented in a 3Vz inch package, a new 
modular system was developed and tool¬ 
ed. (For manufacturability and ease of ser¬ 
vice all PTS products are of modular con¬ 
struction.) This new system uses a hori¬ 

zontal deck to support and interconnect 
vertical modules of varying length, all con¬ 
taining conventional circuit boards. The 
aluminum housing for these boards con¬ 
sists of two asymmetric half-shell extru¬ 
sions that hold the board when assem¬ 
bled into their rectangular module form 
(see photo). 
The more critical modules are outfitted 

with coax connectors and feed-through-fil-
tered power and data lines, while the re¬ 
maining modules use board-edge con¬ 
nectors reaching through the module bot¬ 
tom. Finally, only one shell is used to 
house boards that can remain open. All 
modules are readily removable. 

Reliability Features 
The PTS 300 must give our customers 

the same reliability that they have come 
to expect from the present line. Based on 
statistically meaningful quantities of 
equipment in the field with time frames 
of years, PTS in 1984 increased its war¬ 
ranty to two years and simultaneously 
covered years two through ten with a flat 
$300 repair charge. A failure rate of 3 to 
5 percent per year is typical. This, depen¬ 
dent on duty rate, translates into a MTBF 
of approximately 25,000 hours. The same 

Broadband capability from some very 
powerful amplifiers. Power from one 
watt to ten kilowatts. Frequencies 
from 10 kHz to 1 GHz. Gain that's flat 
and reliable. 

For example, our Model 2000L, 
shown above, delivers 2000 watts 
minimum cw saturated power over a 
bandwidth of 10 kHz to 220 MHz. In 
pulse mode you can almost double 
that rated output. 
We rate most of our amplifiers by 

minimum power—users can be cer¬ 
tain that their 10-watt or 2000-watt 
amplifier will always deliver at least 
its rated output at any point in its 
frequency band. 
AR amplifiers are unconditionally 

stable, immune even to worst-case 
load mismatch without damage or 
shutdown. The full bandwidth is in¬ 
stantly available—there’s no need 
for tuning or bandswitching. 
Send for our booklet, "Your guide 

to broadband power amplifiers." 

PTS 300 Other 
Figure 7. Carrier ±5 MHz, BW 95 Hz, Ref. -2 dBV. 
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160 School House Road 
Souderton, PA 18964-9990 USA 

Phone 215-723-8181 
TWX 510-661-6094 

8288 

INFO/CARD 16 



basic concepts in design and engineer¬ 
ing employed in earlier instruments were 
applied to this new design to maintain the 
track record. 

From the outside in, a substantial 
frame-cabinet and the modules them¬ 
selves lend rigidity to the complete struc¬ 
ture, and provide the mechanical integri¬ 
ty required for protection of the electrical 
circuitry during transport, handling and 
installation. 

Next and perhaps most important is the 
thermal management of the instrument. 
Since chemical processes (destructive or 
other) double in speed with every 10°C in¬ 
crease in temperature, significant benefits 
are derived from moderate reduction in in¬ 
ternal power dissipation. A general heat¬ 
rise of 15°C or less is considered manda¬ 
tory for PTS designs. 

Surface mount devices were con¬ 
sidered for this instrument, since a reduc-

AMPLIFONIX AMPLIFIERS 

FOR PERFORMANCE 
IN YOUR SYSTEMS 

Amplifonix can now supply com-
píete data on every series 
of Amplifier, Limiter, VGA, 
Switch, Switch Attenuator 
and Limiting Amplifier. 
We guarantee specifi¬ 
cations, screen to the 
tables of MIL-STD-
883 and can deliver in 
approximately four weeks. 
TH A T 'S PERFORMANCE! 

A TECHNICORP CO 

2010 Cabot Blvd West. Langhorne. PA 19047 
215-757-9600 • TWX 510-667-0501 
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tion in size was needed. They were ruled 
out for several reasons: sufficient compo¬ 
nent density, in light of power density, 
could be achieved with conventional com¬ 
ponents; assembly time savings for pro¬ 
jected quantities would not permit early 
payback of special equipment costs; final¬ 
ly, reservations about reliability of a ther¬ 
mally stressed sandwich of substantially 
unequal materials (fiberglass and cer¬ 
amic) persist, and industry experience to 
date does not dispell these concerns. 
An aspect of considerable benefit to the 

reliability of PTS equipment is a disinclina¬ 
tion to be found at the cutting edge of 
technology. The watchword is proven con¬ 
cepts of simplicity and economy. 

Performance 
The design described meets all targets 

established at the outset: Table 1 sum¬ 
marizes the salient specifications, Figure 
5 shows a phase continuous switching se¬ 
quence and Figure 6 depicts a 180° phase 
step. 

With 1 GHz signal generators costing 
roughly $4,000 to $6,000 available from at 
least four major manufacturers, it is 
reasonable to ask why the PTS 300 
should command $5,000 when it does not 
have the range or the additional signal 
generator capabilities of these devices. 
Two performance parameters account for 
the difference. The first is switching 
speed. It is readily understood and usually 
specified unambiguously so that the user 
can judge whether the speed offered by 
the much slower signal generators is ade¬ 
quate for his use. 3-20 ̂ s for the PTS 300 
contrasts with times several orders of 
magnitude longer. 

Signal purity in terms of close-in phase 
noise is the other area in which very 
significant differences exist and where 
several methods are used to characterize 
performance of synthesized sources. 
Figure 7 depicts identical spectrum 
analyzer scans of 10 kHz for a PTS 300 
and a $6,000, 1 GHz signal generator. 
Note the noise pedestal which is very 
typical for this type of generator. For “off-
channel” tests of receivers noise one 
channel width offset from the carrier 
needs to be some 130-140 dBc/Hz, which 
is a demanding specification. 

For many high-Q resonance applica¬ 
tions, however, phase noise closer than 
1 kHz to the carrier is becoming more im¬ 
portant. Spectral density figures are 
quoted to 10 Hz offsets and are some¬ 
times demanded for 1 Hz and 0.1 Hz off¬ 
sets. In this area the phase noise of the 
PTS 300 is distinctly superior. For more 
information on the PTS 300, please cir¬ 
cle INFO/CARD #152. 0 
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SINGLE AND MULTIPLE 
CRYSTAL OSCILLATORS 

-A»® 

hase-Locked to External Reference 
standards to 20 MHz (5 or 10 MHz typ) 
Outputs to 200 MHz 
or Telecommunications, 
adar, Telemetry and 
istrumentation Systems. 
I SERIES-PXS contains a single crystal oscillator 
that is phase-locked by digital synthesis techniques 
to an external reference. The crystal oscillator can 
be at ANY frequency to 200 MHz and be phase-
locked to ANY external reference frequency to 
20 MHz. The output to input multiplication factor 
can be an integer or NON-integer. For example, 
an output frequency of 101.1234 MHz can be 
locked to a 5 or 10 MHz reference. 
The output phase-noise is that of the crystal 
oscillator, which has been optimized for best phase¬ 
noise performance. The long-term stability is that of 
the external reference. All spurious outputs are below 
-90 dBc. Typical phase-noise for the 101 .1234 MHz 
output frequency is 136 dBc/Hz at 1 kHz, -152 dBc/Hz 
at 10 kHz. The unit measures 3" x4" x 1.0". 

I SERIES PXSM contains up to 16 independently selec-

SERIES 

table crystal oscillators at frequencies to 200 MHz. Each 
oscillator is externally selectable by a BCD code. The 
selected crystal oscillator is automatically phase-locked, 
by digital synthesis techniques, to an external reference 
standard at frequencies to 20 MHz. As with the PXS 
Series, the output to input frequency ratio can be an 
integer or NON-integer. 
SERIES CA contains up to 16 independently BCD 
selectable crystal oscillators at frequencies to 200 MHz. 
Each selected oscillator is free running with a frequency 
stability of + .0005% for temperatures from 0 to + 55°C. 
The CA Series differs from the PXSM Series in that the 
individual oscillators are free running. In the PXSM, each 
selected oscillator is phase-locked to an external 
reference. 

Call or write for our new 100-page catalog, or send us your requirements and 
allow us to provide a quotation and proposal. 

CTI’s military sources and synthesizers have been designed to meet the 
requirements of MIL-E-5400 over a temperature range of -54°C to +85°C, 
with components screened to MIL-STD-883C. [All CTI designs (even 
commercial models) utilize semiconductors, including microwave diodes, 
screened to JAN or JANTX levels.] 

COMMUNICATION TECHNIQUES, INC. 
9 Whippany Road, Whippany, NJ 07981 • Phone (201) 884-2580 • TWX 710-986-8265 • FAX 201-887-6245 



NSI NSA 

IGH FREQUENCY 
} NOISE MODULES... 

NSB Q BAND V BAND 

■ Input Power 28v, 20 MA Max. 
■ Noise Output Variation With Voltage 

.1 dB/o/oV 
■ Noise Output Variation with Temp 

.01 dB/°C 
■ Calibration Sheets Supplied With 

Each Unit 

■ Certificates Of Conformance Supplied With 
Each Unit 

■ Calibration Points Are Marked On 
Each Unit 

■ Noise Diode Hermetically Sealed 
■ High ENR Output 
■ BNC (f) DC In; N (m) RF Out 

Model Freq. Calibration 
Number (GHz) ENR (dB) Flatness Package Points 

RFN/30-10 .010- 1.0 30 Min ±1 »i .010.. 500, 1.00 

RFN/25L 1.0 - 2.0 30 Min ±1 1.0, 1.5, 2.0 

RFN/25S 2.0 - 4.0 30 Min ±1 s 1.0 
RFN/25C 4.0 - 8.0 30 Min ±1 R  py 

RFN/25X 8.0 -12.0 25 Min ±1 P UllZ 

RFN/25Kp 12.0 -18.0 25 Min ±1 NSA STEPS 
’Other packages, frequency ranges, outputs, inputs available. 
’Consult factory for more information. 

■ Call today for these and other products with similar savings. .. 

■ Custom designs welcome -■ micronctic^ inc. oc 95 Ghz 
36 Oak Street • Norwood, NJ 07648 • (201) 767-1320 
TWX: 710-991-9603 • FAX: 201-767-6551 



DELIVERY 
FROM 
STOCK 

low FREQUENCY 
NOISE MODULES 

■ True White Symmetrical Gaussian 
Noise 

■ 5:1 Peak Factor (Voltage) 14 dB 
■ Ultra Compact Size .875" x .5" x .24" 
■ High Level Noise Output To 500 MHz 
■ Optional Supply Voltages Available 
■ Noise Symmetry 95% Typ, 90% Min 

■ Peak Factor 5:1 Min (Voltage) 
■ Operating Temperature -55°Cto85°C 
■ Temp. Coefficient .025 dB/°C Typ. 
■ Voltage Supply Sensitivity .4 dB/100 mV 
■ Maximum Storage Temperature -62°Cto 

150°C 
■ 15 Volt Operation 

OUTPUT CHARACTERISTICS-50 OHM LOAD 
Frequency Noise Output Level 

Model Range Flatness mV/band dBm/band dBm/Hz ENR(dB) 

NMA-2001 100Hz-100kHz ± .5 dB 5 15.8 -32 -82 91.0 

NMA-2002 100Hz-300kHz ± .5 dB 10 18.2 -27 -82 92.2 

NMA-2003 100Hz-1MHz ± .5 dB 10 10.0 -27 -87 87.0 

NMA-2004 100Hz-3MHz ± .5 dB 10 5.8 -27 -92 82 2 

NMA-2005 100Hz-10MHz ± .5 dB 10 3.2 -27 -97 77.0 

NMA-2006 100HZ-30MHZ ± .5 dB 5 .91 -33 -108 66.2 

NMA-2007 500Hz-100MHz ± 75dB 2.5 .25 -39 -119 55.0 

NMA-2008 500Hz-300MHz ±1.0 dB 4.4 .25 -34 -119 55.0 

NMA-2009 50CHz-500MHz ±1.5 dB 5.6 .25 -32 -119 55.0 

Other Output Loads Available. 
■ Call today for these and other products with similar savings... 
■ Custom designs welcome 

-■ micfonctic^ inc. DC-95 GHz 36 Oak Street • Norwood, NJ 07648 • (201) 767-1320 
TWX: 710-991-9603 • FAX: 201-767-6551 
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rf special report_ 

Test Equipment — 
New Features and Capabilities 
By Mark Gomez 
Assistant Editor 

The new era of test equipment has add¬ 
ed powerful features to otherwise conven¬ 
tional test equipment. Options like floppy 
disk drives, high resolution displays, and 
automatic screen dumping to printers are 
commonly seen. Spectrum analyzers in¬ 
corporated with built-in demodulators and 
audio monitors are also now available. 
IEEE-488, GPIB and RS232 links are uni¬ 
versally available options. Interface and 
control software together with laptop con¬ 
trollers are available from the instrument 
giants as well as smaller instrument firms. 
With an abundance of companies in this 
market, the RF test instrument consumer 
can choose from a large assortment of in-
strument/option combinations at competi¬ 
tive prices. 

Oscilloscopes are very versatile and 
important instruments to the RF en¬ 

gineer. Two packages for LeCroy’s 9400 
digital storage oscilloscope offers mass 
storage and remote control. The user can 
store and retrieve full, partial, or segmen¬ 
ted waveforms. Partial waveform storage 
allows recording only that section of the 
waveform that is of interest, ensuring ef¬ 
ficient storage of hundreds of waveforms 
on a floppy disk. Front panel setups to¬ 
gether with date and time stamps can also 
be stored. The MS01 package includes an 
IBM laptop computer with full keyboard, 
screen and dual floppy disk drives. A 
GPIB for communication and data trans¬ 
fer up to 220 kbytes/sec is included. 
A writing speed of 3000 cm/us is fea¬ 

tured in the Iwatsu Instruments Model 
TS-8123 100 MHz oscilloscope. A digitiz¬ 
ing speed of 1200 cm/us (equivalent to a 
25 GHz clock) can be obtained when 
waveforms are converted from analog to 
digital format after analog storage. 
A feature that allows the user to ob¬ 

serve waveforms, setting conditions and 
measured values on a single display is in¬ 
corporated in a 60 MHz CRT readout os¬ 
cilloscope from Leader Instruments. The 
LBO-2060 reduces set-up time by display¬ 
ing the salient setting conditions such as 
channel sensitivity, main and delayed 
sweep time and triggering controls. A cur¬ 
sor provides direct readout of voltage dif¬ 
ferences in volts and percentage, time dif¬ 
ference, frequency in Hz and phase dif¬ 
ference in degrees. 

This LeCroy oscilloscope features mass storage. 

Rapid Systems has a 2-channel 20 
MHz digital storage oscilloscope that uses 
a PC for display and storage. The features 
include 2-channel simultaneous acquisi¬ 
tion, 20 MHz sampling rate per channel, 
switch selectable 1 M ohm or 50 ohm 
BNC input, programmable gain and sam¬ 
ple rate, menu driven operation and 
screen dumps to the printer. It is tailored 
for IBM and compatible computers. 

Power Meters 
IEEE-488 interface has been incorpora¬ 

ted into the Rohde & Schwarz Model NAP 
power meter. The meter measures inci¬ 
dent and reflected power directly from an 
integral directional coupler. Four 50 ohm 
power sensors with a frequency coverage 

of 25 MHz to 1 GHz is available with a 
power range from 20 mW to 1100 W. This 
instrument also calculates VSWR, reflec¬ 
tion coefficient and return loss. Another 
feature provided is DC analog outputs 
proportional to incident and reflected 
power for plotting purposes. 
A single channel microwave power 

meter which is complemented by a broad 
family of sensors including thermocouple 
and diode sensors for low and high power 
measurements is available from Wavetek. 
The Model 8531 features GPIB and one 
button calibration. 

Spectrum Analyzers 
The current trend in spectrum analy¬ 

zers is portability, storage devices for stor-
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ing waveforms and control settings, pop¬ 
up menus, GPIB and low cost. The new 
generation of these instruments feature 
versatility even though the price and size 
are headed downwards. Tektronix recently 
introduced the 2756P which has an oper¬ 
ating range from 10 kHz to 325 GHz. This 
particular instrument has an average 
noise level of -134 dBm and a resolution 
of 3 MHz to 10 Hz. The portable version 
of the above instrument is designated the 
494AP. 
A surface acoustic wave spectrum an¬ 

alyzer that features a 10 MHz bandwidth 
with 16 kHz resolution and designated the 
160-10-100(C)MC is available from 
Phonon. Its dynamic range is 70 dB. This 
instrument has applications in general 
high speed signal processing, doppler 
processor for laser radar, goniometry and 
electronic counter measures. 
A single unit that is capable of vector 

network and spectrum measurements is 
available from Hewlett-Packard (HP 
4195A). It has a frequency range of 10 Hz 
to 500 MHz, a flexible disk drive, color 
graphics CRT and provides rectangular, 
tabular, Smith and polar display formats 
for viewing measured data. 

Vertical raster scan CRT display is in¬ 
cluded in the A-8000 from IFR Systems. 
Other interesting features of this instru¬ 
ment include a frequency range of 10 Hz 
to 500 MHz, single function keyboard en¬ 
try, menu driven display modes and auto¬ 
matic amplitude calibration. 

Laboratory Amplifiers 
Amplifiers are no exception to the trend 

of size and price reduction. Certain com¬ 
panies are even producing modular amp¬ 
lifiers for OEM applications. Modular units 
also make servicing and repairing easier. 

Class A linear performance with Class 
B efficiency is a key feature of Analogic’s 
AN80 Series amplifier. This is accom¬ 
plished with high speed bias gating of 
high power FETs. It provides single 
chassis pulsed power from 100 W to 1000 
W and is field expandable from 2 kW to 
4 kW with additional chassis. 

Instruments for Industry has introduced 
the Model M5580 amplifier that has 75 W 
of output with its frequency range broken 
down into two bands: 10 kHz to 500 MHz 
and 500 MHz to 1.0 GHz. 

Instantaneous bandwidth can be ob¬ 
tained with the Models 25W1000M7 and 
10W1000M7 broadband amplifiers from 
Amplifier Research. The outputs are 25 
W and 10 W respectively. 

Function Generators 
In order to evaluate how a system per¬ 

forms, the engineer has to be able to 
simulate a condition related to its field ap¬ 
plication. Function generators are the one 
key instrument that almost every RF engi¬ 
neer must have access to in order to en¬ 
sure that his analog system works the way 
it is supposed to. 
Custom and standard waveforms can 

be generated with the LeCroy Model 9100 
arbitrary function generator (AFG). It 
features custom waveforms in a dual out¬ 
put generator at up to 200 mega points 
per second. The AFG generates square 
waves or pulses up to 100 MHz and sine 
waves up to 25 MHz. 
The Rohde & Schwarz function genera¬ 

tor AFGU has a frequency range from 1 
uHz to 20 MHz and produces sinewave, 
triangle, square, trapeze and pulse sig¬ 
nals. User specific waveforms can be 
generated using the arbitrary functions. 
A 4K parameter memory with a resolution 
of 10 bits is available and start/stop ad¬ 
dresses can be set to produce curve seg¬ 
ments or individual curves. The XY coor¬ 
dinates can be entered via the keyboard 
or IEC/IEEE bus. Other features include 
internal or external FSK and pulse modu¬ 
lation, external AM, FM and VCO. 

Other Instruments of Interest 
Receivers are definitely a major part of 

RF testing. Since the dawn of RF, engi¬ 
neers created the need to be able to mea¬ 
sure the signal being transmitted in terms 
of intensity and phase. Some of the new 
features in receivers include wide dynam¬ 
ic and frequency ranges. The Weinschel 

VM-7 for example is a 30 MHz receiver 
designed for applications where precise 
measurements of RF power ratio are re¬ 
quired over a wide dynamic range. The 
7516-1 from Interad Ltd. is a VHF/UHF re¬ 
ceiver with a frequency range of 20 to 
1000 MHz and noise figure of 10.5 dB. 
A frequency counter with nine digits of 

resolution is available with Racal-Dana’s 
Model 1999. This 2.6 GHz counter has ex¬ 
ternal arming that provides different por¬ 
tions of the burst to be synchronized for 
frequency profiling. Optional GPIB pro¬ 
vides full programmability of front panel 
function keys and signal conditioning 
controls. 
A frequency response analyzer from 

Solartron features two channels operating 
in parallel and offers basic gain and phase 
accuracy of 0.02 dB and 0.2 degrees re¬ 
spectively. The analyzer uses a single 
sine correlation analysis technique to pro¬ 
vide fast and precise measurement of 
amplitude and phase. 
A noise source that provides 50 W of 

white Gaussian noise from 10 to 175 MHz 
is available from Noise Com. The NC 
9800 has a VSWR of 2:1. 
The amount of new and interesting in¬ 

struments is too large to be mentioned in 
an article of this size. The instruments 
mentioned are the ones that RF engi¬ 
neers most commonly use. The integra¬ 
tion of digital techniques and processing 
has brought about some high precision, 
fast and relatively cheap instrumentation. 
The list of options being offered with the 
new family of instrumentation is not only 
long but it also provides a wealth of infor¬ 
mation and control that can be obtained 
with a single instrument. 
The ability to interface and remotely 

control instruments has eased the burden 
of the test engineer. Also, the convenience 
of being able to process and store and re¬ 
call data and control setting has reduced 
the setup time for specific pieces of 
equipment. 

For additional information on the pro¬ 
ducts listed please circle the appropriate 
reader service number. H 
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rf featured technology 

S-Parameters of Wideband 
Op Amps and Buffers 

By Brian Mathews 
Harris Corporation 

All electrical engineers study two-port 
parameters. Typically covered are y, h, 
and perhaps Z-parameters. Measuring 
these parameters becomes increasingly 
difficult as higher frequencies are at¬ 
tained. It is possible to transform the total 
voltages and currents in the standard two-
port equations into terms of travelling 
waves or transmission lines. In this way, 
parameters are derived in terms of signal 
power transmission and reflection coeffi¬ 
cients. Characterizing wideband op amp 
and buffer components in the frequency 
range from 100 kHz to 200 MHz using S-
parameters would allow RF designers to 
work with these devices in terms they are 
familiar with. This report describes the 
test methods used and will provide test 
results in a graphical form. 

S parameters are reflection and trans¬ mission coefficients that can be used 
to describe a linear two-port network, 
much the same way as y, Z, or h-
parameters. “S” or scattering parameters 
differ from the others because they define 
the network in terms of its characteristics 
due to incident travelling waves. The S-
parameter equations are as follows: 

Figure 1B. Complex impedance 
(normalized to 50 ohms) from 100 
kHz to 200 MHz for HA-5002 and 
HA-5033. 

b, — S^a, 4- S12a2 

b2 — S21 a, 4- S22a2 

where: 

In general S-parameters have the ad¬ 
vantage of being easier to measure at 
high frequencies than other two-port 
parameters. The standard parameters re¬ 
quire the shorting and/or opening of the 
network’s terminals, which cannot be 
done easily at high frequencies. To 
achieve an open or short termination, a 
short is used and the line length is varied 
until a short or open is reflected to the cir¬ 
cuit under test. The line length would 
have to be varied as the frequency 
changed to get a swept frequency 
measurement. Also, many active devices 
are not stable with a short termination. S-
parameters require only that the network 
terminals be terminated in the system 
characteristic impedance. They describe 
the network completely, including 
magnitude and phase information. In par¬ 
ticular, S„ and S22 , in polar form with a 
Smith chart overlay, provide a direct 
measure of complex input and output im¬ 
pedance versus frequency. 
Although S-parameters are usually 

used to describe discrete transistors for 
RF and microwave design purposes, they 
can provide valuable information about 
any linear two-port network, including op-

Ei2

Figure 1A. A plot of S2i and S12 

versus frequency for HA-5002 and 
HA-5033. 

Ein represents the voltage wave inci¬ 
dent on port n, while Ern is the wave 
reflected from port n and Zo is the 
characteristic impedance of the transmis¬ 
sion line. Since a,, a2, b, and b2 are 
composed of a voltage divided by the 
square root of an impedance, the magni¬ 
tude of variables an and bn squared are 
the power incident or reflected at port n. 

Figure 1C. A graph of impedance 
versus frequency for the HA-5033 
and HA-5002. 
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Anzac Quality 
at 

Mini-Prices 

Packaged Switches from stock ... your choice $28.95 

GaAs MMIC Matched SPST Switch GaAs MMIC SPOT Switch 
Model SW-209 Model SW-219 
Frequency Range . DC to 3 GHz Frequency Range . DC to 3 GHz 
Insertion Loss . 0.8 dB max Insertion Loss . 0.7 dB max 
Isolation . 45 dB min Isolation . 40 dB min 
Switching Speed . 3 ns typ Switching Speed . 2 ns typ 
Control Voltages Control Voltages 
VIN Low/High. 0/-5V VIN Low/High . 0/-5V 

Input Power for 1 dB Compression... 27 dBm typ Input Power for 1 dB Compression... 25 dBm typ 
Dimensions . 0.180" x 0.180" x 0.057" Dimensions . 0.180" x 0.180" x 0.057" 

Performance at 500 MHz with 50-ohm impedance at all RF ports. 

Both models available screened to MIL-STD 883C, Method 5008.4, Table VII, Class B Hybrids. 
Specify SW-209B or SW-219B when ordering. Pricing available upon request. 

Anzac quality at mini-prices, what more is there to say? 

Adams FS Russell 
Electronics 
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80 CAMBRIDGE ST., BURLINGTON, MA 01803, (617)273-3333 TWX 710-332-0258 FAX (617) 273-1921 TELEX 200155 



Td settle fora bare bones spectrum analyzer 
just to have one right on my bench” 

MC 15719 © 1987 Hewlett-Packard Company. 



lA/U At just $9,690, 
kVny smie: the hp 859oa 
Portable RF Spectrum Analyzer is such a 
good buy that you can afford one for every 
bench. Yet it’s no 
stripped down, 
low-tech model. 

It’s loaded. 
You’ll find 

every essen¬ 
tial measure¬ 
ment tool in 

HP 8590A 
Portable RF Spectrum Analyzer. 

the HP 8590A, plus more of the right bells 
and whistles than analyzers three times 
as expensive. 
And there’s a wide frequency range 

(10 kHz to 1.5 or 1.8 GHz), large amplitude 
range (—115 dBm to +30 dBm), plus 50 or 
75-ohm input. Frequency accuracy runs 
±(5 MHz + 1% of span). 
We take care of the basics with three 

simply labeled keys: FREQUENCY, SPAN 
and AMPLITUDE. The entire keyboard 
is that easy to understand. Press SIGNAL 
TRACK, for instance, and the analyzer will 
capture a signal and hold it in the center 
of the screen—even if the signal is inclined 
to drift. There are 14 dedicated keys for 
common functions plus softkeys for over 
80 special tasks. 

Better still, three optional digital interfaces 
make the HP 8590A completely program¬ 
mable for automated production testing. And 
you can use just about any desktop or HP 
hand-held computer to do it. 
Use the HP 8590A’s briefcase handle 

to carry it anywhere. It weighs just 30 lbs. 
and slips into all the tight spots. Including 
the space under your airplane seat. And it’s 
sturdy enough to withstand the rigors of 
real portability. 

Call today for a demonstration or brochure: 
1-800-556-1234, Ext. 515. In California 
call 1-800-441-2345, Ext. 515. Take a look 
at the HP 8590A; the first full-function ana¬ 
lyzer that fits your budget and your bench. 
$9,690: U.S. list price. 

Newton refracts light 
through a glass prism, circa 1672. 
“The Bettmann Archive." 

Tip Hewlett F PACKARD 
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A short review of S-parameters 

Sor scattering parameters, are a 
method of describing an n-port 

linear network, similar to the well 
known h, y and Z parameters. The dif¬ 
ference with S-parameters is that 
where h, y, and Z are defined in terms 
of total voltage and current, S-para-
meters are defined in terms of the in¬ 
cident and reflected power at a port of 
the network, referred to the charac¬ 
teristic impedance of the transmission 
lines involved. 

Transmission line theory tells us that 
unless the line is perfectly terminated 
in its characteristic impedance there 
will be a reflection from the end of the 
line of an applied or incident signal and 
that this reflection property will set up 
a standing wave. Utilizing these facts, 
the S-parameters can be derived. The 
convention of using “a” as the incident 
parameter and “b” as the reflected 
parameter will be used in this dis¬ 
cussion. 

Given that En and Ed are the inci¬ 
dent and reflected voltages at port one, 
and likewise for El2 and Er2 , then the 
expressions for total voltage and cur¬ 
rent are: 

vi= E„ + Erl V2= Ei2 + Er2

, Ai ~ El2 Ej2 — Er2

' zT~ 
Vn is the voltage at port n, and ln is 

the current into port n, and Zo is the 
characteristic impedance. Substituting 
into the h-parameter equations: 

V, = h11l1+h 12V2

l2=h 21l1+h 22V2

Rearranging terms so that incident 
waves are the independent variables 
and reflected waves are the dependent 
variables yields: 

En = fiiEii + fi? Ei2

Er2 = ̂21 En + f22 E,2

Where f1b f12 , f^, and f22 are functions 
of the h-parameter set that now relates 
travelling voltage waves rather that 
total voltage and current. Note that h-
parameters were chosen arbitrarily 
and any parameter set could have 
been used. Defining new variables a,, 

bb a2, and b2 (also known as incident 
parameters and reflected parameters- g _ °1 

as follows: 12 a2 

ai=

bi= 

36 

En

/Zo
a2-

E« 

E, 

/Z», 
b2-

E, 

This yields the S-parameter equations: 

b, — Sba^ -F S^2a2 
b2 — ̂ 21 a + S22a2

Figure 4 shows a conceptual model for 
a two-port network described by S-
parameters. The magnitude of an or 
bn squared is the power incident or 
reflected at the respective port. As the 
diagram indicates, S1b the input 
reflection coefficient, is a measure of 
the fraction of incident signal at port 
1 that is reflected back to the source 
and thus is directly related to input im¬ 
pedance. S21 is the forward transmis¬ 
sion coefficient and is the fraction of 
incident signal at port two which is 
transmitted back through the network 
to the input port one, while S22 , the 
output reflection coefficient, is the frac¬ 
tion which is reflected back to the load. 
An attractive feature of this arrange¬ 

ment is that by terminating either port 
in the characteristic impedance the 
reflection term is reduced to zero. Thus 
when port two is terminated properly 
no signal is reflected, a2 = 0, and: 

S2i-

b 

ai 

b2

a. 

Likewise, port two can be driven and 
port one can be terminated which sets 
a, = 0 and then: 

Although S-parameters are thought of 
as signal power relationships, if the 
signal source has a source impedance 
equal to the characteristic impedance 
and the opposite port is terminated 
properly, the forward and reverse 
transmission coefficients, S21 and S12 , 
are simply voltage transfer ratios, Vin/ 
Voul , either in the forward or reverse 
direction. It can be shown that for a 
lossless transmission line terminated 
in its characteristic impedance: 

S„ = S22 = 0 

This means that zero energy is re¬ 
flected which is consistent with trans¬ 
mission line theory. Considering S„ 
or S22 as just the single S of a one-
port, it can be shown that for an open 
circuit, S = 1, and for a short circuit S 
= -1. To conclude this discussion a list 
of conversion from “S” to h, v, and Z-
parameters is provided in Table 1. 

References 
1. Roy Hejhall, RF Small Signal Design 
using Two-Port Parameters, Motorola 
Semiconductor Products, Inc., Applica¬ 
tion Note AN-215A 

2. Franklin Kuo, Network Analysis and 
Synthesis, John Wiley and Sons, 1966 

3. S-Parameters. . .circuit analysis and 
design, Hewlett-Packard Company, 
Palo Alto, California, Application Note 
95 

4. Parameter Design, Hewlett-Packard 
Company, Palo Alto, California, Ap¬ 
plication Note 154 
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incident at the input port, a plot of gain 
and phase over frequency (Bode plot). 
S12 is a measure of reverse isolation or 
the ratio of voltage incident on a termina¬ 
tion placed at the input terminals to the 
applied incident voltage at the output 
terminals. 

General Considerations 
To ensure the integrity of the test results 

great care has been taken to minimize test 

Figure 2A. S21 and S12 plots. 

amps and buffers. Usually op-amps are 
only characterized for input and output 
impedance at low frequencies. By ex¬ 
amining swept-frequency polar plots of 
S„ and Sæ, the exact values of input and 
output impedance in the frequency range 
of interest can be determined. In fact, the 
proper instrument will be capable of 
displaying impedance versus frequency 
directly. The other parameters can be 
used to evaluate the transfer charac¬ 
teristics of the amplifier. S21 is the ratio of 
voltage incident at the load to the voltage 

Figure 2C. Impedance plot. 

Figure 2B. Complex impedance. 

circuit parasitics. All test fixtures are built 
either on PC boards with ground planes 
or in metal boxes with the case grounded. 
Component lead lengths have been kept 
as short as possible although it was 
necessary to socket the test devices 
rather than solder them into the boards. 
Probe cable lengths were kept to a mini¬ 
mum and precision matching loads were 
used as necessary. 
The op-amps were tested in various 

feedback conditions, typically in a non¬ 
inverting configuration (see test results 
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Figure 3A. S2i and S12 for the HA-
2539 and HA-2540. 

section for exact configuration). Also, 
some devices were not designed to drive 
RF loads directly so their output stage is 
buffered. These different test configura¬ 
tions are indicated in the results section. 
The primary test instrument for this 

evaluation is the Model 3577A network 
analyzer from Hewlett-Packard. An assoc¬ 
iated instrument, the 35677A S-parameter 
test set allows direct measurement of S-
parameters over the 100 kHz to 200 MHz 
frequency range. Signal power, sweep 

time, display scale, display format, and 
many other factors are selectable from a 
series of menus and associated front¬ 
panel function keys. The network analyzer 
performs calibration routines to compen¬ 
sate for test fixture and cable imped¬ 
ances. This evaluation is based on a 50 
ohm characteristic impedance. 
Some of the device characteristics can 

be predicted based on what is know about 
the circuits. A fundamental difference be¬ 
tween the devices is that some are op¬ 
amps while others are unity-gain buffers. 
The op-amps all have two differential in¬ 
puts and provide complex amplification. 
The buffers are single-ended with a single 
input terminal and a fixed unity open-loop 
gain over a specified bandwidth. The two 
input terminals on the HA-2539 and HA-
2540 each connect to the bases of two 
transistors. The HA-2541 and HA-2542 
have simpler input stages and each input 
terminal connects to only one base of a 
transistor. The buffers (HA-5033 and 
HA-5002) input terminals connect to the 
bases of four transistors. The base of a 
transistor can be modelled as a large 
resistor in parallel with a parasitic 
capacitor so the devices with fewer base 

Figure 3B. Complex impedance for 
the HA-2539 and HA-2540. 

connections at the input terminals should 
have higher input impedance at high fre¬ 
quencies. The output model is a very 
small resistance in series with an induc¬ 
tor due to the nature of a transistor’s emit¬ 
ter, and all these devices have emitter 
connections at the output. Some devices 
have emitter degeneration resistors be¬ 
tween the output device emitter and the 
output terminal so these devices will ex-
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a device under test of opposite impedance than 
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Quantity pricing and O.E.M. applica¬ 
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P.O. Box 21652. Phoenix, AZ «5036 U.S.A. 
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hibit higher open-loop output impedance. 
Since the input and open-loop output 

impedances of these devices are usually 
not equal to the characteristic impedance 
of a standard RF transmission line, the 
general nature of the S-parameter curves 
can be anticipated. Owing to the high in¬ 
put impedance, most of the incident 
signal is reflected so S„ is near unity 
and it’s real component decreases as fre¬ 
quency increases while the imaginary 
part traverses the capacitive half of the 
plane with steadily decreasing negative 
values. Due to the low, inductive output 
impedance, S22 starts with a small real 
component which stays small through a 
large frequency range but eventually 
veers inward toward the center of the 
Smith chart while the imaginary part re¬ 
mains in the inductive half of the plane 
with steadily increasing positive values. 
In addition to Smith chart plots of S„ and 
S22 , the network analyzer provides plots 
of input and output impedance which is 
included in the results section. 
The graphical results of the testing are 

shown in the accompanying figures. The 
S21 plots of those devices that cannot 
drive a 50 ohm line are actually plots of 

Figure 3C. Impedance versus 
frequency for the HA-2539 and 
HA-2540. 

the device with a buffer between the 
device’s output and the instrument’s test 
port. All other plots are directly from the 
device itself with no buffering. Note that 
in most cases the signal level is approx¬ 
imately -10 dBm at the output of the 
device under test. 

Interpretation of Results 
As the S21 curves indicate, these 

devices operate over varying bandwidths 
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with the HA-5033 having the widest effec¬ 
tive bandwidth. Figure 2A shows the 
response of the HA-5033 to be flat to 100 
MHz and then slight peaking to 200 MHz. 
Next in bandwidth is the HA-5002 buffer 
with an effective bandwidth of approx¬ 
imately 100 MHz (Figure 1A). Note that the 
buffers do not provide the amount of 
reverse isolation (S 12) that the op-amps 
do, but they are still adequate for most 
purposes. The widest band op-amp is the 
HA-2539 which provides 20 dB of gain out 
to 60 MHz with less than 180 degrees 
phase shift (see Figure 3A). Also, the 
HA-2539 isolates the input from the out¬ 
put by at least 40 dB over it’s entire useful 
frequency range (Figure 3A). This isola¬ 
tion characteristic is common to all the op¬ 
amps. Remember that the op-amps are 
general purpose and their response is 
strongly dependent on feedback and load 
conditions. A different gain configuration, 
with different load and feedback condi¬ 
tions may produce a significantly different 
response, so any particular application 
situation should be evaluated on a bread¬ 
board before committing it to production. 
As the S21 plots show, all these devices 

are useful well into the tens of MHz, 
especially the HA-2542 which can drive 
the 50 ohm line directly. The HA-2542 has 
a frequency compensation pin which can 
be used to tailor the frequency response. 
It could be used to eliminate the gain peak 
evident in the S21 curve in Figure 2A. 
The simple assumptions made pre¬ 

viously regarding the number of bases 
connected to the input terminal is shown 
to be wrong by the plots of input im¬ 
pedance. Based on that assumption, the 
buffers would have lowest input im¬ 
pedance then HA-2539/2540 and HA-
2541/2542. As the Zin/Zout curves in¬ 
dicate, the highest input impedance 
devices are the buffers HA-5002/5033, 
followed by the op-amps HA-2539/2540, 
and HA2541/2542. Thus, it is obvious that 
other circuit design factors must be con¬ 
sidered to predict the nature of the S-
parameter curves. The most significant 
characteristic of these devices' input im¬ 
pedance is that it is constantly changing 
with frequency. This implies that a proper¬ 
ly tuned conjugate network in series with 
the input terminal would yield a constant 
input impedance. 

The S22 and Zoul plots show that all 
these devices have very low output im¬ 
pedance over their operating frequency 
ranges, none higher than 100 ohms 
magnitude. Of note are the S22 plots in 
Figure 3B indicating that the HA-2539/ 
2540 have negative real components of 
output normalized impedance, which is 
common in active devices. 

Conclusion 
Although S-parameters are most com¬ 

monly used to describe discrete tran¬ 
sistors, they can indicate a great deal 
about op-amp and buffer products as well. 
This report has shown many of the advan¬ 
tages of using S-parameters, as well as 
describing what information they can pro¬ 
vide about linear devices. HI 
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rfí/emc corner 

RF Radiation Hazards: Power Density 
Prediction for Communications Systems 
Gary A. Breed 
Editor 

Public awareness of the potential haz¬ 
ards of non-ionizing (electromagnetic) 
radiation is growing rapidly. Unfortunate¬ 
ly, until that awareness grows to the point 
where there is proper understanding of 
the phenomena involved, mis-statements, 
unfounded claims, and other such in¬ 
complete information will be tossed about 
as being “the truth." This note covers the 
fundamentals of power density prediction, 
using the simplest antenna radiation 
models, providing an introduction to the 
methods required for evaluating public 
safety concerns. 

The standard most commonly referred 
to for the limits of human exposure to 

RF is ANSI C95.1-1982. Figure 1 shows 
the limits contained in C95.1-1982 is both 
graphical and tabular form. The nature of 
the standard, its development and possi¬ 
ble future modification has been dis¬ 
cussed previously (1, 2). This article’s ex¬ 
amples are based on this standard. 

To begin an understanding of power 
density, we first must look at the fun¬ 
damental radiation model: the isotropic 
radiator (Figure 2). By definition, an 
isotropic radiator is a point source 
radiating equally in all directions (in three 
dimensions). The power density resulting 
from an isotropic source is the projection 
of the source power onto an element of 
a spherical surface, given by: 

P = Pt/4nR2 [Units in mW, cm — 
P (mW/cm2)] (1) 

where, P is the power density, P, is the 
transmitted power, and R is the distance 
from the source. 
From this basic model, all other far-field 

models can be derived. Figure 3 shows 
a hemispherical model cross-section, 
which is a point source radiating in half¬ 
space (not penetrating below a planar 
ground surface). The relationship of the 
hemispherical to isotropic power density 
is a factor of two, since the same power 
illuminates half the area, compared to 
isotropic, therefore: 

P = 2 P/4 nR2 (2) 

One more common model is the half 
wavelength dipole (Figure 4). Because the 

radiation from the dipole exhibits directivi¬ 
ty, the radiation in favored directions is in¬ 
creased by a factor of 1.64 (2.15 dB) over 
an isotropic radiator: 

P = 1.64 Pt/4 R2 (3) 

Real World Applications 
Radiation from most antenna systems 

can be referenced to one of the above 
models. For example, a one-quarter wave¬ 
length vertical monopole fed against 
ground is a combination of the hemis 
pherical and dipole models; or, a commer¬ 
cial communications antenna may be 
specified as having a gain of 6 dB relative 
to a dipole. As long as we are in the far 
field (usually considered to be a distance 
10 times the longest dimension of the 
antenna), the simple models can be used. 
The first example is a 100-watt mobile 

radio operating at 150 MHz, using a one-
quarter wavelength monopole antenna 

Figure 2. Isotropic radiator model. 

mounted on an automobile body. The 
antenna is a combination of a dipole (in¬ 
cluding the monopole’s ground image) 
and hemispherical radiator (making the 
assumption that a metal car body repre¬ 
sents an “infinite” ground plane), hence 
the power density at the point of max¬ 
imum radiation is: 

Radio Frequency Protection Guide (RFPG) 
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Frequency 
Range 
(MHz) 

0.3-3 
3-30 
30-300 
300-1500 
1500-100,000 

E2
(V2/m2) 

400,000 
4,000 (900/f2) 
4,000 
4,000 (f/300) 
20,000 

H2 

(A2/m2) 

2.5 
0.025 (900/f2) 
0.025 
0.025 (f/300) 
0.125 

Power 
Density 

(mW/cm2) 

100 
900/f2 

1.0 
f/300 

5.0 

Figure 1. ANSI C95.1-1982 Standard. 
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New Product Helps Maintain 
Test Site Integrity 
Generator Provides Reference Standard 

How do you know if the integrity 
of your test site is being com¬ 
promised? Leaky gaskets, loose 

cable connections, and stray RF signals 
are only a few of the things that can 
cause test site characteristics to change. 
Sometimes the changes are so gradual, 
they may go unnoticed for an extended 
period of time. Until these flaws are 
corrected, the validity of your test 
results are in question. 

What is the best way to assure 
accuracy and repeatability of your test 
site? Perform periodic maintenance and 
calibration of your test equipment, 
then make attenuation measurements 
of the site itself. However, for maximum 
confidence, you'll probably need to do 
this more often than is practical. 

Now EMCO solves this problem 
with the introduction of the Model 4610 
Royce Field Site Source. Site verification 
is now so simple it can be performed 
in just a few minutes at the start of 
each day. 

The Model 4610 is a portable self 
contained emissions generator that 
produces a short output pulse with har¬ 
monics in the 10 to 600 MHz range-

measure some or all of 
the emitted signals 
produced by the Model 4610. 
By comparing the amplitude of 
the received frequencies with refer¬ 
ences you established earlier, you can 
easily spot variations that indicate 
areas to investigate. 

The Royce Field Site Source from 
EMCO—another way to "Test With 
Confidence!'' 

Call or write for a reprint of an 
IEEE Symposium paper describing 
theory and usage. 

New Catalog and 
Calendar Available 

levels near FCC Class A & B limits. To 
verify your site, you would use a signal 
analyzing device and an antenna to 

Metal Topped Turntables Preferred 
by New FCC Standard 
Nine Metal Turntable Models Available 

The proposed FCC MP 4 
(July 1987) regulation 
suggests the use of metal 

topped turntables for compliance 
testing of floor standing equip¬ 
ment. While not yet required, 
metal topped turntables are 

nevertheless gain¬ 
ing popularity. And 
EMCO is the popular 
choice! It's easy to 
see why. We offer 
nine models to 
choose from, with 
diameters ranging 
from four to sixteen 
feet and load ca¬ 

EMCO 's new 80 page catalog is packed 
with helpful product info on more than 50 
different antennas and accessories for 
EMI/RFI compliance testing Send for your 
tree catalog today and we ll also send 
you our 1988 calendar—it s a big 20" x 30" 
that includes helpful formulas and a 
product selection guide. 

Call or write for your copy today. 

pacities of up to 
5000 lbs. (custom 
sizes and special 
load ratings are 
available). 

Our standard features include, 
digital readout controller with an 
IEEE-488 bus. 10 meters of cable. 370 
degree rotation, choice of 100 or 220 
VAC on export models, two year parts 
and labor warranty. Options include, 
grounding system, variable speed 
motor, continuous rotation, shielded 
room kit. on-site installation. 

Call or write for a complete 
description of both our metal topped 
and standard turntables. 

First In Quality. First In Performance. 
800-253-3761 or 512-835-4684 between 7 30 AM and 4 30 PM (CST) 

Telex 797627 Fax 512-835-4729 P.O Box 1546. Austin. Texas 78767 

08151/89161 Fax 08151/16610 Münchner Str . 2 D-8137 Berg 1 West Germany The Electro-Mechanics Company 
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Its a 
Giga-Sweeper 

The Micro wave Sweeper with Aut o-Lock 

■■■■■■■■■a 

.01 2 4 6 8 
Frequency Ranges (GHz) 

10 12 14 16 18 

old sweeper. Spurs are >55dB down, CW 
SSB phase noise typically <-75dBc/Hz 
at 10kHz offset. Step and lock stops at 
precise frequencies, giving you time to 
record, or make adjustment, before 
stepping on. 
A Giga-Sweeper is a sweeper, a lock¬ 

box and a signal generator for the price 
of the sweeper. Prices start at about 
$15,000 and don’t go over $22,000. 

Ranges and features that set 
the new standard 

Giga-tronics Series 610 Microwave 
Sweepers are all you expect from a 
sweeper, and a lot more. 

• Sweep speeds to 600MHz/msec for 
fast, real-time testing 

• Five (8 via the bus) frequency identify¬ 
ing markers 

• Fl /F2, marker to marker and ACF 
sweep modes with direct BW readout 

• Ten milliwatts of leveled output power 
and 119dB of attenuation 

• Excellent CW phase noise characteristics 

• Wide range AM and FM 

• Save/recall of complete panel settings 
and IEEE bus control 

Only the Series 610 has them all. 

Plus Auto-Lock 

Auto-Lock means CW accuracy and 
stability. Accuracy is 1 part per million; 
a few kilohertz vs the old standard of 
tens of megahertz. Stability is equally 
good, over time, temperature and line or 
load variation. It also provides digital 
lock at the start of each sweep. Like 
adding a $6,000 lock-box or source syn¬ 
chronizer, but Giga-Sweeper has it built-
in at no extra cost; the perfect match 
for your network analyzer. 

And More 

More Giga-Sweeper extras: pulse 
modulation, spectral purity and step 
and lock mode. Pulse modulate a Giga-
Sweeper with 100nsec pulses, you'll 
get on/off ratios >80dB and rise/fall 
times <25nsec. Harmonics (>40dB 
down) are 15 to 20dB better than your 

For all your sweeper requirements, 
talk to the microwave signal generator 
people. 

Giga-tronics 
INCORPORA TEO 

2495 Estand Vtóy. P.O. Box 232015 
Pleasant Hill. CA 94523-6015 

Phone: (415) 680-8160 
Telex: ITT No. 494-3689 
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Figure 3. Hemispherical model. 

P = 3.28 Pt/4 R2 (4) 

The maximum radiation will be normal 
to the antenna element, or horizontal. 
With 100 watts power, this is: 

antenna array operating at 29 MHz. The 
following parameters are assumed: 

Antenna height = 30 feet (9.1 m) above 
ground 

Power output = 1500 W (amateur legal 
limit) 
Antenna gain = 11 dBi 
Distance from antenna to nearest ac¬ 

cessible point (neighbor’s home) = 40 feet 
(12.2 m). 
The power and height were chosen to 

make this a “worst case” example, allow¬ 
ing maximum radiation figures to be used. 
The isotropic model is first multiplied by 

the gain (11 dB = 12.6 numerical gain), 
then the information is substituted into the 
power density formula to get: 

P = 12.6 (1500 X 103 mW)/4n (1220)2 
= 1.01 mW/cm2 (8) 

At 29 MHz, the RFPG guideline is 
900/f2 mW/cm2, or 1.07 mW/cm2. The 

P = 3.28 (100000 mW)/4 R2
= 26101/R2 (5) 

At this frequency, the RFPG limit is at 
its lowest, 1 mW/cm2. The distance at 
which the limit is equalled is then: 

1 = 26101/R2 or, (6) 

R = 161.6 cm (7) 

From this we see that within 162 cm the 
radiation from this system exceeds the 1 
mW/cm2 ANSI guideline. However, it must 
be noted that the RFPG includes six 
minute time averaging. To be exposed to 
RF in excess of the limits, a person must 
be within 162 cm of the antenna for six 
minutes, during which the transmitter is 
operated continuously. This would be an 
unusual, but possible, situation. This com¬ 
putation demonstrates the hazard poten-

Rotary Attenuators 
Model 50R-079 

Frequency Range 
DC- 1000 MHz 

Attenuation Range 
0-120 dB in 10 dB steps 

Model 50R-080 
Frequency Range 

DC- 1000 MHz 
Attenuation Range 
0-12 dB in I dB steps 

Model 75R-OO2 
Frequency Range 
DC-500 MHz 
Attenuation Range 
0-I0 dB in I dB steps; 

Model 75DR-OO3 
Frequency Range 
DC- 1000 MHz 
Attenuation Range 
0-50 dB in 1 dB steps 

Figure 4. Half-wavelength dipole 
model. 

tial of high-power VHF mobile transmit¬ 
ters. Fortunately, the general trend in land 
mobile communications is toward lower 
power mobiles, using repeaters to achieve 
the desired range. 
The next example of a situation that 

might be encountered by the public is an 
amateur radio installation with a Yagi-Uda 

Model 50R-028 
Frequency Range DC- 1000 MHz 
Attenuation Range 0- 1 dB in .1 dB steps 

Model 50R-019 
Frequency Range DC-2000 MHz 
Attenuation Range 0-10 dB in I dB steps 

JFW Industries, Inc. 
5134 Commerce Square Dr. 
Indianapolis, Indiana 46237 
(317) 887-1340 

RF Design 
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situation described creates a power den¬ 
sity approximately equal to the limit, but 
again, only if the conditions are con¬ 
tinuous. In this case, such continuity is 
possible, since amateurs are authorized 
to use FM and FSK modes which have a 
continuous power output, and a person 
can certainly remain stationary in their 
own home. 

While these are definitely “worst case" 
examples, they should point out the need 
for attention to RF power density levels 

when planning any communications facili¬ 
ty. Although the land mobile and amateur 
radio services are not currently regulated 
with regard to hazardous radiation by the 
Federal Communications Commission, 
such regulation could be introduced at 
any time. 

Figure 5 illustrates the inability of the 
above simple models to predict actual 
radiation in near-field situations. 
The example is that of a multiple-dipole 

array, a configuration that might be used 

Application Assistance. .. 
Custom Winding 
For Your Specific 

Magnetic Requirements 
Most popular standard inductors available for immediate 

shipment from stock. 

Full line catalog on request. 

Figure 5. Example of near-field ex¬ 
posure to multi-element dipole ar¬ 
ray, demonstrating need for sepa¬ 
rate near-field analysis. 

in land mobile communications, and re¬ 
lated to the types of antennas used for FM 
and television broadcasting (3). In the 
near field, where a worker might be loca¬ 
ted, or other persons might be present if 
the array is rooftop mounted, the far-field 
model breaks down. The power and 
phase relationships among the elements 
create different power densities, although 
the resulting level will always be less than 
that predicted by a point source/far field 
models such as those used earlier. 
The topic of near-field antenna model¬ 

ing is too large to be addressed in this 
paper, which was intended to provide a 
basic understanding of the situation. 
However, to predict compliance with the 
ANSI RFPG in all situations, such model¬ 
ing will be necessary. The Numerical 
Electromagnetic Code (NEC) or its PC¬ 
based subset MININEC3 (4) are logical 
choices for more complex antenna model¬ 
ing. 
Of course, actual measurements can 

be made on an existing facility, but many 
times data is required before a facility is 
constructed. With governmental bodies 
and the public very interested in en¬ 
vironmental concerns, including radiation 
hazards, advance planning dictates that 
modeling and prediction replace meas¬ 
urements as the primary means of deter¬ 
mining whether a facility complies with 
the ANSI guidelines. 0 

JWMiUer Division /BELL INDUSTRIES 
19070 Reyes Ave. ■ Rancho Dominguez, CA 90221 
(213) 537-5200 ■ FAX 213-631-4217 ■ TWX 910-346-6740 
Since 1924, leading manufacturer of 
standard and custom inductors. 
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Päramixer. 
A Decisive Advantage In 
Winning The Wide-Band 
Dynamic Range Game. 
135 dB Spurious-Free 
Dynamic Range. 

At frequencies from HF to microwave, 

Paramixer™ Technology is a design archi¬ 

tecture which realizes the highest dynamic 

range frequency converters available 

today. 

Jamming Immunity (out-of-band dy¬ 

namic range) of radar and communica¬ 

tion receivers can be significantly 

enhanced even in the harshest environ¬ 

ments with a Paramixer front end. The 

Paramixer frequency converter is capa¬ 

ble of withstanding out-of-band interfer¬ 

ing signals of up to one watt without 

suffering in-band desensitization. The 

unequalled second-order intercept per¬ 

formance of the Paramixer frequency con¬ 

verter can permit frequency hopping 

tuning speed to be maximized by elim¬ 

inating the need for preselection filtering. 

Spur levels due to out-of-band jammers 

are reduced to levels presently attained 

by preselector designs. 

Optimal in-band dynamic range can 

be attained by incorporating Paramixer 

technology throughout the RF chain. 

Triple-conversion architectures can be 

realized with more than 9(Fdb in-band 

spurious-free dynamic range in a 1 MHz 

bandwidth. 

more than — 100 dBc with 0 dBm input. 

Specifications For A Typical 
Paramixer Frequency Converter. 

Input intercepts: 

Third-order 

Second-order 

Noise figure 

LO power required 

DC power required 

>+ 45 dBm 

>+ 82 dBm 

<6.5 dB 

+ 17 to + 20 dBm 

<7 Watts 

Wide Frequency Coverage Applications-

HF To Microwave. Paramixer technology 

can be used to realize low spurs and high 

dynamic range in designs for wide-band— 

■ Frequency Converters 

■ Translators 

■ RF-to-Digital Converters 

■ Exciters 

■ Synthesizers 

Reduce synthesizer spurs by incorporat¬ 

ing Paramixer technology into critical 

frequency translator stages. Paramixer 

frequency converters have been designed 

having MX N products (M>3, N>2) at 

High-level Paramixer frequency convert¬ 

ers have been designed to handle contin¬ 

uous signals at power levels exceeding 

ten watts. Gain a winning advantage in 

the wide-band dynamic range game— call 

us today for details. 

Steinbrecher Corporation, 185 New 

Boston Street, Woburn, Massachusetts 

01801, Telephone (617) 935-8460, 

Telex 948600. 

Providing a decisive advantage. 

It is a Steinbrecher goal to provide 

our customers with a decisive 

advantage, gained through applied 

technology, superior engineering 

and high quality manufacturing. 
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ff products 

Marconi Introduces A Scalar Analysis System 
The Model 6311 programmable sweep 

generator is designed for scalar network 
analysis, active device measurement and 
ATE testing. It was developed to comple¬ 
ment the existing Model 6310 and offers 
an extended frequency range of 10 MHz 
to 20 GHz. Its features include a frequen¬ 
cy accuracy of ±3 MHz typically in CW 
mode and ±20 MHz over any sweep width 
is provided for precision swept measure¬ 
ments by digital control. 
When used in conjunction with Mar¬ 

coni’s 6500 Automatic Amplitude Analy¬ 
zer and an autotester, the 6311 forms part 
of a complete scalar network analyzer 
system. Major applications for the system 
include testing cables, connectors, 
amplifiers, PIN switches and test applica¬ 
tions in radar, telecoms, and satellites. 
The high purity signal coverage re¬ 

quired for scalar analysis has been incor¬ 
porated in the design of the 6311 to guard 
against serious errors in filter measure¬ 
ment caused by harmonics and sub¬ 
harmonics. Between 2 and 20 GHz, har¬ 
monics and sub-harmonics are -40 dBc 
and -60 dBc respectively. Coverage of .01 
to 2 GHz is provided with low harmonics 
of -30 dBc and low spurious of -40 dBc. 
The device has a power level accuracy 

of ±.5 dB over .01 to 2 GHz and ±4 dB 
over 2 to 20 GHz. For ATE testing, where 
speed of switching signals is important, 

a sweep of 15 ms from .01 to 20 GHz is 
provided. This meets ATE requirements 
such as TWT testing, radar system per¬ 

formance and military sub-system test 
racks. Marconi Instruments, Allendale, 
NJ. INFO/CARD #220. 

GaAs MMIC Wideband Amplifiers from CEL 
Two wideband amplifiers, the low noise 

UPG 100 and medium power UPG 101 
have been added to the NEC family of 
GaAs MMIC amplifiers. Both devices have 
a frequency range of 0.5 to 3 GHz. 
The UPG 100 has a minimum gain of 

14 dB and a typical gain of 16 dB. The 
gain flatness is measured at ±1.5 dB max¬ 
imum. NF in decibels is measured at 2.7 
(typ) and 3.5 (max). The minimum 1 dB 
compression point is at 3 dBm while the 
maximum is at 6 dBm. 
The UPG 101 has a gain of 12 dB 

minimum and 14 dB typical while main¬ 
taining the same gain flatness as the UPG 
100. Typical NF is 5.0 dB and maximum 
NF is 7.0 dB. This device has a 1 dB com¬ 
pression point at 16 dBm (min) and the 
typical value is 18 dBm. Both devices are 
input and output matched to 50 ohms. 

Applications for the devices include 
IF/RF amplifier to S-band for military and 
commercial communications systems, in¬ 
strumentation, military EW and radar, 

48 

GPS receiver LNAs, and satellite com¬ 
munications systems. 
The devices come in chip form as well 

as in an 8 lead ceramic flat package 
suitable for surface mount, microstrip, and 
stripline applications. The UPG 100 is also 

available in a 4-pin can package (UPG 
100A). In quantities of 100, the UPG 100P 
is $34.50 and the UPG 101P is $41. 
California Eastern Laboratories, Inc, 
Santa Clara, CA. INFO/CARD #219. 
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12-Way Power Divider 
Merrimac introduces a 20 to 500 MHz 

12-way power divider (PDP-12S-260) that 
has an isolation of 25 dB between chan¬ 
nels with a maximum VSWR of 1.30:1. 

Amplitude balance has been controlled to 
0.6 dB, and coupling including insertion 
loss is better than 13.8 dB. Merrimac In¬ 
dustries, Inc., West Caldwell, NJ. 
INFO/CARD #218. 

High Power PIN Diode 
A high power PIN diode VHF or UHF 

transmit-receive switch with a built-in high 
speed driver is available from Centronix. 
The switch can handle 1500 W CW into 
a 2:1 load VSWR. The operating range is 
either 20 MHz to 100 MHz or 220 MHz to 
400 MHz. The typical VHF or UHF turn 
on time is 50 ns while the typical turn off 
time is 0.5 us. Contronix, Centereach, 
NY. INFO/CARD #217. 

EMP Signal Generator 
The PGF-5001 EMP signal generator is 

a self contained damped sinusoid pulse 
generator designed to produce damped 
sinusoid waves at frequencies from 10 
kHz to 100 kHz. Single event and variable 

data communications in the VHF and 
UHF ranges. The features include dual 
synthesizers providing independent fre¬ 
quency agility for both transmit and 
receive; half or full duplex operation; com¬ 
patibility with FSK, QPSK, and QAM 
modulation techniques; and micro-pack-
aging for circuit card mounting. Applica¬ 
tions for the modules include telemetry, 
remotely piloted vehicles and robotics. 
Lunar Industries, Inc., San Diego, CA. 
INFO/CARD #215. 

Hybrid ECL Clocks 
ECL clocks for graphics applications 

with frequency ranges of 10 kHz to 115 
MHz, 10 kHz to 150 MHz, and 100 kHz 
to 200 MHz are available in 4-pin DIPs. 
Reeves-Hoffman Division, Carlisle, PA. 
INFO/CARD #214. 

RF Amplifier 
The VHP-06 has a bandwidth of 40 to 

400 MHz, with 1 W continuous output and 
44 dB nominal gain. The amplifier comes 
with a 75 ohm input and output imped¬ 

ance and measures 2”x 5”. TIW 
Systems, Inc., Sunnyvale, CA. Please 
circle INFO/CARD #213. 

PIN Driver and Line Receiver 
TriQuint introduces a PIN driver 

(TQ6330) and line receiver (TQ6331) pair 
that achieves 100 ps rise and fall times 
and support data rates of 3.0 Gbits/s. The 
inputs are ECL compatible and the out¬ 
put voltage levels can be controlled to in¬ 

PRECISION 
C CRYSTAL 

OSCILLATORS 
Frequency Range: 

8-200 MHZ 
Frequency Stability: 

LESS THAN 1 P.P.M. 
From — 30° C to 85° C 
Aging: < 2 p p M for 6 months 

< 1 p p M for life 

Trim Range: 16 p p M minimum 

Fast Warm Up: < 1 minute from cold 

Current Drain (Oven) < 50 mA @25°C 

Oscillator Current: < 30 mA @ 12 VDC 

Output Level/Shape: Per Customer requirement 

HIGH PERFORMANCE 
LOW POWER 
LOW DRIFT 
LOW COST 

repetition triggering mechanisms allow 
the operator to pulse the waveform up to 
60 pulses per minute with the first half cy¬ 
cle set for positive or negative feedback. 
The instrument is priced at $12,100. 
R & B Enterprises, West Consho¬ 
hocken, PA. INFO/CARD #216. 

Receiver/Transmitter Modules 
Lunar unveils a line of receiver and 

transmitter RF modules for high speed 

terface with ECL, TTL, and CMOS. The 
TQ6330-D is $98, TQ6330-M is $159, 
TQ6331-D is $98 and TQ6331-M is $159. 
TriQuint Semiconductor, Beaverton, 
OR. INFO/CARD #212. 

RF Design 

CUSTOM DESIGN CAPABILITY 
Crystek's innovative engineering group has 
in-house capability of circuit develop-
ment/artwork using computer aided 
design. (CAD/CAM) 

This great flexibility allows Crystek to create 
custom made oscillators to any special cus¬ 
tomer requirement or specification. 

Semi-automated manufacturing methods 
(surface mount technology) and 100% test¬ 
ing guarantees consistent and uncomprom¬ 
ised quality of our product. 

Fast turn-around for prototype samples and 
production quantities at economical prices. 

Write or Call Us Today! 
Toll Free: 1-800-237-3061 

CRYSTEK 
CORPORATION 

DIVISION OF WHITEHALL CORPORATION 

2351/2371 Crystal Drive/Ft. Myers, FL 
33907 

P.O. Box 06135 
Ft. Myers, FL 33906-6135 

(813) 936-2109 / TWX 510-951-7448 
FAXIMILE: 813-939-4226 
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rf products Continued 

Hybrid VCO 
The ND-501 is a wideband voltage con¬ 

trolled oscillator fabricated using hybrid 
techniques and sealed in a fourteen lead 
dual in-line package. Applications for the 
ND-501 include FM modulators and de¬ 
modulators, sub-carrier oscillators, phase-
locked loops and voltage to frequency 
conversions. Novadyne, Inc., Hun¬ 
tington Beach, CA. INFO/CARD #211. 

Fixed Delay Line 
LV-611 Series bulk acoustic wave delay 

lines operate from 4 to 8 GHz with a band¬ 
width of 200 MHz. The components pro¬ 

vide delays from 1 to 10 us with insertion 
loss as low as 35 dB. The LV-611 delay 
lines are hermetically sealed. Phonon 
Corp., Simsbury, CT., INFO/CARD #210. 

Coaxial Switching Systems 
Cytek introduces the CXA Series of 

coaxial switching systems. The systems 
are modular and each module has 8 re¬ 
lays with BNC receptacles for inputs and 
outputs and a 50 ohm characteristic im¬ 

Our traditional high reliability is now available for new 
SMT applications. Tell us your requirements. 

Our vertical capabilities give you the assurance edge. 
Quartz Crystals • Crystal Oscillators • Free Catalog 

First Name in Frequency Control 

BLILEY ELECTRIC COMPANY 
2545 West Grandview Blvd. 
P.O. Box 3428, Erie. PA 16508 . 
(814)838-3571 TWX 510-696-6886 
FAX 814-833-2712 '>*** 
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pedance through the signal path. This 
gives the modules a bandpass which is 
flat from DC to 100 MHz with minimum 
distortion, attenuation and crosstalk. 
Cytek Corp., Penfield, NY. Please cir¬ 
cle INFO/CARD #209. 

Continuously Variable Attenuators 
A line of continuously variable at¬ 

tenuators from DC to 800 MHz (Model 
LAV) is available from RLC Electronics. A 
choice of 50 or 75 ohm impedance is 
available. Prices start at $90 in unit quan¬ 
tities. RLC Electronics, Inc., Mt. Kisco, 
NY. INFO/CARD #208. 

6-Way Power Divider 
Norsal introduces an equal amplitude 

6 way power divider covering the .75 to 
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3.0 GHz frequency range. The insertion 
loss is 1.2 dB max and the isolation is 20 
dB minimum. VSWR is 1.35 (max) at all 
ports. Norsal Industries, Inc., Central 
Islip, NY. INFO/CARD #207. 

PIN Chips 
The Model CSB3779 high voltage PIN 

chip from Alpha features 1500 V minimum 
at 10 uA. The maximum power dissipa-

101.1234 MHz output frequency is 136 
dBc/Hz at 1 kHz and 152 dBc/Hz at 10 
kHz. The unit measures 3”x 4”x 1”. Com¬ 
munication Techniques, Inc., Whip-
pany, NJ. INFO/CARD #204. 

DC to 6 GHz Switch 
Mini-Circuits’ KSW-2-46 is a GaAs 

switch that operates from DC to 6 GHz 
with a control voltage as low as -5 V at 

20 ns switching speeds. It provides 50 dB 
isolation and insertion loss of 1 dB. VSWR 
is measured 1.3:1 and the price is $32.95 
in single quantities. Mini-Circuits, 
Brooklyn, NY. INFO/CARD #203. 

5 V Pulse Generator 
The Model AVMM-2-C pulse generator 

features a 0.3 to 2.0 ns variable rise time 
option and an output amplitude that is 

Here’s the Secret ! 

tion is 35 W while the maximum junction 
capacitance is 2.5 pF. Alpha Industries, 
Inc., Woburn, MA. INFO/CARD #206. 

Right Angle Connector Assemblies 
Penstock introduces swept right angle 

connector assemblies in SMA male-male 
or male-female with VSWR of 1.2:1 at 18 
GHz (min). The assemblies come either 
fully gold plated or connectors gold plated 

only. They are priced from $15.25 to 
$26.45 depending on style and quantity. 
Penstock, Inc., Los Altos, CA. Please 
circle INFO/CARD #205. 

Single Crystal Oscillators 
Series-PXS contains a single crystal 

oscillator that is phase locked by digital 
synthesis techniques to an external refer¬ 
ence. Spurious outputs are better than 90 
dBc and typical phase noise for a 

MODPAK Shielded RF Housings 
for Prototypes or Production 

Your circuit needs the protection only MODPAK 
can give. More than 100 standard models to 
choose from ... or we will custom-fabricate to 
your specifications. Send for catalog. 

Adams Russell 
MODPAK T 

80 Cambridge St., Burlington. MA 01803 • (617) 273-3330 • FAX 617-273-1921 / 

RF Design 
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500 WATT 
ATTENUATOR 

rfproducts Continued 

DC to 2.5 GHZ 

Power: 
500 Watts average 
10 kW peak 

Nominal Impedance: 
50 ohms 

Standard Nominal 
Values (dB): 
3, 6, 10, 20, 30, 40 
Maximum Deviation: 
±0.5 dB 

Maximum VSWR: 
1.10 

EMI PI Filters 
The Oxley dBZ4/P filters feature 

nominal capacitance values of 5,000 pF, 
22,000 pF, and 44,000 pF with a working 
voltage of 200 V DC. Typical insertion loss 

Connectors: 
Type N 

Temperature Range: 
-55°C to +125°C 
(Derated linearly 
from full power at 
35° C to 50 Watts at 
+ 125°C) 

Construction: 
Passivated Stainless 
Steel Connectors 
and black aluminum 
finned body 

variable to 5 V. The output pulse width is 
variable from 0.5 to 10 ns and the pulse 
repetition rate is variable from 0 to 25 
MHz. A delay control and synch output is 
provided for scope triggering purposes. 
The price ranges from $2,238 to $3,148. 
Avtech Electrosystems Ltd., Ottawa, 
Ontario, Canada. INFO/CARD #202. 

GaAs Amplifier 
The P35-4111 offers a small signal gain 

of 16 dB flat to ±1 dB over the 1 to 6 GHz 
range with output power of 18 dBm at the 
1 dB compression point. The device has 
a noise figure of 6.0 dB with input and out¬ 
put VSWR less than 2.5. It is priced at 
$134.40 each when purchased in 100s. 
Plessey Three-Five Group, San Diego, 
CA. INFO/CARD #200. 

in a 50 ohm system at 77°F ranges from 
14 dB at 1 MHz to 75 dB at 10 GHz. Ox¬ 
ley, Inc., Branford, CT. Please circle 
INFO/CARD #201. 

1/2 W Transistor with 12 dB Gain 
The Philips/Amperex BFG195 has a 

minimum hFE of 40 and an fT of 7.5 GHz 
at 50 mA collector current. Noise figure 
is typically 1.8 dB at 800 MHz. Pricing at 

WEINSCHEL 
ENGINEERING 

One Weinschel Lane 
Gaithersburg, MD 20877 
(301) 948-3434 
Telex: ITT440702 
or WU89-8352 
800-638-2048 

ALIAS 
C-62 

MODEL 53 

INFO/CARD 38 

Call TTE for the lowesbpriced 
custom anti-alias filters in the U.S 
TTE's anti-alias filters cut 
A/D converter distortion 
and help reconstruct sig¬ 
nal after D/A conversion 
■ Lowest prices in U.S. 
■ Available from 1 kHz to 
100 MHz «World's smallest 
size: 0.6 x 1.2 x 0.4 in. 

Prototypes 10 days ■ 100-up quantities, 4 wks ■ For 
technical assistance, call our ENGINEERING HOTLINE 
(213) 473-0584 ■ Call for free 56-page catalog. 

10-day delivery 

■■I TTE, Incorporated 
Los Angeles, CA 90064 
(213) 478-8224 Telex 3725291 

INFO/CARD 39 
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Sessions 
Take in 3 days of highly topical ses¬ 
sions, directed toward practical solu¬ 
tions of problems on today’s design 
boards. Over 45 papers cover every¬ 
thing from RF power to frequency 
synthesis. 

Exhibits 
Get a hands-on demonstration at near¬ 
ly 200 booths, representing every ma¬ 
jor manufacturer of RF components, 
circuits, subsystems, instruments, and 
design tools. 

Fundamentals 
Newcomers to the field, or those in 
need of a brush-up in technology 
should attend Les Besser’s now-
famous one-day course, “Fundamen¬ 
tals of RF Circuit Design.” 

For complete schedules, papers, rates and registration information, 
send in the coupon or call 1-800-525-9154 today. 

□ YES! Please register me for an EXHIBITS ONLY PASS ($10) 
□ PLEASE RUSH ME A SCHEDULE OF TECHNICAL SESSIONS. 

Name_ 

Company Name_ 

Title _ __ 

Address _ __ 

City_ _State_ Zip-

Country (if outside U.S.A.)_ Phone-

Badge should indicate: 
(please check one box) 
□ Broadcast, CATV & Video Equipment 
□ Instrument & Test Equipment 
□ Gov’t, Military, Aerospace, ECM & 
EW Equipment 

□ Communications Equipment 
□ Components Mfrs. 
□ Labs & Consultants 
□ Other_ 

Return to: RF Design, 6300 S. Syracuse Way, Suite 650, Englewood, CO 80111, (303) 220-0600 or 1-800-525-9154. 
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BROAD BAND NOISE SOURCES 
FOR SPACE, MILITARY AND 

COMMERCIAL APPLICATIONS 
DC-50 GHZ

CHIPS AND DIODES 
•Glass • Ceramic • Beam-Lead 
•Hermetically Sealed »MIL-STD-202 
•Audio «VHF »UHF «RF »MW »MM 

BROAD BAND 
AMPLIFIED MODULES 
PLUG-IN, DUAL-IN-LINE 
24 or 14 PIN, 150mv out 

TYPICAL STANDARD MODELS 

BROAD BAND 
PRECISION, 
CALIBRATED 
COAXIAL 

SMA, N, TNC Output Connectors 

NC 100 Series 
NC 200 Series 
NC 300 Series 
NC 400 Series 

up to 3 MHz 
up to 500 MHz 
up to 11 GHz 
up to 50 GHz 

ALL ARE IN STOCK 

DROP IN MODULES 
FOR BITE 

Self energized in TO-8 
Ideal for self testing of receivers 
50 ohms, 30 dB ENR min, 

35 dB ENR typ. 

TYPICAL STAN DARD MODELS 
NC 2101 
NC 2102 
NC 2103 
NC 2104 
NC 2105 
NC 2106 

up to 20 kHz 
up to 100 kHz 
up to 500 kHz 
up to 1 MHz 
up to 10 MHz 
up to 20 MHz 

MOST ARE IN STOCK 

HIGH-OUTPUT: 

+ 10 dBM, 50 ohms 
SMA or BNC output 

TYPICAL STAN DARD MODELS 
NC 3100 Series 

NC 3200 Series 

up to 18 GHz 
15.5 dB ENR, 
noise figure 
meter compatible. 

up to 18 GHz 
30-35 dB ENR, 
high noise 
output. 

TYPICAL STANDARD MODELS 
NC 501 
NC 502 
NC 503 
NC 504 
NC 505 
NC 506 

up to 500 MHz 
up to 1 GHz 
up to 2 GHz 
up to 3 GHz 
up to 4 GHz 
up to 5 GHz 

TYPICAL STAN DARD MODELS 
NC 1101 A 
NC 1107A 
NC 1108A 
NC 1109A 
NC 1110A 

up to 20 kHz 
up to 100 MHz 
up to 500 MHz 
up to 1 GHz 
up to 1.5 GHz 

ALL ARE IN STOCK 

Other frequency ranges 
and output levels available 

MOST ARE IN STOCK 

NOIS^jm 
“NOISE IS OUR ONLY BUSINESS” 
NOISE COM, INC. 
111 Moore St. 
Hackensack, N.J. 07601 
TWX 910-380-8198 

For more information and quick 
response, call Gary Simonyan at 
201-488-4144. 
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products Continued 
1000-piece quantities is $1.65 each. Am-
perex Electronic Corp., Slatersville, RI. 
INFO/CARD #199. 

Compressive Receiver 
The Model ER-7400 compressive re¬ 

ceiver has a frequency range of 20 to 
1025 MHz with a scan rate of 2000 MHz 
per ms and sensitivity of -118 dBm. The 
maximum output data rate is 8 MHz and 
the resolution is 20 kHz. The scan width 
for this device ranges from 100 MHz to 
1000 MHz. Interad Ltd., Gaithersburg, 
MD. INFO/CARD #198. 

Linear IF Amplifiers 
Two linear amplifiers that have center 

frequencies from 20 to 160 MHz and 
bandwidths from 4 to 40 MHz are avail¬ 
able from RHG. Model ICE2104 has a 
single IF output while Model ICEVT pro¬ 
vides both IF and video outputs. The 
amplifiers feature typical IF gains of 70 dB 
and noise figure of less than 4 dB. RHG 
Electronics, Inc, Deer Park, NY. Please 
circle INFO/CARD #197. 

Portable Spectrum Analyzer 
The HP 8592A has a frequency range 

of 50 kHz to 22 GHz and an amplitude 
range of -109 dBm to +30 dBm. An in¬ 
ternal preselector reduces multiple and 
image responses and a built-in comb 
generator enhances frequency accuracy 
to ±2.7 MHz at 22 GHz. HP-IB, HP-IL (HP 
interface loop) and RS-232 options are 
available. Hewlett-Packard Company, 
Palo Alto, CA. INFO/CARD #196. 

Data Acquisition Shift Register 
A 4/8-bit shift register, the SDA 8020, 

was designed as an interface between 
high speed A/D or D/A converters and the 
memories in data acquisition or waveform 
generating systems. It has ECL compati¬ 
ble inputs capable of demultiplexing an 
8-bit data stream with a clock speed of up 
to 100 MHz into four parallel 8-bit TTL 
data channels with a clock speed of 1/4 
of the serial clock. The device comes in 
a 68-pin plastic leadless chip carrier and 
is priced at $70 each in 100 unit lots. 
Siemens, Iselin, NJ. INFO/CARD #195. 

Video Speed Sample/Hold 
The SHM-360 and SHM-361 are high 

speed sample and hold devices featuring 
separate wideband input amplifiers, and 
reference voltage and clock outputs. The 
acquisition times are 8 and 12 ns with 
sampling frequencies at 18 and 35 MHz. 
The input amplifier has a -3 dB band¬ 
width at 25 MHz or 55 MHz depending on 
the device used and both have offset ad¬ 
justment controls. Datei, Mansfield, MA. 
INFO/CARD #194. 

RF Design 

Trimmer Capacitors 
from HF through 

Microwave. 

Sprague-Goodman 
has ’em all. 

If you’re looking for quality, variety, and easy 
availability, call (516) 746-1385 today. 

SPRAGUE 
GooDmnn 

The First and Last Name in Trimmer Capacitors 
Sprague-Goodman Electronics. Inc./An Affiliate of the Sprague Electric Company 

134 Fulton Avenue, Garden City Park. NY 11040-5395/516-746-1385 TWX:510-600-2415/TLX: 14-4533 
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Anfaxx 
— 
80386 SYSTEM 

• Compaq Compatible 
• Intel 80386 Micro 
Processor 

• 16 Mega-Hz CPU Clock 
Speed (16. 8. 4. 11) 

• 1 MB Ram Standard 
• Maximum 2 MB On 
Board 

• Maxi-Switch Keyboard 
• (1) 1.2 MB Floppy Dnve 

• (1) 360K Floppy Dnve 
• 40MB Hard Disk Dnve 
• VGA. EGA. CGA, MDA. 
HGA Graphics Multi-
Synch Card 

• Maximum Addressable 
Physical Memory 4 
gigabytes 

• Maximum Virtual 
Memory 64 terabytes 

• MS DOS 3.2 
• GW Basic & Operational 
Manual 

1 Year Parts & 
Labor Warranty 
Monitor Not 
included . . . $3,595 

Purchase, Lease, or Rent. Make Checks Payable To: 

17819 Lysander Drive 
Carson, CA 90746 
213-532-3400 

W'M Ship COD with 20% deoosit and company purchase order 
Leasmg Available to New Businesses 

■■■■■ 55 
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rí software 
Resonator Measurement Software 
The HP 85165A resonator measure¬ 

ment software is used with a system that 
includes the HP 8753A or HP 8510 vec¬ 
tor network analyzer and an HP 9000 
Series 200 or 300 computer. It directs the 
measurement process and calculates the 
key resonator parameters in accordance 
with EIA standard 512. The program 
determines such values as series and 
parallel resonant frequencies, device “Q,” 

zero phase crossing of impedance min¬ 
ima and maxima, and spurious respon¬ 
ses. It uses the gathered S-parameter 
data to derive the device’s equivalent cir¬ 
cuit. The resonator measurement soft¬ 
ware is $5000. Hewlett-Packard Com¬ 
pany, Palo Alto, CA. INFO/CARD #193. 

Program Performs Harmonic 
Balance Simulation 
Libra™, EEsof’s harmonic balance 

Kay Programmable Attenuators are offered in a variety of frequency 
and attenuation ranges for applications up to 1500MHz. Substantial dis¬ 
counts are offered on quantity (two or more units) orders. 

Model Imped- Freq. Atten. 
No. anee Range Range Steps 

P-1/4450 50 DC-lOOOMHz 0-16.5dB IdB 
P-4460 50 DC-1500MHz 0- 31dB 1 dB 
P-4480 50 DC-1500MHZ 0- 63dB 1 dB 
P-4450 50 DC-1500MHz 0- 127dB 1 dB 
P-4440 50 DC- 1500MHz 0- 130dB lOdB 
P-1/4457 75 DC- 750MHz 0-16.5dB .IdB 
P-4467 75 DC-lOOOMHz 0- 31dB 1 dB 
P-4487 75 DC-lOOOMHz 0- 63dB 1 dB 
P-4457 75 DC-lOOOMHz 0- 127dB 1 dB 

Kay Elemetrics Corp manufactures a com¬ 
plete line of attenuators which includes Pro¬ 
grammable, Standard In-Line, Miniature 
In-Line, Rotary (Bench and OEM) and Con¬ 
tinuously Variable. For a complete catalog 
and price list or to place an order call Vernon 
Hixson at (201) 227-2000, Ext. 104. 

Attenuators 
& Ten Equipment 

Tel: (201) 227-2000, TWX: 710-734-4347 
■■ Kay Elemetrics Corp, 12 Maple Ave. Pine Brook, NJ 

simulation software program combines 
linear analysis in the frequency domain 
with time-domain analysis of nonlinear 
elements to model nonlinear circuits. 
Touchstone is completely integrated 
within Libra and existing Touchstone files 
can be run unchanged by Libra in its 
linear simulation mode. The software's 
capabilities include the ability to design 
large-signal circuits such as limiters 
amplifiers, attenuators, and mixers. Har¬ 
monic balance supports many different 
types of excitation, including frequency 
and power sweep. Inputs can include two 
frequency tones which is critical to analy¬ 
sis of intermodulation distortion and mixer 
performance. For nonlinear circuit simula¬ 
tions where the steady-state response to 
sinusoidal waveforms is desired, the pro¬ 
gram allows users to obtain solutions that 
include Touchstone's library of microwave 
elements. EEsof, Inc., Westlake Village, 
CA. INFO/CARD #192. 

Rectifier Circuit Analysis Program 
RectSim provides predictions for 

capacitor-input rectifier circuits. Appli¬ 
cable circuits are single-phase half-wave, 
full-wave bridge, and symmetrical doubler 
circuits. The program can make a series 
of analyses, sweeping specified para¬ 
meters over desired ranges. It is available 
for IBM or compatible machines running 
under DOS 2.1 or later. It is priced at $99. 
Design Automation, Inc., Lexington, 
MA. INFO/CARD #191. 

Systems Controller Software 
Tektronix introduces a systems con¬ 

troller (PEP 301) that is designed for GPIB 
systems and the MS-DOS™ software en¬ 
vironment. The package includes a high 
resolution graphics card, a color monitor, 
a dual voltage system unit, a GPIB inter¬ 
face and application software. Tektronix, 
Inc., Beaverton, OR. INFO/CARD #190. 

C-Tools 
C-Tools:1, a package for microcomputer 

C programmers using IBM PC, XT and AT 
or compatible systems, is available from 
Timberline Software. The 27 C function 
and demonstration program in this 
package are provided in C source code, 
allowing for easy study and modification 
to fit almost any application. These func¬ 
tions provide single command control 
over cursor movement, video page selec¬ 
tion, color attribute assignments, window 
and window border formation, centering 
of text and positioning of left or right 
justified blocks of text anywhere on the 
screen. Timberline Software, Leadville, 
CO. INFO/CARD #175. 
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rf literature 
In Stock from... 

Capacitor/Resistor Catalog 
A high voltage/high power ceramic 

capacitors and high voltage resistors 
catalog (#62-09) is available from Murata 
Erie. It contains technical data on ceramic 
capacitors for high power and high volt¬ 
age applications to 60 kV, custom capaci¬ 
tors, and high voltage resistors. Also in¬ 
cluded are applications, electrical and en¬ 
vironmental characteristics and specific 
features for each product. Murata Erie 
North America, Inc., Smyrna, GA. 
INFO/CARD #189. 

RF Power Amplifier Bulletin 
Bulletin #RFA-4001 describes Antenna 

Specialists’ line of RF power amplifiers. 
Complete performance specifications and 
typical output versus input power graphs 
are presented. The line comprises of 
three VHF models covering from 144-174 
MHz; four models covering the 432-512 
MHz UHF band; and three additional ex¬ 
port models operating in the midband fre¬ 
quency range. Microstrip matching and 
filtering, relay T/R switch, protection 
against DC polarity reversal and high 
VSWR are characteristics of the complete 
line. The Antenna Specialists Co., 
Cleveland, OH. INFO/CARD #188. 

Distributor Catalog Highlights 
Products 
A distributor catalog featuring 

reference for over 1000 electronic compo¬ 
nents is available from TDK. It highlights 
ceramic capacitors, ferrite and chip 
beads, DC to DC converters, inductors, 
EMI/RFI filters, and active delay lines. 
Sub-categories for ceramic disc capaci¬ 
tors and multilayer ceramic capacitors are 
also included. Leading into each category 
is a “Features” section that highlights 
product capabilities and applications. The 
catalog also reviews electrical specifica¬ 
tions, leads, packaging availability, part 
number configurations and operating 
specifications. In addition, photos and 
schematics are provided. TDK Corpora¬ 
tion of America, Skokie, IL. Please cir¬ 
cle INFO/CARD #187. 

Capabilities Prospectus on 
Signal Generator 

Application note 314-4, Exceptionally 
Complex Signal Simulation for Multi¬ 
Signal Environments in Radar/EW Test 
serves as a brief capabilities prospectus 
which describes the setup of the HP 
8780A vector signal generator that is 
modulated by two HP 8770S signal simu¬ 
lator systems to replicate complex signal 
environments such as multiple signals, 
antenna scans, multiple lobing and stag¬ 

gered pulse trains. The combination pro¬ 
vides complete programmable control of 
the carrier’s pulse plane. Hewlett-
Packard Company, Palo Alto, CA. 
INFO/CARD #186. 

Product Selection Guide 
Penstock introduces a product selec¬ 

tion guide covering RF and microwave 
passive components from DC to 50 GHz 
and active components from DC to 18 
GHz. Penstock, Inc., Los Altos, CA. 
INFO/CARD #185. 

Signal Switching in ATS 
Keithley has introduced a handbook 

called A Guide to Signal Switching in 
Automated Test Systems. It is designed 
to reduce the apparent confusion about 
switching systems and configurations to 
personnel working on personal compu¬ 
ters in automated test systems for the first 
time to the more experienced ATE system 
designers with questions about specific 
switching configurations. Keithley In¬ 
struments, Inc., Cleveland, OH. Please 
circle INFO/CARD #184. 

EMI Test Instrumentation and 
Accessories Catalog 
The products featured in this catalog 

range from electromagnetic (EMI) test in¬ 
struments and systems to accessories. 
Three microprocessor controlled EMI 
analyzers/receivers are featured followed 
by a listing of Electro-Metrics’ computer 
controlled EMC systems, plus a synop¬ 
sis of how the systems can be used for 
emissions and susceptibility measure¬ 
ments. This is followed by is a product 
review section on test equipment and ac¬ 
cessories. Electro-Metrics, Amsterdam, 
NY. INFO/CARD #1834. 

RF Switch Data Sheet 
A data sheet on RF mechanical switch¬ 

es is available from Narda. It contains 
specifications, schematics, and outline 
drawings. The switches cover from DC to 
18 GHz. Narda Microwave Corp., Haup¬ 
pauge, NY. INFO/CARD #182. 

Note Describes Linear Signal 
Processing 

Application note LSP1 describes linear 
signal processing. Some of the topics 
covered include supply voltages for linear 
circuits, video op-amps, recommended 
design practices, advantages of using ± 
5 V supply and application information. 
Descriptions of unity gain followers, com¬ 
posite amplifier applications, operational 
transconductance amplifiers, amplitude 
modulators, an 8 MHz VCO utilizing dual 

OVER 100,000 
PARTS IN STOCK 

For over 10 years, Penstock has been 
the name you can rely on for high 
quality RF/Microwave components. 
Contact us if you use: 

Adapters 
Amplifiers 
Attenuators 
Barretter Mounts 
Cable Assemblies 
Circulators 
Coaxial Cable 
(Flexible) 
Coaxial Cable 
(Semi-Rigid) 
Coaxial Delay 
Lines 
Combiners 
Connectors 
Custom 
Engineering 
Directional 
Couplers 
Filters 
Fixed Attenuators 
Frequency 
Doublers 
Isolators 
Limiters 
Linear Amplifiers 

Loads 
Microwave 
Substrates 
Mixers 
MMIC Components 
Noise Suppressors 
Operational 
Amplifiers 
Oscillators 
Phase Detectors 
Power Dividers 
Power Splitters 
Semiconductors 
Step Attenuators 
SubAssemblies 
Sub-Systems 
Switches 
Terminations 
Track & Hold 
Amplifiers 
Transformers 
Transistors 
Variable 
Attenuators 
Video Amplifiers 

RF Design 

NAME 

TITLE . 

COMPANY _ 

ADDRESS_ 

CITY _ 

STATE_ ZIP CODE 

COUNTRY _ 

TELEPHONE 

Please send the catalogs checked. 
Please have a sales engineer call. 
I have immediate need. 
I want a free coffee cup. 

PENSTOCK 
PENSTOCK CANADA 
133 W. 5th Ave. 
Vancouver, B.C. 
Phone: 604 662 3475 

PENSTOCK NORTHWEST 

10800 N.E. 8th St. Suite 800 
Bellevue, Washington 98004 
Phone: 206-462 2118 
FAX: 206 451 9418 

PENSTOCK INTERNATIONAL 
105 Fremont Ave. 
Los Altos. CA 94022 
Phone: 415-941 9400 
FAX: 415 948 0115 

PENSTOCK MIDWEST 

1250 West N.W. Highway 
Palatine. Illinois 60067 
Phone: 312 934 3700 
FAX: 312 934-3748 
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rf literature Continued 
OTAs, a 100 MHz high speed receiver, 
and various other topics are included. 
VTC, Inc., Bloomington, MN. Please 
circle INFO/CARD #176. 

Quality Assurance Procedures 
Report 
A report describing quality assurance 

procedures used by the Micro Crystal 
division of ETA for SMT and thru-hole 
miniature tuning fork crystals designed 

for medical and military applications is 
available. QA tests include screening, 
stabilization bake, electrical parameters, 
and high frequency vibration. All steps 
from production through delivery are 
charted in the report. ETA Industries, 
Inc., New York, NY. INFO/CARD #181. 

RF Adapter Catalog 
The catalog contains information on 

SMA, N, BNC, TNC, and 7 mm RF adap-

CRYSTAL OSCILLATORS 

OCXO • TCXO • VCXO • TCVCXO 
AND GENERAL PURPOSE CLOCKS. 

High rel and performance. 
Total quality assurance. And Bliley 

can fine tune the specs to 
price-sensitive budgets. 

Tell us your requirements. 

Our verti' es give you the assurance edge. 

Quartz Crystals • Crystal Oscillators • Free Catalog 

First Name in Frequency Control. 

BLILEY ELECTRIC COMPANY 
2545 West Grandview Blvd. . 
P.O. Box 3428, Erie, PA 16508 : : : : 
(814)838-3571 TWX 510-696-6886 -
FAX 814-833-2712 

ters. The adapters are available in bulk¬ 
head mount, panel mount, right angle, 
hermetic, between series and in series. 
All SMA, N, and TNC adapters have 
passivated stainless steel bodies, gold 
plated BeCu contacts and precision inter¬ 
faces. Coaxial Connectors, Inc., Brain¬ 
tree, MA. INFO/CARD #180. 

EMC Services Bulletin 
This bulletin from Spectrum Control 

covers electrical EMC testing with ser¬ 
vices for testing to the requirements of 
FCC part 15. Coverage on military EMC 
testing with evaluation services to re¬ 
quirements contained in MIL-STD 285 
shielding effectiveness and MIL-STD 461 
conducted in radiated susceptibility emis¬ 
sions is included. Spectrum Control Ser¬ 
vices, Inc., Erie, PA. INFO/CARD #179. 

Amplifier Handbook 
This handbook contains data sheets on 

power op-amps, wideband amplifiers, and 
I application notes. The devices featured 

include high current models with outputs 
up to 30 A, high voltage models, and 
wideband amplifiers with slew rates up to 
4000 V/us. Some of the notes included 
in the handbook discuss general tech¬ 
niques such as current limiting, stability 
concerns, and safe prototype practices. 
Other notes place emphasis on specific 
application circuits. Apex Microtechno¬ 
logy Corp., Tucson, AZ. Please circle 
INFO/CARD #178. 

Brochure Describes Scalar 
Analysis Systems 

This brochure describes Marconi In¬ 
struments Series 6500-500 scalar analy¬ 
sis systems. It details the performance of 
the system. Included is a specification 
summary using private GPIB, detectors 
and autotesters. Marconi Instruments, 
Allendale, NJ. INFO/CARD #177. 

Software Catalog 
This catalog from EEsof describes com¬ 

puter aided engineering (CAE), computer 
aided design (CAD), and computer aided 

I test (CAT). The CAE section describes 
both linear and non-linear simulators, net¬ 
work synthesis, and foundry libraries. 
The capabilities of Touchstone, LineCalc, 
Touchstone/RF, Microwave SPICE, Libra, 
E-Syn, Filter I, and Filter II are reviewed. 
Under CAD, MiCAD II and MICmask are 
described. The last section, CAT, features 
ANACAT which works in real time with 
vector network analyzer data from active 
and passive devices. EEsof, Inc., 
Westlake Village, CA. INFO/CARD #174. 
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Enter A New Age Of Electronics Technology. 
TRW's Electronic Systems Group (ESG) 
ESG engineers are driving the state-of-the-art design of satellite circuits, 
Millimeter Microwave technology, Wafer Scale Integration, and Earth Ter 
minai Communications, among other new age challenges. Experience an 
environment where creative freedom and the competitive spirit adds up to 
unparalleled technological leadership. Consider the following: 

Communication Laboratory 
TRW’s Communication Laboratory is a major contributor in the design and 
development of high technology analog and microwave hardware for space 
communication systems. The lab is involved in GaAs MMIC, solid state 
power amplifiers, low phase noise VCOs; receiver/transmitter components 
and subsystems, spread spectrum and command receivers; high-rate 
modulators, demodulators, bit synchronizers We currently need experienc¬ 
ed engineers in the areas of microwave design and hardware subsystem 
engineering to work on recently awarded programs such as the Tracking 
and Data Relay Satellite (F7/8) (TDRSS) and the Direct Detection Laser 
Transceiver System (DDLT). Qualified applicants should have a minimum of 
a BSEE/Physics and 4 years of relevant industry experience. 

RF Electronics Laboratory 
This laboratory is responsible for developing state-of- the-art microwave, 
millimeter wave, and electro-optics space communication hardware. In addi¬ 
tion, we are at the forefront of technology insertion. Recent awards and a 
substantial business backlog translates into opportunities for growth and 
diversity within the Lab. This work involves the application of state-of-the-
art devices, GaAs MMICs, HEMTs, HBTs, power FETS, Bragg Cells, Laser 
Diodes, and advanced design techniques to a broad range of payload hard¬ 
ware. Current openings include: 

• Project Managers-Guide engineering teams developing complex hard¬ 
ware. These senior level positions require design and technical manage¬ 
ment experience. 

• Communication Engineers-Design and develop communication 
payload units and subsystems Involves requirements definition, unit/sub-
system analysis, architectural and technology trades, studies and proposals, 
and leading hardware development efforts 

• Section Heads-Oversee the work of several developing engineers work¬ 
ing on communication hardware. Provide technical direction and guidance 
to section personnel. Lead R&D activities, functional management, and pro¬ 
posals BSEE/Physics, minimum 7 years experience. 

• Microwave & Millimeter Wave Circuit Designers-Perform hands-on 
hardware development of innovative circuits and subsystems using GaAs 
MMICs and other lll-V devices such as HEMTs and HBTs. Design and 
develop mixers, low noise and power amplifiers, VCOs, switches, 
modulators, and other communication circuits. 3+ years experience. 

• Subcontracts Managers-Responsible for requirements definition, ven¬ 
dor survey and selection, and technical management of subcontractors. 
Rasitions require communication systems, circuit design, and subcontract 
management experience. 

Digital Electronics Laboratory 
This laboratory is the design and development center for the application of 
analog/digital signal and data processing technology in space. The lab pro¬ 
vides hardware for advanced spacecraft payloads and technology projects. 
Design activities range from system definition to detailed hardware design, 
including the development of custom LSI/VLSI and hybrid circuits for state-
of-the-art applications 

We are seeking the senior and intermediates level professionals for the 
following positions. Detailed design, leadership, and management roles are 
available for most positions. 

• Frequency Synthesizer Engineers-Develop spaceborne frequency syn¬ 
thesizers. Positions require strong hardware and analytical skills, plus ex¬ 
perience in indirect frequency synthesis, phase locked loop theory, and filter 
design. Experience with design/use of advanced custom LSI and hybrid 
components desired. BSEE, 3-15 years experience. 

• Demodulator Designers-Fbsitions require experience in communication 
systems demodulators and spread spectrum design. Experience at data 
rates beyond 50Mbps desired. BS/MSEE, 4-15 years experience. 
• Signal Processor Engineers-Positions require experience in 
Spaceborne or avionics signal processors, including FFT's and digital filter 
designs, plus the ability to provide creative engineering to low power, high 
speed applications of commercial and custom integrated circuits. BS/MSEE, 
4-15 years experience. 

Please send your resume to Brenda Anderson at TRW ESG, Dept. 
RFD/1287, R10/1757, One Space Park, Redondo Beach, CA 90278. 

TRW Millimeter Wave and Microwave 
Technology Center (MMTC) 
A key resource for TRW, MMTC is responsible for research, analysis, design 
and development of millimeter wave and microwave semiconductor 
materials, processing, devices, circuits, components, and subsystems. This 
vertically-integrated organization is responsible for providing microwave 
electronics technology leadership within the Electronics Systems Group, as 
well as technology transfer and insertion into TRW product lines. 

We are currently searching for scientists and engineers who are interested 
in advancing the state-of-the-art and enhancing out capabilities in the 
design, fabrication, and test of reliable and cost-effective millimeter wave 
and microwave technology products: 

• GaAs IC Processing Engineers —Background in MESFET, HBT, HEMT, 
some materials growth (MOCVD, MBE), background in device physics and 
characterization. 

• GaAs MMIC Design Engineers —Energetic, experienced circuit 
designers in millimeter wave frequencies. 

• SAW Device Engineers/Technologists —Experienced in surface-
acoustic-wave device design and development. 

• GaAs MMIC Circuit Modellers —PhDEE with academic or industrial 
experience in GaAs CAD modelling. 

• GaAs Device Test and Packaging Engineers -BS/MSEE with ex¬ 
perience in high-speed GaAs device test and packaging. 

Should you have an interest in these or any other possible openings within 
MMTC, please give John DePolo a call at (213) 297-8599. If it is not con¬ 
venient to call, please forward a copy of your resume to him at the follow¬ 
ing address: John DePolo. TRW MMTC, Dept. RFD/1287. R10/1757, 
One Space Park, Redondo Beach. CA 90278. 

TRW’s comprehensive employee compensation package includes profes¬ 
sional amenities that are among the best in our industry. Included are 
medical/dental/vision care coverage, liberal stock savings programs, 
Christmas week shutdown, educational assistance, employee seminars and 
colloquia, a progressive retirement program, flexible work hours, and more. 
Tomorrow is taking shape at a company called TRW. 

Equal Opportunity Employer 
U.S. Citizenship Required 
Agency Candidates Will Not Be Considered 



Airborne 
Antenna Design 
Northrop Corporation's Defense Systems Division, located in 
sprawling Rolling Meadows, IL just northwest of Chicago, continues 
to provide innovation and leadership in its role as a major force 
in the electronic countermeasures industry. Our professionals con¬ 
tribute to the state-of-the-art within a creative, well-managed en¬ 
vironment in which individuals are encouraged to develop their 
capabilities to the fullest, and work in concert as part of a winn¬ 
ing team. Positions below require a BSEE, Physics or equivalent, 
MS preferred. 

Manager: EW Antenna Design 
We seek a seasoned professional to spearhead our EW Antenna 
Design activities. Will be responsible for the design, development 
and transition into production of Airborne Antenna Systems for 
ECM applications, and the supervision of a growing unit of design 
engineers and technicians. Position will have interface with manu¬ 
facturing and program management. Requirements include a 
minimum of 12 years' experience in airborne antenna design with 
at least 4 years of project level experience involving bud-
getary/scheduling responsibilities. Strong management and in¬ 
terpersonal skills are also essential. 

Antenna Design Engineers 
Participate in the analysis, design, development and testing of air¬ 
borne ECM/EW antennas, and the preparation and debugging of 
a new, state-of-the-art antenna range facility. Positions require candi¬ 
dates with knowledge of phased arrays, monopulse D. F. systems, mil¬ 
limeter wave techniques, radar cross section and low observables. 

Northrop offers a salary schedule commensurate with level of ex¬ 
perience, and a full range benefits program. Interested persons 
should forward resume with salary specifics to: Supervisor-Staffing, 
Dept. C59, Northrop Corporation, Defense Systems Division, 
600 Hicks Road, Rolling Meadows, IL 60008. An equal opportunity 
employer M/F/V/H. U.S. Citizenship required. 

NORTHROP 
Defense Systems Division 
Electronics Systems Group 

RF DESIGN 
AWARDS 
CONTEST 

Now’s the time to expose that in¬ 
genious circuit idea you’ve always 
wanted to show off to your engineer¬ 
ing peers. Let the world know you’re 
as good as you are! And in the pro¬ 
cess, you just might win one of six ter¬ 
rific prizes. . .a Compact Software 
Design Kit Series, an IFR A-7550 
Spectrum Analyzer, or one of four 
designer kits from Coilcraft. 

But you’ll have to hurry, deadline 
for entries is March 31, 1988. . .so 
mail your entry to Gary Breed, Editor, 
today! 

Entry Rules 
1. Entries shall be RF circuits containing no 

more than 6 single active devices (tubes or 
transistors), or 4 integrated circuits, or be 
passive circuits or comparable complexity. 

2. The circuit must have an obvious RF func¬ 
tion (as defined on page 6 of November 1987, 
RF DESIGN) and operate in the below-3 
GHz frequency range. 

3. Circuits must be the original work of the 
entrant. 

4. If developed as part of the entrant’s employ¬ 
ment, entries must have the employer’s ap¬ 
proval for submission. 

5. Components used must be generally 
available, not obsolete or proprietary. 

6. Submission of an entry implies permission 
for RF DESIGN to publish the material. All 
prize winning designs will be published, plus 
additional entries of merit. 

7. Winners shall assume responsibility for any 
taxes, duties or other assessments which 
result from the receipt of their prizes. 

8. Deadline for entries: March 31, 1988. 

ïfdesign 
6300 S. Syracuse Way • Suite 650 

Englewood, CÓ 80111 
(303) 220-0600 



RF 
ENGINEERS 

Meeting your goals 
AT JERROLD_ 

CAN SET THE PACE 

FOR AN INDUSTRY_ 

When you join Jerrold, your successful engineering projects will 
result in high volume manufacture of products that drive the 
industry we pioneered. The Jerrold Division of General Instrument 
has been setting CATV standards for 35 years. Today, we re 
expanding to meet the challenge of high growth markets in both 
subscriber equipment and distribution electronics. 

RF DEVELOPMENT 
ENGINEER 
Stretch the state of fiber optics 
systems and high resolution TV 

Direct a small project team through explor¬ 
atory efforts leading to development of sev¬ 
eral products with industry-wide impact. 
The hands-on creative talent selected for 
this advanced development position will 
have 5 or more years experience in analog 
engineering, video and RE BSEE required. 
MSEE preferred. A/D, D/A, PLL, video 
signal processing plus SPICE, Touchstone 
and CAD are desirable. The skills and crea¬ 
tivity we seek should lead to the kind of 
exceptional performance at Jerrold that 
keeps us a step ahead of the competition. 

RF SYSTEMS ENGINEER 
Set the cutting edge of 
impulse transaction technologies 

In this senior design position, you'll use 
your superior analytic abilities to tie 
together the RF perspective of several dis¬ 
ciplines. Working up to 900MHz, your 
achievement will impact strongly on all 
aspects of our planned interactive data 
communications system for CATV applica¬ 
tion. Extensive experience in RF/analog 
design and modulation/demodulation tech¬ 
nique is needed in this oversight role. You’ll 
interact with marketing experts, customers 
and our design labs to make sure the 
pieces all play together to result in techni¬ 
cally and economically successful end 

products. We seek advanced degrees; 
however, a BSEE plus relevant design 
experience may qualify you. 

SENIOR PROJECT ENGINEER 
Use your measurement expertise to 
perfect linear amplifier signal delivery 

Exceptional TV signals are the challenge 
as you develop new and innovative circuits 
and systems. You will move new signal dis¬ 
tribution products into production, and 
develop broadband linear amplifiers using 
techniques that improve the linearity and 
signal-to-noise ratio. Doing and directing 
are equally important Your BS MSEE 
should be coupled with substantial design 
engineering experience, including 1-2 years 
at a supervisory level. Extensive RF cir¬ 
cuitry, filter, transmission line, broad based 
passive network, and CAD expertise is 
desired. 

DESIGN ENGINEER VIDEO 
Step up your professionalism, 
working in state-of-the-art 

If you enjoy teamwork and have a strong 
desire to develop your expertise, we II 
expose you to state-of-the-art technology in 
video circuitry. Interacting with lab techni¬ 
cians, you'll help develop new cost effective 
products. Requirements include a BSEE 
with specialization in video'RF circuitry. 
Practical experience in synthesizers, 
tuners, video/RF amplifiers and CAD may 
qualify a recent graduate for this position. 

FIND OUT MORE ABOUT US 
Our Hatboro, Pennsylvania location offers 
close access to the Pocono Mountains and 
ocean resorts and the many educational 
and cultural advantages of Philadelphia. 
For prompt action ... 

CALL TODAY 
or any day of the week on our 24 hour 
toll-free phone line: 

1-800-872-9287, ext. 1023 

Resumes submitted by principals only will 
be considered: Ed Zakrzewski, Manager of 
Employment, Jerrold Division, General 
Instrument Corp., 2200 Byberry Road, Hat¬ 
boro, PA 19040. An equal Opportunity 
Employer M/F/H/V. 

Jerrold Division 

GENERAL 
INSTRUMENT 



COMMUNICATION 
DESIGN 

ENGINEERS 

Repeo, a manufacturer of two-way 
radio and data communication 
equipment, is seeking develop¬ 
ment engineers who enjoy being 
key individuals on innovative 
design projects. Repco products 
have been sold worldwide for 25 
years and include RF data and 
voice transmission equipment in 
the 30 to 960 MHz range. Current 
opportunities are: 

Senior RF Engineer — to de¬ 
sign frequency synthesized two-
way radio equipment for data 
transmission. 

Senior RF Power Engineer — 
for the development of 2 to 100 
watt amplifiers in the 30 to 960 
MHz range. 

Senior Development Engi¬ 
neer — with a broad base in 
analog, RF, and digital disciplines 
for end product design. 

Looking to be part of a small ag¬ 
gressive commercial company? 
Enjoy being emersed in circuit 
design work instead of paper 
work? You may be the individual 
we need. Please submit resume 
in confidence directly to: 

Engineering Department 
Repco Inc. 
2421 North Orange Blossom Trail 
Orlando, Florida 32804 

STATEMENT OF OWNERSHIP, MANAGEMENT AND CIRCULATION (Required by 39 U.S.C. 
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Unprecedented Performers! 

The A-8000 Spectrum Analyzer. 
A step beyond the 

A-7550. 
'+0 -
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* 

Now 2.6 GHz frequency coverage! 

Fully synthesized. Tracking generator.* Quasi-peak detector.* 

Truly portable. And again, an exceptional value! 

The new A-8000, quite simply put, is our response to 
industry's demand for a higher frequency, yet still econom¬ 
ical, Spectrum Analyzer. 

Now, with two models and seven options to select 
from, you can custom configure the unit that meets your 
specific testing requirements. 

The commonality of the A-8000 and A-7550 offer you 
many benefits. Two powerful microprocessors, menu 
driven display modes and single function keyboard entry 
aid the user in the operation of all analyzer functions. To 
further increase the operational simplicity of the A-8000 
and A-7550, the microprocessor systems automatically 

A-8000 and A-7550 Features — All Standard: 
■ Fully synthesized (A-8000) 10 kHz to 2.6 GHz (A-7550) 10 kHz 
to 1 GHz ■ VRS'“ (Vertical Raster Scan) CRT display ■ Single 
function keyboard entry ■ Menu driven display modes 
■ Automatic amplitude calibration ■ Selectable linear I log display 
modes • Digital storage of all displayed parameters ■ 70 dB 
dynamic range ■ 300 Hz resolution bandwidth * Selectable 
scan widths, 1-2-5 sequence + 0 and full scan • Accurate center 
frequency readout • Direct center frequency entry 
• Automatically scaled electronic graticule * Variable top scale 
reference (+30 to -95 in 1 dB steps) • IF gain in 1 dB steps 
■ Line, bar, average, compare and peak hold display modes 
■ 300 Hz and 30 kHz video filters ■ 106 to 266 VAC operation 
without switching • 12 to 30 VDC operation 

select and optimize the analyzer’s bandwidth, sweep rate 
and center frequency display resolution, with manual 
override if desired. 

Increased flexibility...added features...and 
exceptional value continue to make IFR the logical 
choice when considering your next Spectrum Analyzer. 

Contact your IFR distributor or representative 
for a demonstration. 

•Optional Features Include: ■ Internal rechargeable 5 APH 
battery for truly portable operation ■ Internal tracking generator 
with 1 dB step attenuator ■ FM I AM / SSB receiver ■ IEEE-488 
_ interface bus ■ RS-232 interface bus ■ 75Q adapter 

Internal quasi-peak detector 

IFR SYSTEMS, INC. 
10200 West York Street / Wichita. Kansas 67215-8935 U.S.A. 
316 / 522-4981 / TWX 910-741-6952 
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YIG OSCILLATORS 
by Watkins-Johnson 

Company 

Broadband Performance 
Broadband power and excellent harmonic perfor¬ 
mance are demanded by many modern microwave 
systems. Watkins-Johnson has the largest selection of 
YIG oscillators available in the industry. Many of them 
are delivered in the smallest packages available. Now 4 
to 18 GHz can be supplied in a package 1.5 inches in 
diameter by 1.4 inches high (3.8 x 3.6 cm). 
Watkins-Johnson is ready to discuss your oscillator 

requirement today. If a standard product can’t do the 

job, our broadband experience from 0.5 to 20 GHz 
assures you that W-J engineers will be able to quickly 
respond to your special need. Commercial and military 
users count on Watkins-Johnson; so can you. 

For further information, contact the Watkins-
Johnson Field Sales Office in your area or phone 
Ferrimagnetic Applications Engineering in Palo Alto, 
California at (415) 493-4141, ext. 2385. 

Frequency Coverage of 
W-J Broadband YTOs 6830 Power Output Harmonic Output 

Model GHz E 
m 

569 
571 
6708 
6806 
6810 
6820 
6830 

1-4 
0.5-2 
2-8 
8-18 
6-18 
8-20 
4-18 

D 
Q. 
H 
D 
O 
Œ 
LU 
£ 
o 
Q. 

FUNDAMENTAL FREQUENCY (GHz) 

WJ-6830 

Watkins-Johnson—USA: • California. Palo Alto (415) 4934 14 1 ; Orange (714) 634-1811» Florida. Fort Walton Beach (904) 8634191 • Georgia. Atlanta (404) 458-9907 • Illinois. Palatine (312) 9914)291 

• Maryland. Gaithersburg (301) 948-7550 • Massachusetts. Lexington (617) 861-1580 • New York. Smithtown (516) 724-0952 • Texas. Dallas (214) 247-1761 • United Kingdom: Dedworth 




