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This engineer just 
discovered 
ATC STÄ=T»F — 
and the solution to his 
"circuit tuning" 
problem. 

He did it with a miniature, (1/8" square) 

trimmable multilayer porcelain capacitor, available 

in capacitance values from 1 pF to 68 pF with 

adjustment ranges of 0.15 pF to 3 pF. 

This engineer just discovered what American Technical Ceramics' new STÃ-TIUINtE™ trimmable capacitor 
can do. Want to see what ATC's STA-TOME™ can do for you? 

Call our APPLICATIONS HOTLINE at 
(516) 547-5708 Today. 

• Rugged 
• Stable 
• High Q 
• Low Noise 
• High MTBF 

ADVANTAGES: 
• Surface Mountable 
• High current capability 
• Reduced need for 

1 % tolerance parts 
• Low Profile 

ELECTRICAL CHARACTERISTICS: 
• Quality Factor (Q) = greater than 10,000 at 1 MHz 
• Temperature Coefficient of Capacitance (TC) = 
90 ± 20 PPM/°C (-55°C + 125°C) 

• Working Voltage (WVDC) = 500 VDC 
• Dielectric Withstanding Voltage (DWV) = 200% WVDC 
• Insulation Resistance (IR) = 106 Megohms min. @ 
25°C and rated WVDC 

The Leader 

american technical ceramics corp. 
one norden lane, huntington station, n.y. 11746-2102 usa 
phone 516-547-5700 • telex 825707 • fax 516-547-5748 

in RF Capacity Technology 
... See Us For Solutions. 

INFO/CARD 1 Patent Pending ©1989 American Technical Ceramics Corp. 



Made Affordable 
_—— _ _ _ 

A-7550 

A-7550 Spectrum Analyzer with Built-in 
Tracking Generator 
The IFR A-7550 Spectrum Analyzer with its optional 
built-in Tracking Generator may be all the test 
equipment you need to test the frequency response 
of any frequency selective device between 10 kHz 
and 1000 MHz. For higher frequency devices, the 
A-8000 Spectrum Analyzer with its optional built-in 
Tracking Generator can characterize frequency 
responses up to 2600 MHz. 

With either analyzer you get a rugged, portable 
instrument that is equally at home in the field, on 
the manufacturing floor, or in the laboratory. 

Other standard features of both the A-7550 and 
A-8000 include a synthesized RF system, +30 dBm to 
-120 dBm amplitude measurement range, 1 kHz per 
division frequency span, and 300 Hz resolution 
bandwidth. These features give the A-7550 and the 

A-8000 superior amplitude and frequency measure¬ 
ment capability previously unavailable on spectrum 
analyzers in this price range. 

In addition to the Tracking Generator, other 
available options—such as an Internal Rechargeable 
Battery Pack, AM/FM/SSB Receiver, RS-232 or 
IEEE-488 Interfaces, and Quasi-Peak Detector—allow 
the A-7550 and A-8000 to be custom configured 
to solve many other RF testing needs. 

For more information or a demonstration, 

4Ã 
contact your local IFR distributor or 

representative, or contact IFR 
directly at 316/522-4981. 

IFR SYSTEMS, INC, 
10200 West York Street / Wichita, Kansas 67215-8935 U.S.A. 
Phone 316/522-4981 / TWX 910-741-6952 / FAX 316/524-2623 

aP ̂'A 
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TWEAKING 
DAICO 

Constant Insertion Phase Attenuators 
Eliminate Tweaking. 

PHASE CHANGE VS. ATTENUATION OPERATING CHARACTERISTICS 

PARAMETER MIN TYP MAX UN TS CONDITION 

SWITCHING 
TRANSIENTS 54.0 100.0 m V PEAK VALUE 

TRANSITION 
TIME 5.0 nS EC 

90%/10% or 
10%/90% RF 

SWITCHING 
SPEED 20.0 35.0 nS EC 

50% TTL to 
90%/10% RF 

MONOTONICITY 
GUARANTEED 

INSERTION LOSS 

A PHASE 

4.9 

0.4 

60 

±1.0 

0 

0 

B 

EG 70 MHz 

ATTENUATION: 

RANGE 

STEPS 

0 315 0 B 
0.5, 1, 2, 4, 8. 16dB 

1VSWR _ 1.08 1.35/1 

tn 

I 
Ur-

1.6 

1.4 

1.2 

1.0 

0 

For systems that demand constant insertion 
phase, ordinary digital attenuators won’t 
cut it—but the DAICO DAO616 will. 

The DAO616 is a 6 bit, high speed, 
phase compensated attenuator designed to 
hold nearly constant insertion phase across 
its entire attenuation range. 

To get more facts on the DAO616 and other DAICO phase compen¬ 
sated attenuators please call our application engineers at (213) 631-1143 
for assistance. 

DAICO INDUSTRIES, INC. 
2139 East Del Amo Boulevard. Compton. CA 90220 

213/631-1143 • FAX 213/631-8078 
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Page 27 — Complex Signals 

industry insight 
22 A Look at RF Cables and Connectors 

This month’s industry insight highlights the activity in the cable and connector business. 
Although affected by the military cutbacks, this RF segment seems to be growing. The 
report covers both market and product trends. 

— Mark Gomez 

featured technology_ 

27 Complex Signals: Part I 
This first installment of a four-part series on complex signals is designed to provide 
the reader with the ability to visualize complex signals. Future installments will include 
filtering and shifting this type of RF signal. 

— Noel Boutin 

39 Digital Amplitude Modulation 
Digital technology is making significant progress in the RF industry including digital 
modulation, where the digitized generation of an analog signal can be used in a broad¬ 
cast system. The author presents a patented concept for this technique. 

— Timothy Hulick 

Page 47 — Bowtop Antenna 

rf design awards 
35 A Balanced RF Oscillator 

A balanced RF oscillator with two symmetrical outputs of equal amplitudes and 180 
degrees of phase shift is presented. This design eliminates the need for a balun, and 
hence, most of the problems associated with it. 

— Branislav Petrovic 

rfi/emc corner 
47 A New Broadband Antenna 

The bowtop antenna presented in this article is a broadband, linearly polarized, active 
receiving antenna. It can be used as either a monopole or dipole antenna. Typical 
applications include EMI testing. 

— Roger Southwick 

51 Design of Wideband Quadrature Couplers for UHF/VHF: 
Part II 
Part II uses a similar design approach to part I but uses a lowpass filter to replace the 
transmission lines which interconnect the coupler. It is useful for the lower frequencies 
where the transmission line can become excessive in length. 

— Chen Y Ho and Ge-Lih Chen 

56 Index of Articles: 1988-1989 
This list of articles is a comprehensive RF Design index for 1988 and 1989. It is 
arranged according to subject. 

Page 51 — Quadrature Coupler 
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HIGH POWER 
COUPLERS 

rf editorial -

A 1990 RF Design Preview 

2000 WATTS 
.01-250 MHz 

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

100 WATTS 
.05-1000 MHz 

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

By Gary A. Breed 
Editor 

BROADBAND RF 
COMPONENTS 

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

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

WERLATONE INC. 
P.O. Box 47 

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

decades ahead 
TWX 510-600-0747 

It’s the time of year to look ahead to 1990 and see what we have planned 
for you and the 40,000 other RF engi¬ 
neers who receive RF Design. As you 
read about our plans, think about con¬ 
tributing an article, submitting a contest 
entry, or offering your ideas on the 
topics we’ll be featuring. 

First, an exciting new addition is a 
question-and-answer column for solving 
design problems. You are invited to ask 
your most frustrating questions (we 
won’t publish names in the magazine, 
so don’t be embarrassed to ask). Mem¬ 
bers of our editorial review board, and 
other experts in the RF industry will 
provide the answers. The first install¬ 
ment of this new feature is in January. 

In 1989, we started our Industry 
Insight column, examining technology 
and marketplace trends. We’ve had an 
excellent response to these reports, and 
learned a lot ourselves. 1990 will see 
new areas explored, including oscilla¬ 
tors, low-cost instruments, budget soft¬ 
ware, low noise transistors, MMICs, EMI 
control products, and more. 

Of course, the key engineering topic 
each month is highlighted in our Fea¬ 
tured Technology section. The first six 
months of 1990 look like this: data 
communications in January; then a 
three-part series on communications 
systems, with transmitters covered in 

February, receivers in March, and an¬ 
tenna systems in April. May will feature 
frequency synthesis, and June will bring 
us to mid-year with a look at computer 
synthesis and design techniques. 

The Fifth Annual RF Design Awards 
Contest is now taking entries, and will 
have results published in July. With 
more prizes than ever the contest is 
sure to attract another crop of fascinat¬ 
ing design solutions. We’ll continue 
what we started last July, publishing an 
entry from the previous contest in every 
issue, on handy perforated cards to 
remove and put in your notebook. 
As RF Design continues to grow (1 989 

was our best year ever), we are increas¬ 
ing the number of subscribers, and we 
are adding more features to help you 
stay on top of the engineering field. The 
past couple of years have been a time 
of some uncertainty in the RF market, 
especially with reduced government 
spending. But, there are also lots of new 
opportunities in military, commercial, 
and consumer markets that are cause 
for optimism. We have good reason to 
take an optimistic viewpoint, because 
we feel that our success reflects the 
vitality of the RF industry. 

Keep in touch, this is going to be 
another great year for RF! 

6 
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T-_ 
THE NOISE COM 
APPLICATION FILES 

NOISE IS A NATURAL 
IN RECEIVER TESTING 
Noise Com noise sources in TO-8 and 24-pin 
DIP packages add value and sophistication to 
your receiver systems far in excess of their cost. 
In fact, designing Noise Com noise sources into 
receiver systems may have little impact on the 
price of the finished product. But their versatility 
is astonishing. 

WHY NOISE? 

Noise sources are excellent reference signals. 
Their response is flat and their temperature 
stability is excellent over vast frequency ranges, 
so you can set receiver gain to provide optimum 
performance. The detected output can then be 
used to set squelch levels, or in digitizing 
receivers to trigger a desired quantization 
level at the A/D converter. In radar receivers, the 
noise source can simulate ground clutter or set 
receiver sensitivity to an acceptable false-alarm 
rate. 

receiver bandwidth, frequency response 
can be measured instantaneously — without 
tuning an input signal. 

Bandwidth, sensitivity, 
passband ripple, and 
spurious responses 
can be measured as 
well. Frequency 
conversions make 
these measurements 
very difficult with 
network analyzers, 
but have no effect 
on the characteristics 
of noise. 

WE WROTE THE BOOK 

In receiver testing, noise is a natural. And Noise 
Com is naturally your source for quality noise 
products. You’ll find our noise sources in commer¬ 
cial and military receivers throughout the world. 

Let us tell you how Noise Com NC 500 and 
NC 2000 built-in noise sources can add a new 
dimension to your receiver designs. Call Gary 
Simonyan at (201) 261-8797 for details. 

Noise sources can also be used in setting 
minimum detectable signal level, establishing 
dynamic range, or setting a reference for go/no-go 
testing. Frequency response can be measured at a 
test port prior to the demodulation circuitry. Since 
noise sources provide constant energy across the 

NOIS^ E. 64 Midland Avenue, Paramus, New Jersey 07652 

(201) 261-8797 • FAX: (201) 261-8339 • TWX: 910-380-8198 
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INNOVATIVE TECHNICAL SOLUTIONS SUBSYSTEMS • SYSTEMS • SERVICES 

FAST VECTOR 
MODULATORS 
ASSEMBLIES 

VMA-OO2 
FEATURES 
• Independent, High Resolution Control of: 

Amplitude O.O7 dB 
Phase 0.45 Deg. 

• Fast Settling Time 15OnSec 
• Wide Bandwidth 135 to 235 MHz 
• Small Size 3.4W x O.6H x 5.8H 

VMA-1O3A 
FEATURES 
• Even better performance than the 
VMA-OO2 

• Hybrid Package 20 cm3, ,7Og 

PRECISE QUADRATURE 
DETECTORS 

DQD-85O 
FEATURES 
• Ultra-High Accuracy: 

Amplitude . ±0.02 dB Typ. 
Phase . ±0.2 Degrees Typ. 

• Wide Dynamic Range >90 dB 
• Flexible Operation CW to 

200 nSec Pulses 
• Sampling Rate to 3OOK Samples/Sec. 
• Resolution, I & Q 16 Bits 
• Computer Interface Parallel 

or Multiplexed 
• Rack Mount 3.5 Inch Panel 

FAST PHASE 
DETECTION 
MODULES 

HPD-2O2 
FEATURES 
• Frequency Range .125 to 250 MHz 
• Resolution . 1.41 Deg. 
• Repeatability (from-6O to 

O dBm) . 3 Deg. RMS 
• Minimum Pulse Width 25OnSec 
• Signal Input Range . -60 to +5 dBm 

EXCEPTIONAL PRICE/ 
PERFORMANCE 
LOG, LIMITING AMPLIFIERS 145-170 MHz FREQUENCY & 

PHASE DETECTORS 

INSTANTANEOUS FREQUENCY 
MEASUREMENT UNITS 

LLA-OO3 
FEATURES 
• Wide Dynamic Range 60 dB 
• High Linearity . ±1 dB 
• Wide Bandwidth 50 to 250 MHz 
• Fast Risetime 35 nSec. 

IFM-2O3 
FEATURES 
• Frequency Range 125 to 250 MHz 
• Frequency Resolution (with minimum 

delay path) 500 kHz 
• Quantization 8 bits 
• Measurement Accuracy 1 MHz RMS 
• Minimum Pulse Width 250 nSec 
• Measurement Speed (with minimum 

delay path) 450 nSec 
• Input Signal Range -65 dBm to +5 dBm 
• Operating Temperature -25°Cto+85°C 

• Log Video and Limited IF Outputs 
• Single +5 Volt, 130 mA 
• Miniature Size, Low Cost 

INSTANTANEOUS QUADRATURE 
DETECTORS 

IQD-OO3 
FEATURES 
• 70 MHz IF Module Analog Detector 
• Ultra-High Accuracy: 

Amplitude . ±0.02 dB Typ. 
Phase . ±0.2 Degrees Typ. 

• Wide Dynamic Range >90 dB 

FPD-1O3A 
FEATURES 
• Combined Instantaneous Frequency 
Measurement and Fast Phase 
Detection Circuit 

• Hybrid Packaging 

OTHER OFFERINGS 
SUBSYSTEMS 
• RF Conversion Unit 
• RF Synthesizer 
• Digital Control Unit 
• Switches, Amplifiers 
• Transmitters, Receivers 
• Phase Locked Oscillators 
SYSTEMS 
• Automated RF Measurement 
• Closed-Loop Antenna Controller 
• Customized Test Measurement 

1) User friendly test fixtures and PC control interfaces available. 
2) Customized tuning to suit. 

537 LAKESIDE DRIVE • SUNNYVALE, CALIFORNIA 94086 • PHONE: (408) 733-3200 FAX: (408) 738-6952 
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THINKING 
EW? 

Get quality, deliverability, 
security — all in one stop. 

If you’re thinking EW, you’re 
thinking about where to find com¬ 
ponents and subsystems. The stakes 
in the EW race are high. Compro¬ 
mises must be avoided — and 
second best just isn’t good enough. 

As a respected 27-year DOD 
supplier, TRAK brings you a com¬ 
plete set of solutions. We design 

Comb Generators 
Check out your receiver! TRAK 

offers miniature, stable units with 
various frequency ranges and comb 
spacings. Example: l-!8GHzwith 
1GHz spacing. 

Typical Power vs. Frequency Curve 

Oscillators 
Our 6720 Series Ultra-stable 

DSOs deliver + 16dB minimum, 
and arc stable to ± 500 KHz at 
frequencies from 8-18GHz. 

These and other types of 
oscillators, such as XCOs, are used 
in many systems such as RWRs, DF 
systems, surveillance, Elint, simu¬ 
lators, decoys, and others. For high 
performance in small envelopes, 
EW systems throughout the Western 
forces use TRAK oscillators. 

and make our own components and 
subsystems. All with quality stan¬ 
dards set to the toughest specs in 
the world. 

You benefit from reliable, com¬ 
patible EW solutions, obtained 
in less time with fewer “shop¬ 
ping trips!’ 

So with your design in mind, 
consider the possibilities on these 
two pages. 

FET amps 
We concentrate on specialty 

amplifiers, customized to your 
specs for EW and radar applica¬ 
tions. For instance, our limiting 
amp for IFM systems offers greater 
than lOOdB small signal gain. And 
our Frequency Memory Loop 
amplifiers are key to EW systems. 

Ultra Stable D.S.O. 
Typical Frequency vs. Temperature Curve 

INFO/CARD 9 
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Circulators & Isolators 
A full line of mil-spec circulators 

and isolators — from 500MHz to 
40GHz — starting with the world’s 
smallest: the incredible, shielded 
Micropuck® Example: 6-l8GHz 
bandwidth, available in both coax 
and drop-in configurations. 

Typical Performance info/card 11 

Frequency (GHz) 

Models 59A2601 and 69A2601 

Synthesizers 

YIGs INFO/CARD 13 

Want EW application-specific 
YIG’s? Our tracking oscillator/fil-
ters come with their own drivers for 
super performance over standard 
EW bands. Reliability? We make 
the filters, we make the drivers, and 
we assemble them to mil-spec in our 
own plant. TRAK makes YIGs you 
can count on. 

Call or w rite for our Free 
Components Catalogs. See EEM 
or MPDD for other TRAK mili¬ 
tary products. 

TRAK MICROWAVE 
CORPORATION 
Microwave Sales 
4726 Eisenhower Blvd. 
Tampa, Florida 33634-6391 
Phone: (813)884-1411 
TLX: 52-827 TWX: 810-876-9140 
FAX: 813-886-2794 

TRAK military synthesizers 
offer top performance in small, 
rugged packages. For example, 
our Model 4003-1200 covers the 
frequency range from 0.5-18GHz 
with IMHz steps, and 100 micro¬ 
seconds tuning speed — and does 
it all in only 192 cubic inches. 

Direct or indirect, wide or nar¬ 
row band, modular, and militarized 
— just give us your performance 
requirements, and we'll customize 
for you. _ 

Advice for the asking. 
The way we see it, two heads 

are better than one. So why not take 
advantage of ours? We've put 27 
years in building a deep bench of 
EW engineering talent. You can 
access our most innovative minds, 
simply by picking up your phone 
or faxing an inquiry. After all... 
we’re here to help you. 

TRAK MICROWAVE LTD. 
Microwave Sales 
3/4 Lindsay Court 
Dundee Technology Park 
Dundee. Scotland DD2 1TY 
Phone: (44) 382-561509 
TLX: (851) 76266 
FAX: (44) 382-562643 

8 TRAK A1ICROWMVE 
CORPORATION 

THINK 
TRAK 

INFO/CARD 12 A subsidiary of Tech Sym TRAK is a registered trademark of TRAK Microwave. 



rf letters_ 

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

Filter Design Discussion 
Editor: 

I read William Lurie’s comments (RF 
Design, October 1989) on my article 
about Chebyshev filters (RF Design, 
August 1989) with much interest. It’s 
reassuring to discover that someone not 
only read the article, but took the trouble 
to comment on it. However, at least one 
of his criticisms appears to be based on 
a misconception. 

Most filter designers would agree that 
no single type is always the best choice, 
but Mr. Lurie comes perilously close to 
asserting that an elliptic filter, or some 
similar type of filter with finite zeros in 
the stopband, is just such a panacea. 
In fact, a Chebyshev filter is often the 
best choice when the requirements are 
relatively undemanding. For example, a 
filter with maximum passband ripple of 
0.5 dB and a 0.5 to 60 dB shape factor 
of 2.0: 1 could theoretically be a five-pole 

VECTRON LABORATORIES, INC. 
166 Glover Avenue. Norwalk, CT 06850. 

Phone: (203) 853-4433. FAX: (203) 849-1423. 

INFO/CARD 15 

elliptic or a seven-pole Chebyshev filter. 
Either would require seven components, 
but the Chebyshev filter would have the 
advantage of monotonically increasing 
stopband attenuation. 

The statement that “bandpass filter 
designs are always based on doubly 
terminated, minimum insertion loss pro¬ 
totypes” was intended to apply only to 
Chebyshev and Butterworth L-C filters, 
the subject discussed in the article. In 
addition to the examples given by Mr. 
Lurie, it obviously isn’t true for active 
and digital. Even so, it should have been 
qualified (“almost always”). 
A more serious criticism, charitably 

overlooked by Mr. Lurie, is the question¬ 
able use of the term “insertion loss.” 
This usually refers to passband attenu¬ 
ation caused by the finite Q of the filter 
components, not to loss caused by an 
impedance mismatch between the 
source and load. In retrospect, “inser¬ 
tion loss” should have been called 
“mismatch loss,” or something similar. 

Jack Porter 
Cubic Defense Systems 
San Diego, California 

■ 2-, 3-, 4- and 5-way 
■ High isolation 
■ Rugged Construction 
■ 8 Models Covering 2 to 

500 MHZ 
■ Economical 
■ Guaranteed Performance 

Extremely compact, even with BNC or 
TNC connectors. For example, nere's 
our Model PD8612 2-Way Divider: 
Frequency . 2 to 30 MHz 
Isolation, min . 30 dB 
VSWR, max . 1.3 
Connectors . BNC 
Size, inches . 0.62 x 1.25 x 0.70 

Also available: more than 30 models of standard power dividers and more 
than 20 standard models of High Dynamic Range RF 
amplifiers. 

Call or write today for a free catalog! 
(503) 757-1134 ■ FAX: (503) 757-7415 

Design & Manufacture of Quality Electronic Equipment since 1969 

JANEL LABORATORIES, INC. 
33890 Eastgate Circle • Corvallis, OR 97333 
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Amplifonix Quality Tips 
the Scales in Your Favor 

You can depend on amplifiers 
and cascade design technology 

from Amplifonix ... your #1 
second source company. 

Amplifiers, limiting 
amplifiers, attenuators 
and limiters... plus switch 
attenuators, switches and mixers... 
in flat packs, surface-mount, TO, DIP packages 
and cascaded housings for a variety of voltage, cur¬ 
rent, gain, noise figure and medium power applications. 
We will also modify our standard units to meet 
your performance specifications. 
For added convenience, just insert our CASCADE floppy disk in 
your desktop computer and it will display the amplifiers for the ( 
best-fit cascade based on the design parameters you enter. 
Guaranteed performance; kHz-2 GHz; screening to the tables 
of MIL-STD-883. 
Call or write today for information on our "Quick Delivery Program’.’.. it could be worth a mint to you. 

^MpGfoÑíxl 
2010 CABOT BLVD. WEST • LANGHORNE, PA 19047 • (215) 757-9600 • FAX: 215-757-0378 
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rf news_____ 

RF Expo East 89: Diversity and Depth 
This year’s RF Expo East, held in 

Atlantic City, offered RF engineers a 
chance to view the latest products and 
technologies, in a setting affording the 
opportunity for exchange of ideas 
between fellow engineers. Exhibitors 
were pleased to find a serious crowd 
of engineers with the goal of finding 
products to solve specific design prob¬ 
lems. And attendees were presented 
with a technical program offering both 
fundamental design information and 
innovative design techniques. 

With few exceptions, the technical 
program was praised by attending 
engineers for its excellence and rele¬ 
vance to their work. Technical Pro¬ 
gram Chairman Andy Przedpelski com¬ 
mented, “The papers seemed to be 
directly applicable to everyday prob¬ 
lems. However, there were also some 
new, not yet widely used techniques 
presented.” The largest crowds at¬ 
tended sessions on receiver design, 
frequency synthesis and phase-locked 
loops. 

Although all the presentations were 
well-received, a number of papers got 
particularly good marks from the audi¬ 
ence. Three of these were 1989 RF 
Design Awards Contest entries: "A 
Reference-Cancelling Phase/Fre-
quency Detector” by Dan Baker; “An 
RF Active Elliptic Filter” by Eric 
Kushnick; and “An Unconventional 
Varactor-Tuned Filter” by Gary Tho¬ 
mas. 

Other papers of note included the 
“Antenna Principles” tutorial by Ben¬ 
jamin Rulf; “Microcomputer-Compen¬ 
sated Crystal Oscillator With Self-
Temperature-Sensing,” presented by 
John Vig; and “Design, Implementa¬ 
tion, and Test of a Wideband HF 

Receiving Subsystem” by John Link 
and Harry Lenzing. These were among 
the best of many excellent papers. 
The three special courses, Funda¬ 

mentals of RF Circuit Design: Parts I and 
II and Computer-Aided Filter Design, 
were again well-received and well-
attended. Instructors Les Besser (com¬ 
plete with Bay area earthquake debris) 
and Randy Rhea once again got high 
marks for their presentations. 

Engineers attending RF Expo East 
89 were given a hands-on look at the 
latest products being offered by more 
than 80 exhibiting companies. Among 
the highlights of the show was the 
announcement of Wavetek’s Model 
241 OR ruggedized signal generator, cov¬ 
ering 10 kHz to 1100 MHz, with IEEE 
interface, -127 to +13 dBm output level, 
and extensive internal diagnostic capa¬ 
bility. The unit on display at Wavetek’s 
booth had been shipped around the 
world, and dragged behind a jeep for a 
mile at 35 mph, and still met published 
specifications. 

Direct Conversion Technique Inc. 

introduced a line of portable network 
analyzers. DCT SNA-30 covers 1.5 to 
60 MHz, SNA-300 covers 10 to 520 
MHz, and SNA-900 covers 700 to 1200 
MHz. These instruments measure im¬ 
pedance, VSWR and insertion gain/ 
loss of active and passive RF circuits. 
On display at XL Mic'owave’s booth 

was the new Model 3201 source¬ 
locking microwave counter for 10 MHz 
to 20 GHz, with 0.1 Hz resolution. The 
unit has -20 dBm sensitivity and 
includes GPIB interface. Litton Elec¬ 
tron Devices unveiled the D-6872 
power GaAsFET, featuring +24 dBm 
output and 6 dB gain at 18 GHz. The 
D-3860 power GaAsFET, with +31.5 
dBm output power and 11.5 dB linear 
gain at 8 GHz, was also on display. 

Ehrhorn Technological Operations 
(ETO) premiered a microprocessor-
controlled 20 kW linea' power ampli¬ 
fier, Model 52S-21, designed for MRI 
applications in the 10 to 90 MHz range. 
Announced by Harris Semiconductor 
was the HA-2546 two-quadrant multi¬ 
plier IC, with 30 MHz signal bandwidth, 
for applications in sonar, video, radar 
and AGC applications. 

Silicon PIN diode chios, with as low 
as 0.05 pF capacitance and medium 
power handling capability, were intro¬ 
duced by Unitrode. Se'ies resistance 
of these devices is nominally 1.5 ohms 
(at 100 mA), and carrier lifetime is 400 
ns (at 10 mA). 
RF Expo East 89 presented a strong 

technical program, along with the 
latest in product and se'vice offerings, 
and has engineers looking forward to 
next year’s show. RF Expo East 90 is 
set for November 13-15, 1990 at the 
Marriott Orlando World Center in 
Orlando, Fla. 

DARPA Awards Six More HDTV 
Contracts—Six companies have been 
chosen by the Defense Advanced Re¬ 
search Projects Agency (DARPA) to 
develop display processor technology 
for high-definition television (HDTV). 
The team of the David Sarnoff Research 
Center, Sun Microsystems and Texas 
Instruments will work to develop a 
high-definition image workstation. 
Adams-Russell Electronics and the 
Massachusetts Institute of Technology 
(MIT) will work jointly to develop ad¬ 
vanced compression technology, using 
research previously conducted at the 
MIT Media Laboratory. Qualcomm Inc., 

of San Diego, will be working on an 
alternative compression technique 
based on state-of-the-art digital commu¬ 
nications technology. The contracts have 
been awarded as part of a three-year, 
$30 million DARPA program for funding 
of HDTV research. Approximately $15 
million is earmarked for work on display 
processor technology. 

Tektronix to Acquire Colorado 
Data Systems—At a November 14th 
press conference, Tektronix vice-president 
Richard Knight announced that his com¬ 
pany will purchase Colorado Data Sys¬ 
tems (CDS) of Englewood, Colo. CDS 

manufactures automated test systems 
and modular test instruments, which 
Tektronix feels will complement its exist¬ 
ing product line. Details of the agree¬ 
ment, including any relocation plans and 
new company name, have not yet been 
announced. 

Triple Function Crystal Devel¬ 
oped—A single piezoelectric crystal 
has been developed which can generate 
both longitudinal and shear waves si¬ 
multaneously as well as independently. 
Researchers at Queen’s University and 
the National Research Council of Can¬ 
ada had theorized that such dual mode 
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vibration was possible, but only in 
materials with previously unavailable 
properties. Working with Valpey-Fisher 
Corp.’s piezoelectric specialists, the Ca¬ 
nadian researchers have developed a 
transducer made from lithium niobate 
with characteristics matching a comput¬ 
erized model. This transducer gener¬ 
ates longitudinal waves, shear waves, 
or both longitudinal and shear waves 
simultaneously, at operating frequen¬ 
cies from 5 to 85 MHz. 
The development of the new “triple 

function” crystal will be welcome in the 
field of material evaluation, where com¬ 
plete characterization often requires the 
use of both shear and longitudinal 
waves. With this crystal, a single ultra¬ 
sonic transducer can perform the work 
of two or more, reducing the time 
required for characterization, and elimi¬ 
nating suspected crystal-to-crystal vari¬ 
ability. 

Repeater Stations Aided in Valdez 
Cleanup—IWL Communications Inc., 
a Houston-based firm specializing in 
radio and telecommunications problems, 
is one of the many companies that 
cooperated in the search for innovative 
ways to speed cleanup efforts in the 
aftermath of the Valdez, Alaska, oil spill. 
IWL’s Rapidly Deployable Radio Re¬ 
peater Stations were quickly customized 
to extend and enhance EXXON’s off¬ 
shore and inland communications dur¬ 
ing the emergency. 
The first nine units of the repeater 

station network were built, shipped, and 
operating in less than a week. The 
solar-powered design weighs less than 
100 lbs. and is totally self-contained. 
Power and radio systems are in weather¬ 
proof enclosures connected by a heavy-
duty umbilical cord and mounted on an 
aluminum frame with four eye hooks for 

easy lift and transport. Solar panels and 
antenna are self-adjustable for easy 
alignment. Units can be set up and 

operating in less than 20 minutes. 
Installed at East Kodiak Island, the 

unit pictured here is typical of the 
repeater network. Each station consists 
of three repeaters, each programmed 
for single-channel operation, and broad¬ 
casting a low-power synthesized RF 
signal through an omnidirectional fiber¬ 
glass antenna. Built-in cross-band re¬ 
peaters link the EXXON Kodiak Com¬ 
mand Center (via Pillar Mountain UHF 
repeater) to cleanup vessels equipped 
with VHF marine radios and operating 
in the Shelikof Strait and other Kodiak 
waters. IWL units also extend EXXON 
communication coverage to U.S. Coast 
Guard vessels and shore stations and 
to remote cleanup crews equipped with 
hand-held portable radios. 

RYSTAL FILTER 
TEMEX ELECTRONICS 

• MONOLITHIC • DISCRETE • 

L/C Filters and Crystals. 
is a manufacturer of Crystal Filters, Discriminators, 
TEMEX designs to custom specifications as well 

as the 10.7 MHz and 21.4 MHz standards. We take pride in fast response and 
the support of our customers. • PHONE • FAX • MAIL • 

TEMEX ELECTRONICS, INC. 
5021 N. 55th Ave. #10 Glendale, Az. 85301 

(Tel) 602-842-0159 (Fax) 602-939-6830 
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Why Switch 
to Direct 
Digital 

Synthesis? 
Do you need... 
• 50 MHz Clock Rate 
• <0.012 Hz Resolution 
• 20-ns Freq. Switching 
• <-70 dBc Spur Levels 
In a 1.0 in2 package? 

FIND OUT 
MORE 
Request 

QUALCOMM's newest 
application note: 

’’Answers to the 
21 Questions RF 
Engineers ask 
about Direct 

Digital 
Synthesis” 

Synthesizer 
Evaluation Board Now 

Available 

Call or FAX 

(UALCOAAAA 
N C O R PORATED 

“...the elegant solution. ” 
VLSI PRODUCTS DIVISION 
10555 Sorrento Valley Road 
San Diego, CA 92121-1617 

Phone: (619) 587-1121 ext. 540 
FAX: (619) 452-9096 
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H news Continued_ 

Auto-ID System Tracks Freight 
and Transport Vehicles—An auto¬ 
matic electronic identification system 
developed by AMSKAN Ltd., of Mel¬ 
bourne, Australia, tracks the trans¬ 
portation of goods using radiated RF 
energy. The BARTAG system, a sophis¬ 
ticated application of the scanners used 
in supermarkets, relies on infra-red 
radiation and FM radio signals. Small 
electronic labels, mounted on the side 
of a vehicle, railcar or shipping con¬ 
tainer, emit encoded signals that are 
scanned some distance away by a 
BARTAG reader. Reportedly, the sys¬ 
tem can operate at distances of up to 
32 yards and vehicle speeds up to 62 
miles per hour. 

Kyocera and AVX Corp in 
Merger—Kyocera Corp, of Japan and 
AVX Corp., a leading U.S. manufacturer 
of ceramic capacitors, have announced 
the signing of a definitive merger agree¬ 
ment, in a transaction valued at approxi¬ 
mately $530 million. According to the 
agreement, all outstanding shares of 
AVX common stock will be exchanged 

for Kyocera American Depository Shares 
(ADS), each of which represents two 
shares of Kyocera common stock. This 
is believed to be the first merger be¬ 
tween a Japanese and a U.S. company 
using exchange of stock. The transac¬ 
tion is subject to various Japanese and 
U.S. regulatory approvals, and to ap¬ 
proval by AVX shareholders, with a 
meeting expected in late December of 
this year. 

Compact Software Offers Free 
CAD Seminar—Free technical semi¬ 
nars on computer-aided design are 
being offered by Compact Software at a 
number of locations throughout the 
United States and Canada. The one-day 
technical seminars offer an opportunity 
to learn about the latest advances in 
Compact Software’s CAD/CAE prod¬ 
ucts. These seminars are intended par¬ 
ticularly for managers, engineers and 
technicians with an interest in learning 
about new RF and microwave simulation 
tools See the RF Calendar column on 
page 20 for dates and locations of 
upcoming seminars. Further information 

can be obtained by contacting: Sam 
Benzacar, Training Manager, Compact 
Software, Inc., 483 McLean Boulevard, 
Corner 18th Avenue, Paterson, NJ 
07504. Tel: (201)881-1200 

Growth Forecast for TEMPEST 
Market in U.S.—U.S. expenditures 
for military TEMPEST equipment will hit 
a low point of $648 million in 1989 (down 
from $766 million in 1988) before climb¬ 
ing steadily toward $1 billion by 1994. 
That is the assessment of a recent report 
by Frost and Sullivan, Inc. According to 
the study, expanding use of computers 
in the workplace will result in increased 
demand for TEMPEST versions of PCs, 
workstations, periphera s and local area 
networks, while making measures like 
shielding entire rooms less practical. 
Essentially all of the projected growth 
will be due to what the F'ost and Sullivan 
study refers to as a “relaxed” TEM¬ 
PEST standard, in which commercial 
products may be minimally modified to 
provide some protection, but not meet 
full TEMPEST signal suppression re¬ 
quirements. 

Switch to Reliability. 
HP Model 

HP33314A 
HP33314B 
HP 3331 4C 

GHz Isolation Price * 
dc-4 >111 dB $185 
dc-20 >75 dB $215 

dc-26.5 >60 dB $265 

Now, get HP performance 
and reliability at a lower cost 
with the new HP 33314 coaxial 
switches. It’s a fresh design 
approach. In a new package with 
only four moving parts. Which 
means a lifetime of 5 million 
cycles. All with the consistent 
performance you expect from HP 

Call your local HP sales office 
or circle the inquiry number 
for complete details. And start 
switching with confidence. 

Ihnl HEWLETT
PACKARD 
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High Power Axial Lean 
PIN Diodes 
M/A-COM Semiconductor Products proudly 
announces the introduction of a new family of 
high power axial lead PIN diodes called: -WW 

> Distortion - 80dB down 
a Power Dissipation - 5.5W 

HIPAX diodes incorporate passivated PIN diode 
chips that are full face bonded and encapsulated 
in a rugged hermetic axial lead package. The 
HIPAX diode has low inductance and low thermal 
resistance. The first of this family is the MA4P1200, 
designed for switching applications handling up to 
100 watts CW from HF through UHF. They are 
particularly suited to military and commercial 
mobile radios. 

Samples/production quantities available now. For 
applications assistance contact Jerry Hiller on ext. 
2625. For more information, call or write: 
M/A-COM Semiconductor Products 
South Avenue, Burlington, MA 01803 
Tel. 617-272-3000 ext. 3808 
FAX 617-272-8861 
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User Defined Functions 
Customize and Speed Operation. 
A measuring window 
and IC memory card functions 
make ADVANTEST ideal 
for EMC measurement. 
Quick and easy operation: The 
R3261/3361 Series features a user-
defined function that enables selection 
of the functions needed at the touch of 
a key. The USER key operates the same 
way as the FUNCTION key on a 
personal computer, so personalized 
menus can be created quickly and 
easily. Pick the R3261/3361 Series for 
all the right reasons — for speedy panel 
settings, a DEFINE function that can 
be used to replace the software menu, 
a measuring window function and the 
flexibility of IC memory card functions. 

**« R3261/3361 Soft Menu Change Mode 

Kl : QP Mode 
K2 : Manual Steep 
K3 : Dipole 
K4 : COUNTER 1 Hz 
K5 : Store 
K6 : Plot Execute 

15 : dBi/X Hz 
16 : dB^V/^Hz 
19 : COUNTER 
2» : COUNTER 
21 : COUNTER 
22 : COUNTER 

1 kHz 
10« Hz 
it Hz 
1 Hz 

/#s# Peak Search till 
1 : Next 
2 
3 

Peak 
Next Peak Right 
Next Peak Lef 
Next Max. Min 

MENU CHG 

GROUP 
ACTIVE 

MEMBER 
ACTIVE 

ENTER 

INITIAL 
MEMBER 

ALL 
INITIAL 

RETURN 

■ Frequency range: 9kHz to 3.6GHz 
(R3261B/3361B) 

9kHz to 2.6GHz 
(R3261A/3361A) 

■ Built-in tracking generator and 120dB 
display range (R3361A/3361B) 

■ Synthesis technique used for 1Hz-
resolution setting and measurements 

■ Quasi peak measurements 70dB 
dynamic range 

■ IC memory card and GP-IB are 
standard features 

■ Measuring window function 
■ Built-in control function (option) 

R3261/3361 Series 
Spectrum Analyzer 

from 

Z1DVANTEST_ 
Advantest America, Inc. SXS» Phone:(31 2)634-2552 Facsimile:(312)634-2872_ 

Advantest UK Limited Phone: (01)336-1606 Facsimile:(01)336-1657_ 
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rf courses_ 

Arizona State University 

Fiber Optic Communications 
February 26-28, 1990, Tempe, AZ 

Information: Center for Professional Development, College of 
Engineering and Applied Sciences, Arizona State University, 
Tempe, AZ 85287-7506. Tel: (602) 965-1740 

The George Washington University 

Global Positioning System: Principles and Practice 
January 8-10, 1990, Colorado Springs, CO 
Preparation of Signals for Digital Transmission 
January 9-12, 1990, Washington, DC 

Introduction to Modern Radar Technology 
January 17-19, 1990, Washington, DCM 
Sonar System Design and Prediction 
January 29-February 2, 1990, Washington, DC 
Optoelectromagnetics 
February 6-8, 1990, Washington, DC 
Modern Radar System Analysis 
February 12-16, 1990, Orlando, FL 

Radar ECM and ECCM Systems 
February 21-23, 1990, Washington, DC 
Radio-Wave Propagation for Communication System 
Engineering 
February 26-March 2, 1990, Washington, DC 

Information: Misael Rodriguez, Continuing Engineering Educa¬ 
tion, George Washington University, Washington, DC 20052. 
Tel: (800) 424-9773; (202) 994-6106 

Telecommunications Industry Association 

Part 68 Rationale and Measurement Guide 
January 23-24, 1990, Phoenix, AZ 

Information: Suzanne Mullendore, TIA, 1722 Eye Street, N.W., 
Suite 440, Washington, DC 20006. Tel: (202) 457-4937 

UCLA Extension 

Superconductivity: Basic Concepts and Applications 
January 16, 1990, Long Beach, CA 
Power Electronic Circuits: Theory and Practice 
January 29-February 2, 1990, Los Angeles, CA 
RF and Microwave Circuit Design I: Linear Circuits 
February 5-9, 1990, Los Angeles, CA 
RF and Microwave Circuit Design II: Nonlinear Circuits 
February 12-16, 1990, Los Angeles, CA 

High-Power Microwave Sources and Applications 
February 20-22, 1990, Los Angeles, CA 

Information: UCLA Extension, Engineering Short Courses, 
10995 Le Conte Avenue, Los Angeles, CA 90024. Tel: (213) 
825-1047 

University of Wisconsin-Madison 

Electrical Grounding of Communication Systems 
January 17-19, 1990, Madison, Wl 
Design of Fiber Optic Communication Systems 
January 24-26, 1990, Madison, Wl 

Information: University of Wisconsin-Madison, College of 
Engineering, 432 N. Lake Street, Madison, Wl 53706. Tel (800) 
262-6243; (800) 362-3020 

Compact Software, Inc. 

Computer-Aided Design Seminar 
January 9, 1990, Bedford, MA 
February 9, 1990, Salt Lake City, UT 
March 6, 1990, Ottawa, Ontario, Canada 
April 17, 1990, King of Prussia, PA 
May 8, 1990, Bellevue, WA 
June 12, 1990, College Park, MD 

Information: Sam Benzacar, Training Manager, Compact 
Software, Inc., 483 McLean Boulevard, Corner 18th Avenue, 
Paterson, NJ 07504. Tel: (201) 881-1200 

E/J Bloom Associates, Inc. 

Modern Power Conversion Design Techniques 
February 19-23, 1990, San Diego, CA 

Information: Mrs. Joy Bloom, E/J Bloom Associates, Inc., 
Educational Division, 115 Duran Drive, San Rafael, CA 94903 
Tel: (415) 492-8443 

Hewlett-Packard Co. 

Designing for Electromagnetic Compatibility (EMC) 
December 11-12, 1989, Mountain View, CA 
December 14-15, 1989, Mountain View, CA 

Information: Hewlett-Packard Co., 3000 Hanover Street, Palo 
Alto, CA 94304. Tel: (800) 2HP-EDUC 

Learning Tree International 

Introduction to Datacomm and Networks 
January 9-12, 1990, Washington, DC 
January 23-26, 1989, Los Angeles, CA 

Introduction to Fiber Optic Communications 
January 9-1 2, 1990, Los Angeles, CA 
January 30-February 2, 1990, Montreal, Quebec, Canada 

Digital Signal Processing: Techniques and Applications 
January 16-19, 1990, Washington, DC 
February 6-9, 1990, San Diego, CA 

Information: John Valenti, Learning Tree International, 6053 
W. Century Boulevard, P.O. Box 45974, Los Angeles, CA 
90045-0974. Tel: (800) 421-8166; (213) 417-8888 

R & B Enterprises 

Introduction to EMI for Non-EMI Personnel 
January 22-23, 1990, Los Angeles, CA 

Printed Circuit Board and Wiring Design for EMI and ESD 
Control 
January 22-23, 1990, San Jose, CA 
Understanding and Applying MIL-STD-461 C 
January 24-26, 1990, Los Angeles, CA 

Grounding, Bonding and Shielding 
January 31 -February 2, 1990, Los Angeles, CA 
Electromagnetic Pulse (EMP) Design and Testing 
February 5-7, 1990, San Jose, CA 

Identification and Control of Microwave/RF Hazards 
February 21-23, 1990, San Jose, CA 

Information: Registrar, R & B Enterprises, 20 Clipper Road, 
West Conshohocken, PA 19428. Tel: (215) 825-1966 
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A Simply Better 
\\ Insulator Application 

System 
• Quick, easy snap-on design 
• Flat or dimpled .014 Mylar 
insulator/spacers 

• Prepackaged cartridges for 
semiautomatic application 

Just load For: 
and apply • Transistors, semiconductors, 

630 S. ROGERS RD. • OLATHE, KS 66062 • (913) 764-5210 

December 13-14, 1989 
Technology ’89 
Mesa Convention Center, Mesa, AZ 
Information: C/S Communications, Inc., P.O. Box 23899, 
Tempe, AZ 85285. Tel: (602) 967-7444 

January 6-9, 1990 
International Winter Consumer Electronics Show 
Las Vegas Convention Center, Las Vegas, NV 
Information: Electronic Industries Association, Consumer Elec¬ 
tronics Group, 1722 Eye Street, N.W., Suite 200, Washington, 
DC 20006. Tel: (202) 457-8700 

January 9-11, 1990 
ATE and Instrumentation West 
Disneyland Hotel, Anaheim, CA 
Information: MG Expositions Group, 1050 Commonwealth 
Avenue, Boston, MA 02215. Tel: (800) 223-7126; (617) 
232-3976 

January 15-18, 1990 
SMART VI Conference and Exhibition 
Buena Vista Palace Hotel, Orlando-Lake Buena Vista, FL 
Information: EIA Components Group, 1722 Eye Street, N.W., 
Suite 300, Washington, DC 20006. Tel: (202) 457-4930 

February 3-10, 1990 
1990 IEEE Aerospace Applications Conference 
Mountain Haus Hotel, Vail, CO 
Information: Fausto Pasqualucci, Hughes Aircraft Corp., 3100 
Fujita Street, Torrance, CA 90509. 

February 13-15, 1990 
IEEE Instrumentation and Measurement Technology 
Conference (IMTC/90) 
Red Lion Inn, San Jose, CA 
Information: Myers/Smith, Inc., 3685 Motor Avenue, Suite 240, 
Los Angeles, CA 90034. Tel: (213) 287-1463 

February 14-16, 1990 
1990 IEEE International Solid-State Circuits Conference 
San Francisco Hilton, San Francisco, CA 
Information: Courtesy Associates, 655 15th Street, N.W., Suite 
300, Washington, DC 20005. Tel: (202) 347-5900 

February 26-March 1, 1990 
Electronic Imaging West 90 
Pasadena Convention Center, Pasadena, CA 
Information: MG Expositions Group, 1050 Commonwealth 
Avenue, Boston, MA 02215. Tel: (800) 223-7126; (617) 
232-3976 

March 26-29, 1990 
Space Commerce 90 
Montreux, Switzerland 
Information: Space Commerce 90, P.O. Box 97, CH — 1820 
Montreux, Switzerland. Fax:+ 41 21 963 78 95 

March 27-29, 1990 
RF Technology Expo ’90 
Anaheim Convention Center, Anaheim, CA 
Information: Kristin Hohn, Cardiff Publishing Company, 6300 
S. Syracuse Way, Suite 650, Englewood, CO 601 11. Tel: (303) 
220-2600; (800) 525-9154 
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When connections are critical, 
depend on Omni Spectra. 

When you need subminiature connectors, depend 
on the company who makes more of them than 
anyone else. More people buy SMA’s from Omni 
Spectra because we don’t compromise on quality. 
Our totally integrated capabilities, coupled with 

state-of-the-art SPC, assure the highest degree of 
quality. We control the critical processes of machin¬ 
ing, plating, brazing and glass sealing in-house. 
When you really need to get small, think big. 

Depend on Omni Spectra. 

For more information, call or write: 
M/A-COM Omni Spectra, Inc. 
140 Fourth Avenue. Waltham, MA 02254 
Tel: USA (617)890-4750 

UK (0734)580833 
Japan 03(226)1671 

Omni 
Spectra 

A^ COMPANY 
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rf industry insight 

A Look at RF Cables and Connectors 

By Mark Gomez 
Technical Editor 

The RF cable and connector business 
appears to be heading for uncertain 
times. Even though the industry is faced 
with a declining military budget, new 
companies continue to penetrate these 
product lines. There are no visible signs 
of any cable and connector manufactur¬ 
ers being forced out of business. Some 
experts do, however, predict a shake¬ 
out sometime in the future. 

í C Kiew players are popping up every-
INday,” observes Colin Goff, sales 

manager at Applied Engineering Prod¬ 
ucts. Walter Grant, marketing specialist 
at W.L. Gore Electronic Product Divi¬ 
sion, says, “I do not see an upswing in 
the market for a while. In fact, it is ironic 
in that more people are getting into the 
business.” There have also been a few 
acquisitions going on in this industry. 
Steve Perry, senior applications engi¬ 
neer at Kaman Instrumentation Corpora¬ 
tion, says, “As opposed to people going 
out of business, there are acquisitions 
taking place.” This view is shared by 
Steve Ulett, sales manager of Penstock, 
Inc. “There is a consolidation of connec¬ 
tor companies, where some firms are 
being bought-out by others.” 

“Within the cable and connector 
industry, there is going to be a shake-out 
next year. Some companies will survive, 
others will be merged and some be will 
be autonomous,” predicts Ulett. Grant 
foresees this as a necessity. “A shake¬ 
out is going to have to happen,” he says. 
The cable and connector business does 
not seem to be affected by military 
markets as much as other business 
sectors are. “The defense market is 
shrinking rapidly, but the cable part of it 
is not shrinking quite as rapidly,” re¬ 
marks Grant. He adds that the cable 
business is less volatile since the mili¬ 
tary is always retrofitting existing sys¬ 
tems and replacing cables. “The em¬ 
phasis is towards long-term programs 
and refits of existing programs,” says 
Perry. Daniel Roth, manager of market 
development at Kaman, emphasizes 
that even though the market may have 
shrunk for the short term, Kaman’s 
market share has not decreased and is 
in fact probably on the upswing. 

There is a certain amount of activity 
in the commercial side of the business. 
Growing industries like cellular radio are 
having some impact on certain seg¬ 
ments of the connector business. “A 
major opportunity exists if you could get 
involved in the cellular radio market¬ 
place. It is exploding right now!” says 
Grant. Bob Perelman, HELIAXR special 
products marketing manager at Andrew 
Corporation, anticipates some growth 
for 1989 and points out some figures 
from Andrew’s 1988 Annual Report. 
“For 1988, cellular customer demand 
and new products led to a 16 percent 
sales gain,” he explains. Scott Spencer, 
marketing manager at M/A-COM Omni 
Spectra, feels there are some new 
opportunities available. “We do not see 
a lot of growth, but we do see a lot of 
opportunities and in particular, we see 
OEMs investing in new technologies to 
try and position themselves for the 
future,” he reveals. The RF medical 
business is one that is definitely grow¬ 
ing. “In the medical industry, for NMR 
applications, there is a need for high 
frequency cable that will not become 
magnetized,” says Ulett. 

To continue a growth curve with the 
level of competition out there, many 
companies feel that closer customer 
relationships are a key. “There is growth 
for the right companies who spend time 
building a quality product and work 
closely with a customer to learn the real 
application and design products accord¬ 
ingly,” says Jim Rawlins, sales manager 
at Southwest Microwave. 

Product Trends 
As far as new trends in the cable and 

connector business, many companies 
seem to be pushing the frequencies of 
their product lines higher and higher. 
Other trends include sub-miniaturization 
and, to some extent, surface-mount 
technology. “Now, 26.5 GHz is com¬ 
monplace. Forty gigahertz test sets are 
becoming more and more common and 
people are already talking about 60 
GHz, and in some cases up to 90 GHz 
for coaxial systems,” explains Paul 
Burgis of the RF & Microwave Division 
of Suhner Electronics Limited, a subsidi¬ 

ary of Huber + Suhner A3. There is also 
apparently some rejuvenated interest in 
a connector series that has been around 
for a while. “We have seen some 
renewed interest in the SC connector 
and have developed some for use with 
our cables,” observes Perelman. 

In cables and cable assemblies, there 
is a need for products w th better phase 
stability. “Some of the changes I see in 
cable assemblies are that companies 
are requiring more phase stable cable 
and temperature compensated cables,” 
states Ulett. Norbert Sladek, director of 
technology at Amphenol RF/Microwave 
Operations, sees a trend towards higher 
frequencies and better performance. 
“The changes I see in cables and 
connectors over the next few years are 
higher frequencies above 18 GHz, 
higher performance requirements mean¬ 
ing better VSWR and insertion losses, 
and probably to some degree higher 
capabilities for perform ng in adverse 
environments.” 

At RF frequencies, there is some 
ongoing work on coaxial contacts in a 
multipin connector. “There is a move 
towards hybrid connectors that have 
some coaxial pins and power pins,” 
says Goff. Spencer says that Omni 
Spectra has developed a high-density 
coaxial multipin connector that uses 
their blindmate and millimeter-wave tech¬ 
nology. 

Jack Kaufman, owner and president 
of Aviel Electronics exp ains, “We are 
seeing more and more activity in surface¬ 
mount.” But, various problems have 
been encountered in the pursuit of this 
mounting configuration. One problem is 
stress to the solder joint during mating. 
Various hold-down techniques are being 
studied that will not only help this 
problem but also hold the connector in 
place during soldering. Other factors 
such as standoff height, material consid¬ 
erations and terminations are being 
investigated as well. 

All this activity in cables and connec¬ 
tors will no doubt benefit the RF de¬ 
signer. With the compettion out there, 
he can expect to see higher levels of 
quality at competitive prices, and prod¬ 
ucts more suitable to his needs. SI 
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Complex Signals: Part 1 

By Noel Boutin 
University of Sherbrooke 

This article begins a four-part series 
on complex signals based on material 
first presented by the author at RF Expo 
East 88. With this first installment, the 
reader will acquire the ability to visualize 
a complex signal. Part 2 will discuss how 
to filter a complex signal, while Part 3 
will explain how to shift in frequency a 
complex signal. Part 4 will present a 
review of some modern communication 
systems within which complex signals 
are involved. 

For most engineers, the word “com¬ 
plex” refers to frequency domain, 

and, more particularly, to the Laplace 
complex frequency S = o + ¡w. For some, 
that word also evokes something imagi¬ 
nary and, by consequence, not related 
at all to the reality. Many practitioners 
have thus come to regard these matters 
merely as academic considerations hav¬ 
ing no practical interest. This series of 
articles is aimed at members of this 
group. It is important to understand that 
complex signals really exist and are 
perhaps more frequent in modern tele¬ 
communication systems than purely real 
signals. 

From Real to Complex Signals 
Most engineers are very familiar with 

two-dimensional signals, such as those 
present at any point in a circuit or at the 
output connector of an apparatus. This 
is the kind of planar (two-dimensional) 
signal which can easily be seen on the 
face plate of an oscilloscope, where the 
horizontal and vertical axes represent, 
respectively, the time and the amplitude 
of the signal. Sine, cosine and square 
waves are among the most well-known 
planar signals. Since, for each time 
value t, the amplitude of such signals 
can be characterized by a real number, 
these signals are qualified as “real 
signals.” That appellation is somewhat 
misleading because it falsely implies the 
existence of invisible “imaginary sig¬ 
nals.” A more meaningful nomenclature 
for real signals would be “two-dimen¬ 
sional signals.” 

Open-minded engineers can easily 
accept that signals are not compulsorily 
forced to lie on a plane, i.e., to be 

Figure 1. A spinning wheel with 
eccentric rod. 

Figure 2. Time evolution of the rod 
position in the x-y plane of the 
constant speed wheel shown in 
Figure 1. 

Figure 3. Decomposition of the 
complex signal c(t) into its two 
orthogonal projections x(t) and 
y(t). 

Figure 4. The synthesis of the 
complex signal e* e

two-dimensional signals. Mechanical en¬ 
gineers, for one, currently use excita¬ 
tions whose evolutions with time cannot 
be represented by a two-dimensional 
signal. Consider, for example, the ec¬ 
centric rod fixed to the spinning wheel 
shown in Figure 1. To simplify the 
discussion and present a fundamental 
complex signal, assume that the wheel 
is spinning at a constant angular speed. 
The time evolution of the rod position in 
the x-y plane can then be represented 
by the three-dimensional signal c(t) 
shown in Figure 2. For each time value 
t, two real numbers, x and y, are 
required to fully position the amplitude 
of that three-dimensional signal in the 
x-y plane. The resultant two-dimensional 
signals x(t) and y(t) evolve on two distinct 
planes perpendicular to each other. As 
shown in Figure 3, the signals x(t) and 
y(t) constitute the orthogonal projections 
of the three-dimensional signal c(t). 
Taken together, those two signals repre¬ 
sent c(t) without any ambiguity. The 
three-dimensional signal c(t) is called a 
“complex signal,” and can be repre¬ 
sented mathematically as the vectorial 
sum of the two orthogonal real signals 
x(t) and y(t), or 

c(t) = x(t) + jy(t) (1) 

Here, x(t) is the “real” part of c(t), and 
jy(t) is the “imaginary” part of c(t). The 
letter j represents the “imaginary” 
unit number. The word “imaginary” 
does not mean that y(t) is not physically 
realizable. It only means that the real 
signal y(t) lies on a plane perpendicular 
to the plane on which x(t) evolves. This 
implies that a complex signal c(t) cannot 
be transmitted through a conventional 
transmission line like a coaxial cable or 
a microstrip. Indeed, such lines can only 
support simultaneously real signals ly¬ 
ing on the same plane. The solution lies 
in using two transmission lines to ve-
hiculate the complex signal c(t), each 
one carrying one of the two real signals 
x(t) and y(t), the orthogonal projections 
of c(t). In effect, this is what is done very 
often in modern telecommunication sys¬ 
tems. More about that will be said in 
future installments. 
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Figure 5. The relationship between a complex signal 
and its Lissajous pattern. 

Figure 6. Example of a non-constant 
complex signal. 

envelope 

According to Figure 3 and the relation 
given in equation 1, the particular com¬ 
plex signal c(t) so illustrated is given by: 

c(t) = cos cot + j sin cot (2) ei0 = cos 0 + j sin 0 

which, according to the Euler relation, can also be expressed as: 

(3) 
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C(t) = ei“1 (4) 

This complex signal is known as the 
exponential, a member of the most basic 
signal family of complex exponential est . 
The parameter a> is the angular speed 
of rotation in radians per second of the 
exponential. The exponential is not 
constrained to rotate only in the direc¬ 
tion shown in Figure 3. It can also rotate 
in the reverse direction. In that case, the 
angular speed of rotation (or angular 
frequency, as it is usually called) is 
negative and the exponential is ex¬ 
pressed as: 

e"*“’ (5) 

The sign of the angular frequency co is 
therefore representative of the direction 
of rotation. Neglecting this basic discus¬ 
sion about the angular f'equency of an 
exponential signal leads to the most 
current fallacy in electrical engineering: 
Negative frequencies do not exist; they 
are just a mathematical artifice. The 
main reason why this fallacy becomes 
established is that, with one exception 
(1), the exponential shown in Figure 3 
is never pictured in modern textbooks 
on signals, circuits and systems. Stu¬ 
dents are accustomed to seeing and 
working only with the orthogonal projec¬ 
tions of the exponential, i.e., the cosine 
and the sine waves. As: 
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Figure 7. (a) An NRZ binary signal 
b(t), and (b) a four-level Gray-
encoded version of b(t). 

e*M = cos (-tot) + j sin (-cot) (6) 

and 

cos (-cot) = cos (cot) (7) 
sin (-cot) = -sin (cot), 

it is natural but wrong to defend the 
non-existence of negative frequencies. 

The Lissajous Pattern 
For those not yet convinced of the 

existence of negative frequencies, con¬ 
sider the laboratory set-up shown in 
Figure 4. A sinewave of about 1 Hz is 
connected to a phase-shifting bridge. 
The highpass arm of the bridge intro¬ 
duces a +45 degree phase shift, while 
the lowpass one introduces a -45 
degree phase-shift. The two resultant 

Figure 8. The conversion of a 
binary NRZ signal into a 2M-level 
NRZ signal. 
RF Design 

signals can be thought of as orthogonal 
projections of the complex signal e^ 1 + 9, 
since: 

X(t) = COS (to + 0) (gj 

y(t) = sin (co t + 0) 

where 0 is an immaterial unknown 
constant phase angle. Those two sig¬ 
nals are then connected to an oscillo¬ 
scope via channel 1 (X) and channel 2 
(Y). Setting the amplitude switches of 
both channels to the same value and the 
time base switch of the oscilloscope to 
mode X-Y (no internal sweep), one can 
observe a circular trace rotating anti¬ 
clockwise at a constant speed of 1 
revolution/sec. Known as a Lissajous 
pattern (2), this trace is nothing but the 
projection on the x-y plane of the 
exponential ei"* + e. This is illustrated in 
Figure 5. Pressing the channel 2 (Y) 
invert switch of the oscilloscope leads, 
according to the relations given in 
equations 6 and 7, to a circular trace 
rotating in the reverse direction, i.e., to 
the projection of the exponential e“'", + e. 

Although the Lissajous pattern has 
been known for a long time, it appears 
never to have been used to visualize the 
direction of evolution of a complex signal 
and, in particular, the direction of rota¬ 
tion of an exponential. Incidentally, the 
same experiment run at 100 Hz instead 
of at 1 Hz (160 kohms -*1.6 kohms) 
would only display permanent circles 
on the oscilloscope due to persistence 
of the CRT phosphor, and the response 
of the human eye. With this display, one 
could measure the relative phase be¬ 
tween the input sine waves, but it would 
not help anyone to discover the exis¬ 
tence of two possible directions of 
rotation (and negative frequencies). 
So far, only one particular complex 

signal, the exponential e1“’1, has been 
discussed and illustrated. That complex 
signal is special in the sense that its 
module remains constant with time. This 
leads to a Lissajous pattern which is a 
circle. In general, complex signals can 
evolve in any way, thus generating all 
kinds of Lissajous patterns. As an 
example, Figure 6 illustrates the butterfly¬ 
like Lissajous pattern corresponding to 
the following complex signal: 

c(t) = cos tot + j sin 2tot (9) 

Until now, only complex signals whose 
orthogonal projections are sinewaves 
have been illustrated. However, any 
other waveforms, periodic or not, are 
also admissible (see next section). 
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Complex Signals in Data 
Transmission 

Consider the binary signal b(t) illus¬ 
trated in Figure 7(a). Each bit of duration 
T is formatted in bipolar Non-Return-to-
Zero (NRZ-format). The bit rate fBU 
equals (1/T) bits/sec. It is possible to 
reduce that bit rate by a factor M (and 
by consequence, reduce the occupied 
bandwidth) by transforming the binary 

signal b(t) into a 2M-level signal /(t). This 
can easily be done, as shown in Figure 
8, with an M-bit serial-to-parallel con¬ 
verter followed by an M-bit digital-to-
analog converter (D/A). The original 
binary signal b(t) is segmented in suc¬ 
cessive blocks known as baud, each one 
comprising M bits. To each specific 
baud of duration MT corresponds a 
particular amplitude level of /(t). In order 

RF & Microwave 
Design Software 

=TLINE = 
PROGRAM 

Physical realization 
of Microstrip, 

Stripline, Coplanar 
Waveguide and Coax 

that, at the receiver, baud errors result 
in the lowest possible number of bit 
errors, it is interesting to choose an 
encoding rule such that adjacent ampli¬ 
tude levels differ by only one bit. Such 
an encoding is known as a Gray encod¬ 
ing. As an example, Figure 7(b) shows 
a four-level Gray-encoded signal corre¬ 
sponding to the binary signal b(t) of 
Figure 7(a). Note that in order to pre¬ 
serve the noise immunity, the amplitude 
of /(t) must be set higher than the 
amplitude of the binary signal b(t). This 
is the price that must be paid for the 
bandwidth reduction obtained with the 
multi-level solution. Assuming all the 
levels are equally likely, the mean power 
p of the L-level signal /(t) is given by: 

1 L L2 — 1 

L ¡-1 o 

where L = 2M. 

A four-level signal therefore requires five 
times (about 7 dB) more power than a 
binary signal. This is quite a high price 
to pay for a bandwidth reduction by half. 

Complex Signals as Power Savers 
It is possible to reduce the transmitted 

power without affecting 1he noise immu¬ 
nity if one is willing to transform the real 
L-level signal /(t) into a complex signal 
c(t). One such nonlinear transformation 
is shown in Figure 9. Here, the upper 
and lower levels of the four-level signal 
shown in Figure 7(b) have been bent 90 
degrees forward with respect to their 
original positions. The resultant U-
shaped complex signal c(t) evolves at 
the surface of a square parallelepiped 
whose edges coincide with each one of 
the four levels of the original four-level 
real signal /(t). 

For reasons that will oe detailed in a 
future installment, it is the usual practice 
in data transmission to denote c(t) as 
follows: 

c(t) = l(t) + jQ(t) (11) 

The mean power p of c(t) is given by the 
summation of the mean powers of l(t) 
and Q(t), or: 

P = P| + Pq (12) 

For the complex signal illustrated in 
Figure 9, l(t) and Q(t) are both binary 
signals. That complex signal therefore 
requires only twice the power of the 
original binary signal as opposed to five 
times more with /(t). 
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Figure 9. The generation of a four-state complex signal c(t) by folding 
the four-level real signal /(t) of Figure 7(b). 

Figure 10. Constellation displays 
of folded four-, eight- and 16-level 
signal /(t). 

The Constellation Display 
In data transmission, the Lissajous 

pattern is known as the constellation 
display or signal-space diagram. Figure 
9 shows such a constellation display for 
the four-state complex signal discussed 
earlier. Due to the inherent persistence 
of the CRT, each one of the four states 
appears as a bright spot, and each rapid 
transition from one state to another as 
a light link between those spots. 
The folding operation can be applied 

to virtually any L-level real signal /(t), 
irrespective of its number of discrete 
levels. Furthermore, there is, in theory, 
no restriction on the shape of the 

resultant complex signal and its accom¬ 
panying constellation display except 
that the receiver must be able to unfold 
the received complex signal and restore 
/(t). Of course, it is advantageous to use 
a folding technique which leads to a 
low-power, narrow-bandwidth, complex 
signal which can easily be unfolded at 
the receiver! 

Figure 10 shows some possible con¬ 
stellation displays resulting from the 
folding of a four-level, an eight-level, and 
a 16-level signal /(t). In order to illustrate 
the power gain which can be realized, 
each constellation is accompanied by 
the mean power value pc of the corre¬ 
sponding complex signal c(t), and by the 
mean power value P/ of the L-level signal 
/(t) before folding. Both of these values 
have been normalized with respect to 
the original binary signal mean power. 
All of these constellations are open in 
the sense that there is no direct link 
between the lower and upper state 
levels of /(t). Incidentally, it is that 
characteristic which permits unfolding 
of the received signal in an unambigu¬ 
ous way. 

Complex Signals as Bandwidth 
Savers 
The bandwidth occupancy of the 

complex signals c(t) corresponding to 
the constellations illustrated in Figure 
10 increases with L, since the signal is 
not allowed to transit straight through 
the shortest path from one state to 
another. Rather, the signal must travel 
in a backward and forward motion, 
following the only allowable path linking 
all the states. Instead of folding the 
L-level real signal /(t) in the manner 
discussed so far, it is possible to trans¬ 
form it into another complex signal 
leading to the same states as those 
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Figure 11. Generation of the com¬ 
plex signal c(t) = l(t) + jQ(t). 

illustrated in Figure 10. This time, how¬ 
ever, the signal is allowed to transit in a 
direct line from one state to any other 
one. For the case when M is even, such 
a complex signal can easily be gener¬ 
ated, as shown in Figure 11. The use of 
linear D/A converters leads to square 
constellation displays which present the 
same noise immunity as the previous 
square ones. Indeed, in such cases, the 
full distances between each state is 
preserved in signals l(t) and Q(t), from 
which the receiver now makes its deci¬ 
sions. Any constellation link non-or-
thogonal to the l-Q axis would lead to 
shorter distances between the corre¬ 
sponding states of the l(t) and Q(t) 
signals and, accordingly, to a decrease 
in noise immunity. The bandwidth of the 
complex signal generated in the manner 
shown in Figure 11 is the same as the 
one of the real L-level signal /(t) gener¬ 
ated as shown in Figure 8. There is, 
however, as Figure 10 illustrates, a net 
difference between the power of each 
signal required to achieve the same 
noise immunity. That explains the pre¬ 
sent popularity of such complex signals 
over real signals in modern power- and 

Figure 12. Generation of an “off¬ 
set keyed” complex signal. 

bandwidth-efficient digital communica¬ 
tion systems. 

Offset Keying 
Complex signals generated in the 

manner illustrated in Figure 11 present 
larger amplitude fluctuations than with 
the previous method, due to the direct 
transitions from one state to another. 
The transmission of such complex sig¬ 
nals through nonlinear amplifiers gener¬ 
ally results in poorer performances, due 
to self-generated interference between 
l(t) and Q(t), the two orthogonal projec¬ 
tions (3). Amplitude fluctuations can be 
reduced to their minimum by forbidding 
simultaneous renewals of the l(t) and 
Q(t) buffer contents. This can easily be 
done, as shown in Figure 12, by clocking 
the buffers with two synchronized clocks, 
one being offset by M/2 bits or half a 
baud with respect to the other. In that 
way, the complex signal can still transit 
from one state to any other one, but in 
two successive orthogonal moves in¬ 
stead of diagonally. The resultant con¬ 
stellation displays for M = 2 and M = 4 
appear in Figure 13, along with those 
obtained without offset. This kind of 
signalling is known as “offset keying”. 
It is worth nothing that the bandwidth 

Figure 13. Constellation displays 
of complex signals generated with 
and without offset. 
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occupancy of the complex signal re¬ 
mains the same whether or not an offset 
is introduced. 

Constant Envelope Complex 
Signals 

In situations where the complex sig¬ 
nal needs a more constant envelope 
when transiting from one state to an¬ 
other, one can lay the L-level signal /(t) 
on the surface of a constant radius 
cylinder instead of folding it as dis¬ 
cussed earlier. The radius of the cylinder 
is chosen such that the 2M = L levels of 
/(t) are evenly distributed all around the 
circumference of the cyl nder. The resul¬ 
tant complex signal c(t) of power (Un)2 

is a constant amplitude exponential 
having up to L discrete phase positions: 

c(t) = (Un) e«'> (13) 

The corresponding constellation dis¬ 
plays for M = 2, 3 and 4 appear in Figure 
14, along with the power pc of the 
complex signal c(t) given in equation 13. 
As can be seen, the required power 
increases with M much more rapidly with 
the exponential signals than with the 
complex signals leading to the square 
constellations discussed earlier. Fur¬ 
thermore, to take full advantage of the 
processing done on /(t) at the transmit¬ 
ter, the receiver must unroll the received 
complex signal instead of processing 
independently its orthogonal projections 
l(t) and Q(t). This is mandatory if the 
same noise immunity is sought. In fact, 
from a strict power point of view, only the 
case M = 2 presents some interest. 
Appropriately processed at the receiver, 
that constant envelope four-phase com¬ 
plex signal requires 1.2337 (approxi-
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mately 0.9 dB) less power than the 
corresponding square four-state com¬ 
plex signal in order to achieve the same 
noise immunity. Of course, all the con¬ 
stant envelope complex signals dis¬ 
cussed so far still require less power 
than their real counterpart signals /(t). 
This is because, for L > 2, the following 
power inequality is always verified: 

(14) 
n2 3 

From Reference 4, the bandwidth occu¬ 
pancy of the constant envelope complex 
signal given in equation 13 is about the 
same as the one of /(t). Essentially, this 
comes from the fact that the nonlinear 
processing done on /(t) is not very 
severe. As can be seen from the constel¬ 
lation displays, irrespective of the value 
of L, /(t) never wraps completely the 
cylinder surface on which it is laid. This 
is because, from equation 13, the radius 
of the cylinder increases with L. 

In situations where it is possible to 
trade off power for bandwidth, one can 
fix the radius of the cylinder and allow /(t) 
to wrap the cylinder surface more than 
one time. As an example, let the com¬ 
plex signal be given by: 

c(t) = (4/n)e«’> (15) 

For L > 4, the constellation displays 
associated with that family of constant 
mean power complex signals are all 
identical because, as /(t) travels around 
the cylinder, its L levels overlap and 
result in only four distinct states. 

Needless to say, it is mandatory to 
unwrap the received signal in order to 
discriminate the L transmitted levels of 
/(t). The bandwidth occupancy of such 
constant mean power complex signals 
grows as L increases, because the 
speed of rotation of the exponential 
doubles for each two-fold increase in L 
value, whereas the baud period of /(t) 
increases only by a factor M with L = 2M. 

Conclusion 
The complex baseband signals dis¬ 

cussed in this first installment are not 
very often used “as is” in communica¬ 
tion systems. Instantaneous transitions 
are physically impossible to realize and, 
in any case, not at all desirable. Nar¬ 
rower bandwidth occupancies can be 
obtained by filtering such complex sig¬ 
nals before their transmission. This 
subject will be discussed in Part 2 of this 
series. The readers may also question 
the feasibility of transmitting such com-

Figure 14. Constellation displays 
of the complex signal c(t) =(L/ 
n)ei'<'> wherel (t) is a 2M-level real 
signal with M= 2, 3 and 4. 

plex signals over existing communica¬ 
tion channels. That important and practi¬ 
cal subject will be covered in the third 
installment. Those who still entertain 
some suspicions about the frequent use 
of complex signals in modern com¬ 
munication systems will have to wait 
until the final installment or.. .enjoy the 
pleasure of discovering this for them¬ 
selves before that disclosure. H 
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A Balanced RF Oscillator 
By Branislav Petrovic 
General Instrument Corp. 

A signal that is symmetrical with 
respect to common-ground (balanced 
signal) is characterized by equal ampli¬ 
tudes and a 180 degree phase relation¬ 
ship. In many applications, such as in 
balanced mixers, phase detectors, fre¬ 
quency doublers, differential frequency 
dividers, etc., the availability of balanced 
oscillator (BO) signals is important, if not 
essential. A runner-up in the Fourth 
Annual RF Design Awards Contest, this 
article presents a balanced R F oscillator 
with two symmetrical outputs of equal 
amplitude and 180 degrees phase shift. 

Normally, a balanced local oscillator 
(LO) signal for RF applications is 

derived from a single-ended (asymmetri¬ 
cal) LO output, by means of a balun 
(balanced-to-unbalanced transformer). A 
balun, depending on the operating fre¬ 
quency range, can take different forms 
(ferrite transformer, transmission line 
transformer-wire, microstrip or stripline). 
Usually, drawbacks such as poor bal¬ 
ance, matching, excessive loss, limited 
frequency range, LO radiation (EMI), 
cost, size, etc., are associated with the 
use of baluns. 
The balanced RF oscillator described 

here has two symmetrical outputs of 
equal amplitude and 180 degrees of 
phase shift (0 degrees and 180 de¬ 
grees). The inherent phase and ampli¬ 
tude matching makes this oscillator 
particularly useful. The balanced nature 
of the oscillator eliminates the need for 
baluns, and hence, their associated 
problems. 

The Balanced Oscillator 
This oscillator has a voltage-con-

trolled oscillator (VCO) operating in the 
1.3 GHz to 1.9 GHz frequency range. 
The circuit schematic and parts list are 
shown in Figure 1. The circuit consists 
of two identical negative impedance 
oscillators, sharing a common tank 
circuit C - Z - C7 (C5, C7 are varicap 
diodes, Z is microstrip printed line, 
having the role of an inductance). 
A BO is composed of two negative 

impedance oscillators, connected back 
to back, as shown in Figure 2. The two 
oscillators share a common tank circuit 
2C - U2 - U2 - 2C. Therefore, both 
oscillators will oscillate at the same 
frequency, determined by the tan k cir¬ 
cuit (f0 =1/(2n TLC) = 1/(2n 4U2)2c). The 
RF current I flowing in the tank circuit is 
common for both transistors, but has 
opposite signs with respect to Q, and 
Q2. (While I is flowing into Q, , it is flowing 
out of Q2.) Assuming perfect symmetry 
in the circuit, voltages at emitters of Q, 
and Q2 will have equal amplitudes and 
opposite signs, i.e. the signals will be 
perfectly balanced. At the center of 
symmetry (point Z), a virtual ground will 
be formed at the fundamental frequency 
f0. The RF voltage at f0 at this point will 
be zero. Therefore, the BO can conven¬ 
iently be represented in equivalent form, 
as shown in Figure 3. From the point of 
view of external loads, it will look like a 
truly balanced generator, with mid-point 
grounded at RF (f0). 
The tank circuit 2C - L/2 - U2 - 2C in 

Figure 2 could be replaced by a single 

L-C circuit, without any effect on the 
operation of the circuit. The only differ¬ 
ence would be that the point of symme¬ 
try Z would not physically be accessible. 

Design and Performance 
Considerations 
The main consideration in BO per¬ 

formance, apart from output frequency 
and level, iß the amplitude and phase 
balance of the two outputs. Depending 
on the application, one or both of the two 
parameters may be of primary impor¬ 
tance. Typically, in applications such as 
mixers in frequency converters, ampli¬ 
tude balance is more important than the 
phase balance, since the LO 
feedthrough is far more sensitive to the 
amplitude imbalance than to the phase 
imbalance. In the case of the phase lock 
loop application, the phase balance is 
more important, since it will directly 
contribute to the phase error at the 
output of the phase detector. As an 
example, it can be calculated that the 
residual signal, when the two balanced 
signals are combined (summed), will be 
only 18 dB suppressed in the case of 1 
dB p-p amplitude imbalance. For the 
same amount of suppression, it would 
take as much as 7 degrees of phase 
imbalance. 
The BO has inherently good phase 

and amplitude balance. The physical 
symmetry of the circuit is very important, 
particularly with respect to the phase 
balance. Any differences in physical 
length at the two outputs of the BO will 
directly cause an error in phase. As an 

Figure 1. The 1.3 to 1.9 GHz voltage-controlled 
balanced oscillator. 

Figure 2. Simplified schematic diagram for a bal¬ 
anced oscillator. 

RF Design 35 



rf design awards 

Figure 3. Equivalent circuit for a 
balanced oscillator. 
example, on G-1 0 board (eft. e = 3.3), 0.1 
in. of line length represents 8 degrees 
of electrical length at fO = 1.5 GHz. 

Since the BO has twice the output 
power relative to a comparable single-
ended oscillator, resistive pads can be 
afforded at each output, to further 
improve the balance. Practically, there 
is about a 5 dB power advantage over a 
standard oscillator. To obtain two bal¬ 
anced outputs from a single-ended oscil¬ 
lator, a splitter with a 3 dB split loss and 
typically insertion loss of 2 dB is re¬ 
quired. 
The addition of resistive attenuators 

at the output will also improve the BO 
isolation from the load, which is another 
important design consideration. One 
such consideration is a so-called “load 
pulling” effect, where the load can pull 
the frequency of the oscillator. This is 
particularly important when the load is 
varying. Another important situation is 
when the load has signals from other 
sources (e.g. in frequency converters). 
In this case, poor isolation can lead to 
frequency modulation, or even injection 
locking of the oscillator by external 
signals. However, in almost all applica¬ 
tions, external signals will appear at both 
oscillator terminals, as common mode 
signals, and will be rejected as such. 
This is evident by examination of Figure 
1. Namely, if two identical signals are 
applied simultaneously to terminals 1 
and 2 from the load, no current will be 
produced in the base circuit, since both 
bases will experience identical (common 
mode) voltage raise. External currents 
will have ground return via collector 
terminals and will not interfere with the 
tank circuit. Therefore, the load isolation 
of the BO is superior to the single-ended 
oscillator, which is another important 
advantage. 
The common mode rejection property 

of the BO, combined with resistive pads 
at the output, provides very good isola¬ 
tion and impedance of the oscillator. In 
many applications, the BO can be 
connected directly to the switching di¬ 
odes in a mixer, eliminating the need for 
buffer amplifiers. 

Figure 4. Output levels of the 
balanced oscillator; trace 1: out¬ 
put 1, trace 2: output 2. 

Another important consideration in 
oscillator design is frequency stability 
and/or phase noise. As far as frequency 
stability is concerned, there is no inher¬ 
ent advantage of a BO over a single-
ended oscillator. It is worth mentioning 
that any frequency stabilizing element, 
such as a crystal or SAW resonator, can 
be used in place of a tank circuit in a 
BO, utilizing the series resonance prop¬ 
erties of the element. 

In the case of phase noise, a BO 
apparently has an advantage over a 
single-ended oscillator. Namely, the 
phase noise components generated in 
each of the transistors in a BO, being 
random in nature and thus uncorrelated, 
will add up on a power basis (3 dB), 
whereas the LO signals of each of the 
transistors, being coherent, will add up 
on a voltage basis (6 dB). This will yield 
a net improvement of 3 dB over a 
single-ended oscillator. However, the 
phase noise is partially caused by the 
losses in the tank circuit itself, acting as 
a common phase noise. Due to this 
noise, the overall effect will be some¬ 
what less than 3 dB. 

Content of harmonic signals is also 
an important consideration. Low har¬ 
monic content is usually desired, due to 
potential problems in the load circuitry 
(e.g. spurious responses, saturation, 
etc.) and also due to radiation problems 
(EMI). Due to the balanced nature of the 
signals, all odd-order harmonics in a 
BO will be greatly reduced. Of particular 
importance is the leakage and radiation 
of the fundamental signal f0. The leak¬ 
age to power supply lines and other 
surrounding circuitry of the fundamental 
signal and odd harmonics is consider¬ 
ably reduced in a BO. For even-order 
harmonics, similar characteristics as 
with a single-ended oscillator could be 
expected. 
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20 dB pad 

Figure 5(a). Zero phase reference 
calibration. 

Finally, it is worth mentioning that 
there are no inherent limitations in the 
frequency of operation of a BO, other 
than those which apply to any other 
oscillator. 

Balanced Oscillator Measured 
Performance 
A voltage-controlled balanced oscilla¬ 

tor was designed and built, per Figure 
1 schematics and parts list. The oscilla¬ 
tor operates from 1.3 GHz to 1.9 GHz. 
It tunes to 1260 MHz at 0 V, and to 1940 
MHz at 24 V tuning veltage. Several 
parameters have been measured, in¬ 
cluding output power, amplitude and 
phase balance, and harmonic content. 
The measurements are discussed be¬ 
low. 
As can be seen in Figu'e 4, the power 

output at each port (1 and 2), is about +6 
dBm at both low and high band, and +8 
dBm in midband. (1 dB test cable loss 
has been added to the readings.) The 
amplitude balance is almost perfect in 
the midband (0 dB), and falls off towards 
low and high band, to 1 dB p-p. The 
small ripple in the response in Figure 4 
is due to a mismatch of the BO and 
cable/spectrum analyzer. If a pad (10 
dB or so) is added to eacn output of the 
BO, the ripple would disappear and the 
amplitude balance will be better than 0.5 
dB p-p. Of course, while one port is 
being measured, the other port of the 
BO must be terminated into 50 ohms. 
The phase balance measurement 

took special precautions to obtain accu¬ 
rate measurement. A special setup had 
to be devised, as shown in Figures 5(a) 
and 5(b). First, a calibration for 0 degree 
phase reference was done, by using two 
equal length cables connected via 10 
dB pads to a tee, as shown in Figure 
5(a). A tee was used ('ather than a 
splitter) to minimize phase error. (Phase 
balance uncertainty of a splitter could 
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Figure 5(b). Phase balance meas¬ 
urement set up for the balanced 
oscillator. 

cause an error.) Next, the BO was 
connected to points (x) and (y), as shown 
in Figure 5(b). The tuning driver was 
adjusted for BO sweep of 1.4 to 1.9 
GHz. Since the tuning linearity of the 
BO vs. tuning voltage was fairly good, 
the sweep linearity of the BO for this 
measurement was acceptable. The 
phase response of the BO is shown in 
Figure 6. A total of 8 degrees phase 
unbalance across the 500 MHz range 
was measured. At 1.4 GHz the phase 
matching is almost perfect (180 de¬ 
grees), and the phase matching linearly 
degrades, to reach 8 degrees unbalance 
at 1.9 GHz. This almost linear phase, 
indicates that a fixed line length differ¬ 
ence is in question. This could be 
caused by a small asymmetry in the 
circuit line lengths, or by a residual 
measurement error (e.g., after recon¬ 
nection of test cable connectors/pads 
from calibration set up to the BO ports). 
Also a fixed phase error could occur 
while changing the network analyzer 
reference line from 0 degrees to 180 
degrees (i.e., instrument uncertainty). 
So, the overall 8 degrees of phase 
unbalance can be taken conservatively. 

Finally, the harmonic content of the 
BO output was measured. The result is 
shown in Figure 7 (second and third 
harmonic levels, when fundamental 
swept from 1.3 to 1.9 GHz). The actual 
levels are 10 dB higher than the read¬ 
ings in Figure 7, due to a 10 dB external 
pad used. The highest is the second 
harmonic, -30 dBm at 2.7 GHz. This 
represents 37 dBc suppression below 
the carrier. The third harmonic is better 
than 40 dBc. 

Overall, the BO demonstrated excel¬ 
lent performance, which could hardly 
be matched or surpassed by any single¬ 
end oscillator/balun combination, par¬ 
ticularly in this frequency range. The 
BO (Figure 1) measured performance is: 

Figure 6. Phase balance of the 
balanced oscillator (upper trace: 
zero phase reference; lower trace: 
phase of output #1 relative to 
phase of output #2). 

• tuning range: 1.3 GHz to 1.9 GHz 
• output power (each output): +7 dBm 
±1 dB 

• amplitude balance: +0.5 dB 
• phase balance: ±4 degrees 
• harmonic suppression: 37 dBc 

Balanced Oscillator Applications 
Balanced oscillators are very suitable 

in balanced mixers (single or double 
balanced), phase lock loops, synthesiz¬ 
ers, and generally anywhere where a 
0/180 degree biphase LO signal is 
needed. Its function is equivalent to a 
single-ended/balun combination. Fur¬ 
thermore, it can directly provide differen¬ 
tial drive for differential amplifiers, such 
as in frequency dividers and prescalers. 
Also, if properly driven it can function 
as an injection-locked oscillator (ILO). 
The most typical application would 

be in balanced mixers, and hence in a 
complete range of applications (includ¬ 
ing modulators/demodulators, up/down 
converters and many others). To demon¬ 
strate suitability of a BO, a double 
balanced mixer was built, using the 
prototype BO of Figure 1. 

Balanced Oscillator in a Double 
Balanced Mixer Circuit 
A double balanced mixer with the BO 

is shown in Figure 8. As can be seen 
from the schematic, it is similar to the 
regular double balanced mixer (DBM). 
The only difference is that one trans¬ 
former is replaced by a BO. Internal RF, 
IF and LO currents are identical as in a 
regular DBM. During half a BO cycle, 
one diode pair is turned on (e.g., D, and 
D2), while in another BO cycle, diodes 
D3 and D4 are turned on. The RF and IF 
currents will flow into both BO ports, as 
common mode signals. Therefore, the 

Figure 7. Balanced oscillator har¬ 
monic levels (left half trace: 2nd 
harmonic; right half trace: 3rd 
harmonic). 

BO has to provide ground return for 
these currents. So, a low impedance at 
RF and IF frequencies of the BO is 
required. RF and IF currents will flow 
partially through shunt branches of 
attenuator pads to ground, and partially 
through transistors in BO to ground. The 
RF to BO and IF to BO isolation will 
depend on attenuation and symmetry 
of attenuator pads and on impedance 
balance of the BO, as well as on diodes 
and transformer balance and symmetry. 
The same applies for other port-to-port 
isolation (BO to RF and IF, and RF to IF 
isolation). Given sufficient BO level, the 
insertion loss and compression point 
will depend primarily on transformer and 
diode characteristics. 
The mixer of Figure 8 was tested at 

IF = 400 MHz (RF = 1.0 to 1.5 GHz; BO 
= 1.4 to 1.9 GHz). The mixer showed 
very good isolation and compression 
characteristics. However, the insertion 
loss appeared to be too high (12 dB). It 
was later traced to excessive insertion 
loss of a ferrite transformer (5-6 dB) at 
the RF frequency. (For lack of higher 
frequency core, this core, which is 
normally used up to 600 MHz, had to 
be used). This was also the reason for 
an unusually high 1 dB compression 
point, measured in excess of +9 dBm, 
since the high balun insertion loss 
reduced the effective RF level applied 
to the switching diodes. The perform¬ 
ance of the balanced oscillator/double 
balanced mixer is shown below: 
• BO frequency range: 1.4 to 1.9 GHz 
• RF frequency range: 1.0 to 1.5 GHz 
• IF frequency: 400 MHz 
• Conversion loss: 12 dB 
• BO level at IF port: -20 dBm 
• BO second harmonic at IF: -22 dBm 
• BO level at RF port: -19 dBm 
• 1 dB compression point: +9.7 dBm at 
RF in 

RF Design 
37 



rí design awards 
<3dB) 

Figure 8. BO in the double balanced mixer circuit. Figure 9. BO in a single balanced mixer circuit. 

Conclusion 
A balanced RF oscillator, with two 

out-of-phase outputs, possessing excel¬ 
lent amplitude and phase balance and 
isolation characteristics has been pre¬ 
sented. The oscillator has 3 dB or more 
power advantage over single-ended os¬ 
cillators and yet has substantially lower 
radiation and leakage levels. The power 
advantage makes room for the use of 
resistive attenuators, which further en¬ 
hances the impedance and isolation 
characteristics of the BO. In addition, a 
BO has up to 3 dB better phase noise 
when compared with a single-ended 
oscillator. As with other oscillators, a 
BO frequency can be stabilized with 
elements such as crystals, SAW, dielec-

trie resonators, etc. 
A BO uses two active elements, as 

compared to one element used in single-
ended oscillators. On the other hand, a 
single-ended oscillator usually needs a 
buffer amplifier, which makes the num¬ 
ber of active elements equal. Further¬ 
more, the cost of active elements is 
always dropping. So, by eliminating the 
need for balanced transformers, a BO 
has even a cost advantage over the 
single-ended one. For similar reasons, 
a BO can have a size advantage too. 
The performance of the BO depends 

primarily on the matching of the active 
elements. For especially good perform¬ 
ance, match elements, or even mono¬ 
lithic ICs, transistor arrays can be used. 

Equipped with all these characteristics, 
a BO is an excellent device for many 
applications. It is particularly useful from 
1 GHz to 2 GHz, where the lumped and 
distributed circuit components overlap 
(and where neither of the two covers all 
the requirements) and where a good 
balanced transformer is very difficult to 
make. 

About the Author 
Brani Petrovic is a senior engi¬ 

neer at the VideoCipher Division of 
General Instrument Corp., 6262 
Lusk Boulevard, Mira Mesa Busi¬ 
ness Park, San Diego, CA 92121. 
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America, Inc.: The R3361A Spectrum Analyzer, with 9 
kHz to 2.6 GHz range, 1 dB total level accuracy, 1 Hz 
resolution, and 120 dB display range. Other key features 
include standard GP-IB interface, IC memory card func¬ 
tion, a flexible measurement window function, markers, 
and an audio monitor. (The unit pictured is the R3361, 
with the same panel layout as the R3261A.) 

Contest Entry Rules 
1. Entries shall be RF circuits containing no more than 

eight single active devices, or six integrated circuits, or 
be passive circuits of comparable complexity. 

2. The circuit must have an obvious RF function and 
operate in the below-3 GHz frequency range. 

3. Circuits must be the original work of the entrant, not 
previously published. If developed as part of the en¬ 
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4. Components must be generally available, not obsolete 
or proprietary. 

5. 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. 

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

7. Entries must be postmarked no later than March, 31, 
1990, and received no later than April 10, 1990. 

Send entries to: RF Design Awards Contest 
RF Design Magazine 
6300 S. Syracuse Way, Suite 650 
Englewood, CO 80111 
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Digital Amplitude Modulation 
By Timothy P. Hulick, Ph.D. 
Aerodyne Industries 

Amplitude modulation is the oldest 
method of impressing information onto 
an electromagnetic carrier. Its begin¬ 
nings date back to the early days of 
spark-gap transmissions. With spark 
came 100 percent amplitude modulation 
and the adoption of the Morse Code 
(later the International Morse Code), and 
still later, voice amplitude modulation, 
which has been shortened simply to AM. 

AM usually refers to full-carrier ampli¬ 
tude modulation with a single set of 

inphase sidebands containing the infor¬ 
mation to be transmitted and received. 
Any modulation system that causes the 
instantaneous composite amplitude of 
the waveform to vary in accordance with 
the information transmitted is (or should 
be) termed AM. This includes single¬ 
side band suppressed-carrier emissions 
and vestigial-sideband television as well. 
AM can be generated in many ways, 

but it always can be expressed by the 
familiar trigonometric identity: 

(1 + C0Sœmt)C0Sœct = COSœct + (1/2) 
cos(œc - œjt + (1/2) COS(œc + œjt (1) 

where a>m = modulation frequency, 
œc = carrier frequency and 
t = time. 

This relationship commonly applies 
when the modulating waveform is a 
simple sine wave. More complex modu¬ 
lating waveforms may be expressed as 
a Fourier series of sine or cosine terms, 
but carrier and sideband terms retain 
the same form, and the modulation 
coefficient m modifies the amplitude of 
the cosa; t term. m 

Any approach to develop the carrier 
and associated sidebands of equation 1 
is fair game as a method to generate 
AM. The purpose of this article is to 
present a new method of generating 
pseudo-continuous amplitude modula¬ 
tion at any carrier frequency and at any 
modulation (depth) index between zero 
and one by using any class of amplifier 
(A, AB, B, C, D, H, S) as an RF source. 
First, however, it is necessary to review 
the operation of a common, yet often 
unfamiliar, RF component. 

RF Design 

Figure 1. A quadrature hybrid is a 
4-port device with two coupled 
lines inside a common outer con¬ 
ductor. The outer conductor is 

Figure 2. A schematic representa¬ 
tion of the quadrature hybrid 
power splitter. If power is fed into 
port 1, it is split equally between 
ports 2 and 3 with the phase 
relationship shown. Ideally, no 

Figure 3. For the same type of 
mismatch at ports 2 and 3, all 
reflected power is transferred to 
port 4. Reflected powers to port 1 
cancel each other because of 
phase relationships shown. 

The Combiner/Splitter 
The quadrature hybrid power combi-

ner/splitter is well-known in RF circles. 
It is favored for microwave systems 
because of its small size at those 
frequencies and because it provides a 
practical way to sum the RF output 
power of many signal sources, produc-

Figure 4(a). Output ports 2 and 3 
are isolated from one another’s 
mismatch. The signal path shown 
is when port 2 is terminated in a 
short. 

Figure 4(b). The paths when port 
2 is terminated as open. 

ing a much larger signal than that 
available from any single source. The 
device seldom is found in RF designs 
below about 50 MHz, because the size 
and cost become prohibitive. Its theory 
remains valid at all RF frequencies, 
however. The device may be referred 
to as a hybrid, a combiner, a splitter or 
a combination of these terms. 
A quadrature hybrid combiner is a 

4-port component that consists of two 
or more parallel conductors placed in¬ 
side, but isolated from, a common outer 
conductor, such that the two lines share 
the same E and H fields. For this basic 
definition, disregard any restrictions on 
such factors as characteristic imped¬ 
ance of the coaxial arrangement or the 
location of terminations. Simply stated, 
two conductors that share a common 
field mutually induce current in one 
another according to laws of physics. 
The TV section of the NAB Engineering 
Handbook contains a vector analysis of 
the device. 

The hybrid device exhibits several 
interesting and significant properties. 
Figure 1 shows coupled lines at the 
center of a common outer (grounded) 
conductor. Four ports, where appropri¬ 
ately sized connectors may be attached, 
are identified. The hybrid is shown 
schematically in Figure 2. 
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Figure 5. A schematic representa¬ 
tion of the quadrature hybrid as a 
power combiner. The device is the 
same as the splitter, but is con¬ 
nected as shown. 

Figure 6. A configuration of three splitters and three combiners is 
connected to preserve phase. In the output signal,the four gain blocks 
(g) will appear as a single amplifier. 

If the device, configured as a splitter, 
is of the correct dimensions for a given 
frequency, then the power of an input 
signal applied to port 1 is divided equally 
between ports 2 and 3. The signal at 
port 2 exhibits the same phase as that 
at port 1, excluding small propagation 
delays. At port 3, the phase is -90 
degrees with respect to ports 1 and 2. 

Whether the power is split equally 
between ports 2 and 3 depends upon the 
electrical length of the lines and the 
degree of coupling, which, in turn, are 
related to the shape and proximity of the 
lines. The characteristic impedance (Zc) 

depends upon the cross-sectional ge¬ 
ometry of the entire structure. If the lines 
and outer conductor are of circular cross 
section, the ratio of the inside diameter 
of the outer conductor to the outside 
diameter of one of the lines should be 4 
for Zc = 50 ohms at each of the four 
ports^ If the lines are circular, and the 
outer conductor is square in cross 
section, then the ratio of the inside 
length of one of the sides of the outer 
conductor to the outside diameter of one 
of the lines should be 3.5 for Zc = 50 
ohms. 

The degree of coupling depends upon 
the spacing between the lines, while the 
length of the enclosed line determines 
the frequency range over which the 
degree of coupling remains reasonably 
constant. The device maintains a de¬ 
gree of coupling to within a few tenths 
of a decibel more than an octave of 
bandwidth (f to 2f) and a nearly constant 
90 degree phase shift to the quadrature 
port. Outside the octave bandwidth, 
coupling decreases in both directions, 
and the phase angle departs greatly 
from 90 degrees. 

One method of breadboarding 
multiple frequency/multiple 

bandwidth filters. Our method. 

^^ur variable center frequency step bandwidth filter covers the frequency range from 
200-1,000 MHZ, 2'Zi octaves, 6 stepped from 1-5% bandwidth. Send the coupon to us at 
6600 Virginia Manor Rd., Beltsville, MD 20705, or call 1-800-658-8879 for more information. 

arr vim 
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Terminations 
If ports 2 and 3 are terminated in the 

proper characteristic impedance, no 
power is coupled to port 4. On the other 
hand, if the same magnitude and phase 
mismatch exist at both output ports 2 
and 3, then they effectively become 
input ports for the reflected waves 
produced. As shown in Figure 3, the 
mismatch conditions previously de¬ 
scribed cause all reflected power to 
appear in port 4. Port 1, however, does 
not see the mismatch conditions, so a 
perfect termination is maintained at the 
expense of power lost to port 4. 

If the mismatches at ports 2 and 3 are 
not alike, some power is reflected back 
to port 1, because amplitude and phase 
cancellation cannot occur at port 1. This 
presents a problem if loads connected 
to port 2 or 3 of a hybrid power splitter 
change in some way. The problem in the 
splitter configuration is less serious than 
it might appear, however, because 
power levels to the splitter generally are 
much lower than those to a combiner. 

Port 4 is called the isolated (or reject) 
port, where a dummy load is connected 
to absorb reflected power. It is sized 
according to the expected worst-case 
reflected power. If the loads connected 
to ports 2 and 3 were always perfect, a 
dummy load at 4 would not be needed, 
and the port could be left unterminated. 

That the two output ports ideally do 
not see each other is a significant 
property of the hybrid. A mismatch may 
occur at one output port, yet the other 
sees no reflected power. This is true 
(see Figure 4) whether a port is short or 
open-circuited. It is possible because, 
for a signal returning into port 2 (or 3), 
the opposite output port 3 (or 2) be¬ 
comes the new isolated port for the 
reflected wave. With all other ports 
properly terminated, no power goes to 
the new isolated port. It appears that the 
output ports are isolated from each 
other, but the real degree of isolation is 
within the range of 20 dB to 30 dB. 

Signal Combining 
Figure 5 illustrates the hybrid as a 

power combiner, corresponding to the 
splitting configuration of Figure 2. Be¬ 
cause the hybrid is a reciprocal device, 
the analysis is the reverse of the splitter. 
Two equal-amplitude signals with a split 
in phase of 90 degrees are applied to 
ports 1 and 4. They combine into port 
2, while port 3 becomes the isolated 
port. It retains all the properties of the 
splitter, likewise affording input ports 
isolated with respect to one another. 

RF Design 

If a hybrid is constructed to be a 3 dB 
splitter or combiner, power is equally 
split in amplitude to two ports or com¬ 
bined completely from two equal-ampli¬ 
tude ports. If power levels at the two 
combiner input ports are unequal, some 
power will be lost in the isolation-port 
load. Because vector voltages are com¬ 
bining to produce power, the output Po 
is related to the input power levels PIN1

and PI N? , according to the following 
relationship: 

po = «Pin/2)1'2 + (pIN2/2)”2)2 (2) 

The power sent to the isolation port 
becomes: 

Piso = ((Pini'2) ,/2H pin^  (3) 

Application Specific 
Bipolars 

Need quality, reliability and performance 
for your specific application? Start here 
and save yourself a search. 

We offer a wide selection of NEC 
Part Series Description 

NE647/648 K-Band oscillators over MIL Temp ranges 

NE645/681 Low Noise, Cost Effective for L/S Bands 

NE333 700mW Class A. 1.2SW Class C L/S-Band amps 

NE567 High Gain C-Band amps, C/X-Band oscillators 

NE856 High Gain, Low Cost, Low Noise for L-band 

NEL23OO Consistent 3W Class A output in S-Band 

NE243_ 630n)W for high C-Band oscillators 

NE568 Medium Power, High Gain for S-Band amps 

Bipolar Transistors 
screened for Space and 
Military requirements—as 
well as commercial devices 
in chip form and a variety 
of packages, including 
Micro-X and tape and reel. 

CEL can also provide 
the support and character¬ 
ization data you need to 

accurately determine your circuit’s perfor¬ 
mance using NEC parts. 

FREE DATA FOR DESIGNERS 
For a product selection catalog, call, 
write or circle the number below. 

NEC 
California 
Eastern 
Laboratories 
Headquarters (408) 988-3500 
3260 Jay Street, Santa Clara, CA 95054 
Western (408) 988-7846 Eastern (301) 667-1310 
Central (312) 655-0089 Canada (613) 726-0626 

€>1989 California Eastern laboratories 
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DDS 
SCITEQ DDS products provide submicrosecond 
switching and fine steps - all at less cost than 
alternative approaches. As modulators, some 
have phase control in steps as fine as 0.09°, 
and all switch frequencies without glitch. 
• ADS-2 & 3: all GaAs DDS up to 300MHz BW 
• VDS-3, 8 & 15: patented BCD boards and instuments 
• VDS-3000: HF band w/phase control 
VME, STD, IBM-PC, Cambion, and custom formats 

PLL 
SCITEQ PLL synthesizers are new designs that 
use GaAs components and SAW references, 
achieving excellent performance at low cost. 
• VDS-G: 10% coverage up to 6GHz, excellent spectral purity 
• VDS-1500: octave coverage below 250MHz, 1 MHz steps 
• VDS-1800: cost-effective SATCOM synthesizer 

DDS+PLL 
SCITEQ DDS+PLL designs achieve fine steps 
with excellent spectral purity, because division 
ratios are kept low. The result is multi-loop 
performance at single-loop prices. 
• VDS-1700: <20% coverage below 3GHz, low phase noise 
• VDS-1400: any octave up to 250MHz, in 0.1 steps 

... other designs 
Sciteq offers the broadest menu of DDS and 
combination designs in the industry, including 
DDS+mix/filter products that cover up to 1GHz 
in H16Hz steps with submicrosecond switching. 
Call us and we will show you how to improve 
the cost-effectiveness of your system. 

SCITEQ ELECTRONICS, INC 
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8401 AERO DRIVE 
SAN DIEGO, CA 92123 

619-292-0500 

FAX 619-292-9120 
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DIRECT-DIGITAL 

FREQUENCY 
SYNTHESIS 
nilULTlEEm 

Figure 7. Four power-combining hybrids are connected with the output 
of each, feeding one input port of the unit to its immediate left. Input 
power at each input port doubles from the previous one, moving from 
the right, so that they are summed at P0UT . 

Half of 
the World’s 

Smartest 
Synthesizer 

is Already 
In Your 

Lab! 

Figure 8. Combining hybrids with PIN2 in the OFF condition. Power levels 
shown represent a relationship to a total power of one unit if all inputs 
were ON. 

• Frequency synthesizer (DDS) 
• Arbitrary waveform generator (ARB) 
• Modulation source 
• Clock generator 
• Phase shifter 

MultiGen is the industry's first 
precision frequency synthesizer in 
PC format. This Direct-Digital 
Synthesizer (DDS) uses a patented 
design, its own jiprocessor, custom 
integrated circuitry, and user 
friendly, menu-driven software. 

Logic Word = 0101 

Figure 9. The system illustrated with P|N3 in the OFF condition. 

If PIN1 = PIN2 , then equation 2 reduces 
to the sum of the input powers, while 
equation 3 goes to zero. If either P|N1 or 
PIN2 is zero, half the power of the 
remaining active input goes to the 
output port, while the other half appears 
at the isolation-port dummy load. The 
input ports remain isolated from one 
another. 

Multiple quadrature hybrid sections 
may be connected in various ways to 
achieve a desired purpose. Figure 6 
illustrates an interconnection to split 
drive power among four output ports to 
drive four separate amplifiers. The out¬ 
puts of the amplifiers are applied to a 

RF Design 

combiner configuration, summing the 
signals back to a single output port. 

Cascades of Digital Gates 
Combining properties of the basic 

quadrature hybrid and relationships 
(equations 2 and 3) produces the con¬ 
figuration shown in Figure 7. The symbol 
for this application of the hybrid is 
changed to more closely reflect the 
actual construction of the device and is 
helpful in preventing crossed lines inter¬ 
connecting the cascaded combiners. In 
all hybrids shown, the dummy or reject 
load is connected to the isolated port 
with respect to the two output ports. 

In the design lab or academic 
program MultiGen is truly a general-
purpose virtual instrument. It's a 
phase shifter, modulator, clock 
generator, and arbitrary waveform 
generator (ARB). For ATE, clock 
recovery, modulation, or general 
utility applications, there is no more 
cost-effective signal source than 

ruiuLTiEEnj 
* Linear sweep, burst 
• Phase control 
* 9 predefined waveforms 
• GPIB or PC-bus control 
• Frequency synthesizer 

Bandwidth. 8MHz 
Step size. 0.10Hz 
Spurious. <-50dBc 

SCITEQ Electronics, Inc. 
8401 Aero Drive 
San Diego, CA 92123 
TEL 619-292-0500 
FAX 619-292-9120 
TLX 882008 
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Power input doubles in moving from 
right to left, so that PIN2 = 2PIN1 , and PIN3 
= 2P lN2 , and so on. 

System power levels are selected so 
that they sum to one, but the most 
important relationship is that the input 
power levels are weighted relative to the 
placement of digits of a binary number 
made of ones and zeros. Moving from 
the right in a binary word, each succeed¬ 

ing character has twice the numerical 
weight of the number to the immediate 
right. In Figure 7, all inputs are on. That 
is, if input port activity is controlled by a 
one or a zero digit of a binary word, they 
all would be the same — one or zero. 
(For the sake of simplicity, logic one 
conventionally means on, and logic zero 
corresponds to input power off.) Pa 
always exists and is not considered to 

ACCUVERTER SOLUTIONS. 
Looking for high dynamic range tuners with digital output to help solve your 

signal acquisition problems? Look to Steinbrecher. As the leader in high dynamic 
range RF products, we offer the superior performance you need to meet the most 
demanding requirements. 
The Steinbrecher Accuverter® RF-to-Digital Converter combines our Model 

12102A Tuner with our Model 12104D, 12-bit Baseband-to-Digital Converter. This 
combination results in a high performance tuner with 72 dB of spurious-free 
dynamic range in a 2 MHz bandwidth at the digital output 
The Accuverter also offers design flexibility. The Model 12102A Tuner and Model 

12104D Baseband-to-Digital Converter may be purchased separately, giving you the 
option of choosing the best solution for your signal acquisition design require¬ 
ments. For example, the tuner provides 96 dB of spurious-free dynamic range in 2 
MHz. As analog-to-digital converter technology advances, your system’s dynamic 
range may be upgraded without replacing the tuners. Or, perhaps you already have 
an analog-to-digital converter you wish to use — either way, the Steinbrecher 
solution improves your system’s performance without limiting your flexibility. 

Features: 
• 96 dB Instantaneous, In-Band 
Spurious-Free Dynamic 
Range at Baseband 

• Up to 8 MHz Analysis 
Bandwidth 

• High Out-of-Band Signal 
Rejection 

• 12-13 dB Typical Noise Figure 
• Design Flexibility-Units May 
Be Purchased Separately 

Accuverter Two-Tone Test 

10000 20000 30000 40000 S0000 60000 
Frequency IHr) 

96 dB Instantaneous, Spurious-Free Dynamic Range 

185 New Boston Street 
Woburn, Massachusetts 01801 USA 
Phone: 617-935-8460 TELEX: 948600 
FAX: 617-935-8848 INFO/CARD 40 

be controlled by a binary digit, but 
represents the total power coming from 
all previous stages, if they exist. 

The result is an amplitude modulator 
that can be controlled by the binary 
representation of the instantaneous 
value of the amplitude of an arbitrary 
waveform. Obviously, a mixture of ones 
and zeros results frcm any sample 
taken. For a modulator of this type, it is 
necessary for the power output of the 
combiner to produce the proper RF 
power level representing the modulation 
level sampled. Otherwise, modulation 
will be non-linear, and distortion will 
occur. 

Figures 8 to 12 show numerical 
examples of the resultant summed 
power with one or mo'e inputs turned 
off by a logical zero, assuming the same 
configuration as shown in Figure 7. For 
simplicity, assume the summed power 
to be one unit of power (1 W). Four input 
ports allow a 4-bit word of 16 possible 
states. 
The lowest power input becomes one 

divided by 16, or 0.0625 W. Equations 
2 and 3 allow intermediate power levels 
to be found. Figure 8 indicates that a 
logical word of 1101 produces an output 
level of 0.765 power units, while the 
input sum P)N is 0.875. In Figure 9, a 
control word of 101' produces the 
output 0.5625 from an input total of 0.75. 
Figure 10 shows an output power of 
0.25, with an input sum of 0.5. 

It is worth noting (and essential to the 
linearity of the modulator) that the output 
power is numerically equal to the square 
of the input power (0.8752 = 0.765, 
0.752 = 0.5625, 0.52 = 0.25). If carried 
through for all 16 cases of the 4-bit word, 
the relationship holds. At first, it appears 
the square law relationship would ren¬ 
der the combiner use ess as a linear 
amplitude modulator. However, the digi¬ 
tal voltage representations of an arbi¬ 
trary waveform are just that — voltages 
controlling powers that automatically 
square the voltages into powers so that 
the squaring is canceled. In effect, the 
digital voltage word is squared into a 
power word that is perfectly linearly 
proportional to the power at the summed 
Port P0UT . 
The linearity of the modulator is 

independent of the type of power source, 
as long as available power to each port 
remains precisely double that of the 
next lower power-input port. The proper 
amount of waste power automatically 
finds its way to a reject load, and not to 
P0UT , to maintain linear ty. 

It also may seem, at first glance, that 
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reliable. & 
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Figure 12. The system with PIN2 and 

the modulator is terribly inefficient, be¬ 
cause power must be dumped into reject 
loads for the system to work. The 
combiner/modulator is theoretically 100 
percent efficient with all inputs on. 
Efficiency decreases as some inputs 
change to the off condition, but so does 
total consumption. 

A Technological Concept 
Digital technology is making signifi¬ 

cant inroads into the broadcast industry. 
As that technology moves more toward 
signal processing and transmission, the 
approach to digital modulation discussed 
in this article allows for analog simula¬ 
tion of a digitized signal in an amplitude-
modulated broadcast system. Reception 
is possible with ordinary radio or TV 
receivers. 

Digital AM transmitters for medium¬ 
wave applications exist, but the technol¬ 
ogy that makes them possible uses a 
different approach than that presented 
here. Power combiners in those trans-

P)N4 in the OFF condition. 

miners do not offer port-to-port isolation. 
That is, no reject loads are associated 
with the power combiner, which acts as 
a transformer with a single secondary 
and many primaries. Also, an isolated 
combiner is not necessary at medium 
wave, where switch-mode RF amplifiers 
form the modulator/RF source. Such a 
source impedance is either near zero 
when gated on, or approaching infinity 
when gated off. Switch-mode amplifiers 
are not yet possible much above the 
medium-wave frequencies, suggesting 
that another method is required. 

The modulator described here, be¬ 
cause of the port-to-port isolation, main¬ 
tains an impedance of RL at all ports 
whether or not adjacent amplifiers are 
on. As a result, it is useful at all RF 
frequencies with any class of amplifier. 
Its speed is limited only by the ability to 
gate an amplifier in consonance with the 
analog-to-digital converter sampling 
rate. No doubt, logic glitches may result 
as amplifiers are turned on and off, but 

• up to 300 MHz coverage 
• 20 nanosecond switching 
• <1 0 Hz steps 
• phase continuous 
• phase noise of reference 
• <-45 dBc spurious 
• small board or module 

for 

• EW 
• ATE 
• NMR 
• MSK, FSK 

supports many other 
acronyms 

SCITEQ ELECTRONICS, INC. 
8401 Aero Drive 
San Diego. CA 92123 
TEL 619-292-0500 
FAX 619-292-9120 
TLX 882008 
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Transmitter and Receiver Modules 

Finally. .. Radio data products 
that aren t hand-me-downs. 
Not all radio data devices are created 

equal. Most are hand-me-downs'—con¬ 
ventional voice radios adapted tor use with 
data. Repco radios are designed specifi-
cdlly to handle data. There's a big differ¬ 
ence. 
We know. We ve been in the radio busi¬ 

ness for more than 26 years. We offer a wide 
range of products designed to handle 
data—transmitter and receiver links, radio 
modems (to 9600 bps), monitoring and con¬ 
trol systems, etc. 
Repco is the industry leader in radio data 

devices Call a Repco RF Data Specialist toll 
free today and put radio to work for you. 

R^pco 
REPCO, INCORPORATED 

2421 N. Orange Blossom Trail • Orlando. Florida 32804 

1-800-950-5633 

a careful design should overcome this 
problem. 
The modulator described would not 

work for vestigial-sideband transmission 
in its current configuration. The tech¬ 
nique for partial lower-sideband cancel¬ 
lation is not developed at this time, nor 
is it known to exist, but it deserves future 
consideration. Even if it does not exist, 
a high-level vestigial filter could be 
constructed to pass the appropriate 
spectral components of the double¬ 
sideband signal for NTSC TV transmis¬ 
sion. 

Because of the absolute linearity of 
the modulator, it is expected that usual 
non-linearities of TV RF amplifiers would 
be non-existent. Non-linearities, such 
as differential phase and gain, group 
delay and low- and high-frequency re¬ 
sponse seem to disappear. Analog-to-
digital circuitry with anti-aliasing and 
replicating spectra filters to counteract 
the sampling process is deliberately 
omitted from this discussion because 
those circuits and processes are well-
known. They would apply equally to the 
output bandpass filter to suppress the 

radiation of spurious signals. 
The application of this modulator 

would be a reverse trend to high-level 
modulation in TV transmission. It is more 
than a modulator, however. It is a 
transmitter in which the modulator and 
RF power amplifier sections are inher¬ 
ently one. Through logic and numerical 
analysis, the advantages of digital tech¬ 
nology appear to be applicable to the 
transmitting system as well. Perhaps in 
the future, an operating model based 
on these concepts will prove the theory. 

The author received Patent 4,804,931 
for the modulator described here. This 
article was published in the December 
1987 issue of Broadcast Engineering. It 
is reprinted with permission from In¬ 
tertec Publishing Corp. All rights re¬ 
served. H 

About the Author 
Timothy P. Hulick, Ph.D., is vice-

president of engineering at Aerodyne 
Industries, 516 Township Line Rd., 
Blue Bell, PA 19422. Tel: 800-523-
2596. 
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RF SWEEP AMPLIFIERS 

WBE RF Sweep Amplifiers ore extremely flat response, low 
noise, wide band amplifiers for post amplification in critical sweep 
frequency measurement set-ups. Available in 50 or 75 ohm impedances, 
these units are excellent general purpose lab amplifiers amplifying 
signals for receivers, frequency counters, spectrum analysers, 
oscilloscopes, markers and detectors and are rugged enough for mobile 
applications. Line filtering and double shielding prevent ambient and 
power line interference. 

Model Freq 
MHz 

Gain 
dB 

Flatnes 
1-500 MHz 

>s (dB) 
5-300 MHz 

Moise 
Figure 

Input 
VSWR 

Output 
Capability 

Hum 
Modulation 

Size Weight 

A62/20 

I-500 

20 ♦.15 ±.l 

7 dB 
max. 

5 dB 
typical 

1.5:1 
max. 

1.1:1 
typical 

. 7V min 
output 

for 1 dB 
gain 

Compression 

(saturation 
1 V) 

.9% 
max. 

EIA Panel 
1 3/4" X 19" 

3 1/4" chassis 
depth 

2 1/2 lb. 
-»ominal 

A52/3O 30 ±.20 ±.15 

A52/4O 40 ±.30 ±.20 

A52/5O 

A72/60 

50 

60 

±.45 

±.60 

±.25 

±.30 

A62/20/6 

I-600 

20 ±.15 ±.l 

A52/3O/6 30 ±.22 ±.15 

A52/40/6 40 ±.30 ±.20 

A52/5O/6 50 ±.45 ±.25 

A72/60/6 60 ±.60 ±.30 

A52U/3O I-900 30 ±.50 

POWER: 115 VAC, 60 Hz, 10 W 

WIDE BAND ENGINEERING COMPANY, INC. 
P.O. BOX 21 652, PHOENIX, AZ 85036 TELEPHONE: (602) 2 54-1 5 70 
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A New Broadband Antenna 
By Roger Southwick 
EMC Consulting 

This article introduces a new antenna 
called the bowtop antenna. It is an active 
receiving antenna that is broadband and 
is linearly polarized. The antenna has 
various advantages, which make it suit¬ 
able for EMC related test applications 
such as the FCC Part 15/J. 

The bowtop antenna features a 30 
MHz to 700 MHz bandwidth with an 

antenna factor of 3 dB ±5 dB. Its 
dimensions include a height of 19 cm 
and a diameter of 14 cm. The bowtop 
antenna with mounting boom is shown 
in Figure 1. A calibration curve is shown 
in Figure 2. Note that the bandwidth can 
be extended to 1000 MHz. 
The bowtop antenna element is one 

element of a bowtie antenna with a 
circular top load and an attached ground 
plane. The antenna structure consists 
of a triangular-shaped element made of 
copper foil; it is attached to a plastic 
backing and mounted inside a plastic 
tube. The circular top load is also made 
of copper foil attached to the underside 
of the plastic top of the tube. The 
element and the top load are connected 
with copper tape and soldered together 
at the base of the triangle. The bottom 
of the tube is a circular aluminum plate 
that acts as a ground plane. The outer 
plastic tube provides protection for the 
actual element, making it extremely 
difficult to damage. In the side of the 
plastic tube is a rectangular opening 
with a bracket on either side which is 
used to mount the amplifier. 
The bowtop element design is based 

on the Bifin antenna design. One limita¬ 
tion of a bowtie antenna is that at lower 
frequencies, its impedance rapidly be¬ 
comes capacitive, thereby causing a 
dramatic reduction in efficiency. The 
bowtop antenna solves this problem by 
adding a top load. This combination 
extends the frequency range so that an 
element length of only 15 cm is usable 
to 30 MHz. 

The effect of the top load is best 
understood in the monopole case. As 
with all other linear antennas, the bowtie 
antenna can be used in either a 
monopole or a dipole configuration. 
Consider a monopole configuration with 
a single 15 cm element above a ground 

Figure 1. The bowtop antenna 
with mounting boom. 

plane. In such a case, the bowtop 
antenna acts like a bowtie antenna at 
higher frequencies, like a top loaded 
antenna down towards 50 MHz, and like 
a disk antenna at still lower frequencies. 
That is, the bowtop antenna combines 
characteristics of these three antenna 
types into a single physical configura¬ 
tion. The result is a physically small 
antenna, with bandwidth characteristics 
far greater than any other single configu¬ 
ration. 

Unlike the classic dipole antenna, 
which includes a balun to combine the 
inputs of the two elements, the bowtop 
antenna is unbalanced and therefore 
no balun is required. The output of the 
single element is connected directly 
through an RC (resistive/capacitive) net¬ 
work to the low-noise amplifier. As the 
single-element antenna depends on the 
top load at its lower frequency, the metal 
base plate is included in the antenna 
structure to provide the necessary ca¬ 
pacitance to the top load. Although this 
arrangement is somewhat less efficient 
than that of a dipole, it eliminates the 
need for a balun. Further, this configura¬ 
tion can be used in free space in the 
fashion of a dipole antenna because the 
base plate allows it to be independent 
of earth ground. 

The Amplifier 
The active amplifier and power source 

are contained in a small aluminum case 

that fits into the opening in the antenna 
element. At the apex of the triangular 
antenna structure is a jack, which is the 
element output, and below it is a second 
jack, which connects the ground plane 
base plate. The amplifier case has a 
pair of matching jacks, one to ground 
and the other to the amplifier input. 
When the case is inserted into the 
opening in the element, the jacks are 
connected, the antenna element is con¬ 
nected at the amplifier input, and the 
aluminum case and base plate ground 
are connected. Four screws on the 
bracket secure the amplifier case to the 
element. A cutaway view of the bowtop 
antenna is shown in Figure 3. 
The case contains an amplifier, two 9 

volt batteries, and a voltage monitor. 
The amplifier gain is shaped by an RC 
network at its input, so that the element 
mismatch is compensated for by the 
amplifier gain to provide a near constant 
antenna factor across the antenna 
range. The amplifier has two RF transis¬ 
tors, and has a noise figure of 4 dB. The 
voltage monitor cuts off the amplifier 
and turns on a warning light when the 
battery voltage drops below a preset 
level. 
The bowtop antenna is extremely 

simple to operate since no adjustments 
or calibration procedures are required. 
On the front of the case is an ON-OFF 
switch, a BNC output connector and a 
DC power jack. The bowtop antenna 
may be operated from either the internal 
batteries or an external DC power supply. 
The batteries provide about ten hours 
of continuous operation and are recharge¬ 
able through the DC power jack. 

Operation 
As mentioned above, the bowtop 

antenna can be used as either a dipole 
or a monopole antenna. To facilitate 
dipole operation, a boom can be 
screwed into a mounting socket on the 
element tube. (An 18 in. boom is 
provided.) With the boom connected, 
the bowtop can be mounted on a tripod 
or antenna scanner to measure either 
vertically or horizontally polarized E-
fields. 

When the bowtop is used as a 
monopole antenna, it should be placed 
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QUARTZ 
RESONATORS 

FUNDAMENTALS 
TO 350 MHZ 

OVERTONES 
TO 500 MHZ 

rfi/emc corner_ 

Available As 

• DISCRETE 
CRYSTALS 

• UNPLATED 
WAFERS 

• BASEPLATED 
WAFERS 

Figure 2. The bowtop calibration curve. 

For Application In 
• CRYSTAL FILTERS 
• CRYSTAL 
OSCILLATORS 

• HYBRID CLOCK 
OSCILLATORS 

on the ground plane with the base plate 
down. Because the bowtop antenna 
pattern is not omni-directional, the am¬ 
plifier case must always be aligned 
opposite the source being measured. 

Applications 
Wide bandwidth antennas such as the 

bowtop are desirable for measurement 
applications, as it is not necessary to 
change antennas or switch bands. Such 
antennas are more adaptable to auto¬ 
mated measurement systems in that a 
wider bandwidth can be automatically 
scanned. This avoids the problem of 
having to design the automated system 
around the antenna bandwidth. Further, 
it is very important for an antenna to 
have a nearly constant antenna factor 
when used in conjunction with an auto¬ 
mated measurement system. When this 
is not the case, the field strength data 

INNOVATIVE 
FREQUENCY 

— CONTROL 
PRODUCTS 
INC. 

P.O. BOX 300 
PLAINFIELD, PA 17081 

PH. 717-258-5425 
FAX 717-258-5840 

is greatly distorted by tne unevenness 
of the antenna factor. This situation will 
result in a similar unevenness of the 
sensitivity of the system in terms of field 
strength. However, the nearly constant 
antenna factor of the bowtop antenna 
minimizes this problem. 

Physical size is also an important 
consideration. Large antennas are not 
only difficult to handle and transport, but 
they also have a greater tendency to 
couple to nearby objects. In the case of 
the FCC Part 15/J scanning require¬ 
ments, the larger antenna will couple to 
the ground plane in horizontal polariza¬ 
tion and may limit the scan travel if the 
lower antenna element hits the ground 
plane or the chamber ceiling. Because 
of the bowtop's small physical size, 
coupling will be insignificant and it will 
meet the FCC Part 15/J scanning re¬ 
quirements. The bowtop is so small that 
it is ideal as a portable hand-held probe. 
This application is very useful in ISM 
work, or for situations in which measure¬ 
ments must be made on site or in a 
restricted space. 

Surveillance is another application 
and, again, because of the bowtop’s 
small size, it would be suitable for 
mounting either on the roof of a vehicle 
or on the surface of an aircraft. The wide 
bandwidth allows the bowtop to replace 
several conventional antennas in this 
application. 

Further information on this antenna 
can be obtained from E. T A. Engineers, 
3325 N. Forgeus Ave., Tucson, AZ 
85716. Tel: (602) 323-8174. 
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Figure 3. Cutaway view of the 
bowtop antenna. 

About the Author 
Roger Southwick is owner/presi-

dent of EMC Consulting, 2716 N. 
Estrella, Tucson, AZ 85705. He can 
be reached by telephone at (602) 
792-9491 . 

December 1989 



SIEMENS 

New! A high-performance, low cost 
GaAs MM IC amplifier! 
Our latest GaAs MMIC amplifier 
in a plastic SOT 143 package de¬ 
livers more power at lower cost 
than ever before. 
Performance 
unmatched by silicon... 
Use Siemens CGY 50 broadband 
amplifier as a cascadable 50 
ohm gain block for broad- and 
narrow-band applications from 
100 MHz to 3 GHz. You'll get low 
noise, more power, and excellent 
linearity that silicon parts can’t 
deliver. (For example, at 4.5 volts 
supply voltage and 50 mA current, 
typical power output is 16dBm 
from 200 to 1800 MHz with a noise 
figure of 3 dB and a gain of 9 dB.) 

...at a new low cost for GaAs! 
Siemens new plastic CGY 50 is 
about half the cost of ceramic 
GaAs MMIC amplifiers, making it 
affordable for your commercial 
avionics, communications, and 
other RF applications. 
So why settle for silicon when 
you can have the power of GaAs 
at an affordable price? 
Call 1 (800) 888-7730 today for 
samples, design assistance, or 
our new data sheet. 
Special Products Division, 
Siemens Components Inc., 
186 Wood Avenue South, 
Iselin, New Jersey 08830. 

Specify Siemens 
for the latest in SMT. 

CGY 50-The Latest Evolution in the Siemens Series 

PERFORMANCE DATA 

Package P HB 
(dBm) 

Gain 
(dB) 

Noise 
Figure 
(dB) 

Gain 
Flatness 

(dB) 
IPs 

(dBm) 

Gain Control 
Dynamic 
Range 
(dB) 

Frequency 
Range 

CGY 50 

SOT 143 16 9 3.0 1.4 31 20 
100 MHz-
1.8(3) GHz 

Micro-X 17.5 10 2.9 1.4 325 20 
100 MHz-
1.8(4) GHz 

CGY 31/21 

TO-12 19 19 3.8 1.5 34.5 30 
40 MHz-
1.8(3) GHz 
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Frequency 
Synthesis 
At Your 
Finger 
Tips. 

HIGHEST SPEED 
NCOS 
At 300 MHz clock speed, 
the STEL-2172 is one of 
the fastest NCO S 
available in any 
technology. 

HIGHEST z 

RESOLUTION 
NCOS 
Less than 1 micro¬ 
Hertz, 50 MHz clock 
speed, better than 
-75 dBc spurious 
levels, low power. 
The STEL-1 173 is 
an excellent value 
at $50 (per 1000). 

HIGHEST 
PERFORMANCE 
NCOS 
With 60 MHz clock, 
better than -75 dBc 
spurious levels, 
phase and frequency 
modulation functions, 
low CMOS power 
dissipation, the 
STEL-1175 is an 
industry leader. 

/
LOWEST 
PRICE 
NCOS 
At less than $50 
(per 1000), the 
STEL1174has the 
lowest price in the 
industry, with 
50 MHz clock and 
better than 
-75 dBc spurious 
levels. 

QUADRATURE 
OUTPUT NCOS 
The1172B has 50 MHz 

HIGHEST 
SPEED NCOS 
Currently under 
development, the 
STEL-2173 provides 
an amazing 1 Giga¬ 
Hertz clock speed. 
Available Q1 1990. 

SINGLE 
PACKAGE 
DDSs 
The STEL-1375 
includes the high 
performance 
STEL-1175 NCO, 
DAC, TTL-ECL 
converter resistors, 
capacitors, all in 
one 34 pin DIP 

performance,with both 
Sine and Cosine waveforms 

RADIATION 
HARDENED 
NCOS 
1 Mega-Rad (Si) total 
dose, 10E09 Rads (Si) 

DECIMAL 
INTERFACE/HIGH 
SPEED NCOS 
The STEL-1 176 has 
an 80 MHz clock speed 
and BCD interlace for 
exact integer 
frequency resolution. 
Available 04 1989. 

LOWEST 
PRICE NCOS 
30 MHz versions 
of the STEL-1172B 
and STEL-1 173, 
available at less 
than $50 
(per 1000). 

per second dose rate, 
hardened version of 

to accommodate quadrature 
signal generation applications. 

STEL-1 173. 

STANFORD TELECOM proudly offers the industry's most complete line of Direct Digital Synthesis 
VLSI Products and Numerically Controlled Oscillators (NCO) for any occasion. 

STANFORD TELECOM... the leader in Direct Digital Synthesis, also otters products for Demodulation, Coding, and Forward Error Correction 
applications. In addition, we specialize in the development of custom ASIC solutions for your specific requirements. 

For immediate support, please write or call: 

STANFORD 
ASIC & Custom Products Group 

2421 Mission College Blvd., Santa Clara, CA 95054 • Tel: 408 /980 / 5684 • Fax: 408 / 980 /1066 • Telex: 910/339/9531 
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Design of Wideband Quadrature 
Couplers for UHF/VHF: Part II 

By Chen Y. Ho, 
M/A-COM Active Assemblies Div. 
and Ge-Lih Chen, Chung Shan Institute 
of Science andTechnology 

This article presents the same design 
approach as the wideband quadrature 
coupler discussed in Part I (November 
1989 RF Design/ It uses a lowpass filter 
of proper phase characteristics to re¬ 
place the transmission lines which inter¬ 
connect the narrowband quadrature cou¬ 
pler. The results are particularly useful 
for the lower frequency spectrum where 
transmission lines become excessive in 
length. Experimental results show good 
agreement with the theoretical computa¬ 
tions. 

t the lower end of the VHF band, the 
'"physical length of the interconnect¬ 
ing transmission lines used in the wide¬ 
band quadrature coupler becomes ex¬ 
cessively long and in many cases they 
are impractical to realize. Since the main 
function of the transmission lines is to 
provide a proper phase relationship 
between the narrowband couplers, it 
can be replaced by lumped element 
lowpass filters with proper phase char¬ 
acteristics. Any circuit which has mini¬ 
mum insertion loss and mismatch and 
possesses proper phase characteristics 
over the frequency band of interest can 
be used to replace the transmission 
lines. Some degradation in performance 
can be expected due to imperfect match 
and the non-ideal linear phase charac¬ 
teristics of the filter. An advantage is 
that the size of the coupler can be 
considerably reduced. 

Figure 1. Phase shift characteris¬ 
tics with maximally flat or 
Chebyshev attenuation responses 
and n=5. 

Phase Characteristics of a 
Lowpass Filter 
The phase characteristics of a low-

pass filter prototype (n = 5) are shown 
in Figure 1. It can be seen from the 
figure that the phase characteristic of a 
low ripple Chebyshev response filter 
design is almost the same as that of a 
maximally flat response design for f < 
0.6fc, where fc is the cut-off frequency 
of the filter. It is known that filters with 
maximally flat responses have poorer 

Figure 2. Lowpass filter configura¬ 
tions. 

Figure 3. Lowpass filter proto¬ 
type. 

Figure 4. The wideband quadrature coupler with lowpass filters. 
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HP’s new alternative 
for stringent RF testing 

£(f) [dBc/Hz) vs. f (Hz| "uw

unsurpassed at 1-2 GHz 

unexpected at $17K. * 

< 1989 HewlettPSckani Co. TMSPK919RFD 

Now, rigorous RF testing at 
1 and 2 GHz costs much less. 
That’s because the new HP 
8644A Synthesized Signal 
Generator gives you the best 
possible signal purity. With 
prices that start at just $17,000* 

The HP 8644A has no substitute 
for demanding in-channel and 
out-of-channel testing. At 1 GHz, 
SSB phase noise is -128 dBc/Hz 

(20 kHz offset) standard. Option¬ 
ally -136 dBc/Hz. Spurious is 
less than -100 dBc. And residual 
FM is less than 1 Hz. You also get 
AM, FM, pulse, and other modu¬ 
lations to create complex signals. 

That means absolute confidence 
in two-way radio tests. Trusted 
IF/LO substitution in telemetry 
and radar. And real-world signal 
simulation in VOR/ILS testing. 

For all the details, call 
1-800-752-0900 today. Ask for 
Ext. 740P and we’ll send a 
FREE selection guide to help 
you get the best purity ... at 
the right price. 
*U.S. list price. 

There is a better way 

HEWLETT 
PACKARD 
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return loss (0, fc) for the same amount 
of ripple. Only filters with Chebyshev 
frequency response will be considered. 

The total phase shift of an nth order 
filter is equal to nn/2 for frequencies from 
DC to infinite. However, most of the 
phase shift occurs from DC to fc. For a 
filter with a Chebyshev frequency re¬ 
sponse, n should be an odd number in 
order to avoid an unequal termination 
for source and load. For n = 1, the 
amount of phase shift may not be 
sufficient to achieve the phase shift 
required to replace the transmission 
lines. For n > 5, the number of elements 
is large and it becomes difficult to build 
two or more lowpass filters of similar 
phase characteristics. 

With the above consideration in mind, 
only filter designs with low ripple 
Chebyshev response and n = 3 are used 
for the replacement of the transmission 
lines. The passband ripple of a filter is 
directly related to the return loss in the 
same band. 
The analysis for the filters in Figure 2 

is similar. Hence, only the circuit in 
Figure 2(a) will be discussed. For the 
lumped element lowpass filter prototype 
shown in Figure 3, where g, = g3 for 
symmetry, 0 can be expressed as: 

where fc is the cut-off frequency of the 
filter and g, and g2 are the element 
values of 'the lowpass prototype. The 
required length of the transmission lines 
for the wideband quadrature coupler is 
0O at f0. At f = f0, equation 1 becomes: 

g, (^)(2 - gi g 2 (^) 2 ) 

' C ' ' ' C ' / 

Who says 
nobody loves 
trimmer 

• capacitors? 
y 

When it comes to high frequency 
applications, engineers are dazzled by 

Sprague-Goodman’s sparkling selection 
i of Sapphire Dielectric Pistoncaps 4. 

There are several good reasons. These flawless gems feature very high Q 
at UHF frequencies, subminiature size, and 6 standard mounting styles, 
including surface mount ... all with precision high resolution adjustment. 

The 350 PPM/°C and NPO versions meet the requirements of 
MIL-C-14409D. 

For more information, call or write for Engineering Bulletin SG-207A. We ll 
also send data on other trimmer capacitors for virtually every requirement. 

SPRAGUE 
GooDtnon 

The World's Broadest Line Of Trimmer Capacitors 
134 FULTON AVENUE, GARDEN CITY PARK, NY 11040-5395 
TEL: 516-746-1385 • FAX: 516-746-1396 • TELEX: 14-4533 
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NOW MEASURE POWER 
DIRECTLY AND ACCURATELY 

▼ ± 3'7-of-reading 
▼ Wide input ranges 
-100mW to 10kW and 
1.5MHz to 1GHz 

▼ Modular configuration for 
flexibility, expansion, options 

Bird’s Model 4421 high accuracy 
directional RF power meter deliv-

Separate RF power 
sensors - each 

with its own wide¬ 
band calibration profile 

- can be inserted any¬ 

ers readings in either 
Watts or dBm at the 
push of a button, with 
out charts, external cou¬ 
plers or attenuators. 

where in a 50-Ohm line. 
Calibrate Bird sensors right in 

your own lab with Bird’s unique 

who else but 

bïïvb 
Model 4029 power sen¬ 
sor calibrator. 
Send now for your 

free brochure with com¬ 
plete details. 

30303 Aurora Rd., Cleveland. Ohio 44139 (216) 248-1200 TLX: 706898 
Bird Elec UD Western Sales Office: Ojai, CA (805) 646-7255 

© Copyright 1989 Bird Electronic Corp 
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Figure 5. The coupler circuit. 

Need an ■ ■ » 

unusual mixer? 
If g, and g2 are known for a particular 
design, fc can be computed by solving 
equation 2. L and Cp are related to fc by: 

Cp 
9t 

2n LZn c o 

3(a) 

If we haven’t 
already made it 
we’ll invent it 
for you! 
We have a full catalog and 
an impressive design tile for 
Double Balanced Mixers, 
10 KHz to 12 GHz. One of 
them will almost certainly 
fill your bill. Should you e 
require one that we have .. 
not made before, we’ll • 
design it to your 
specifications, com¬ 
mensurate with the 
state of the art. 
Here are just a few examples of some standard mixers and a few “specials.” 

Characteristics 

Frequency 
Range 

Conversion 

Loss 
Max (dB) 

L.O. 
Power 
(dBm) 

isolai 
L0-
RF 

onJB 
LO 

IF Package Model 

Low Level 0.05-200 MHz 6.5 0 50 45 P.F.C FC-193Y / FC-194Y 

Wide Band 2-1250 MHz 8.0 + 7 35 30 P.C FC-200Z / FC-201Z 

General Purpose 10-1000 MHz 7.5 +7 30 25 F FC-200ZF 

Wide Band 10-3000 MHz 8.0 + 10 30 25 F.C FC200ZF-30 1 FC-201ZF-30 

Low Loss* 4 4-5.0 GHz 5.5 + 10 30 25 C FC-325D 

Low Loss,* 
Low Distortion 

7.9-84 GHz 5.5 + 17 28 27 c FC-327F 

Wide Band 1.9-9.5 GHz 8.5 + 7 20 20 c FC-304SX 

Low Distortion 2-1250 MHz 8.5 + 13 35 30 P.F.C FC-217Z / FC-218Z 

Ultra Low Dist. 2.0-1000 MHz 8.0 + 20 35 30 P.C FC-234Z / FC-235Z 

High Intercept 
Point ( + 35 dBm) 

25-1000 MHz 7.0 + 27 30 30 F.C FC244Z / FC-245Z 

Hi Compression 
Point ( + 20 dBm) 

10-1000 MHz 7.5 + 27 30 30 P.C FC-253Z / FC254Z 

P= P.C. Package F = Flatpack C = Connector Version * Available from 0.7 GHz to 12 GHz. 

If any of these mixers look interesting, send for our 
catalog. If they don’t quite fit your application—give 
us a call or send us your specs. We'll do the rest. 

LORCH ELECTRONICS 
\/ppV[TpM|\l 2801 72nd St. No., St. Petersburg, FL 33710 
c O R P O Pa t7?n| (813) 347-2181 • FAX: (813) 347-7520 
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Cp 
9i 

ZoW 

= 13.6 pF 3(b) 

By replacing the transmission lines with 
the lowpass filters, the configuration of 
the wideband quadrature coupler shown 
in Figure 4 is obtained. 

Experimental Results 
The same design examples used in 

Part I are used to demonstrate the 
design approach described here. For a 
wideband quadrature coupler centered 
at 80 MHz, L = 99.47 nH, C/2 = 19.89 
pF, a = 1.63, b = 0.23 and 0 = 35 
degrees. The lowpass filter chosen has 
0.01 dB ripple or 26 dB return loss for f 
< f This results in element values of g, 
= gC3 = 0.6291 and g2 = 0.9702. 

For 0O = 35 degrees at 80 MHz, using 
equation 2, fc is 147.34 MHz. The 
element values for Lp and Cp can be 
computed from equation 3(a) and 3(b): 

g2
LP = ̂ (Zo) 4(a) 

g,z„ 
L = = 52.4 nH 4(b) 

2nfc ' 

A wideband coupler has been fabricated 
and tested. The circuit is shown in 
Figure 5. The coupler is fabricated using 
the same techniques as those used in 
Part I, except that the transmission lines 

Figure 6. The coupler prototype. 
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Figure 7. Measured frequency re¬ 
sponse. 
are replaced by lumped element low-
pass filters. The capacitors used in the 
lowpass filter are ATC chip capacitors 
and variable capacitors from Johanson. 
The inductors are air-core winding, 5 
turns, 0.250 in. I.D. The photo of the 
coupler is shown in Figure 6. The 
measured response (after some adjust¬ 
ments) of the wideband quadrature 
coupler is shown in Figure 7 (amplitude 
ripple response). Figure 8 illustrates the 
return loss and isolation, and Figure 9 

Figure 8. Return loss and isola¬ 
tion. of the coupler. 

shows the quadrature phase relation¬ 
ships. The measured ripple is about 0.5 
dB from 47 MHz to 130 MHz or band¬ 
width ratio of 2.75. The return loss is 
better than 18 dB and isolation is better 
than 16 dB. 0 

Figure 9. Quadrature phase 
relationships. 
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MICA RF CAPACITORS 
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LOWEST PRICED. HIGHEST QUALITY ATTENUATORS ■ BNC S15.00 > 9 E* . SMA $15.00 1 » E* 
AND TERMINATIONS - BNC $5.60 10 EA SMA $5.60 10 E« MIL. HI-REL. NETWORKS 

Model Impedance Frequency UNIT PRICE (4) EFFECTIVE. 1-1 5-89 
Number (2)_ Ohms ¡Power W) Range BNC TNC N SMA UHF SMB PC 

AT 50 (3) 50 ( 5W) OC ’ 5GHz 17 50 29 00 22 00 20 00 
AT-51 50 ( 5W) DC-1 5GH 15 00 26 00 19 50 17 50 12 00 
AT 52 50 (1W) DC-1 5GHz 20 50 29 00 26 00 22 00 
AT-53 50 1 25W) DC 30GHZ 20 50 26 00 15 00 18 00 
AT 54 S0I2SW) DC 4 2GHz 20 50 
AT 55 50 I25W) DC42GHZ 19501».. 
AT-75 or AT 90 75 or 93 (5W) DC-1 5GHz 17 50 26 00 45 50 19 50 

Detecto- Mue- Zero Bas Sc hit»» 
CD-51.75 50 75 01 4.2GHz 64 00 64 00 
DM51 50 01-4 2GHz 64 00 

Resistive Impedance Transformers Minimum loss Pads 
RT-50/75 50 »75 DC 1 5GHz 17 50 26 00 45 50 17 50 
RT 5093 50 »93 DC- 10GHz 17.50 26 00 45 50 17 50 

Terminations 
CT 50 (3) 50 ( 5W) DC4 2GHZ 11.50 15 00 15 00 17 50 
CT-51 50 (5W) DC 4 2GHz 9 50 12 00 14 00 9 50 9 00 
CT-52 50 (1W) DC-25GHZ 1050 15 00 15 00 1300 15 50 
CT 53A4 50 ( 5W) DC 4 2GHZ 560 -». 5 60 -», 
CT-54 50 (2W) DC20GHZ 14 00 15 00 15 00 17.50 
CT-75 75 I25W; DC2 5GHZ 10 50 15.00 15 00 1300 15 50 
CT-93 93 I25W: DC2 5GHZ 13 00 1500 1500 15 50 

Mismatched Termmation*. 1 05 1 to 3 1 Open Cecut Short Circuit 
MT 51 50 DC-30GHZ 45 50 45 50 45 50 45 50 
MT 75 75 DC-10GHZ 45 50 

Feed thru Terminations, shunt resistor 
FT 50 50 DC-t 0GHz 17 50 26 00 19 50 17.50 
FT- 75 75 DC 500MHz 17 50 26 00 45 50 17 50 
FT 90 93 DC 150MHz 17 50 26 00 45 50 17 50 

Drectona Coup«' 30dB 
DC-500 50 250 500MHz 60 00 84 00 84 00 

Resistive Decoupler, series resistor or Capact-ve Coupler. series capacito' 
RDo«CC-1000 1000(1000PF| DC 1 5GHz 1750 26 00 19 50 1750 

Adapters 
CA-50(N»SMA) 50 DC-4 2GHZ 17 50 26 00 19 50 17.50 

Inductive Decouplers seres "ductor Bas T 
ID-R15 0 17uH DC 500MHz 1750 26 00 19.50 17.50 
L0-6R8 6 8uH DC 55MHz 17 50 26 00 19 50 17 50 
BT-50 1 8uH 15 500MHz 84 00 84 00 94 00 84 00 

Fmed Attenuator Sets. 3 6. 1C and 20 dB in plastic case 
AT 50 SET (3) 50 DC 1 5GHz 76.00 120 00 92 00 84 00 
AT-51 SET 50 DC 1 5GHz 64 00 106 00 82 00 74 00 

Reactive MuHcoup«'* 2 and 4 ouput ports 
TC-125-2 50 t 5- 125MHz 84 00 94 00 84 00 
TC-125-4 50 1 5125MHz 94 00 104 00 94 00 

Resistive Power Dividers. 3. 4 and 9 port* 
RC3 50 50 DC 20GHz 84 00 84 00 94 00 84 00 
RC4 50 50 DC 500MHz 8400 84 00 94 00 84 00 
RC 9 50 50 DC 500MHz 104 00 
RC-3-75. 4 75 75 DC 500MHz 84 00 84 00 84 00 

DouWe Balanced Mirer* 
DBM 1000 50 5 1000MHz 6100 71 00 61 00 34 00 
DBM 500PC 50 2 500MHz 34 00 

RF F use. 18 Amp . and 1'16 Amp 
FL 50 50 DC-1 5GHz 1750 26 00 45 50 17.50 
Fl-75 75 DC-1 5GHz 1750 26 00 17.50 

NOTE 11 C-rcai parametart iu>v wswd araguama«! f to-caleo iron. Ma Spec ngr Rai -ausiori Scrar», Otodes U. Spec MMpam ara correctors 
” rae UM. ara go« Z> See ca aog to- compra» Moo* Nu-raer Spac-r, <onrweior ia.es spar uh ava.aow > CaMvaMo on ape- o< una ai Prca 
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NATURE'S POWER 

Versatile, super-power tetrodes are designed for tough, 
on-the-job results under difficult circumstances. For CW or long 
pulse service in plasma heating and accelerator applications, 
rugged Varian Eimac power tubes fill your needs. 

The table below shows examples of 8973 performance. 

Varian Eimac cavity RF amplifiers and oscillators have 
proven to be rugged and reliable, especially when pulse power 
is required. Typical cavity products are listed below and have 
demonstrated performance in TACAN, IFF, Electronic Warfare, 
Radar, Communications, Hyperthermia and Linear Accelerators. 

Ion Cyclotron Heating 

Frequency 

(MHz) 

Power 

Output 

Pulse 

Length 

25-50 1.5 MW 20 Seconds 

110-130 750 KW 10 Seconds 

10-40 1.5 MW 300 Milliseconds 

29-50 1.5 MW 3 Seconds 

Frequency 
(MHz) 

CV-8020 CV-8025 CV-8055 CV-8024 

960-1215 
(Single knob 
tuned) 

900-970 
(Instantaneous 
bandwidth) 

400-900 
(Any 100 MHz 
segment) 

400-500 
(Single knob 
tuned) 

Power (Watts) 5,000 peak 15,000 peak 40,000 peak 60,000 peak 

Pulse Length 3.5/1 Sec Gaussian 10g Sec 10/1 Sec 60/4 Sec 

Duty Cycle 0.04 0.03 0.02 0.02 

Gain >13 dB >13 dB >13 dB >13 dB 

It takes a sturdy, reliable power tube to have results like 
these and the 8973 is doing it, day after day. 

Another example, the X-2242 has demonstrated 2.5 mega¬ 
watts at 80 MHz and 1.5 megawatts at 110 MHz. All of this, plus 
1.4 megawatts anode dissipation rating make Eimac tubes the 
best choice. 

varían® 
eimac san carlos division 

complete line of high frequency RF products is available. 
For over two decades a tradition of manufacturing quality 

products has shown Varian Eimac to be the recognized leader 
in cost effective cavity amplifiers and oscillators. 

varían® 
eimac salt lake division 

301 Industrial Way, San Carlos, CA 94070, 415 592-1221 1678 S. Pioneer Road, Salt Lake City, UT 84104, 801 972-5000 
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CERTAIN THINGS ARE BASIC 

□ A CAR IN EVERY GARAGE 
HENRY FORD - DETROIT INDUSTRIALIST 

□ A CHICKEN IN EVERY POT 
HENRY IV - KING OF FRANCE 

□ A COMPUTER ON EVERY ENGINEER’S DESK 
LES BESSER - CAD PIONEER/LECTURER 

Besser Associates now brings you state-of-the-art circuit 
analysis, optimization and modern filter synthesis, at 
bargain basement price. When you attend our continuing 
education courses or buy our video training, you are 
entitled to purchase a student edition of 
TOUCHSTONE/RF™ and SFILSYN™ programs from us 
at $995 and $1495 respectively. These programs run on 
low-cost IBM compatible PCs under DOS. We can also 
offer user training to your staff, in your facility, to maxi¬ 
mize the benefits of your CAE investment. 

During the past fifteen years, 
our instructors have provided 
engineering courses for over 
7,000 designers and managers 
throughout the world. The suc¬ 
cess of our training comes from 
the fact that our teachers are 
practicing engineers who are ex¬ 
perts in their fields, and also 
know how to communicate at the 
level of the course participants. 

Take advantage of this unique 
offer and let us assist you in ex¬ 
tending truly advanced CAE to all 
of your designers. You probably 
have a car in your garage and 
can afford a chicken when you 
want one. Now, it is time to 
satisfy your engineers’ needs. 

BESSER ASSOCIATES 
1170 E. MEADOW DRIVE, PALO ALTO, CA 94303 
TEL: (415) 969-3400 FAX: (415) 494-1948 
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SMT Inductors From Delevan 
The Series 1808, 1210 and 1010 

inductors are available for inductances 
from 0.010 to 150 uH. They can be used 
to incorporate all the advantages of 
SMD technology into existing through-
hole or new board designs. 
The inductors feature J termination 

in a molded envelope to provide higher 
performance than conventional termina¬ 
tion methods. Laser markings are used 
to identify the new series of inductors. 
They are priced at approximately 35 
cents each in 1,000,000 piece quantity. 
American Precision Industries, Dele-
van/SMD Division, E. Aurora, NY. 
INFO/CARD #230. 

A Plug-In Hybrid 
Programmable 
Attenuator From 
JFW 

Model P50-006 is a plug-in hybrid 
programmable attenuator with a 10 to 
600 MHz frequency range. The attenu¬ 
ation range is 0 to 63 dB in 1 dB steps. 
VSWR is 1.5:1 maximum, insertion loss 
is 3.5 dB nominal and attenuation 
accuracy is ±0.3 dB or 2 percent, 
whichever is greater. 

6-bit programming logic is TTL-
compatible, with attenuation steps of 1, 
2, 4, 8, 16 and 32 dB. The power 
requirement is +5 VDC at 250 mA. 

Other specifications include a switch¬ 
ing speed of 5 us, input power of +5 dBm 
and nominal impedance of 50 ohms. 
Temperature range is 0 degrees C to 
85 degrees C, and the attenuator is 2 in. 
long and 1 in. wide. JFW Industries, 
Inc., Indianapolis, IN. Please circle 
INFO/CARD #229. 

CEL Introduces an 
AGC Amplifier 
The UPG106 wideband AGC ampli¬ 

fier from NEC is available in both chip 
(APG106P) and hermetic package 

" A 

(UPG106B). Frequency range is 100 
kHz to 2.5 GHz, typical gain is 20 dB and 
typical control range is 35 dB. Input and 
output impedance is matched to 50 
ohms. The device has a reliable operat¬ 
ing temperature range from -65 degrees 
C to +125 degrees C. 

Applications include electro-optical 
and laser systems as well as local area 
networks, instrumentation and micro¬ 
wave communication systems. MIL-
screened versions for satellite communi¬ 
cations, EW and radar systems are 
available. Price ranges from $45 for the 
chip version to $68 for the hermetic 
package, in 100 piece quantity. Califor¬ 
nia Eastern Laboratories, Inc., Santa 
Clara, CA. INFO/CARD #228. 

New Conductive 
Adhesive Coating 
AC84 is a one-component conductive 

adhesive coating designed for EMI/RFI 
shielding applications. It offers attenu¬ 
ation of 60 to 70 dB from 1 MHz to 1 
GHz. 
The coating has good adhesive quali¬ 

ties and can easily be applied to adhere 
tenaciously to most surfaces, including 
plastics, without the need for pretreat¬ 
ment. Application methods include air 
or airless type spraying equipment, 
brushing, dipping and silkscreening. 
Uniform continuous coatings are char¬ 
acterized by high electrical conductivity. 
Also, superior electromagnetic shielding 
effectiveness, which is resistant to 
weathering, abrasion, humidity and corro¬ 
sion, is readily formed. 
The coating is composed of an oxida¬ 

tion resistant and chemically resistant 
adhesive polymer. Temperature range 
is -80 degrees F to +300 degrees F. It 
can be used directly from the containers 
since no catalysts or accelerators need 
to be added. Master Bond, Inc., Hack¬ 
ensack, NJ. INFO/CARD #227. 
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Sixth Annual RF Technology Expo 90 
March 27-29, 1990, Anaheim, Calif. 
Sponsored by RF Design magazine 

_ Please send me information about attending 

_ Please send me information about exhibiting 

Name 

Title 

Company Name 

Address 

City/State/Zip 

Phone Fax 

Mail to RFTE 90 
CO 80111 303 220-0600 

6300 S. Syracuse Way, Suite 650 
800 525-9154 

Englewood, 

Exhibitors 
Acrian, Inc. 
Advanced Electromagnetics, Inc. 
Advantest America, Inc. 
AEL Defense Corp. 
Alan Industries 
Alliance Technologies, Inc. 
Alpha Industries 
AML 
AMP Incorporated 
Amperex Electronic Corporation 
Amplifier Research 
Andersen Laboratories 
Andrew Corporation 
Anritsu 
Applied Dielectrics 
Applied Engineering Products 
Avantek, Inc. 
AVX Corporation 
Ball Efratom Division 
Balo Hermetics 
Bird Electronic Corporation 
Boonton Electronics Corp. 
Burr-Brown 
C.H.P.S. (Complete Hybrid Parts Supply) 
California Eastern Labs 
Cascade MicroTech, Inc. 
Ceramic Devices, Inc. 
Circuit Busters 
Coaxial Dynamics, Inc. 
Colorado Data Systems 
Compac Development Corp. 
Compact Software Inc. 
Comstron Corporation 
Connecting Devices Inc. 
Cougar Components 
Craven Crystals 
Crystal Technology, Inc. 
CTS Knights 
Delta Microwave Inc. 
Digital RF Solutions 
Doty Scientific, Inc. 
Dow Key Microwave Corporation 
EDO Corporation/Barnes Engineering Division 
EEsof, Inc. 
Electro Rent Corporation 
Electronic Decisions Inc. 
EMC Technology. Inc. 
ENI, Inc. 

Erotec Engineering, Inc. 
FEI Microwave 
Ferretee Inc. 
Fetty-Schoenduve, Inc. 
Fotofabrication Corp. 
Gamma-F Corp. 
GigaBit Logic Inc. 
Harris Microwave Semiconductor 
Hewlett-Packard Company 
Hewlett Packard Company— Microwave 
Semiconductor 

Hopkins Engineering Co. 
Huber & Suhner Inc. 
Hughes Aircraft Co., Microelectronic Circuits 
IFR Systems, Inc. 
Innovative Frequency Control Products Inc. 
Instrument Specialties 
Instruments for Industry, Inc. 
Intech Incorporated 
Integrated Microwave Corporation 
Inter-Logic Systems Company, Inc. 
JFW Industries Inc. 
Johanson Dielectrics, Inc. 
Johanson Manufacturing Corporation 
John Fluke Mfg. Co., Inc. 
K&_ Microwave, Inc. 
Kalmus International 
Kay Elemetrics Corporation 
KDI Electronics 
KW Microwave, Inc. 
Kyocera America, Inc. 
L & M Engineering 
Litton Solid State 
Loral Microwave — FSI 
Lucas EPSCO Incorporated 
M/A-COM/Adams Russell Electronics Co. Inc. 
Magnum Microwave Corporation 
Ma'coni Instruments 
McDougall/McLaughlin — Mark V Associates 
Menlo Industries 
Me'rimac Industries, Inc. 
Me’elics Corporation 
Microwave Modules & Devices, Inc. 
MSC (Microwave Semiconductor Corp.) 
Microwave Solutions Inc. 
Motorola Semiconductor Products Sector 
Motorola Components Division 

MSN/Microwave Systems News 
Murata Erie North Amer ca, Inc. 
Nedrud Data Systems 
Pacific Monolithics 
Phonon Corporation 
Piezo Crystal Company 
Q-Bit Corporation 
Racal-Dana Instruments Inc. 
Republic Electronics Corp. 
RFD Inc. 
RF Design 
RF Monolithics, Inc. 
RF Power Labs 
Richardson Electronics, Jd. 
Sawtek Incorporated 
Sciteq Electronics, Inc. 
Semetex Microwave and RF Division 
Signetics Corporation 
Sprague-Goodman Electranics 
Stanford Telecom 
Stetco Inc. 
Synergy Microwave 
Tecdia, Inc. 
Tech-Ceram Corporation 
Techtrol Cyclonetics, Inc. 
Tektronix Inc. 
Teledyne Microwave 
Tele-Tech Corporation 
Telonic Berkeley, Inc. 
Texas Instruments 
Thomsonics 
Toshiba America 
Trilithic Inc. 
TriQuint Semiconductor 
TRM, Inc. 
Trontech, Inc. 
TTE, Incorporated 
Unitrode 
U.S. Instrument Rentals 
Varian EIMAC 
Vectron Laboratories, Inc 
Voltronics Corporation 
Watkins-Johnson Company 
Wavetek Corporation 
Webb Laboratories 
West-Bond Inc. 
Wiltron Company 



Cable Prep Tool 
The EASIAX™ cable preparation tools 

are designed for use with HELIAXR 

cable. Each cut is made at the crest of 
the corrugation, at the required setback 
distance. The cut makes flaring the 
conductor easy, and the fixed blade 
depth eliminates accidental cutting of 
the inner conductor. Model 207865 is for 
1/4 in. and 1/2 in. super-flexible HELIAX 
cable and Model 207866 is for 1/2 in. 
HELIAX coaxial cable. Both models 
feature reversible, off-center cutting 
blades to provide built-in spare cutting 
edges. Andrew Corp., Orland Park, IL. 
INFO/CARD #226. 

Ruggedized Signal Generator 
Wavetek RF Products introduces a 

10 kHz to 1.1 GHz ruggedized signal 
generator. Model 241 OR is a general-
purpose unit that is suited for remote 
location communications testing appli¬ 
cations. Features include an output level 
of -127 dBm to +13 dB, internal and 
external amplitude and frequency modu¬ 
lation with 400 Hz and 1100 MHz 
internal modulation sources, and an 
IEEE-488 interface. In single unit quanti¬ 
ties, the signal generator is priced at 
$5995. Wavetek RF Products, Inc., 
Indianapolis, IN. INFO/CARD #225. 

RF Power Amplifier 
Model RC1001-1 is a multi-octave RF 

power amplifier with a 1 watt output from 
100 kHz to 1000 MHz. Power gain is 30 
dB and harmonics are -23 dBc. Input 

Also from Synergy is a frequency 
converter module that translates incom¬ 
ing RF signals from DC to 2 GHz into 
customer-specified frequencies and lev¬ 
els. The shielded, connectorized pack¬ 
age utilizes PC plug-in devices such as 
power dividers, double balanced mixers, 
frequency doublers, directional couplers, 
filters, attenuators and amplifiers. Syn¬ 
ergy Microwave Corp., Paterson, NJ. 
INFO/CARD #223. 

Spectrum Analyzer 
The HP 3588A spectrum analyzer 

covers the 10 Hz to 150 MHz frequency 
range with a wide variety of frequency 
spans and resolution bandwidth settings 
from 20 kHz to 0.0045 Hz. It features a 
narrowband-zoom mode which uses an 
implementation of the FFT to provide 

quantities, the S-700 is priced at $350. 
Z-Communications, Inc., Ft. Lauder¬ 
dale, FL. INFO/CARD #221. 

High Power Pulsed Transmitter 
A line of high power pulsed transmit¬ 

ters which cover the 100 to 225 MHz, 
225 to 500 MHz, 100 to 500 MHz, and 
500 to 1000 MHz frequency range are 
being introduced by SPC. Specifications 
for the P/N SSPA-0510-100 P, 500 to 
1000 MHz unit, include peak RF power 
of 100 watts, minimum instantaneous 
bandwidth of 700 MHz, maximum gain 
flatness of ±2 dB, input/output VSWR 
of 1.5:1 max., and spurious signals at 
-45 dBc. The unit exhibits gated Class 
AB operation. System Planning Corp., 
Arlington, VA. INFO/CARD #220. 

Spectrum Analyzer/Tracking Gen¬ 
erator 
The HM 8028 is a spectrum analyzer 

that covers the 0.5 to 500 MHz (-3 dB) 
range. An oscilloscope in X/Y mode is 
used as a display with average noise 
level of -99 dBm. In addition to swept-
tuned frequency mode, it can be used 

and output impedance is 50 ohms and 
the amplifier operates from -10 degrees 
C to +45 degrees C. Wessex Electron¬ 
ics Limited, Bristol, England. Please 
circle INFO/CARD #224. 

Switchable Filter Banks 
Synergy introduces a new product 

line of signal processing modules which 
include switchable filter networks. In 
these subassemblies, one filter can be 
selected at a time from a number of filter 
types (lowpass, highpass, bandpass). 
The modules come in shielded connec-
torized packages and can accept fre¬ 
quencies from DC to 1000 MHz. Internal 
TTL drives are included. 

spectrum measurements in spans of 40 
kHz or less. The narrowband-zoom span 
can be located anywhere within the 150 
MHz span of the analyzer. Measure¬ 
ments in this mode are from 50 to 400 
times faster than swept-tuned analyzers 
of comparable resolution bandwidths. 
All test results and measurement states 
can be stored and recalled either from 
internal non-volatile memory or a built-in 
3 1/2 in. disk drive. The instrument is 
priced at $20,000. Hewlett-Packard 
Company, Palo Alto, CA. Please circle 
INFO/CARD #222. 

Low Cost Frequency Synthesizer 
Z-Communications introduces the S-

700 Series of frequency synthesizers 
from 200 MHz to 2800 MHz with a 
switching speed of under 1 ms. Step 
sizes of 125 kHz, 250 kHz and 1 MHz 
can be obtained by externally program¬ 
ming the programmable reference di¬ 
vider to set up the correct division ratio 
for the on-board reference used. The 
on-board reference is provided with 
stability options to ± 5 PPM. Other 
features include phase noise of -90 
dBc/Hz at 10 kHz offset from the car¬ 
rier and a power output of +10 ±2 dB 
Harmonics are under -20 dBc and 
spurious is less than -60 dBc. In sample 

Analog Circuit Simulation 
Completely Integrated CAE from $95 

Schematic Entry, Device Models, 
Spice Simulation, Post Processing 

ICAP/2 has it all for only $790 
IsSpice, $95.00: The complete Spice analog circuit simu¬ 
lator runs on all PC's. Performs AC, DC, Transient, 
Noise, Distortion, Fourier and Sensitivity Analysis. 

IsSpice/386, $386.00 The fastest PC based Spice cir¬ 
cuit simulator available. Ten times the speed of an 
8MegHz 286 PC. Has virtually no memory limitations. 

SpicENEt, $295: Schematic entry for any Spice simulator 
Automatically makes a complete Spice netlist and 
places output waveforms on your schematic. 

PreSpice, $200: Extensive model libraries. Monte Carlo 
analysis, parameter sweeping, optimization and 
equation based modeling. 

IntuScope, $250: A graphics post processor that works 
like a digital oscilloscope. Easy to use 
with all the waveform operations you will 

intüsoft 
Please Write or Call (213) 833-0710 

P.O. Box 6607 All Programs come 
San Pedro. CA with a 30 Day Money 
90734-6607 Back Guarantee 
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rf products Continued 

in the fixed-tuned mode (zero scan) to 
provide time-domain measurement ca¬ 
pability. 

Also available is the HM 8038 tracking 
generator suitable for making wide dy¬ 
namic range frequency response meas¬ 
urements on filters and amplifiers. When 
the two units are used together, they 
form a scalar network analyzer able to 
analyze frequency characteristics of vari¬ 
ous two-port devices such as active and 
passive filters, amplifiers and attenu¬ 
ators. The HM 8028 is priced at $768 
and the HM 8038 is priced at $428. 
Hameg, Inc., Port Washington, NY. 
INFO/CARD #219. 

Line Filters 
Schaffner introduces the FP 720 

family of line filters from 100 kHz to 1 
GHz. The filters feature extended at¬ 
tenuation characteristics due to the use 
of ceramic feed-through capacitors for 

RF Probe 
The P-20 RF probe provides a 500 

ohm input impedance to the circuit 
being tested, which is a sufficiently high 
value to minimize loading efforts in most 
RF circuits. Its construction produces 
less than 1 pF of input capacitance to 

mer capacitors. Twenty-two different 
values from 1 pF to 68 pF with adjust¬ 
ment ranges of 0.15 pF to 3 pF are 
available. Stable in-circuit adjustment is 
accomplished by connecting one of six 
different capacitance combinations. The 
capacitor measures 0.1 '0 in. X 0.110 in. 
with a maximum height of 0.102 in. (case 
B). American Technical Ceramics 
Corp., Huntington Station, NY. Please 
circle INFO/CARD #216. 

HF Whip Antenna 
Astron introduces the VDW-153 high 

the input and output connections. Inter¬ 
nally, the filters use rod core chokes 
that attenuate transients and help limit 
the inrush of current. They are available 
with varistor/gas tube surge arrestor, 
providing protection against high volt¬ 
age transients caused by lightning or 
nuclear electromagnetic pulses. The 
filters are available with current ratings 
from 1 to 16 amps. Schaffner EMC, 
Inc., Union, NJ. INFO/CARD #218. 

reduce circuit detuning. The probe fea¬ 
tures a 100 kHz to 2 GHz frequency 
response, 20 dB voltage attenuation 
(10:1) and an internal DC block (50 
volts). The probe is priced at $49. 
Auburn Technology Corp., Auburn, 
KS. INFO/CARD #217. 

Variable Center Frequency Filter 
The Model CQT 1000 is a variable 

center frequency-stepped bandwidth fil¬ 
ter with a 200 to 1000 MHz range. The 
bandwidth can be stepped from 1 per¬ 
cent to 5 percent (3 dB BW) in steps of 
1 percent, 1.5 percent, 2 percent, 3 
percent, 4 percent and 5 percent without 
loss of the nominal Butterworth shape 
factor. It is tunable over 2 1/4 octaves. 
VSWR is 1.5:1, and out of band rejection 
is 100 dB. CQT Electronics, Inc., 
Beltsville, MD. INFO/CARD #215. 

Surface-Mount Chip Capacitors 
ATC introduces a multilayer chip 

capacitor which offers the user the 
ability to adjust capacitance. STA-
TUNE™ provides the user with the 
advantage of in-circuit adjustment with¬ 
out some of the disadvantages of trim¬ 

power (1 kW) HF whip antenna that is 
designed for operation from 1.5 to 30 
MHz without the use of a coupler or 
tuner unit. The 35 foot wnip is composed 
of six interlocking sections, and is 
constructed for quick disconnect and 
storage. The antenna has a maximum 
VSWR of 3:1 Astron Corp., Herndon, 
VA. INFO/CARD #214. 

RF Pulse Amplifier 
The 3130 Series amplifier covers from 

200 to 500 MHz at power levels from 50 
to 300 watts. Full power pulses are 
available for up to 250 ms. Standard 

features include pulse droop of less than 
5 percent, and blanking of under 2 us. 
The amplifiers are rack mount and 
operate on a variety of line voltages. 
American Microwave Technology, 
Inc., Fullerton, CA. INFO/CARD #213. 

HF LINEAR AMPLIFIERS 
HF AMPLIFIERS per MOTOROLA BULLETINS 

Complete Part» List for HF Amplifier» Described 
in the MOTOROLA Bulletins 

AN758 3MW 41M70 
AN742 140W 4 93.25 
AN779L 20W I 43.79 
AN779H 20W I 93 19 
AR313 300W 1493.99 

EB93 140W 4 44 65 
EB27A 300W 4139.20 
E B104 MOW 4444.1 5 
AR305 300W 8343 52 

2 METER VHF AMPLIFIERS 
35 Wett MeM 335A. 4 79.95 Kit 
75 Watt Mod«i 475A. 4119.95 Kit 
AvoMaMa in kit or wired/taated 

NEW 11 1K WATT 2-50 MHz Amplifter 

POWER SPLITTERS and COMBINERS 
2— 39MHt 

M0 Watt PEP 2- Port - - 4 99 95 
1000 Watt PEP 2 —Port . . • 79 95 
1200 Wett PEP 4-Port - 199 95 
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CCI 
508 Millstone Drive * Xenia, Ohio 45385 • i513) 426—8600 

FAX (513) 429-3811 
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2 GHz Signal Generator 
The Rohde & Schwarz Model SMGU 

covers a 100 kHz to 2.16 GHz frequency 
range without the use of doublers. 
Frequency resolution is 0.1 Hz, phase 
noise is -144 dBc/Hz at 100 MHz with 
20 kHz offset, and residual FM at 500 
MHz is less than 0.5 Hz. Output levels 
are available from -140 to 16 dBm. The 
instrument is priced at $25,800. Rohde 
& Schwarz, Inc., Lanham, MD. Please 
circle INFO/CARD #212. 

Shielded Air Vent Filters 
Spira unveils three classes of EMI/RFI 

shielded air vent honeycomb filters. 
These are commercial, military and 
military dual-panel assemblies. The com-
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mercial grade comes in three sizes of 
cell width and thickness and is designed 
to provide a relatively high level of 
shielding. The military grade has tin¬ 
plated honeycomb, frame and all joint 
surfaces to provide a high level of 
shielding and to survive the military 
environment over extended periods of 
time. The military grade comes in six 
varieties of cell widths and thicknesses. 
The military dual-panel filter adds a 
significant level of shielding, providing 
as much as 120 dB of shielding to 
E-fields at 1 GHz. Spira Manufacturing 
Corp., North Hollywood, CA. Please 
circle INFO/CARD #21 1. 

Broadband Receiving Antenna 
The SAS-2/A is a broadband receiv¬ 

ing antenna for measuring electric field 
intensity at frequencies from 100 Hz to 
960 MHz in a single band. Low-noise 
amplifiers allow the detection of E-fields 
as weak as -130 dB (V/m) over most of 
the band. A general roll-off in the 
response below 10 kHz prevents over¬ 
load due to strong 60 Hz harmonics. The 
antenna is intended primarily for use 
indoors, including shielded rooms, but 
can also be used outdoors if properly 
protected from the weather. Antenna 
Research Associates Inc., Beltsville, 
MD. INFO/CARD #210. 

Spectrum Probe 
Smith Design introduces the 107 

Spectrum Probe™ as a scope accessory 
which produces a spectrum analyzer 

noise figure. Third order and second 
order intercept points are +32 dBm and 
+44 dBm, respectively. The PPA-441 is 
packaged in the Avantek PlanarPak™ 
surface-mount package which meas¬ 
ures 0.375 inches square and weighs 
0.5 grams. The package is designed for 
use on a single-sided, microstrip-based 
motherboard. Avantek, Inc., Milpitas, 
CA. INFO/CARD #208. 

COUGAR 
COMPONENTS 

features the 

POWER SERIES of 
Cascadable Amplifiers 

New Cable Assembly 
Northeast Coax introduces a cable 

assembly that uses two crimp style SMA 
connectors and RG 316 cable. The 
frequency range for this assembly is 
DC to 10 GHz. VSWR is approximately 
1.18 + 0.024f(GHz) and insertion loss in 
dB is 0.045(f) 1/2(length in inches). North¬ 
east Coax, Hamden, CT. Please circle 
INFO/CARD #207. 

Guaranteed Spec's: 0 to 50“C, 50 ohm system 

I Model Frequency 
Range 
(MHz) 

Gain 
(dB) 

N. F. 
(dB) 

Power 
Output 
(Min.) 

I. p. 
(dBml 
Typ. 

D. C. 

Typ. Min. Typ. Max. Volts mA 

1 POWER OUTPUT 100-150 Milliwatts Tÿp. | j 
AC509 
AC559 
AC519 
AC1019 
AC 1069 

AC1219 
AC 1569 
AC 1529 
AC2069 
AC2039 

5-500 
5-500 
5-500 

10-1000 
10-1000 

10-1200 
200-1500 
10-1500 

200-2000 
10-2000 

13.5 
11.5 
28.0 
11.5 
24.5 

10.0 
17.0 
9.0 
15.0 
7.5 

13.0 
10.0 
26.5 
10.5 
24.0 

9.0 
16.0 
8.5 
14.0 
6.8 

5.0 
5.7 
4.2 
6.0 
4.5 

6.5 
6.0 
8.0 
6.5 
8.0 

5.5 
6.5 
5.0 
7.0 
5.5 

8.5 
7.0 
9.0 
7.5 
9.5 

20.0 
20.0 
20.5 
20.5 
20.5 

20.5 
19.0 
20.5 
19.0 
20.0 

37 
38 
36 
35 
34 

35 
33 
32 
32 
34 

15 
15 
15 
15 
15 

15 
15 
15 
15 
15 

88 
88 

127
90 

127

90 
130
90 

130 i 
90 

1 POWER OUTPUT: 250-500 Milliwatts typ. ] | 

AP561 
AP1059 
AP2048 

1 AP2648 

5-500 
10-1000 

200-2000 
200-2600 

13.5 
13.5 
9.0 
7.0 

12.5 
12.5 
8.0 
6.5 

4.7 
5.0 
5.0 
5.5 

6.0 
6.5 
5.5 
6.0 

26.0 
25.5 
23.0 
23.0 

40 
39 
36 
36 

15 
15 
15 
15 

170 1 
170 i 
150
150 JI 

POWER OUTPUT VS. FREQUENCY 

display. A 10 pF, 500 VDC capacitor 
isolates the input stage, allowing trans¬ 
parent exploration of circuit operation. 
Specifications include a frequency range 
of 1 to 100 MHz and a dynamic range 
greater than 50 dB. The scope band¬ 
width requirement is 500 kHz. List price 
is $380. Smith Design, Dresher, PA. 
INFO/CARD #209. 

Surface-Mount Amplifiers 
This thin-film, cascadable 20 to 400 

MHz amplifier series has +16 dBm of 
output power, 14.4 dB gain and 3.7 dB 

RF Design 

All Cougar Components products are 
manufactured using materials and 
processes which meet or exceed 
MIL-STD-883 requirements. 

2225-K Martin Avenue, Santa Clara, CA 95050 
(408) 492-1400 FAX (408) 492-1500 

INFO/CARD 57 
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Block Diagram Simulator for 
Communications Runs on Your PC 
• Use TESS™ to simulate modems, radios, and other systems 
• Mix analog and digital blocks and test instruments freely 
• Library of over 50 high-level models: Filters, VCO*s, 

Mixers, A/D & D/A Converters, BER tester, Noise source, 
5-wave Function Generator, Phase meter, S&H, and more! 

• Add your models to TESS with our MODGEN™ option 
• OrCAD® and P-CAD® schematic capture libraries 
• Built-in FFT spectrum analyzer for frequency analysis 
• Super high speed lets you simulate modulated carriers 

TESS is not copy protected 

rf software_ 

CALL FOR FREE APPLICATION NOTE 
Price increase Jan. 1, 1990! TESOFT 
l^st chance to take advantage 
of our low introductory prices. 
Free upgrade and free support 
included. Cail for demo disk. 

PO BOX 305 
Roswell GA 30077-0305 
Phone (404) 751-9785 
VISA, MasterCard & PO's 

INFO/CARD 58 

Filter Design Software 
This program is capable of designing 
LC bandpass filters from 10 Hz to 2 GHz 
with up to 20 coils. The lossy bandwidth 
is automatically adjusted to an accuracy 
better than 0.1 percent using compo¬ 
nents that have practical Q values 
(specified). The program designs Butter¬ 
worth, Chebyshev, Bessel and Constant-
K bandpass filters having coils equal to 
a specified optimum inductance value, 
and narrowband and Norton transforma¬ 
tions are performed automatically. The 
program, is priced at $99 postpaid. Phil 
Geffe’s Filterwave, Cincinnati, OH. 
INFO/CARD #197. 

S-Parameter Transfer Program 
Netcom automates the process of 

transferring S-parameter data from a 
network analyzer to CAD programs such 
as RoMPHE, Microwave Harmonica, 
SuperCompact and CADec 4. The data 
collected can be used to generate 
accu'ate linear and non-linear models 
for RF, microwave and millimeter-wave 
circut simulation, or can be used to 
deve op a statistical database for Monte 

Carlo analysis and yield optimization. 
Any stored file can be read and dis¬ 
played in both rectangular and Smith 
chart forms. Up to three traces can be 
overlayed for comparing different de¬ 
vices or different bias conditions. It is 
available for IBM PC, AT and compa¬ 
tibles with EGA. Compact Software, 
Inc., Paterson, NJ. INFO/CARD #196. 

EMI/RFI Equipment Software 
Electro-Metrics has developed software 
for use with their EMI and RFI test 
equipment to provide users with in¬ 
creased flexibility and accuracy. It con¬ 
trols test receivers via an AT-compatible 
computer equipped with an IEEE-488 
interface card. The software operates 
using three main programs. The Create-
A-Test routine loads all the information 
necessary to run a test including all 
receiver settings. The Scan routine 
controls the receiver and collects data, 
and the Zoom routine transfers the 
program control to the zoom routine, 
offering the user static zoom or active 
zoom analysis tools. Electro-Metrics, 
Amsterdam, NY. INFO/CARD #195. 

ANALOG CIRCUIT SIMULATION RF Design Software Service 
Computer programs from RF Design, provided on disk for your convenience. 

Please Note: This issue does not have a new disk available (subscriptions 
will be extended by one month.) But, be ready for the excellent programs 
coming in 1990! _ 

ECA-2 

Disk RFD-DR89: Annual Directory Issue 
A set of excellent filter design programs by David Greene of NAP Consumer Elec¬ 
tronics. The programs assist in filter order selection, then compute component values 
from filter specifications. 

I. "Chebyshev Lowpass Filter Design” 
2. "Elliptic Lowpass Filter Design" 
3. "A Design Program for Butterworth Lowpass Filters," from March 1989 issue 

For design engineers who hate to waste their time and money. 

ECA-2 Electronic Circuit Analysis is a high performance, low 
cost, interactive analog circuit simulator It reduces equipment 

expenses by eliminating the need for temperature chambers, 

signal generators, etc Cuts weeks out of the design cycle time 

by simulating instead of prototyping. Available for a wide range 

of computers and operating systems 

Disk RFD-1189: November 1989 
ACANAL. AC nodal-analysis program by Gary Appel, described in the article "A Nodal 
Network Analysis Program " The instruction manual is on-disk, and example circuit 
files are included. 

ECA-2 Offers 
• AC. DC. Transient. • 

Fourier. Temperature • 

• Worst-case. Monte Carlo • 

• Sine. Pulse. PWL. SFFM. • 

and Exponential generators • 
• Built-in. real time graphics • 

• Multiple plots • 
• 2 to 50 times fester than spice 

Interactive or batch 

Online help 
Full nonlinear simulator 

Frequently updated 

Over 500 nodes 

Money back guarantee 

SPICE compatible models 

Disk RFD-1089: October 1989 
"A Spurious Response Program for Wideband Mixer Circuits." by William Sabin of 
Rockwell-Collins. 

(All disks to date are MS-DOS compatible) 
Programs have been available on disk since February 1989. 

Send for a complete listing of available programs. 

ECA-2 2.40 IBM PC S775 
Turn-key Systems Available 

Call 1er more Information and FREE DEMO disk 

Tatum Labs, Inc. 
Ml? Kuurch Pitt Or 11. Ann »r»r Ml U1M UM 

313W3-M10 

INFO/CARD 59 

Disks are S9.00 each (5/4 in.) or SI0.00 (3/z in ). Outside U.S. and Canaca, add S8.00 
per order Foreign checks must be in U.S. funds, drawn on banks with U.S. offices or agents. 
Prices include postage and handling. 
Annual subscriptions are available, providing I3 disks for $90 (5/4 in.) or $100 (3/2 in.). 

For subscribers outside the U.S. and Canada: add $50.00. 
Payment must accompany order.. .specify disks wanted. ..send check or money 

order to: RF Des¡gn Software Service 
PO Box 3702 

Littleton. Colorado 80161-3702 

Questions and comments should be directed to RF Design magazine 
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rf literature 

Filter Catalog 
TTE introduces a catalog which fea¬ 

tures a line of active and passive filters 
which includes Bessel, Butterworth, 
Chebyshev, elliptical function, Gauss¬ 
ian, programmable, notch, and custom 
designs. The filters are available for 
frequencies from 0.1 Hz to 500 MHz. 
Normalized test data and response 
curves covering the passband, return 
loss, time delay, phase linearity and 
overall response information are in¬ 
cluded. TTE, Inc., Los Angeles, CA. 
INFO/CARD #194. 

Coaxial Cable Phase Characteris¬ 
tics Data Sheet 

This technical summary provides de¬ 
tailed information on the phase charac¬ 
teristics of Andrew Corporation’s He-
liaxRcoaxial cable. Phase change data 
as a function of both temperature and 
bending are provided, including graphs 
showing phase response from -50 de¬ 
grees C to +80 degrees C. A comparison 
of flexible cable to semi-rigid and braided 
cable is included. Andrew Corporation, 
Orland Park, IL. INFO/CARD #193. 

Bulletin Features Ceramic 
Dielectric Trimmer Capacitors 
Sprague-Goodman is offering an engi¬ 

neering bulletin that features their line 
of ceramic dielectric trimmer capacitors 
designed for standard and surface¬ 
mount applications. It lists features, 
specifications, standard rating charts, 
schematic drawings and application 
notes. Gull-Wing versions of the 
SurftrimR line of surface-mounted trim¬ 
mers, together with carrier and reel 
specifications, are highlighted. Also 
shown are ruggedized 5 mm and 7 mm 
types, plastic encased 5 mm and 4 X 4.5 
mm types, plus miniature and micro¬ 
wave trimmers for hybrid circuit applica¬ 
tions. Sprague-Goodman Electronics, 
Inc., Garden City Park, NY. Please 
circle INFO/CARD #192. 

Book Discusses Network Theo¬ 
rems 

Useful Network Theorems With 
Applications by Dr. Harry E. Stockman 
discusses modern network theorems. 
These include Helmholtz’, Mayers’s, 
and Katzimierczuk’s theorems, as well 

as several new theorems contributed 
by the author. Over 100 problems are 
solved in this book. It is priced at $1 1.25. 
Sercolab, E. Dennis, MA. Please circle 
INFO/CARD #191. 

High Performance Linear Circuits 
Guide 

Burr-Brown announces the availabil¬ 
ity of a guide which features technical 
abstracts on over 70 high-performance, 
high-quality linear products. These in¬ 
clude data converters, operational and 
instrumentation amplifiers, power ampli¬ 
fiers, isolation amplifiers, sample/hold 
amplifiers, voltage-to-frequency convert¬ 
ers, DC/DC converters, signal condition¬ 
ing modules, and digital signal process¬ 
ing products. Information on requesting 
technical assistance is also included. 
Burr-Brown Corporation, Tucson, AZ. 
INFO/CARD #190. 

Quartz Crystal Brochure 
This brochure from Electro Dynamics 

Crystal Corporation includes specifica¬ 
tions on their line of military quartz 
crystals. A tutorial section is featured 

RF Design Awards Contest 
SECOND PRIZE: Software from Circuit Busters, Inc. 

SuperStar-
This RF & microwave circuit analysis and optimization program 
can simulate the performance in the frequency domain of almost 
any linear circuit. Included is a fast real-time tuning mode. 

FILTER 
FILTER synthesizes passive L-C filters, with 18 different topologies. 
The latest version designs delay equalizers, has effective noise 
bandwidth calculation, and includes a bandpass transformation 
with excellent symmetry. 

OSCILLATOR-
This program synthesizes L-C, transmission line, SAW, and crystal 
oscillators. It computes the RF and bias values, and estimates 
SSB phase noise. 

— TLINE= 
Analyzes and synthesizes physical models for several types of 
transmission lines. Extensive references are documented in the 
manual. 

RF Design Awards Contest 
HONORABLE MENTION PRIZES 

THIRD PRIZE: Coilcraft SMT Test Fixture —and more 

Eleven entries will receive 
honorable mention prize 
packages, including a set 
of five Coilcraft Designer's 
Kits. Included are the 
M102, with 7 & 10 mm 
"Unicoil” tunable induc¬ 
tors, M100, with 10 mm 
“Slot Ten” tunable induc¬ 
tors; C100, with surface 
mount inductors; F101, 
with axial lead chokes; 
and M104, with horizontal 
mount inductors. Use 
these Coilcraft kits for 
prototyping and pre-
production develop¬ 
ment. 

Measure passive surface mount 
components with a Coilcraft test 
fixture. Choose any one of the four 
models available to fit the com¬ 
ponents and test instruments for 
your applications. 

The Third Prize winner will also receive the complete honorable 
mention prize package of five Coilcraft Designer's Kits, and a set 
of eight trimmer adjustment tools from Sprague-Goodman 
Electronics. 

HAVE YOU SENT IN YOUR ENTRY YET? 

Each honorable mention 
package also includes a 
set of eight specialized 
trimmer adjustment tools, 
provided by Sprague-
Goodman Electronics. The 
set includes both steel-
and plastic-tipped tools 
with molded plastic 
bodies. Keep the right tool 
on hand with this set. 

BE ONE OF FOURTEEN PRIZE WINNERS! 
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which highlights operational theory and 
other topics of interest such as the 
crystal equivalent circuit, impedance 
graph, temperature coefficients, and 
related engineering formulae. Also de¬ 
scribed are application and ordering 
information and design engineering serv¬ 
ices. Electro Dynamics Crystal Corpora¬ 
tion, Overland Park, KS. Please circle 
INFO/CARD #189. 

Noise Figure Application Note 
Eaton Corp, announces the availabil¬ 

ity of an application note entitled 
"Measurements of the Noise Figure of 
Amp ifiers, Mixer-Amplifiers and the Use 
of Fitters in the Measurements Set-Up.” 
The note deals with uncertainties pre¬ 
sent when measuring mixer-amplifiers 
with image frequencies or systems with 
narrow band filters. This theoretical 

These New Converters Let You Select 
The I/O Center Frequencies You Want. 

Whenever You Want To. 

7

Baseband Converter Model 5040-T (D) 

Just use the front panel keypad 
to enter the input center frequency. 
Then the output center frequency. 
And then the bandwidth. Your fre¬ 
quency converter is now set to the 
exact parameters you require. 
Baseband to baseband 
and IF to IF converters are 
currently available. The base¬ 
band converter covers the 10 
kHz to 10 MHz range in 100 Hz 
increments. The IF converter 
operates from 20 MHz to 250 
MHz in 1 kHz increments. 

Operating flexibility does not 
compromise overall performance. The 
converters employ extensive use of 
imageless mixers to enhance the signal 
to noise ratio. Both input and output 
tuning synthesizers are phase locked to 
a 1 MHz reference. Front panel push¬ 
buttons and digital displays assure 
simplified operation. 

The baseband converter operates 
with bandwidths up to 5.5 MHz and 
incorporates many system features. 
These include master/slave operation, 
IEEE 488 interface, image filter bypass, 
manual or automatic gain control, and 
optional group delay equalization. 

IF Converter Model 3000 IIC-T 

The IF to IF converter is available 
with fron: panel selection of up to 6 
bandpass or notch filters; with band¬ 
widths of 1 kHz to 100 MHz. 
Related products include Fixed 
Frequency Converters, Spectrum Dis¬ 
play Units, Distribution Amplifiers, 
and Modular HF Receivers. 

APCOM 
INCORPORATED 

APCOM INC. 
8-4 Metropolitan Court 
Gaithersburg, MD 20878 
(301) 948-5900 

analysis is complete with descriptive 
figures and equations. Eaton Corp., 
Electronic Instrumentation Division, 
Los Angeles, CA. INFO/CARD #188. 

Diode Catalog 
Teklec Microwave introduces a silicon 

microwave diode catalog which features 
PIN diodes including high voltage units 
up to 3 kV, Schottky barrier diodes, 
tuning varactor diodes, and power gen¬ 
eration diodes. The devices are supplied 
for commercial, military and space appli¬ 
cations.Thomson Electron Tubes and 
Devices Corp., Totowa, NJ. Please 
circle INFO/CARD #187. 

Spice Newsletter 
The intusoft Spice newsletter dis¬ 

cusses analog circuit simulation and 
related information on various types of 
electronic devices, circuits, Spice mod¬ 
els, and summation techniques. It also 
provides application notes. The current 
issue of this bimonthly publication dis¬ 
cusses a Spice model for a transimped¬ 
ance operational amplifier, intusoft, 
San Pedro, CA. INFO/CARD #186. 

MMIC Screening Brochure 
This brochure from CEL details screen¬ 

ing and qualification procedures for 
NEC silicon MMICs, GaAs MMICs and 
high-speed digital GaAs ICs. Circuit 
elements of the NEC cevices covered 
in the brochure are qualified under 
MIL-STD-883. Reliability data is pro¬ 
vided for both chips and packages for 
JAN Class S equivalent, JAN Class B 
equivalent, JANTX equivalent and JAN 
equivalent. The processing information 
and flow diagram provided make it easy 
to select reliability grades and complete 
specification control drawings. Califor¬ 
nia Eastern Laboratories, Santa Clara, 
CA. INFO/CARD #185. 

Military Products Brochure 
SAW devices, SAW-stabilized fre¬ 

quency sources and integrated SAW 
products are covered in this brochure 
from RF Monolithics (RFM). Products 
discussed include SAW resonators and 
coupled-resonator filters up to 1650 
MHz, low-loss and conventional SAW 
transversal filters up to 850 MHz, and 
low-loss and wideband delay lines up to 
1600 MHz. A review of RFM’s manufac¬ 
turing and quality capabilities for military 
products, plus recommended screening 
and product qualification programs for 
MIL-S-49433 and other military stan¬ 
dards, is included. RF Monolithics, 
Inc., Dallas, TX. INFO/CARD #184. 
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CHANGE 
YOUR 

PERSPECTIVE 

Setting milestones in the cellular market is par for the course at Motorola. 
Our environment stretches the imagination, encourages "zero defects" 
and gives ENGINEERS a new perspective on the realm of technolog¬ 
ical possibilities. 

Winning the Malcolm Baldrige Quality Award in 1988 is tangible proof 
how we reach our goals. If you would like to challenge your perspec¬ 
tive and your future in cellular technology, take a look at the following 
opportunities: 

SOFTWARE} BSEE/BSCS/BSCE or equivalent. Experience with 
real-time software development using "C" UNIX*, Pascal and struc¬ 
tured design; CASE software tools (Sun, Apollo); design, programming 
and system debugging for telephone digital switching or data com¬ 
munications systems; assembler and high-level structured languages; 
hardware diagnostics; object-oriented design, C++; software develop¬ 
ment tools such as Teamwork and Interleaf; ASN.l (Abstract Syntax 
Notation); data communications protocols (COTT #7, X.25, X.75, PAD, 
LAPB, LAPD, Ethernet, ISDN, COTT V Series modem, group 3 fax); 
modeling and simulations (GPSS, SIMSCRIPT and other simulation 
tools) desired. Refer to Dept. #SE/YF. 

ELECTRICAL/COMPUTER: bsee/msee/bsce/bscs or 
equivalent. Seeking experience in any of the following areas: analog 
and RF circuit design, receiver or transmitter RF circuits; LCD display 
technology, acoustics, and 8-bit microprocessor software; infrared and 
fiber optics; low speed data; digital modulation; 900 Mhz RF power 
amplifier design with hybrid or microstrip circuitry; RF device develop¬ 
ment; parallel and/or push-pull RF amplifier design at 900 Mhz or UHF; 
A/D and D/A convertors; RF propagation; passive/active filter theory; 
microwave antenna design; UL, EMI and RFI requirements; HP 3062 
test system; HP 9000; digital hardware, microprocessor applications 
and interfaces; digital switching technology; firmware development 
methodology; PCM and digital telephony; digital signal processing; 
ASIC design; LAN systems, PSTN standards, ISDN standards, pro¬ 
cessor architectures, high speed logic; 16-bit MPU design practices, pro¬ 
grammable logic; digital modulation, synchronization, adaptive signal 

processing, viterbi algorithm and MLSE, decision feedback equalizer; 
convolutional code and linear block code, speed coding, echo cancella¬ 
tion, encryption; CAE techniques for digital hardware design using Men¬ 
tor Graphics, etc.; data communications protocols (COTT #7, OSI, X.25, 
X.75, PAD, LAPB, LAPD, Ethernet, ISDN, CCITT V Series modem, group 
3 fax); computer network management/administration (Apollo, Sun, 
Mentor Graphics, AppleTalk). Refer to Dept. #EC/YF. 

SYSTEMS: BSEE/BSCE/BSCS or equivalent. We are seeking per¬ 
sons with experience in any of the following technologies: radio/cellular 
communication systems engineering; RF propagation prediction 
methods; PSTN traffic planning; telephone network, interconnection and 
telecommunication industry standards; microwave system design and 
equipment engineering; telephone switching systems; software program¬ 
ming skills. Refer to Dept. #SY/YF. 

Enjoy the advantages of association with a world-class leader in the 
communications industry. We provide a salary which is commensurate 
with level of experience and a benefit program that is most comprehen¬ 
sive. Respond to the position of your choice either by FAXING YOUR 
RESUME ON OUR 24- HOUR HOTLINE (708) 632 - 571 7, or 
SENDING YOUR RESUME to: Supervisor, Professional 
Staffing, Motorola, Inc., Cellular, 1S01 West Shure Drive, 
Arlington Heights, IL 60004. An equal opportunity/affirmative 
action employer. 

To access our On-Line Career Network from your 
PC, dial (508) 263-3857, press return twice, and 
key in password LEGACY. 

‘UNIX Is a frodemarir oí Ml Laboráronos. 

MOTOROLA INC. 
Cellular 
Advanced Electronics for a More Productive World. 
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Engineer 

Challenge the Future 
Advance with a Leader 
Aeromet Inc., a dynamic, small, 
high technology company is seeking 
professionals who will lead it's 
advanced engineering efforts into 
the next century. Aeromet develops 
and operates airborne sensors 
tailored to government and aero¬ 
space industry requirements. A 
career opening is available for an: 

Electrical Engineer 
Must have a proven track record in 
computer interface, power. RF. tele¬ 
vision. antenna, and radar systems 
engineering. A BSEE, and 5+ years 
of progressively increasing respon¬ 
sibility for state-of-the-art. electrical 
systems design and development are 
required. Ham and PE licenses are 
desired. 

Candidates must have good 
communication skills and be U.S. 
Citizens. Aeromet offers attractive 
salaries and benefits, significant 
growth opportunities, and a smoke 

.free environment. Send resumes 
I with references and transcripts to: 

Personnel Aeromet. Inc., 
P.O. Boi 701 767 

Tulsa. OK 74 170- 1767 or 
Telephone (918) 299-2621 

aeromet % 
An Fqual Opportunity Employer 

M/F/V/H 

DEVELOPMENT 
ELECTRONICS 
ENGINEER 

Halliburton Logging Services, Inc.,- a 
worldwide leader in well logging ser¬ 
vices, seeks a results-oriented 
Development Electronics Engineer for 
our Houston Headquarters Subsurface 
Technology-Electromagnetics Group. 

We require 5+ years of progressive expe¬ 
rience in RF instrumentation, receiver 
systems development and Systems En¬ 
gineering desired. RF signal 
processing expertise a plus. 

We offer a competitive salary and bene¬ 
fits package with latitude for 
professional growth and advancement. 

Please send resume and salary require¬ 
ments to: 

J HALLIBURTON 
'logging SERVICES, INC. 

A Halliburton Company 

Human Resources Department 

P.O. Box 42800 

Houston, TX 77242 

An Equal Opportunity Employer 

Marketing position for a highly 
self-motivated growth oriented pro¬ 
fessional who seeks rapid career 
opportunity in the quartz crystal 
products industry. Fantastic base 
salary with an excellent bonus/ 
benefit package. EOE. 

RF Design Magazine 
Blind Box 12-1-89-2 
6300 S. Syracuse Way Ste. 650 
Englewood, CO 80111 

RF Design Engineer 
Central Virginia electronics manufacturer is seek¬ 
ing a RF Engineer to design oscillator circuits. 
The qualified candidate will possess a BSEE, five 
years experience in oscillator design and high fre¬ 
quency (100-350 MHz) RF circuit design. Project 
leadership skills are essential. 
Our company has a stable g-owth and employ¬ 
ment history, and we offer competitive wages and 
a comprehensive company-paid benefits pro¬ 
gram. If you are interested in joining our team and 
contributing to our successful ‘uture. please send 
a confidential resume with salary requirements to: 

Blind Box 12-01-89-1 
RF Design 
6300 S. Syracuse Way, Ste. 650 
Englewood. CO 80111 

An Equal Opportunity Employer 

REPRINTS! 
You can now order article reprints 
from this publication! 

Have you ever read a well-
written, informative article in a 
magazine, thrown the magazine 
away and then a month later 
wished you had saved it? 

RF Design offers a highly 
convenient article reprint service to 
accommodate your needs. Articles 
appearing in RF Design are 

available for printing in quan¬ 
tities of 500 or more. 

For further information contact: 

Reprint Department 
RF Design 
6300 S. Syracuse Way, Ste. 650 
Englewood, CO 80111 
(303) 220-0600 

Advertising Index 
Achan Inc. 24-25 M/A-COM Semiconductor 
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100 watts minimum is a lot of low-cost, clean 
rf power. But that’s what our new Model 
100W1000M7 delivers for your broadband test 
needs. 
As your hunger for power and bandwidth 

grows, this year and next, our all-solid-state “W” 
series of lOO-kHz-to-1000-MHz linear amplifiers 
should become more and more important in your 
plans. Today you may need only 1 watt (the little 
portable on the top of the pile), or 5, or 10, or 25, 
or 50-all with that fantastic bandwidth instantly 
available without tuning or bandswitching-the 
kind of bandwidth that lets you sweep clean 
through with no pausing for adjustment. 
And next year? 
Chances are good that next year you’ll be moving 
up into higher-power work in much the same 
bandwidth. Then you’ll be glad you have 100 watts 
from 100 to 1000 MHz, using the only rf power 
amplifier in its power-to-bandwidth class. At that 
point, your smaller “W” series amplifiers can be 
freed for lower-power work around your lab. 
What you can’t see in the performance curves 

shown below is the unconditional stability of all 
AR amplifiers-immunity to even the worst-case 
load mismatch or shorted or open cable with no 
fear of damage, foldback, or system shutdown. 
The “W” series is part of a complete line of 

amplifiers offering rf power up to 10,000 watts, in 
cw and pulse modes, for such diverse applica¬ 
tions as RFI susceptibility testing, NMR, plasma/ 
fusion research, and a host of other test situa¬ 
tions that demand the very finest in rf power. 
Send for our free booklet, “Your guide to 

rirplifibr 
RESEARCH 

160 School House Road, Souderton, PA 18964-9990 USA • TEL 215-723-8181 • TWX 510-661-6094 • FAX 215-723-5688 
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Trim your portable radios 
down to size. 

Motorolas all-silicon RF amplifier module means 
smaller radios with higher efficiency. 

Looking for a way to shrink the size of 
your radios and improve overall efficiency? 
Then look no further than the MHW801 
Series of 800 MHz power amplifiers for 
portable cellular radios. You'll find the indus¬ 
try's most efficient module (45 percent 
minimum), requiring 15 percent less bat¬ 
tery power, in the smallest, 
surface mountable module 
available today. You'll also get 
a minimum of 1.6 watts RF 
output power from an input 
of only 0 dBm. 

negative voltages or extra power sources. 
No need for adjustable bias supplies. And 
no need for GaAs. Motorola's all-silicon 
modules offer the perfect combination of 
performance, price and availability. 

Get more information. 
To get more information 

on Motorola's MHW801 Ser¬ 
ies of RF power amplifiers for 
portable cellular radios, con¬ 
tact your local Motorola sales 
office. Or write to Motorola 

It's perfect for all portable cellular radio 
telephone applications. By reducing the 
amount of power required, you can reduce 
the size of the battery and extend its life. 

With the MHW801 Series there's also 
a lot you don’t need. There's no need for 

Semiconductor, Literature Distribution 
Center, P.O. Box 20912, Phoenix, AZ 85036. 
Or call toll-free any weekday, 
8:00 a.m. to 
4:30 p.m. (MST) 
1-800-521-6274. 

Winner 
1988 

National 
Quality 
Award 
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