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You don’t need a forklift, a strong back, 
and a keen sense of balance to put an 
entire microwave lab on your desk. 

All you need is CAE design soft¬ 
ware from EEsof. 

Our tools realistically simulate just 
about every piece of equipment in the 
lab-right there in your very own office. 
From devices to circuits to subsystems. 

You’ll be able to create better prod¬ 
ucts with more functions and higher 
yields. Explore new concepts. Work 
on projects that wouldn’t even be pos¬ 

sible if you relied solely on the lab. 
And you’ll do it fast. From idea to 

finished prototype in days or weeks in¬ 
stead of months or years. 

EEsof’s business is software. 
We've been the leader in microwave 
software tools since 1984 when our 
first product, Touchstone® freed you 
from mainframe, timeshared comput¬ 
ing and let you design with a desktop 
workstation. 

Today, our family of products, in¬ 
tegrated through ACADEMY™ into 

one microwave design framework, re¬ 
duces manufacturing costs, increases 
yields, and slashes adjustment, test¬ 
ing, and design time. 

Call EEsof at 1-800-624-8999 , 
ext. 155 or FAX us at 1-81 8-991-
7109. We'll send you all :he facts on 
our microwave CAE design tools. 

That way the only things stacked 
up on your desk will be letters of 
praise from 
all of your W W FÄ F 
customers. Vf 

©1990 EEsof. Inc EEsof and Touchstone are registered trademarks of EEsof, Inc ACADEMY is a trademark of EEsof, Inc 
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EMI/EMC Testing 
Made Affordable 
A-7550 Spectrum Analyzer 
with Quasi-Peak Detector 

Equally at home in the laboratory, on the 
manufacturing floor, or in the field, IFR's A-7550 and 
A-8000 Spectrum Analyzers with optional built-in 
Quasi-Peak Detectors provide complete EMI/EMC 
testing capability from 10 KHz to 1000 Mhz. In 
addition, the extended range of the A-8000 allows 
the study of interfering signals up to 2600 Mhz in 
frequency. 

Standard features of both the A-7550 and the 
A-8000 include a synthesized RF system, +30 dBm 
to -120 dBm amplitude measurement range, 
frequency spans as small as 1 KHz/division, and 
resolution bandwidths as narrow as 300 Hz. This 
gives the A-7550 and the A-8000 a superior 
frequency and amplitude measurement capability 

Our continued growth has created 

previously unavailable on spectrum analyzers in 
this price range. 

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

For more information or a demonstration 

/fa 

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 Z/V u$b-

openings for Engineering Professionals. INFO/CARD 2 
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Kl XI 
MILTOUGH 
Miniature Connectorized Switches 

Typical Characteristics 

Frequency: 20 - 2000MHz Insertion Loss: 0.9dB 20 - 1000MHz 

Isolation: 75dB 20- 500MHz >3dB 1000 -2000MHz 

70dB 500- 1000MHZ DC Power: 12mAat+5VDC 

60dB 1000 -2000MHz 

DAICO miniature connectorized switches are hermetically sealed packages 

designed to survive the toughest military environments. Removable SM A 

connectors make for quick field replacement. 

These switches have high isolation while maintaining low insertion loss, 

low DC current, and broad bandwidth. 

When your applications demand MIL-TOUGH switches and attenuators, call 

Daico Technical Information for a prompt, realistic response. 

DAICO INDUSTRIES, INC. 
Post Office Box 5225, Compton. CA 90224 

2453 East Del Amo Boulevard. Compton. CA 90220 

Telephone 213/631-1143 • FAX 213/631-8078 

©1987 Daico Industries, nc. mp87475 
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HIGH POWER 
16 WAY 

COMBINER 

RF editorial 

An Unsolved 
Mystery 

TYPICAL SPECIFICATIONS 
MODEL D2599 

FREQUENCY RANGE . 0.4 - 1GHz 
INSERTION LOSS . 0.5db 
ISOLATION . 25db 
VSWR . 1.3:1 
POWER . 400 watts 

The model D2599 features full power 
isolating terminations which maintain 
impedance match and isolation in “soft 
failure” modes. 

PRECISION 
DIRECTIONAL 
COUPLER 

TYPICAL SPECIFICATIONS 
MODEL C2523 

FREQUENCY RANGE .... 100-400 MHz 
COUPLING . 30db 
DIRECTIVITY . 35db 
VSWR . 1.1:1 
POWER . 750 watts 

The model C2523 features exceptional 
coupling linearity vs input power and 
non-destructive precision stainless steel 
connectors. 

1965 - 1990 
25 years in business 

decades ahead 

WERLATONE, INC. 
P.O. Box 47 

Brewster, NY 10509 
Tel: (914) 279-6187 
FAX: (914) 279-7404 

By Gary A. Breed 
Editor 

Help, I need an answer! There is an 
exciting trend I’d like to know more 

about: Why have so many RF engineers 
recently taken up writing and public 
speaking? 

At RF Design, we are now receiving 
many more manuscripts and article 
proposals than we can publish. Authors 
who wrote for us in the past are certainly 
noticing the longer wait between the 
acceptance of an article and its eventual 
publication. This increase in the number 
of article submissions has been develop¬ 
ing over the past two or three years, and 
if this phenomenon was limited to arti¬ 
cles for our magazine I probably wouldn’t 
notice, but it is showing up in other 
places. 

This November’s RF Expo East had 
more proposals for papers than any 
previous RF Expo, east or west. We 
have always had a good response, but 
after the initial Call for Papers, we 
usually have to recruit a few papers to 
complete the program. This year, we 
have had to reject a dozen or so — and 
that’s after increasing the number of 
sessions to accommodate some of the 
extras. 

Another indicator of increased activity 
is our annual contest, which has grown 
over its five-year history and shows no 
signs of slowing. Also, there have been 
quite a few new books on RF topics 
written and released lately. The signifi¬ 
cant increase in both continuing educa¬ 
tion and product application courses 
might be related, as well. 

This trend must be widespread, not 
limited to just RF Design. We have 
maintained the same approach toward 
engineering for nearly twelve years, and 

have always gotten good contributions 
from our readers. Steady growth would 
be expected, but the big recent rush 
indicates some thing more. A few 
authors have commented about the lack 
of appropriate outlets for “getting pub¬ 
lished,” but that concern has been 
expressed in one way or another for at 
least 20 years. 
These are things that I see from the 

perspective of a magazine editor. Maybe 
you can let me know what is happening 
“on the inside.” Some of the other 
branches of engineering have become 
quite competitive. Is this causing a 
change in the RF engineering profes¬ 
sion that encourages more participation 
and communication than before? Is 
the increased activity die to manage¬ 
ment’s encouragement, or individual 
initiative? 

Whatever the reason, am definitely 
in favor of greater engineering commu¬ 
nications. It is good for the engineering 
community to have a visible, active 
dialogue among colleagues. One engi¬ 
neer’s simple comment can spark the 
imagination of another. Of course, 
wasted time “reinventing the wheel” 
can be avoided, too. The exchange of 
information in public or oublished fo¬ 
rums serves to increase the stature of 
the profession. For example, medical 
researchers and physicists are always 
in the news after their work has been 
published. 

I keep a close watch on the RF 
industry and the engineering profession, 
but the root of this trend has so far 
escaped me. Let me know how 
this has affected you and your col¬ 
leagues. 

August 1990 
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Noise Com: Quality. 
I Performance. Service. 

From the leader in noise sources. 

No one delivers noise performance 
like Noise Com. And no one 
delivers it on time, time after 
time, like Noise Com. We've built 
a solid reputation for quality, 
performance, and service that is 
unmatched in the industry. 

Noise Com offers the industry's 
broadest spectrum of noise 
products — from diode chips to 
hermetically- sealed noise diodes 
to precision coaxial and waveguide 
noise sources, and manual, 
automated, and high-power noise 
generating instruments. 

Noise Com also designs custom 
subassemblies that combine noise 
technology with passive and 
active components. We have 
constructed fast-switching 
frequency-hopping generators, 
extremely stable noise generating 
subsystems, frequency-agile 
jammers, and secure 
communications subsystems. 

Quality products and the 
industry's most responsive service 
and support have made Noise 
Com the leader in noise 
technology. 

Put our resources to work for you. 

Call Gary Simonyan at Noise 
Com, (201) 261-8797. 

Amplified 
noise 
modules 
NC 1000 Series 
DC to 2000 MHz 

■ High power—up to 13 dBm 
■ Minimum crest factor 5:1 
■ Flat response— ±-0.75 dB 
■ Operating temperature 
-35 to +100° C 

■ Storage temperature 
-65 to +150° C 

The NC 1000 Series amplified noise 
modules are designed for applications 
that require injection of noise at high 
levels, and are available with a wide 
variety of options. 

Calibrated coaxial 
noise sources 
NC 3000 Series 
10 kHz to 40 GHz 

Calibrated millimeter-wave 
waveguide noise sources 
NC 5000 Series •> 
18 to 110 GHz A? 

■ Narrow or wideband per¬ 
formance with low or high output 

■ Noise output rise and fall 
times less than 1 pS 

. VSWR less than 1.35:1 
■ Noise output variation with tem¬ 
perature less than 0.01 dB/° C 

■ Noise output with voltage 
less than 0. 1 dB/% A V 

■ Operating temperature 
-55 to +85° C 

■ Storage temperature 
-65 to +125° C 

■ Maximum input power 
+28 VDC at 20 mA 
(+15 VDC available) 

The NC 5000 Series noise sources feature 
outstanding stability, switching speed, 
and ripple-free response over standard 
waveguide bands. 

For Noise Com's complete 
line of products 

see the Microwaves & RF 
Product Data Directory 

■ Noise output rise and fall 
times less than 1 pS 

■ 6, 15.5, 30 dB ENR and 
higher outputs available 

■ Noise output variation with 
temperature less than 
0.01 dB/° C 

■ Noise output with voltage 
less than 0.1 dB/% A V 

■ Operating temperature 
-55 to +85° C 

■ Storage temperature 
-65 to +125° C 

■ Maximum input power +28 
VDC at 20 mA 

The NC 3000 Series are well suited for 
receiver testing, noise figure measure¬ 
ments, and any application requiring 
broad bandwidth, and fast switching 
time with coaxial connections. 

Custom noise subsystems 
Special products for 
unique applications 
■ Custom combinations 
of connectors, 
operating 
voltages, 
electrical 
performance, 
and packaging 

■ Multiple outputs 
■ Instruments for NPR testing 
• Switched noise sources 
■ Space-qualified noise sources 
■ High-power noise sources 
• Noise sources with filtering, 
and adjustable power level and 
clipping 

Number One in Noise Sources. 

E. 64 Midland Avenue, Paramus, New Jersey 07652 

(201) 261-8797 • FAX: (201) 261-8339 
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\Ne build quality into our product, 
So you can assure the quality of yours. 

Environmental Chambers 
Retrofit Controls 

Sun Systems has been designing and manufacturing high-quality digital 
controls and environmental test equipment since the late 70's. Our products 
feature reliability, adaptability and flexiblity and are backed by our two year 
warranty and dedicated customer service. 

• -184°C to +315°C 
• Local Programming 
• IEEE-488 
• Ramping 

• PID Control 
• RS232/RS422 
• Chart Outputs 
• Customization 

• 2 Year Warranty 
• 30 Day Free Trial 
• Retrofit 
• Rental 

I Sun Electronic Systems, Inc., 
"1601 N.W. 38th Ave., Ft. Lauderdale, FL 33311 

Telephone: (305)587-5577 - Fax:(305)587-0450 
INFO/CARD 6 

How To Put 75 Watts Of Power From 10kHz 
To 1000 MHZ At Your Fingertips.... 

Testing For 
• EMC/RFI 
• COMMUNICATIONS 
• MEDICAL 
• AEROSPACE 
• AUTOMOTIVE 
• LABORATORY 

You Can, With The M5580 High Power 
ULTRA-BROAD BAND Power Amplifier 

The M5580 ULTRA-BROAD BAND 
Amplifier is a Class A Solid State two 
unit (RF unit, and Power Supply/Control 
unit) amplifier that provides honest power. 
It provides 75 watts of power from 
10kHz to 1000 MHZ, 50dB gain, and 
40dB internal electronic gain control. 

The M5580 also has the capability of 
leveling on an externally derived signal, 
and will faithfully reproduce CW or any 
modulation that appears at the input. 

The M5580 is also unconditionally 
stable, cannot be damaged by any 
mismatch load, and is designed to 
provide years of trouble free service. 

The M5580 also provides: 

• REMOTE GAIN CONTROL 
• AMPLITUDE LEVELING 
• E-FIELD LEVELING 
• RF DRIVE PROTECTION 
• OPTIONAL IEEE BUS CONTROL 

Get the full story • Contact us.... 

INSTRUMENTS FOR INDUSTRY 
731 UNION PARKWAY, RONKONKOMA, N.Y. 11779 

TEL 516-467-8400 • FAX 516-467-8558 
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Surface Mount 50 MHz to 2 GHz 
SPOT Switch 

Aggressively Priced for High Volume, 
Commercial Applications 

MA4SW201 

Applications include! 
systems such as cellulate 
and other general purpose^, 
requirements 
Broadband: 50 MHz to 2 GHz 
High Performance Switch: 
Insertion Loss @ 1 GHz = 0.4 dB nom. 
Isolation @ 1 GHz = 43 dB nom. 
Repeatable, Reliable Performance 
MMIC Construction 

0.045 

SO-8 

Insertion Loss, dB 

Isolation. dB 

Frequency, 

For technical and applications assistance contact Jerry Hiller on ext. 2625. 
For further information and samples please contact your local 

M/A-COM Field Sales Office/Representative or contact: 
M/A-COM Semiconductor Products, South Avenue, Burlington, MA 01803 

(617) 272-3000 ext. 3808 • FAX (617) 272-8861 
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THE GTEM: A BEI 

Suppose there was one economical system that 

combined the best features 

of TEM Cells, Open Area 

Test Sites, and semi-

anechoic chambers, with 

the flexibility to do almost 

The GTEM is a break¬ 

through test environment 

with none of the limita¬ 

tions of other methods. It's 

easy to use and precise in 

measurement. Reflection 

and resonance are 

won't cost a fortune to buy 

or maintain. And with our 

GTEM! you can perform 

almost every EMC test 

imaginable! Call, write, or 

fax for a brochure and 3D 

model. 

any kind of EMC testing? minimal. It makes 

There is - our new GTEM! " efficient use of space and 

(Gigahertz Transverse 

Electromagnetic cell) Antennas are unnecessary for either 
emissions or susceptibility testing. 

Frequencies of DC to over 1 GHz can be 
achieved at field strengths exceeding 
200 volts per meter for susceptibility testing. 

The EMI sealed structure eliminates 
most ambients and provides a controlled 
environment for emissions testing. 

Interchangeable feeds allow both 
continuous wave and pulse 
testing with the same unit. 



ER WAY TO TEST 

GENERAL SPECIFICATIONS 

MODEL 5305 MODEL 5311 MODEL 5317 

USABLE FREQUENCY RANGE DC to > 1 GHz DC to > 1 GHz DC to > 1 GHz 

AVERAGE FIELD UNIFORMITY + 4 dB ±4 dB ± 4 dB 

RETURN LOSS / VSWR >15dB/< 1.43 > 15 dB / < 1.43 > 15 dB / < 1.43 

IMPEDANCE 50 ohms 50 ohms 50 ohms 

MAX. INPUT POWER 100 W 1 kW 1 kW 

'TYPICAL CW FIELD STRENGTH 0 to 135 V/m 0 to 200 V/m 0 to 150 V/m 

MAXIMUM HEIGHT OF 
TEST VOLUME 

500 mm 
19.7 in 

1100 mm 
43.3 in 

1750 mm 
68.9 in 

* Higher fields possible by moving EUT closer to apex while maintaining 1/3 height ratio. 

An offset septum provides a large volume 
for testing generous sized EUTs. 

Anechoic material and a special 
resistive network provide efficient 
termination of both wave and 
current, minimizing reflection 
and resonance. 

1-800-253-3761 

The Electro-Mechanics Company 

FIRST IN QUALITY 
FIRST IN PERFORMANCE 

Call -7:30 AM To 4:30 PM (CT) 
800-253-3761 ■ 512-835-4684 
Telex 797627/ Fax 51 2-835-4729 
POBox 1546 Austin, Texas 78767 

08151/89161 • Fax 081 51/1 6610 
MunchnerStr. 2 D-8137 Berg 1 West Germany 

GTEM 1 is a register trademark of EMCO 
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Custom RF and Video 
Processors Without NRE 

The SMP Development 
Station allows you to 
implement customized 
processors with software 
commands. 

For years, development stations for digital systems have 
been used to evaluate designs before custom hardware is 
produced. Now the modular SMP Development Station 
brings that development efficiency to RF and video 
systems. 
The Signal MicroProcessor (SMP) is a software-

programmable chip which processes RF and video analog 
signals with the same versatility and ease that the digital 
microprocessor processes data. The SMP Development 
Station is an evolving system of PC-based instrumentation 
modules that use the SMP as a massively parallel 
processing engine capable of handling RF and video 
signals with bandwidths up to 150 MHz. User interface and 
control of the SMP is provided through powerful and easy-
to-use W.A.V.E.® data aquisition and analysis software. 
W.A.V.E.® runs on any IBM-PC/AT or 100% compatible 
personal computer. 
The first SMP Development Station module is a 128-tap 

programmable transversal filter (PTF) which is useful for 
signal generation, extraction, modification and 
characterization. It has been used to verify the design of an 
LPI radar system, built-in network analyzers, multipath 
equalizers, pulse-shaping equalizers, magnetic read-head 
equalizers, programmable bandpass filters, smart scope 
triggers, anti-aliasing filters, synthesizers, waveform 
generators, spread-spectrum matched filters, interference 
cancellers, target simulators, and pattern matchers for 
signals and images. 

Users can expect to have the SMP Development Station 
up and running in less than 1 hour. 

Pulse shaping / equalization 
Unparalleled ability to shape wideband waveforms and equalize channels. 

Interference cancellation 
Measurement and cancellation of single or multiple inteierence sources. 

Electronic Decisions Incorporated 
1776 East Washington Street Urbana, Illinois 61801 

(800) 373-3628 
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RF letters 
Letters should be addressed to 
Editor, RF Design, 6300 S. Syracuse 
Way, Suite 650, Englewood, CO 
80111. 

Complex Signals 
Editor: 

I’d like to thank RF Design for publish¬ 
ing such a wonderful magazine. Without 
magazines such as yours it would be 
virtually impossible to keep up with new 
products and technologies. 

I have especially appreciated Mr. 
Boutins’s series on complex signals. 
However, in Part 3 [March, 1990, RF 
Design], p. 110, there appears to be an 
error in regenerating the complex sig¬ 
nal. Using cos [(œc + B/2)t] and -sin( œct) 
shifted the spectrum by B/2. 

It should be noted that the up- and 
down-conversion processes mirror each 
other. In fact, as long as the processes 
mirror and orthogonal waveforms such 
as sine and cosine are used, the 
complex input will be correctly recov¬ 
ered. Changing signs and exchanging 
sine and cosine simply shift phase and 
negate frequencies in the real data 

channel. 

Brian S. Little 
Department of Defense 
Laurel, MD 

Author’s Reply 
I would like to thank Mr. Little for his 

feedback. That gives me the opportunity 
to clarify one point of my presentation. 

Mr. Little’s system effectively permits 
one to up-convert a given baseband 
complex signal to a real high frequency 
one and then, regenerate back the same 
baseband complex signal. 

In my paper, I have tried to be more 
general. The down-convertor to which 
Mr. Little refers in his letter (p. 110, 
Figure 4) does exactly what the accom¬ 
panying text mentions, that is it gener¬ 
ates a complex baseband signal having 
its Fourier Transform located right in the 
middle of the zero frequency axis. Any 
other complex baseband signal could 
have been generated by properly adjust¬ 
ing the frequency of the quadrature local 
oscillators. What could have mislead the 
readers is the fact that I started my 

discussion on the down-conversion proc¬ 
ess with a real high frequency signal 
whose Fourier Transform was the same 
one used previously to explain the 
up-conversion process of another par¬ 
ticular complex baseband signal. It 
would have been preferable to pick any 
other Fourier Transform and included 
Mr. Little’s example of a particular 
system where the cascaded up- and 
down-conversion processes are trans¬ 
parent. 

Noel Boutin 
University of Sherbrooke 
Sherbrooke, Quebec 

Odd Ratio Frequency Dividers 
Editor: 

This letter is in reference to the article 
by D. Korn and C. Deierling “A 1.8 GHz 
Odd Ratio Frequency Divider” in the 
May 1990 issue of RF Design. 

I would like to point out that odd-ratio 
frequency dividers may be designed 
digitally to perform at the same frequen¬ 
cies as 2" counters with all the advan¬ 
tages of digital counters such as opera-

INTRODUCING 

Cable assemblies as 
easy as 1,2, 3. 

1. M/A-COM Omni Spectra’s 
Universal Compression 
Crimp Tool Kit 
Part number 2598-5200-54 

2. .141, .085, 250-inch semi¬ 
rigid cable 

3. Solderless Compression 
Crimp Connectors OSM® 
(SMA), OSP™, N, TNC 

It’s as easy as that. Simple 
operation requires no special 
training. Plus you’ll get excellent 
mechanical and electrical per¬ 
formance time after time. 

Call M/A-COM Omni Spectra 
today and see for yourself how 
easy it can be. 

M/A-COM Omni Spectra, Inc. 
140 Fourth Avenue 
Waltham, MA 02254-9101 
Tel: USA (617)890-4750 

UK (0734)580833 
Japan 03(226)1671 

Omni 
Spectra 

A /0COH COMPANY 
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1 GHz INSTANTANEOUS 
FREQUENCY RANGE 

COMES IN 
SMALL 

PACKAGE. 

MODEL 704FC, MOS-FET, RF AMPLIFIER 
With Built-in AC Power Supply 

FREQUENCY RANGE: 0.5-1000 MHz 
POWER OUT: 4 WATTS 
GAIN: 33dB 
POWER SUPPLY: 90-250VAC 

SIZE: 7"Wx4"Hx9"L 
WEIGHT: 6 lbs 
DELIVERY: 2-3 WKS, ARO 

$2195 

Engineering International, Ltd., U.S.A. 

21820 87th SE, Woodinville. WA 98072 (206) 485-9000 FAX: (206) 486-9657 

KALMUS EUROPEAN SALES AND SERVICE CENTERS 
FRANCE: KMP Electronics PHONE: 1-46-45-09-45 

FAX: 1-46-45-24-03 

ENGLAND: EATON, Ltd. PHONE: 734-730900 
FAX: 734-328335 

GERMANY: Telemeter Electr GMBH 

ITALY: Vianello Strumentazione 

PHONE: (0906) 4091 
FAX: (0906) 21706 

PHONE: 02-89200162 
FAX: 02-89200382 



MODEL POWER OUT FREQUENCY RANGE WxDxH (CM) AC LINE PRICE $ 

700LC 1.5W CW 003-1000 MHz 33dB 25x28x13 100-240V 1,695.00 
102LC 2W CW 25HZ-100 MHz 33dB 19x31x15 100-240V 1,349.00 
502LC 2W CW .01-525 MHz 36dB 19x32x15 100-240V 1,695.00 
704FC 4W CW .5-1000 MHz 33dB 23x18x09 100-240V 2,195.00 
505LC 5W CW .05-400 MHz 37dB 19x32x15 100-240V 1,895.00 
505FC 5W CW .5-525 MHz 40dB 25x28x13 100-240V 1,655.00 
706FC 6W CW .5-1000 MHz 38dB 25x28x13 100-240V 2,695.00 
110C 10W CW .2-60 MHz 40dB 19x32x15 100-240V 1,450.00 
110LC 10W CW .01-100 MHz 40dB 25x37x15 100-240V 1,950.00 
210LC 10W CW .008-225 MHz 40dB 25x37x15 100-240V 2,495.00 
310FC 10W CW .5-300 MHz 40dB 25x28x13 100-240V 2,250.00 
510FC 10W CW .5-525 MHz 43dB 25x28x13 100-240V 2,595.00 
710FC 10W CW 1-1000 MHz 40dB 25x28x13 100-240V 5,995.00 
115LC 15W CW .001-100 MHz 43dB 38x32x13 100-240V 2,255.00 
225LC 20W CW .01-225 MHz 45dB 25x37x15 100-240V 3,295.00 
520FC 20W CW 1-525 MHz 45dB 25x28x13 100-240V 3,895.00 
720 FC 20W CW 500-1000 MHz 43dB 48x46x13 100-240V 6,650.00 
125LC 25W CW 50HZ-100 MHz 40dB 48x40x13 100-240V 3,300.00 
125C 25W CW .5-50 MHz 45dB 48x46x13 100-240V 1.495.00 
112C 25W CW 1-120 MHz 45dB 25x37x15 100-240V 1,995.00 
320FC 25W CW 1-300 MHz 45dB 30x20x13 100-240V 2,895.00 
535FC 35W CW 200-512 MHz 45dB 30x20x13 100-240V 3,895 00 
150C 50W CW .2-50 MHz 47dB 38x37x15 100-240V 2,595.00 
250LC 50W CW .01-230 MHz 45dB 43x42x19 100-240V 7,550.00 
250FC 50W CW 1-200 MHz 45dB 38x37x15 100-240V 4,995.00 
550FC 50W CW 200-512 MHz 45dB 30x20x13 100-240V 4,995.00 
161C 100W CW .5-90 MHz 45dB 38x37x15 100-240V 5,250.00 
190LC 100W CW .01-100 MHz 50dB 48x43x18 100-240V 8,850.00 
162LP 100W CW 20-200 MHz 50dB 38x37x15 100-240V 6,250.00 
116C 100W CW .01-220 MHz 50dB 71x56x76 100-240V 8,995.00 
155LCR 100W CW .006-12 MHz 50dB 48x40x13 100-240V 4,150.00 
LA100H 100W CW .3-100 MHz 50dB 48x48x13 100-240V 5,990.00 
LA100F 100W CW 100-250 MHz 50dB 48x48x13 100-240V 6,595.00 
LA100U 100W CW 200-400 MHz 50dB 48x48x13 100-240V 6,250.00 
LA100UE 100W CW 100-500 MHz 50dB 48x48x13 100-240V 6,995.00 
LA200H 200W CW .5-100 MHz 53dB 48x48x13 100-240V 6,995.00 
LA200F 200W CW 100-250 MHz 53dB 48x48x13 100-240V 11,500.00 
LA200U 200W CW 200-400 MHz 53dB 48x48x13 100-240V 10,995.00 
LA200UE 200W CW 250-500 MHz 53dB 48x48x13 100-240V 12,500.00 
162LPS 200W Pulse 10-220 MHz 55dB 48x38x18 100-240V 5,995.00 
122C 200W CW .01-220 MHz 50dB 71x56x76 100-240V 10,850.00 
247V 200W Peak 118-138 MHz 10dB 48x46x13 100-240V 5,255.00 
247U 200W Peak 200-400 MHz 10dB 48x46x13 100-240V 5,500.00 
121CA 250W CW .5-32 MHz 55dB 48x43x18 100-240V 5,950.00 
164UP 300W Pulse 200-400 MHz 55dB 48x38x18 100-240V 7,595.00 
LP300H 300W Pulse .3-100 MHz 56dB 48x48x13 100-240V 7,550.00 
LA500H 500W CW .5-50 MHz 57dB 71x56x76 100-240V 12,500.00 
LA500V 500W CW 10-100 MHz 57dB 71x56x76 100-240V 13,500.00 
134C 500W CW .01-220 MHz 57dB 58x69x127 3 Phase 19,800.00 
134CM 500W CW 1-200 MHz 57dB 58x69x127 3 Phase 18,500.00 
166UP 500W Pulse 200-400 MHz 57dB 48x51x18 100-240V 9,500.00 
LA600U 600W CW 200-400 MHz 57dB 71x56x76 100-240V 23,500.00 
166HP 800W Pulse 100-200 MHz 57dB 48x51x18 100-240V 11,500.00 
137C 1000W CW .01-220 MHz 60dB 69x69x127 3 Phase 28,500.00 
137CM 1000W CW 1-200 MHz 60dB 69x69x127 3 Phase 27,250.00 
LA1000H 1000W CW 2-32 MHz 60dB 71x56x76 100-240V 22,500.00 
135CB 1000W Pulse 2-30 MHz 60dB 48x51x46 100-240V 10,990.00 
LA1000V 1000W CW 10-100 MHz 60dB 71x56x76 100-240V 26,900.00 
166LP 1000W Pulse 8-100 MHz 60dB 48x51x18 100-240V 9,550.00 
LP1000 1000W Pulse 10-120 MHz 60dB 48x51x18 100-240V 11,500.00 
167HP 1500W Pulse 120-200 MHz 60dB 53x56x46 100-24ÖV 17,950.00 
167LP 2000W Pulse 10-100 MHz 63dB 53x65x46 100-240V 17,900.00 
140C 2000W CW .01-220 MHz 60dB 137x69x127 3 Phase 44,990.00 
140CM 2000W CW .5-150 MHz 60dB 137x69x127 3 Phase 41,500.00 
LA3000H 3000W CW 5-45 MHz 65dB 137x76x127 180-255V 69,500.00 
LP4000H 4000W Pulse 2-50 MHz 66dB 71x56x76 100-240V 27.50Ö Ö0 

Made in U.S.A 

R F POWER AMPLIFIERS 
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tion from DC to the maximum operating 
frequency. The frequency is limited only 
by the clock to output delay and setup 
time of the flip-flop. With the analog 
approach (use of a delay line), as the 
authors point out, the counter is useful 
only over a very limited frequency range. 
The delay line should be used only when 
the frequency requirements exceed the 
speed of the logic. 
A divide-by-three example usable 

from DC to the maximum “real” clock 
frequency, using the same 10G021A 
circuit, is shown below. 

Fourier Analysis of the ideal waveform 
generated by the digital divider with a 
2/3 duty cycle pulse shows that the 2nd 
harmonic is 6 dB down from the funda¬ 
mental. This would normally require a 
better filter, if the fundamental compo¬ 
nent frequency is to be extracted, com¬ 
pared with a theoretical 1/2 duty cycle 
waveform with no even harmonics. The 
authors’ data, however, shows the 2nd 
harmonic down only 9 dB, also indicat¬ 
ing a very non-symmetrical waveform. 
The difference in the fundamental ampli¬ 
tude between the two different (2/3 and 

1/2) ideal waveforms is only 1.25 dB. 
If GigaBit Logic had designed their D 

flip-flop with dual D OR-able inputs, 
similar to the Motorola or Fairchild high 
speed ECL logic which added no addi¬ 
tional delay, the logic could have been 
performed at these inputs. However, the 
GigaBit circuits, like ECL, feature output 
wired-OR capability. 
The Q outputs from each flip-flop are 

close together and connected together 
before connection to the D-input of 
circuit A adding negligible delay. Thus, 
the registers may be operated up to the 
specified clock frequency limited only 
by the clock to output delay and the 
setup time requirements. Using the 
authors’ delay numbers this becomes 
DC to 1.45 GHz. This type approach, 
chip and wire bond on a small thick film 
hybrid, was used in the early 70’s to 
generate a multitude of logic including 
a pseudo random code generator oper¬ 
ating at 800 MHz. The basic circuit was 
a Fairchild 11CO6 (now Motorola 
MC12090), all the logic being performed 
using only the two D-inputs and the Q 
and not-Q outputs of the several circuits 

installed within the hybrid. Even the 
exclusive-or function was developed 
without any additional gates allowing 
clocking up to the maximum frequency. 
This circuit used a half adder or flip-flop 
adder (F-adder) made out of two circuits 
both using their two D-inputs. Many of 
these type circuits have been operating 
since 1976 in the ALGOR radar clock 
pulse generator located on Roi-Nemur 
Island in the Pacific. This system fea¬ 
tured range increments of 24 pico¬ 
seconds. 

David D. Freedman 
Exetron 
Cinnaminson, NJ 

Divide-by-three logic shown using 
“output OR-ing’’. 

HOLADAY 
NON-IONIZING RADIATION TEST EQUIPMENT 

Holaday microwave oven leakage meters 
and monitors are used throughout the 

world by oven manufacturers, service people, 
and government agencies. To monitor RF and 
microwave exposure in the environment 
and in the workplace, Holaday Industries has 
a line of isotropic broadband field strength 
meters available for electromagnetic 
measurement. 

For more information call or write: _ 

A HI-1800 Microwave Survey Meter 
B HI-1501 Microwave Survey Meter 
C. HI-1500-3B Microwave Hazard 
Monitor 
D. HI-3500 Broadband Exposure 
Hazard Monitor 

HOLADAY INDUSTRIES, INC. 
14825 Martin Drive 
Eden Prairie, MN 55344 
Telephone: (612) 934-4920 
Telex: 29-0922 Fax: (612) 934-3604 

E. HI-3600-01 VDT Radiation Survey 
Meter 
F HI-1710 Microwave Measurement 
System 
G. HI-3002 Broadband Field Strength 
Meter, with E-Field and H-Field Probes 

INFO/CARD 13 



2IDVANTEST 
ADVANTEST CORPORATION 

Jill MEMORY CARD 

One Card for EMI Measurements 

Photo : R2542B EMI Receiver System, connected to R3261/3361 Series 

The R3261/3361 Series Spectrum 
Analyzers are ideally suited for 
RF signal analysis and offer 
superior functions and 
capabilities for EMI 
measurements. 
Featuring the unique Advantest 
quasi-peak detection scheme, 
these analyzers offer a full 70dB 
dynamic range. 
The IC memory card function 
simplifies operation and 
reduces the time required for 
routine measurements. 
Difficult tasks are made easy by 
taking full advantage of the IC 
memory card and instrument 
controller. Using these two 
powerful features together 
allows the user to: 

• Enter antenna correction 
factors 

• Display measurements in 
a log/log format 

• Display limit lines for FCC, 
VDE and VCCI standards 

•Add the R3551 preselector for 
additional sensitivity, 
selectivity and protection 
from noise 

Spectrum Analyzer with R3551 Preselector Antenna, and Plotter. 

21DVANTEST 
Advantest America, Inc. Phone:(708)634-2552 Facsimile:(708)634-2610 
Advantest UK Limited New Malden. Surrey^S 4HH, UK Phone: (01) 336-1606 Facsimile:(01)336-1657 

INFO/CARD 14 
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MHZ 

It’s easy to switch eight DC to 
500Mhz inputs to any of eight 
outputs with our Model 4108 
wide-band coaxial relay matrix 
shown at the left. This miniatur¬ 
ized matrix is completely self-
contained, requiring only TTL 
control signals and DC power. 

For larger systems, our Model 
4076 can switch 64 signal 
sources to any of eight outputs 
under IEEE-488 control with a 

for Automatic Test Equipment 
(ATE) where fast rise time, wide 
bandwidth data from the unit 
under test must be connected 
to any array of test equipment, 
or in telecommunications where 
wideband data rates must be 
connected between modems, 
transceivers or satellite uplink/ 
downlink terminals. 

bandwidth of DC-300Mhz by 
packaging up to eight 4108 
modules in a compact cabinet. 
These miniaturized extremely 
wide-band matrices are perfect 

MATRIX 
SYSTEMS CORPORATION 

5177 NORTH DOUGLAS FIR ROAD 
CALABASAS, CALIFORNIA 91302 
(818) 992-6776 ■ TWX 910-494-4975 

Experience—We Have It 
No matter what kind of high fre¬ 
quency switching system you’re 
buying, it pays to deal with a 
company who really understands 
the business. Matrix does. We’ve 
been designing state-of-the-art 
reed relay and semiconductor 
switching matrices for over 17 
years—to the toughest electri¬ 
cal and packaging specs imagi¬ 
nable. Our customers include 
government agencies, defense 
contractors, the TV industry, 
ATE and telecommunications 
companies and more. So deal 
with the leader and be sure. 

INFO/CARD 15 



RF calendar_ 
August 

21-23 IEEE EMC 90 Symposium 
Washington Hilton Hotel, Washington, DC 

Information: Joe Fisher Tel: (703) 521-6336. 

28-30 Surface Mount ’90 
Bayside Exposition Center, Boston, MA 

Information: MG Expositions Group, 1050 Commonwealth 
Ave., Boston, MA 02215. Tel: (800) 223-7126 or (617) 
232-3976. 

28-5 XXIII General Assembly of the International Union of Radio 
Science (URSI) 

Prague, Czechoslovakia 
Information: Prof. V. Zima, Institute of Radioengineering and 
Electronics, Czechoslovak Academy of Sciences, 182 51 
Praha 8, Czechoslovakia. 

September 

Single-chip 
1.6 GHz 
PLL 

ACTUAL SIZE 

10-13 20th European Microwave Conference 
The Intercontinental Hotel, Budapest, Hungary 

Information: Microwave Exhibitions and Publishers Limited, 
90 Calverley Road, Tunbridge Wells, Kent, TN1 2UN, England. 
Tel: (0892) 544027. 

10-13 Electrostatic Overstress/Electrostatic Discharge Sympo¬ 
sium 

Buena Vista Palace, Orlando, FL 
Information: 1990 EOS/ESD Symposium, PO Box 913, Rome, 
NV 13440. Tel: (315) 339-6937. 

12-15 Radio 90 
Hynes Convention Center, Boston, MA 

Information: Andy Peluso, NAB Radio 1990 Registration, 1771 
N Street, N.W., Washington, DC 20036-2891. Tel: (800) 
342-2460. Fax: (202) 775-2146. 

17-18 1990 IEEE Bipolar Circuits and Technology Meeting 
Marriott Hotel, Minneapolis, MN 

Information: Jan Jopke, Conference Coordination Services, 
6611 Countryside Drive, Eden Prairie, MN 55346. Tel: (612) 
934-5082. 

23-27 Association of Old Crows Meeting 
Hynes Convention Center, Boston, MA 

Information: Association of Old Crows, 1000 N. Payne Street, 
Alexandria, VA 22314. Tel: (703) 549-1600. 

25-27 Piezoelectric Devices Conference 
Kansas City Westin Crown Center, Kansas City, MO 

Information: EIA Components Group, 1722 Eye Street, N.W., 
Suite 300, Washington, DC 20006. Tel: (202) 457-4980. 

October 

1 -4 SCAN-TECH 90 
Georgia World Congress Center, Atlanta, GA 

Information: AIM USA, 1326 Freeport Road, Pittsburgh, PA 
15238. Tel: (800) 338-0206, (412) 963-8588. 

QUALCOMM Q3036 
PLL Frequency 

Synthesizer Breakthrough 

• Input Range from VCO: DC to 
1.6 GHz; VSWR<2:I 

• Input Sensitivity -lOdBm to 
+ 10d Bin 

* On-chip 10/11 Dual Modulus 
Prescalar 

• Both Parallel and X-bit data bus 
inte rface, I TL/C M ( )S 

• High Phase Detector Gain: 
286 mv/Rad 

• Up to 100 MHz Phase Detector 
C om par is< >n F req uency 

• Single +5V Supply 

• Divide Ratios: 2-128 from 
0-300 MHz; 90 - 1295 from 
300 MHz - 1.6 GHz 

• QUALCOMM Q2334 DDS 
ideal reference for fine 
frequency resolution 

• MIL 883 Screened Version 

* PLL Evaluation Board 

Call or FAX 

Qualcomm 
N CORPORATED 

"Making Synthesis Simple" 
VLSI PRODUCTS DIVISION 

10555 Sorrento Valley Road 
San Diego, CA 92121-1617 

Phone: (619) 587-1121 ext. 540 
FAX: (61 9) 452-9096 

RF Design 
INFO/CARD 16 
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LDA SERIES 

Model No. Freq. Range PWR Out Gain Price Oeliv. 

L0A2055-1O 20-550 MHZ 10 W 4600 $ 895 In Stk 

LDA2055-20 20-550 MHZ 20 W 46DB $1,395 In Stk 

LOA2050-40 30-500 MHZ 40 W 46DB $2,495 Stk-8wks 

LDA2O40-20 225-400 MHZ 20 W 46DB $1,195 In Stk 

LDA2040-30 225-400 MHZ 30 W 4608 $1,395 In Stk 

LDA2040-150 225-400 MHZ 150 W 80B $1,195 Stk-8wks 

LDA3050-3O 300-500 MHZ 30 W 4608 $1,395 In Stk 

LDA5010-10 500-1000 MHZ 10 W 40DB $1,450 Stk-8wks 

LDA5010-20 500-1000 MHZ 20 W 43DB $1,695 Stk-8wks 

LDA5010-30 500-1000 MHZ 30 W 45DB $1,995 Stk-8wks 

2055-20 

Actual Frequency Response for LDA 2055-20 Amplifier 

SOLID STATE LINEAR POWER AMPLIFIER 
20 to 550 MHz 20 Watts Class AB 
• 46 dB of Gain • ± 1 dB Gain Variation Typical 

Milcom’s new line of broadband lin¬ 
ear power amplifier modules feature 
a wide variety of gain, frequency 
coverage and power output capa¬ 
bilities. Our amplifiers utilize the 
latest silicon FET technology and 
models are available for complete 
coverage of the 20 to 1000 MHz fre¬ 
quency range. Our linear amplifiers 
can be operated in the CW, pulse or 

swept modes and do not require any 
tuning or adjustment across their 
multi-octave frequency ranges. 
Operation into a severe mismatch will 
not cause damage or shut-down. Our 
modules are ideal for applications 
involving ECM, laboratory testing, 
medical research and multi-band 
transceivers, to name just a few. Best 
of all, they are in stock for immediate 

delivery. Call or write for detailed 
technical information today. 

Milcom 
International Inc. 

10891 Capital Avenue 
Garden Grove, CA 92643-4953 
(714) 554-1710 
TLX 6711786 MILCOM • FAX (714) 554-3090 

INFO/CARD 17 



RF courses 
Antennas: Radiation and Scattering 

August 27-28, 1990, Washington, DC 
Grounding, Bonding, Shielding and Transient Protection 

August 27-30, 1990, Chicago, IL 
Microwave Radio Systems 

September 6-7, 1990, Washington, DC 
Integrating Fiber Optics and Analog/RF 

September 10-12, 1990, Washington, DC 
Broadband Communications Systems 
September 10-14, 1990, Washington, DC 

Modern Receiver Design 
September 10-14, 1990, Washington, DC 
October 15-19, 1990, London, England 

Radar Operation and Design: The Fundamentals 
September 18-21, 1990, Washington, DC 

Doppler Radar Applications for Severe Weather and 
Wind-Shear Detection 

September 26-28, 1990, Washington, DC 
Radio Frequency Spectrum Management 

October 1-4, 1990, Washington, DC 
Information: George Washington University, Merril Ferber. 
Tel: (800) 424-9773; (202) 994-6106. Fax: (202) 872-0645. 

Basic Telephony 
October 22-24, 1990, Madison, Wl 

Digital Switching 
October 25-26, 1990, Madison, Wl 

Information: University of Wisconsin-Madison, College of 
Engineering. Tel: (800) 222-3623; (414) 227-3200. Fax; (414) 
227-3119. 

Analog MOS Integrated Circuits 
September 24-28, 1990, Los Angeles, CA 

Information: UCLA Extension, Engineering Short Courses. 
Tel: (213) 825-3344. Fax: (213) 206-2815. 

Modern Power Conversion Design Techniques 
September 10-14, 1990, San Francisco, CA 

Information: E/J Bloom Associates, Inc., Mrs. Joy Bloom. Tel: 
(415) 492-8443. 

RF/MW Amplifier and Oscillator Design: Linear/Nonlinear 
Considerations 

September 17-20, 1990, Budapest, Hungary 
Information: Scientific Society for Telecommunications jointly 
with Besser Associates. Tel: 36-1-153-1027, Fax: 36-1-156-
1215. 

RF/MW Circuit Design: Linear and Nonlinear Techniques 
September 20-26, 1990, Burlington, MA 

Information: Besser Associates. Tel: (415) 969-3400. Fax: (415) 
965-0800. 

Digital Signal Processing: Techniques and Applications 
August 14-17, 1990, Washington, DC 
August 21-24, 1990, San Diego, CA 
September 18-21, 1990 Washington, DC 
October 2-5, 1990, Denver, CO 

Introduction to Telecommunications 
August 21-24, 1990, San Diego, CA 
August 28-31, 1990, Washington, DC 
September 18-21, 1990, Los Angeles, CA 

Information: Learning Tree International, John Valenti. Tel: 
(800) 421-8166; (213) 417-8888. Fax: (213) 410-2952. 

ELINT/EW Data Bases 
September 10-11, 1990, Syracuse, NY 

ELINT Analysis 
September 12-14, 1990, Syracuse, NY 

ELINT Interception 
September 17-19, 1990, Syracuse, NY 

Radar Vulnerability to Jamming 
September 20-21, 1990, Syracuse, NY 

Integrated EW 
September 25-26, 1990, Syracuse, NY 

ELINT/EW Applications of Digital Signal Processing 
October 2-4, 1990, Syracuse, NY 

Information: Research Associates of Syracuse, Inc. Tel: (315) 
455-7157. Fax: (315)455-8037. 

Principles of Analog Oscilloscopes 
August 21-22, 1990, Los Angeles, CA 

Principles of Digital Oscilloscopes 
August 23-24, 1990, Los Angeles, CA 

Information: John Fluke Mfg. Co., Inc. Tel: (800) 443-5853 ext. 
73. In Canada: (416) 890-7600. 

Design for ESD and RFI 
September 19, 1990, San Jose Hyatt, CA 

Information: The Keenan Corporation, Ms. Jean Whitney. Tel: 
(813) 544-2594. Fax: (813) 544-2597. 

Microwave Circuit Design: Linear and Nonlinear 
September 24-26, 1990, Los Angeles, CA 
October 24-26, 1990, Dallas, TX 

Information: Vendelin Engineering. Tel: (408) 867-2291. 

Electromagnetic Pulse 
August 16-17, 1990, Philadelphia, PA 

Information: R&B Enterprises. Tel: (215) 825-1960. 

Transient Voltage Suppression Design Seminar 
August 16, 1990, Raleigh, NC 
September 11, 1990, Toronto, Canada 
September 13, 1990, Detroit, Ml 
October 16, 1990, Boston, MA 

Information: GSI Educational Services. Tel: (800) 776-8358. 

mwSPICE 
August 21-23, 1990, Westlake Village, CA 

Academy (Schematic) 
September 11-12, 1990, Westlake Village, CA 

Academy (Layout) 
September 13-14, 1990, Westlake Village, CA 

Touchstone 
October 2-4, 1990, Westlake Village, CA 

Libra 
October 9-1 1, 1990, Westlake Village, CA 

Information: EEsof, Ginger Craft. Tel: (818) 991-7530. 

Basic Network Measurements Using the HP8510B Network 
Analyzer 

August 28-30, 1990, Los Angeles, CA 
September 18-20, 1990, Boston, MA 
September 18-20, 1990, Los Angeles, CA 

Microwave Fundamentals 
August 21-23, 1990, Boston, MA 
September 24-27, 1990, Los Angeles, CA 

Information: Hewlett-Packard Company. Tel: (800) 472-5277. 
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Renews 

NIST Develops New Phase Noise Measurement System 

Scientists at NIST have developed a 
more accurate system for measuring 
phase noise in oscillators, amplifiers, 
frequency synthesizers, and other elec¬ 
tronic components according to a report 
in the May 14 issue of NIST Update. The 
system will be of interest to military and 
civilian calibration laboratories and com¬ 
panies producing high-precision naviga¬ 
tion and communications equipment 
because “the wide bandwidths and the 
higher accuracy [of phase noise meas¬ 
urement] are necessary to adequately 
characterize new equipment used in 
very wide bandwidth communication, 
navigation, and measurement systems.” 
The system has an accuracy 2 to 4 times 
that of current commercial equipment 
and its frequency range is 25 times 
greater. Its accuracy is reported at 1 dB 
under most conditions, with analysis 
bandwidths of approximately 10 percent 
of the carrier frequency up to a maxi¬ 
mum of 1 GHz. The system is able to 

measure the phase noise at carrier 
frequencies from 5 MHz to 1.5 GHz, 1.5 
to 26 GHz, and 33 to 50 GHz. Additional 
frequency ranges can be measured 
using external mixers to convert the 
signal to one of the above bandwidths. 
It can be run manually from the front 
panels of the various instruments or run 
from an AT compatible microprocessor. 
In creating this new system, scientists 
at NIST have attempted to construct a 
model which accounts for all known 
contributions to uncertainties in phase 
noise measurement. For a copy of the 
paper (paper no. 23-90) describing the 
system contact Jo Emery, Div. 104, 
NIST, Boulder, CO 80303. Tel: (303) 
497-3237. 

Commerce Report Tags 1990 “Emerg¬ 
ing Technologies” — Twelve of to¬ 
day’s “emerging technologies” will rep¬ 
resent a combined world market of 
about $1 trillion by the year 2000, 

according to a report issued by the 
Commerce Department’s Technology 
Administration. Emerging Technologies: 
A Survey of Technical and Economic 
Opportunities assesses the competitive 
position of the United States vis-a-vis 
Japan and Europe anc makes 13 recom¬ 
mendations for actions by industry and 
government to improve U.S. competi¬ 
tiveness. The emerging technologies 
cited are advanced materials, supercon¬ 
ductors, advanced semiconductor de¬ 
vices, digital imaging technology, high-
density data storage, nigh-performance 
computing, optoelectronics, artificial in¬ 
telligence, flexible computer-integrated 
manufacturing, sensor technology, bio¬ 
technology, and medical devices and 
diagnostics. 

Georgia Tech Researchers Develop 
Sensor Fusion Simulator — Scientists 
at the Georgia Institute of Technology 
have developed a mu ti-sensor simula-

22 

Preferred 
Stock. 

Preferred for quality and performance, SL1500 series RF 
Amplifiers are available off the shelf exclusively from MTS. 
These high frequency log amplifiers meet your military, 
reliability and screening requirements. To get this preferred 
stock, call today. 

nrrs MTS MICROELECTRONICS, INC. 1156 N. Grove Street 
Anaheim, CA 92806 
714 •630•4250, 714•630•4896 FAX 
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POWER 
CARACITORS 
...for high power density applications 

Plate, barrel and feed-through capacitors for 
a wide range of applications such as solid 
state RF generators, RF suppression and HF 
transmitters. 

Capacitance: 1.5-10,000 pF • Voltage: 2-30 kVp 
Power: 2-150 kVA- Current: 5-50 Arms. 

Manufactured by Draloric GmbH. Call now 
for information including special design 
assistance. 

'BRADFORDELECTRONICS BRADFORD H.ECTRONICS, INC. 
... a V SHAY Company 

109 Alfred Street, Biddeford, ME 04005-2526 • Phone: (207) 284-5695 

INFO/CARD 19 
August 1990 



tion tool from a database of infrared, 
satellite and synthetic aperture radar for 
pilots. While a computer to handle 
real-time sensor fusion might not be 
available for another five to ten years, 
the Georgia Tech Simulator, known as 
GTSPECS, allows engineers and scien¬ 
tists to work on other portions of the 
sensor fusion problem while they wait 
for computing power to catch up. The 
database represents a different ap¬ 
proach toward the difficult problems of 
simulating sensor fusion. Instead of 
taking actual sensor data and trying to 
generalize it to broader scenes, the 
Georgia Tech researchers began with 
simulated images and are attempt¬ 
ing to apply this "first principles” 
understanding to model a wide range of 
real conditions. The researchers are 
currently validating their database 
against measured target and scene 
information to determine how well it 
would describe real combat situa¬ 
tions. 

Hughes Scientists Disclose New Pho-
tonically Controlled Antenna — A new 
multi-function antenna technique that 
uses optical signals to aim the micro¬ 
wave signals from a fixed phased-array 
antenna has been developed by scien¬ 
tists at Hughes Research Laboratories. 
The technique uses the large bandwidth 
and precision time delays provided by a 
fiber optic network. The use of fiber 
optics promises to reduce the weight 
and volume of complex antenna sys¬ 
tems while providing more precise beam 
pointing and improved beam quality at 
wide scanning angles. 

TriQuint, Rockwell Sign GaAs Second 
Source Agreement — TriQuint Semi¬ 
conductor has announced an agree¬ 
ment with Rockwell International for the 
second sourcing of TriQuint’s gallium 
arsenide QLSI standard cell family. 
Rockwell will use a 1-micron GaAs 
enhanced/depletion process to manu¬ 
facture the TriQuint standard cell family 
and make it available to military and 
commercial OEMS. Rockwell will use 
TriQuint’s standard cells to develop and 
manufacture internal products as well 
as enter the commercial GaAs IC busi¬ 
ness by providing this second source. A 
customer may take a workstation based 
logic design using the TriQuint QLSI 
library to either Rockwell or TriQuint for 
manufacturing. 

UTMC and Seattle Silicon Sign Joint 
Agreement — United Technologies Mi-

croelectronics Center, Inc. (UTMC) and 
Seattle Silicon Corporation (SSC) have 
signed a joint agreement to deliver 
high-density, rad-hard, application spe¬ 
cific integrated circuits for aerospace 
and military design-ins. Under the terms 
of the agreement, SSC provides the 
design methodology and support, and 
UTMC fabricates and tests the rad-hard 
ASIC designs. 

NAB Asks for Clarification of UHF-TV 
Channel Usage — The National Asso¬ 
ciation of Broadcasters has asked the 
FCC to reexamine its rules regarding the 
use of vacant UHF-TV channels in order 
to stop possible abuses. The FCC 
currently allows the use of a vacant 
UHF-TV channel as a studio-to-transmit-
ter link (STL), provided that it does not 
create interference. The NAB has asked 

RF Design 

Good Sines & 
Bad Signs 

Looking for a low-noise, fast-switching signal source? 

Good Sines AMA 
Whether it’s automatic test equipment, satellite uplinks, 
EW communications or imaging systems, Programmed 
Test Sources has a frequency synthesizer to fit your 
needs. GE MRI units, Teradyne Testers. Varian Spec¬ 
trometers. . all use PTS synthesizers. 

Bad Signs $$$ 
And while other manufacturers have big dollar signs, 
PTS synthesizers start as low as $3000. 
PTS manufactures a complete line of precision synthesizers 
covering the 100 KHz to 500 MHz frequency range with 
switching times as fast as 1 ^second for our direct digital 
models. And plenty of other options as well, like resolution 
down to .1 hertz (millihertz available as special order), 
GPIB and digital phase rotation. 
Just as importantly, along with every PTS synthesizer comes 
our “absolutely everything covered” 2-year warranty. At 
the end of two years comes our flat $350 service charge 
for any repair up to the year 2000' PTS has a commitment 
to quality you won’t find anywhere else. 
Find out how PTS synthesizers used the world over can 
help you in your application today. Call for our complete 
catalog, or to talk to an applications engineer. 

Call (508) 486-3008 Fax (508) 486-4495 

PROGRAMMED TEST SOURCES. Inc. 
9 Beaver Brook Road, P.O. Box 517, Littleton, MA 01460 
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RF news (continued) 
the FCC to freeze acceptance of applica¬ 
tions for STLs on vacant UHF-TV chan¬ 
nels, because they contend that some 
low power television stations may be 
using the vacant UHF-TV channels to 
transmit programming directly to view¬ 
ers. The NAB has asked for a rulemak¬ 
ing proceeding that will specifically re¬ 
quire: that applicants comply with low 
power television technical protection 

criteria; that applicants be required to 
prove that no interference will result if 
the application is granted; and that the 
signals transmitted be scrambled and, 
therefore, not directly compatible with 
consumer TV receivers. The NAB says 
in its filing that “with these modifica¬ 
tions, the Commission would substan¬ 
tially clarify its rules and procedures for 
licensing auxiliary facilities,” and “es-

You can only get this 
filter from Trilithic 
It's the only true 30 to 1500 
Mhz surface mount packaging 
for Ultraminiature"' RF 
and Microwave Filters. 
The Trilithic engineers have 
incorporated their 25 years of 
experience and innovative 
thinking into developing this 
new packaging for their Z 
series filters. 
Because they are surface 
mounted, circuit boards are 
cleaner, less space is used 
and costs are reduced. 

The Z series features: 
• 30-1500 Mhz frequency 
range with up to 6 sections 
of filter complexity. 

• Greater than 60 dB 
stopbands with 3 dB 
bandwidths from 
2% -150%. 

• Built-in lugs for enhanced 
grounding and isolation. 

Call today for complete 
information. Remember, you 
can only get it from Trilithic. 

V TRILITHIC 
9202 East 33rd Street 
Indianapolis, IN 46236 
317-895-3600 
Toll-Free: 800-344-2412 
FAX: 317-895-3613 
TELEX: 244-334 (RCA) 

tablish reasonable safeguards to protect 
full service television stations from un¬ 
warranted interference ” 

CCD Chips Record First Ima¬ 
ges From Hubble Soace Telescope 
—The first test images from the Hubble 
Space Telescope have been recorded 
by eight Texas Instruments charge cou¬ 
pled device (CCD) image sensors. The 
silicon chips, acting as extremely sensi¬ 
tive photographic plates in the tele¬ 
scope’s Wide Field/Planetary Camera, 
recorded Star Field NGC 3532, a 3-
billion year old star cluster located 1,500 
light years from Earth in the constella¬ 
tion Carina. The CCD image sensors 
were developed by Tl scientists under 
contract to the Jet Propulsion Labora¬ 
tory at California Institute of Technology, 
where the camera was manufactured. 
The camera will produce images and 
spectrographic, photometric, and polari¬ 
metric measurements, and obtain pic¬ 
tures of the universe on a wider and 
grander scale than any other instrument 
to date, according to NASA. 

CCIR Assembly Acts on HDTV Stan¬ 
dards — The Internatonal Radio Con¬ 
sultative Committee (CCIR) of the Inter¬ 
national Telecommunications Union ap¬ 
proved the results of the past four years’ 
efforts of its working party dealing with 
High Definition Television (HDTV) stan¬ 
dards for studio production and interna¬ 
tional exchange of programs. The CCIR 
gave tentative approval to 23 of 34 of the 
parameter values which comprise a 
television picture. The remaining values 
relate to the number of lines used to 
display a picture on the television screen 
and the number of times per second a 
TV picture is taken. Those values will 
continue to be studiec during the next 
four year cycle of the CCIR. 

Gigabit Logic Receives $1.1 Million 
Order — Gigabit Logic announced re¬ 
ceipt of a $1 .1 million order from Sciteq 
Electronics. The order is for Gigabit’s 1 
GHz, 32-bit accumulator and 512 x 8 
ROM which form the heart of a DDS 
that covers up to 200 MHz output 
bandwidth. 

Broadcast Engineering Conference 
Call for Papers — The 45th Annual 
Broadcast Engineering Conference is 
scheduled for April 14-18, 1991 and will 
provide an opportunity for broadcasters, 
program producers, research laborato¬ 
ries, and manufacturers to present pa¬ 
pers on broadcast engineering technol-
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ogy, system designs, and techniques. 
The papers presented should contain 
information on new ideas, technologies 
and methods that will augment the 
technical knowledge and skill of attend¬ 
ing engineers. A one page proposal 
should be sent by September 15, 1990 
to: Engineering Conference Committee, 
NAB Science and Technology, 1771 N 
Street, N.W., Washington, DC 20036. 

For more information contact the NAB’s 
Department of Science and Technology 
or call (202) 429-5346. 

Session Proposals Sought for Sys-
tems/USA — Session proposals are 
now being requested for the Systems/ 
USA Conference and Exposition to be 
held February 11-1 3, 1990. Among some 
of the topics for proposals are power, 

EMI and ESD, Government - Defense 
and General Services, and Display Tech¬ 
nology. Proposals must be received by 
September 1, 1990 and should be sent 
to Roy Webster, Technology Confer¬ 
ence Coordinator, Systems/USA Tech¬ 
nology Conference, American Electron¬ 
ics Association, 5201 Great America 
Parkway, Santa Clara, CA 95054. Tel: 
(503) 359-5873 or (408) 987-4200. 

We can cut your 
UHF frequency source 

requirements down to size! 

Our SAW-stabilized frequency 
sources provide a unique solution to 
your demanding UHF and microwave 
system requirements. They can pack 
the performance of the finest cavity 
oscillator into a volume as small as 0.01 

Our SAW-stabilized frequency 
sources are being used in IFF/ATC 
systems, GPS receivers, radar and 
ECM systems, microwave digital 
radios, fiber-optic communications, 
and a host of other UHF, microwave 

cubic inch. Their superb phase noise 
performance, excellent reliability, 
small size and low power consumption 
are made possible by our advanced 
UHF Quartz SAW technology. 
We cover applications from 100 

MHz to 6 GHz, and offer a wide 

and high-speed logic applications. 
Contact us with your next UHF 

frequency source requirement. You 
will find our engineering staff ready 
to provide you with a custom solution 
that is innovative, timely and 
cost-effective. 

range of options including voltage 
tuning, temperature compensation and 
integral frequency multiplication. We 
can provide testing and screening to a 
variety of MIL standards, plus MTBF 
calculations in accordance with 
MIL-HDBK-217E. 

RF Monolithics, Inc. 
4441 Sigma Road • Dallas. Texas 75244 U.S.A. 
Phone: (214) 233-2903 • Fax: (214) 387-8148 

Telex: 463-0088 

IEEE Call for Papers — The IEEE has 
issued a call for papers for their 1991 
Aerospace Applications Conference to 
be held February 3-8, 1991. Papers are 
requested on topics such as: Communi¬ 
cations and Telemetry; Electro-optic Ap¬ 
plications; Instrumentation and Manage¬ 
ment; Millimeter and Microwave Tech¬ 
nology; and Energy and Space to name 
a few. Interested applicants are invited 
to submit a 500 word summary empha¬ 
sizing the present and future applica¬ 
tions of their topic (2 copies) by Septem¬ 
ber 6, 1990. They should be sent to: 
Program Chairman, Leo Mallette, 2309 
S. Santa Anita, Arcadia, CA 91006. 

SEMI-THERM Call for Papers — The 
7th Annual IEEE Semiconductor Tem¬ 
perature and Thermal Management Sym¬ 
posium has issued a call for papers for 
their conference to be held February 
12-14, 1991 in Phoenix, Arizona. The 
committee is requesting papers on the 
following areas: thermal characteriza¬ 
tion, analytical and computational mod¬ 
eling, measurement techniques includ¬ 
ing temperature, flow and thermal¬ 
mechanical properties, and thermal reli¬ 
ability screening and testing. A 500 word 
abstract including the name, address 
and phone number of the principal 
author must be submitted by August 15 
to: Dr. Kaveh Azar, Program Chairman, 
AT&T Bell Laboratories, 75 Foundation 
Avenue, Ward Hill, MA 01835. Tel: (508) 
374-5508. Fax: (508) 374-5503 

EIA Moves to New Location — The 
Electronic Industries Association has 
relocated their offices to their permanent 
headquarters in the James Monroe 
Building, 2001 Pennsylvania Avenue, 
N.W., Washington, DC 20006-1813. All 
telephone numbers and extensions re¬ 
main unchanged. 

Telesync Announces New Facility — 
Telesync, Inc., has announced that the 
company will move its manufacturing 
and administration operations into a new 
facility at 5555 Oakbrook Parkway, 
Norcross, GA 30093. 
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RI industry insight_ 

Evolution of the RF Capacitor Market 

By Charles Howshar and Liane Pomfret 
Assistant Editors 

The RF capacitor market has matured 
to a point where it no longer sees the 

radical changes that affect younger 
markets. Rather it is a market evolving 
under the influences of the markets it 
sells to. Applications for RF capacitors 
are increasing in the cellular communi¬ 
cations, medical, and aerospace mar¬ 
ket; as well as in the laser and antenna 
markets. Many companies are confident 
of the future of these applications and 
the role RF capacitors will play in 
them. On the down side, the reduced 
number of military projects makes it a 
difficult market in which to compete. 
However, potential markets for RF ca¬ 
pacitors in magnetic resonance imagin¬ 
ing promise to fill in the gap vacated by 
the military. 

Due to the cutbacks in military spend¬ 
ing, there are a limited number of 
military weapons programs available. 
However, for those with contracts in 
surveillance and communications appli¬ 
cations, the military market is still going 
strong. “The military weapons-devel-
opment market is shrinking, but the 
military listening equipment market is 
growing,” remarks Don Davis, Director 
of Sales and Marketing for American 
Technical Ceramics Corporation. “The 
majority of our market is military, and 
we have record bookings right now,” 
states Gunther Vorlop, Sales and Mar¬ 
keting Manager for Dielectric Labs, 
Incorporated. For many manufacturers 
it is simply a matter of being in the right 
place at the right time. 

Feelings about the commercial mar¬ 
ket are mixed. Depending on the areas 
of expertise, some companies feel that 
the market is down from last year while 
others feel that it has grown. Companies 
in cellular communications feel that the 
market is growing. Dick Phillips, Product 
Manager for AVX Corporation, com¬ 
ments, “ The market for RF capacitors 
is flat but there is more activity in cellular 
communications.” Scott Newman, Presi¬ 
dent of Voltronics, remarks, “Anything 
having to do with commercial communi¬ 
cations is a good market for capacitors, 
although there are limited bright spots 
in the military market.” 

The technological advances that have 
occurred recently in nuclear magnetic 
resonance (NMR) and magnetic reso¬ 
nance imaging (MRI) have generated 
great interest among capacitor manu¬ 
facturers. Non-magnetic capacitors are 
required for these applications, generat¬ 
ing new developments in capacitor 
design. “The magnetic imaging market 
has a very broad applications base, 
and the future looks very favorable,” 
comments Will LaRusso, General Man¬ 
ager for Polyflon Company. “Non¬ 
magnetic capacitors are a must for 
MRI applications,” he adds. Medical 
applications are also on the rise. 
“There’s a lot of research going on in 
NMR, some medical areas, and physics. 
One of our customers was using our 
capacitors in his research on the 
heating of body tissue as a cure for 
cancer,” says Doug Gordon, Vice-
President of Marketing for Surcom Asso¬ 
ciates. Some other uses in the medical 
field include a trimmer used in metered 
infusion pumps and a transmitter or 
panic button for elderly or handicapped 
patients. 

New Developments 
Since the RF capacitor market is quite 

mature, customers’ questions usually 
pertain to availability and cost. Custom¬ 
ers want the usual improvements that 
come with any technological advance¬ 
ment. These include increased perform¬ 
ance, reliability, lower cost, and smaller 
size. Some of the new features custom¬ 
ers want include feedthrough networks, 
quick design turnaround, lower insertion 
loss, and greater power handling capa¬ 
bilities. Surface mount technology is one 
development that is helping to satisfy 
these requirements. Thin film capacitor 
designs are also improving product 

designs. “Thin film capacitors using a 
silicon-dioxide and silicon-nitride dielec¬ 
tric in a surface mount package deliver 
very high Q, very low ESR, and tight 
tolerance,” states Dick Phillips. This 
makes them ideal for products such as 
filters. “The integration of capacitors 
and resistors on substrates will enhance 
the reliability and performance of our 
customer’s product,” says Dielectric 
Labs’ Vorlop. 

Surface mount technology (SMT) is 
currently one of the most desired fea¬ 
tures in the RF capacitor market. There 
is a great deal of excitement concerning 
high dielectric substrate materials. “Sur¬ 
face mount technology is finally begin¬ 
ning to approach the potential that 
people had talked about five years ago,” 
comments Scott Newman. As with most 
other areas of electronics, surface mount 
technology is the wave of the future. 
“Surface mount products are becoming 
a very desired commodity. As size 
comes down because of the trend for 
SMT, there is an increased demand for 
consumer type RF Transmitters that 
would use trimmer capacitors,” says 
Marty Markson, Vice President of Sales 
and Marketing for Sprague-Goodman 
Electronics Incorporated. 

With advances in fields such as MRI, 
telecommunications, and medicine, new 
interest has been generated in the RF 
capacitor market. Ron Nielsen, Director 
of Capacitor Technology for High Volt¬ 
age Components, Incorporated, says, 
“Things are changing so rapidly it 
seems like everything is surprising.” 
While some markets for RF capacitors 
are slowing down, companies are inves¬ 
tigating other areas where new capaci¬ 
tor designs can make an impact on the 
development of important technological 
advancements. RF 
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Wave Guard 
for EMI, RFI Protection 

WAVE GUARD 

Architectural Shielding 
Copper Wall Paint 

Lowest Cost 
75C / sq. ft. 

For Walls, Ceiling, Floors 

Fully and Easily 
Repairable 

For Existing and New 
Construction 

Fully Tested and 
Qualified 
at Greater than 60db 

Photo Courtesy of NY recording studio 

WAVE GUARD is the Architectural Shielding break-through, 
and can be used for most applications including: 
radio stations, hospitals, safe rooms, data processing centers, embassies, 
test rooms, recording studios and anywhere else where EMI/RFI is 
concerned. 

MÓ4IZE GUARD...Protection you can't afford to be without. 
716 South Columbus Ave., Mt. Vernon, NY 10550, (914) 699-3030 
3465 So. La Cienega Blvd., Los Angeles, CA90016, (213) 559-2335 
1701 East 122nd St., Chicago, IL 60633, (312) 646-5900 
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WE’VE REDUCED EVERYTHING 
BUT THE PERFORMANCE 

Avantek’s New 2 to 8 
GHz YIG Oscillators... 
as Low as $385.00* 

Reduce your next-generation 
system’s cost, size and weight 
at the same time. Avantek’s 
next-generation YIG oscillators 
cost less, are smaller (0.5 cu. 
in.) and lighter (1.8 oz.) than 
other YIG oscillators available 
today. Ideal for next-generation 
portable equipment and low 
cost instrumentation. Fast 
tuning and phase lockable, 
these miniature YIGs deliver 
unmatched performance and 
unparalleled prices. 

High Performance 
Oscillators... 
Designed for Low Cost 

Avantek’s revolutionary new 
approach to YIG oscillator 
design and manufacturing gives 

you the competitive edge... 
can help create new product 
lines ...and open up new 
market opportunities. These 
compact, low-cost YIG oscilla¬ 
tors offer real performance 
improvements. Typical tuning 
speed is an ultra-fast 10 ms 
(to within 5 MHz of final fre¬ 
quency). They operate with 

single input bias voltage ... and, 
require no heater power. T\vo 
low-cost high-performance mini¬ 
ature YIG oscillators cover the 
2.0 to 8.0 GHz frequency range. 

AV-7036 covers the 3.0 to 6.0 
GHz range. AV-7028 provides 2.0 
to 8.0 GHz frequency coverage. 
For both models, phase noise 
is typically —100 dBc/Hz at 20 
kHz offset from carrier. And, 
power output is +13 dBm. 

Off-the-Shelf Delivery 
from Your Local 
Avantek Distributor... 

These low-cost, high-perfor¬ 
mance, compact YIG oscillators 
are available now. For the 
name and address of your local 
Avantek distributor or litera¬ 
ture and applications assis¬ 
tance, contact us today. 

’Price for each in 1,000 piece 
quantity. 

Avantek Regional Offices 

North America 
Eastern: (301) 381-2600 
Central: (708 ) 358-8963 
Western: (805) 373-3870 
Europe: ( 44 ) 276-685753 
Asia: (01 )( 408) 943-5484 

0AVANTEK 
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RF featured technology 

Instrumentation Options and Cost 
Considerations of Compliance Testing 
By Roger Southwick 
EMC Consulting 

Compliance with FCC regulation part 
15 subpart J is mandatory for manufac¬ 
turers of computers and many other 
electronic devices. This requirement 
creates the need not only for engineer¬ 
ing talents but also for a number of 
managerial decisions, the principal of 
which is to determine the most economi¬ 
cal way to meet the testing requirements 
of the regulation. 

One option is to have the testing done 
by an outside testing laboratory. 

The advantage of this option is the 
savings in test equipment and test site 
cost, as these items are provided by the 
testing laboratory. One disadvantage is 
the high cost per test. Another possible 
disadvantage is that scheduling pre¬ 
qualification testing may be more diffi¬ 
cult with the test laboratory since testing 
priorities must be coordinated with other 
clients. 

Another option for meeting the FCC 
testing requirements is to do the testing 
in-house. In this case, the initial costs 
including necessary test instrumenta¬ 
tion and a test site are high, and an 
engineer experienced in the FCC part 
15J testing procedures is required. Thus 
the disadvantage of this option is the 
high initial cost plus delays in starting. 

Yet a third option is to do prequalifica¬ 
tion testing in-house and have the final 
testing done by a testing laboratory. This 
middle-of-the-road approach has a num¬ 
ber of advantages: initial instrumenta¬ 
tion and site costs are reduced and 
prequalification testing can be efficiently 
scheduled. Further, as time passes, 
in-house experience will increase, mak¬ 
ing the move to full compliance testing 
much easier. 
A consideration of each of the above 

options is the necessity for prequalifica¬ 
tion testing. Prequalification testing is 
an absolute necessity in the product¬ 
development cycle. Those doubting this 
will learn, as so many have, that the 
costs of redesign and schedule delays 
far exceed the cost of prequalification 
testing. Fortunately, prequalification test¬ 
ing methodology is not specified by the 

FCC, so test methods can be modified 
from full compliance testing to reduce 
both test time and cost. The same is true 
for the test site, which can be less 
sophisticated or even temporary. The 
only criterion is that the test results must 
provide a reasonable indication of 
whether or not the product will pass the 
final compliance test. 
One critical factor in the above discus¬ 

sion is the cost of instrumentation. Quite 
recently a number of less costly spec¬ 
trum analyzers have been introduced 
into the EMI measurement market. In 
the $12,000 to $20,000 range these 
spectrum analyzers have significant in¬ 
fluence over the above decisions. 

There has been an age-old argument 
about the suitability of spectrum analyz¬ 
ers for this type of testing. Those 
opposed, mostly RFI receiver manufac¬ 
turers, claim that spectrum analyzers 
will overload due to the lack of preselec¬ 
tion. While it is true that spectrum 
analyzers can overload more easily than 
RFI receivers, this does not mean that 
the spectrum analyzer is unsuitable for 
this type of testing. In the first place, the 
situation in which overload will occur is 
quite rare; and second, there are ways 
to both detect and prevent overload in 
most situations. For instance, high and 
low pass filters will greatly reduce the 
possibility of overload. If all else fails 
many spectrum analyzers — including 
some in this less expensive class — can 
be purchased with a preselector. My 
personal recommendation is to test any 
receiver on the test site where it will be 
used prior to final purchase to determine 
if possible overload conditions exist. The 
advantage of the spectrum analyzer, 
which is seldom mentioned or under¬ 
stood, is that when used correctly it has 
a much higher probability of detecting 
non-steady-state signals than does the 
RFI receiver (1). 

Unfortunately for the potential buyer, 
instrumentation specification writing has 
become such an art form that comparing 
the specifications of any two instruments 
is nearly impossible. It is, however, 
possible to discuss some of the options 

and features offered by this less expen¬ 
sive class of spectrum analyzer. 

It is extremely important to have high 
frequency stability. Some of the less 
expensive spectrum analyzers come 
with less than required stability and then 
offer an enhance stability option. In this 
situation the option should always be 
acquired. 

Another very useful option is a track¬ 
ing generator. Tracking generators are 
very useful for site attenuation and 
insertion loss measurements; the latter 
are necessary to calibrate measurement 
systems. There are two kinds: the 
internal and the separate tracking gen¬ 
erator. The internal version is preferred 
because everything is in one unit and 
the alignment is automatic. In the exter¬ 
nal version the alignment will probably 
be manual. Tracking generator fre¬ 
quency range is not always the same 
as in the spectrum analyzer. While most 
of the spectrum analyzers have a lower 
frequency range of 9 to 10 kHz, in some 
cases the tracking generator lower fre¬ 
quency range is only 100 kHz. This is 
usually not a problem, since applica¬ 
tions like insertion loss and site attenu¬ 
ation measurement aren’t normally re¬ 
quired at such low frequencies. 

If final compliance testing is the goal, 
a Q-P detector is necessary. The FCC 
will accept peak data, but the difference 
between peak and Q-P data is often 
large, thus imposing a penalty on the 
performance of the item under test. 
Another necessary option is the IEEE 
488 bus interface; without this option 
automation is impossible. 
The following is a list of some of the 

new class of less expensive spectrum 
analyzers, along with comments about 
available options and features. The 
discussion does not provide all the 
specifications; for additional informa¬ 
tion, contact the manufacturers. 

Tektronix model 2710 10 kHz to 1.8 
GHz. This unit has some very good 
options, including enhanced frequency 
stability, additional if band widths, track¬ 
ing generator, preamplifier, IEEE 488 
bus interface, but no Q-P detector. 
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MOXO 
Model TF-65019A features small 
size in a hermetic package; low 
power drain and ultra fast warm up. 
Typical Specifications 
Frequency Range: 8-20 MHz 
Frequency Stability: ±1x10'7in 

temp range 
Operating 
Temp. Range: -20° to +50°C 

(optionally to +80°C) 
Aging 
Short Term 
Stability: 8x10~1° at 1 Sec 
Long Term 
Stability: < 1x10~6/year 
Warm Up: < 20 seconds to 

±1x10*7
Input Voltage: 12 V ± 10% 
Input Power: < 0.7 W During 

Warm-up 
0.25 W Stabilized at Room-
Temp. 

Size: 1.26" x 1.26" x 0.7" 
Output 
Waveform: Sine (optionally TTL) 

Call or write to Sandy Cohen, ext. 5028, 
for complete specifications today. 

JIFL— 
Time & Frequency Ltd. 

2315 N.W. 107 Avenue 
Miami, FL 33172 
305-593-0752 

Without the Q-P detector this unit would 
not be suitable for final compliance 
testing. 

Hewlett-Packard 8591A 9 kHz to 1.8 
GHz. This unit is now available with a 
Q-P detector option, but only with 9 and 
120 kHz band widths. This means that 
the usable Q-P frequency range starts 
at 150 kHz. A tracking generator, IEEE 
488 bus and a frequency stability 
enhancement option are offered. 

Anritsu model MS2601A 10 kHz to 2.2 
GHz. This unit has an IEEE 488 bus 
interface and a Q-P detector as standard 
equipment. A 100 kHz to 2 GHz external 
tracking generator is available. A 100 
Hz DC coupled input and a Personal 
Test Automation (PTA) option is offered. 
The PTA option is a card input device 
that, in brief, permits a sort of semi¬ 
automation by the use of measurement 
subroutines, which can be loaded on 
cards. An external preselector is also 
available. 

Advantest America R3261/3361 A & 
B. The A version has a frequency range 
of 9 kHz to 2.6 GHz, and the B version 
has an extended upper frequency range 
of 3.6 GHz. A full-range internal tracking 
generator is available for both the A and 
B models. Q-P is standard; also it has 
both a 40 and a 70 dB dynamic range. 
The IEEE 488 bus is standard and a 
preselector is available. There is also a 
PTA option similar to the Anritsu 
MS2601A. 

IFR A-7550/A-8000. The A7550 has a 
frequency range of 10 kHz to 1 GHz and 
the A8000 has a frequency range of 10 
kHz to 2.6 GHz. Both units are synthe¬ 
sized, and have optional internal track¬ 
ing generators. Other options include 
RS-232 or IEEE-488 interfaces, Q-P 
detector, and an internal battery pack. 
The main difference between this 

class of spectrum analyzers and more 
expensive models such as the HP 
8568/8566 and Tektronix model 2782 is 
in the frequency stability. Although speci¬ 
fications on frequency stability are diffi¬ 
cult to comprehend, the obvious clue is 
the available band widths offered. In the 
less expensive spectrum analyzers, 10 
Hz and lower band widths will not be 
found since the frequency stability does 
not provide sufficient resolution. For 
FCC part 15J measurements, the nar¬ 
rowest required band width is 9 kHz for 
Q-P measurements above the 450 kHz 
frequency range. The 200 Hz Q-P band 
width requirements are for certain VDE 
in the 10 to 150 kHz frequency range. 
The frequency accuracy for EMI-type 
signals is not well defined, as this class 

of signal has undefined spectrum 
shapes that may be unstable. The key 
to resolving this problem is to measure 
frequency in a very narrow frequency 
span, since frequency accuracy is a 
percentage of frequency span width. By 
this method the less expensive class of 
spectrum analyzers perform equally as 
well as more expensive models. 

The most meaningfu accuracy speci¬ 
fication is total amplitude accuracy. 
Here it is surprising to '¡nd that the less 
expensive but newer models, such as 
the Anritsu MS2601A (2) and the Advan¬ 
test R3261/3361 A & B (3), specify plus 
or minus 1 dB total amolitude measure¬ 
ment error. The HP 8568/8566 series 
has a total amplitude error of over ± 2 
dB before Q-P detection (4). Again total 
amplitude error is a difficult figure to 
determine since manufacturers appar¬ 
ently do not want this type of comparison 
to be made. (Yet another reason why the 
buyer should test all relevant specifica¬ 
tions before purchase). Amplitude errors 
can be reduced by otner means such 
as signal substitution, but this adds to 
the total measurement cost. 

There is absolutely no technical rea¬ 
son why the less expensive spectrum 
analyzers that have Q-P detectors can¬ 
not be used to perform those tests 
specified by the FCC part 15J regula¬ 
tion. To illustrate the capabilities of this 
class of spectrum analyzers, the author 
used the Advantest R3361 A. The 
Advantest unit has a very attractive 
performance-to-cost ra:io. Also included 
are some features no- found on more 
expensive spectrum analyzers. One of 
these is single command calibration, 
which obviates the reed to connect 
cables. Tracking generator calibration 
is also a single command. The Q-P 
mode is very simple to initiate; it has a 
40 and a 70 dB mode. The 1 dB 
specification applies tc the 40 dB mode 
only. There are some minor faults in the 
command set and the manual is much 
too abbreviated. The Anritsu is slightly 
less expensive than the Advantest, but 
also has a less desireable external 
tracking generator. 

In terms of cost efficiency over the 
long term, labor costs per test must be 
calculated. The only way to reduce labor 
costs for testing is to automate the test. 
Automation also has the advantage of 
maintaining consistent data. Among the 
spectrum analyzers mentioned in this 
less expensive class, only the Advantest 
model has a third-parly software pack¬ 
age, the EMI Commercial Measurement 
Program (5). The reason for this lack of 
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software is that the reduced frequency 
stability of this class of spectrum analyz¬ 
ers means that the tolerance of the 
frequency span end points is greater, a 
fact that greatly complicates the design 
of a measurement program. As an 
example of this problem, if the fre¬ 
quency span error is ± 2 percent, a 30 
to 200 MHz span would have an error 
of about ± 3.4 MHz. When a 30 MHz 
signal is measured in a 30 to 200 MHz 
span the signal may not appear on the 
display depending on the sign of the 
error. 

However, there are several solutions 
to this problem. One solution is to use a 
large number of narrow measurement 
bands and put all the bands back 
together after the measurements are 
completed. One disadvantage of this 
solution is that a huge amount of 
memory is required to store all the 
traces. Another disadvantage is that end 
point errors of all the measurement 
bands will accumulate, and the recon¬ 
struction process can in itself create 
errors. 
A second solution is to compensate 

for the errors by an alignment process. 
The EMI Commercial Measurement Pro¬ 
gram, does just that. The alignment 
compensates for a large part of the 
frequency span error, and the remainder 
is compensated for by the size of the 
initial frequency span in which the 
selected signal is measured. The soft¬ 
ware also sorts the trace data in sets of 
four and saves only the highest of each 
set of four trace points. This reduces the 
number of trace points by a four-to-one 
ratio and greatly reduces the memory 
requirement, so that there is no need for 
extra memory. The alignment must be 
performed before initial use of the 
program, but the alignment data is 
saved and the alignment rarely has to 
be repeated. 
The only correct way to measure EMI 

signals is to measure each signal indi¬ 
vidually, since this is the only way that 
the measurement time at specific fre¬ 
quency can be controlled to ensure a 
high probability of signal detection. To 
find the signals that need to be meas¬ 
ured from the trace data, the frequency 
of each signal must be calculated. The 
resolution of this process depends on 
the number of data points in the trace 
and the accuracy of the starting point. 
One characteristic of the less expensive 
spectrum analyzers is a reduced num¬ 
ber of data points in the trace. Because 
of the reduced number of trace data 
points, the only option is to decrease the 
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initial span to increase the resolution, 
and to align the start frequency. In this 
respect the Advantest model has 700 
trace data points, which is more than 
any of the other models discussed and 
thus it provides sufficient resolution to 
locate signals from the trace data with¬ 
out having to resort to a large number 
of measurement bands. The residual 
error of the signal frequency is within the 
initial frequency span in which each 
signal is measured. 

In the EMI Commercial Measurement 
Program, the signals to be measured 
individually are selected by an offset 
from the limit, which is set by the 
operator. When the desired number of 
signals has been selected by the offset 
the program will automatically find each 
signal and measure it in a very narrow 
frequency span in the peak and then in 
the Q-P detection mode. This process 
automatically passes measured data to 
succeeding parts of the measurement 
process to adjust the spectrum ana¬ 
lyzer’s settings to optimize the measure¬ 
ment process. This type of process 
ensures the maximum possible accu¬ 
racy of both frequency and amplitude 
as well as high probability of detection 
(6). 

In conclusion, considerable cost sav¬ 
ings for FCC part 15J compliance testing 
may be obtained by the careful selection 
of both a spectrum analyzer and a 
well-designed measurement program. 
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RF featured technology_ 

Focus On Ferrite Filters 

By William D. Kimmel, PE 
Kimmel Gerke Associates, Ltd 

Ferrites are widely used as electro¬ 
magnetic interference (EMI) suppres¬ 
sion devices. Ferrites are your friend: 
they eat undesired energy. Ferrites are 
inductive at lower frequencies, but be¬ 
come lossy at higher frequencies, mak¬ 
ing them ideal as absorbers of unwanted 
EMI. But the application of ferrites is 
subject to misunderstandings. In this 
article, we will try to show how easy it is 
to design a filter using a ferrite and 
capacitor. 

The key in ferrite filter design is KISS 
-Keep it simple, stupid. You don’t 

need a page full of input parameters and 
a Cray supercomputer to get approxi¬ 
mate filter effectiveness. A pencil, paper 
and calculator to make a quick calcula¬ 
tion will get you close enough for many 
purposes. Depending on the criticality 
of the function, you may need to cut and 
try in the lab to fine tune it. 
An assumption in EMI suppression is 

that you are looking for a low pass filter. 
You are attempting to block the un¬ 
needed high frequency components 
while not degrading the desired signal. 

T, L, Or Pi? 
A common question is do we use a T 

or Pi filter? Depending on the source 
and load impedances, the performance 
of an L filter will match a T or Pi filter. 
We can make a simple statement 

about filters: Filters are most effective 
when maximum impedance discontinu¬ 
ity exists between the filter and the 
source or load. That means that a high 
impedance source or load should face 
a low impedance filter element, and a 
low impedance source or load should 

face a high impedance filter element. 
Figure 1 shows the possibilities. Note 

that a high impedance source or load 
always faces a low impedance shunt 
element (capacitor), and that a low 
impedance source or load always faces 
a high impedance series element (fer¬ 
rite, or sometimes a resistor). 

Thus, you will find it ineffective to put 
a ferrite in series with a high impedance 
input circuit - ferrites need current to 
work on - so a shunt capacitor is needed. 

Similarly, it is ineffective to put a shunt 
capacitor at the output of a driver, since 
they are usually low impedance. It is 
best to insert a small series impedance 
before the capacitor. 

If the source and load impedances 
are both very high or very low, it is 
sometimes sufficient to insert only a 
series inductor or shunt capacitor, elimi¬ 
nating the middle element in a T or Pi 
filter. 

In the real world of electronics we 
typically see high input impedances and 
low output impedances. And our filters 
should be designed accordingly. 
Strangely enough, commercial power 
line EMI filter effectiveness is typically 
specified using a 50 ohm source and 
load. Where do you ever see 50 ohms, 
outside of coax and test instruments? 

An example is shown in Figure 2. 
These approximations are quite good if 
the inequalities are met by a factor of 
ten. If the factors drop below that, then 
the accuracy can be improved with little 
additional effort. 

Ferrite Geometry 
What is importam in selecting a 

ferrite? Impedance is primarily a bulk 
effect. The more pounds the better. The 
critical parameters are the length and 
the ratio of outer radius to inner radius. 

For a given outer envelope, the 
effectiveness of a fer'ite decreases as 
the of the inner increases. Thus, it is the 
inner part of the ferrite that does the 
most work. Hence, it is to your advan¬ 
tage to select a ferrite with as small an 
inner radius as possiole, provided you 
don’t saturate the core (that’s discussed 
below). 
The effectiveness of a ferrite in¬ 

creases linearly with the length. Thus, 
doubling the length doubles the imped¬ 
ance. Don’t get too exuberant with this 
fact, however. You wi I find that there is 
a definite limit to the effectiveness of the 
ferrites, and it you add more than a few, 
you will get no further improvement. This 
is because interference has a nasty way 
of making an end run via parasitic paths. 

Figure 1. Filter selection 

Use Approximations 
Use simple algebra to estimate your 

filter effectiveness. Here are the rules: 
1. Design the filter by calculating at 

the high and low frequencies of interest. 
Mid-range resonances are not usually a 
problem if you are using ferrites as lossy 
elements. 

2. Be sure to include parasitic induc¬ 
tances and, in extreme cases, parasitic 
capacitances. 

3. Compute with absolute values of 
impedances. Use of complex imped¬ 
ances will quickly bog you down. 

4. Select impedance discontinuity at 
each stage. Strive for a minimum of 
10:1, and maximum of 100:1. If you need 
more attenuation, use multiple stages. 

5. Ignore small impedance factors. 

Saturating A Ferrite 
One problem of using ferrites is that 

they saturate under large net DC or low 

Figure 2. Filter example 

32 August 1990 



One Antenna Kit 
with everything, 
to go please. _ 

A complete line of kits 
with upper limits to 
18GHz that satisfy FCC, 
VDE, and MIL-STD 461 
specifications, and more. 

Antenna kits that meet your specifications of high quality and 
frequency response, and that are also responsive to your demands 
of portability and easy use. A.H. Systems offers nine different kits 
that fill the bill. Each comes in a single, lightweight case. Just one kit 
can contain all the antennas, probes and cables to perform E-Field 
1 KHz-18GHz, H-Field 20Hz-50KHz and conducted 20Hz-100MHz 
testing. Antenna factor calibrations are provided with each antenna. 

Available now from your 
source for the finest 
EMI test equipment and 
accessories. 

AH Systems 
9710 Cozycroft Ave 
Chatsworth, CA 9131 1 
Tel: 818 998-0223 
Telex: 182 640 WKVG Fax #: 818 998-6892 

So order one to go, with everything, or one of our other tantalizing 
specials. 
MODEL # FREQ. RESR DESCRIPTION 
SAS-200/510 
SAS-200'511 
SAS-200/512 
SAS-200/518 
SAS-200/530 
SAS-200/540 
SAS-200/541 

300- 1800 MHz 
1000- 12000 MHz 
200- 1800 MHz 

1000- 18000 MHz 
150-
20-
20-

550 MHz 
300 MHz 
300 MHz 

Log Periodic 
Log Periodic 
Log Periodic 
Log Periodic 
Broadband Dipole 
Biconical 
Bicon’l, Collapsible 

MODEL # FREQ. RESP. DESCRIPTION 

SAS-200/542 20- 300 MHz Biconical, Folding 
SAS-200/550 001- 60 MHz Active Monopole 

SAS-200 560 per MIL-STD-461 Loop - Emission 
SAS-200/561 per MIL-STD-461 Loop - Radiating 

BCP-200/510 20 Hz- 1 MHz LF Current Probe 
BCP-200/51 1 100 KHz- 100 MHz HF/VHF Crnt. Probe 

A.H 
SYSTEMS 
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Mil-Spec 
RF Microcircuits 
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Attenuators & Subassemblies 

for 
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or Space Application 

* Low Noise 
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* High Gain 

■ Standard and Custom 

Design 

■ Cascade Assemblies with 

a Variety of Connectors 

■ TO-8, TO-12 and 4 Pin 

DIP Plug-in Modules 

■ Full Military Temper¬ 

ature Range 

■ Varying Gain, NF and 

Power Outputs 

■ Screened to MIUSTD 

Specifications 

■ Full One Year 

Warranty 

■ Competitive 

Pricing 

AYDIN ̂ VECTOR 
P.O. Box 328. Newtown, PA 18940-0328 

(215) 968-4271 

FAX 215-968-3214 

frequency AC currents. Notice we said 
net current. A ferrite clamped over both 
the DC and return lines will have no net 
DC current. 

But such practice will eliminate only 
common mode interference. And if you 
need differential mode filtering, you will 
need to reckon with DC. If you are 
filtering signal lines, current is usually 
negligible. If you are filtering DC or 60 
Hz, then you need to know the peak 
current and design accordingly. 

Unless the ferrite is a thin annular 
ring, they saturate from the inside out. 
The relationship is: 

I = 2 n R Hs

where I is total current (multiplied by N 
turns) 

R is radius from center 
Hs is saturation magnetic field intensity 

In the ferrites most widely used for EMI, 
Hs is about 1.5 Amp/cm, which gives us 
a convenient relationship of: 

I = 10 R, where R is the inner radius 
in cm and I is the current at which the 
ferrite will commence saturation. 

This figure is only approximate, due 
to the nonlinearity of the hysteresis loop. 

Again, the core saturates from the 
inside out, and it is not fatal to have the 
inner portion in saturation as long as 
reduced performance can be tolerated. 
Thus, when selecting a ferrite, the 
impedance will never decrease by using 
a small inner diameter. 

In fact, saturation is permissible in 
certain transient power applications. 
The high frequency spikes and ringing 
in power turn-on will be suppressed by 
a ferrite before the current drives it into 
saturation. Similarly, inductive kick in 
turn-off of power circuits will drop the 
ferrite out of saturation in time to 
suppress most bursts of noise. 

Impedance Of A Ferrite 
Calculating impedance of a ferrite is 

not simple, and it is best to refer to the 
manufacturers’ data. They will com¬ 
monly specify impedance at upper and 
lower frequency limits, and if those are 
not in the right range, there are tables 
for extrapolation. 

Even these figures are not real accu¬ 
rate, since the actual impedance will 
depend on bias current, including any 
residual magnetism. 
The most widely used ferrite formula¬ 

tion is effective at frequencies above 
about 30 MHz, and is good up to about 

1 GHz. Other formulations are available, 
with the following two tradeoffs: 

1. The range of effectiveness shifts 
with different ferrites. If you want to 
cover a lower frequency, then you will 
lose performance at the high end. 

2. Permeability decreases with higher 
frequency ferrites. Tnis means that 
higher frequency ferrites will have lower 
average impedances and lower fre¬ 
quency ferrites will saturate at lower 
currents. 

Be sure to use the 'ight formulation. 
There are many fer'ite formulations 
used for various applications, but which 
may not be suited for EMI suppression. 
Power supply designers, especially, 
need to know that the ferrite they have 
been using is not formulated for EMI. 

Multiple Turns 
The impedance o' the ferrite in¬ 

creases with the square of the number 
of turns. This is useful when trying to 
get effectiveness at frequencies below 
30 MHz. When the impedance starts to 
falter, you can put a couple of extra turns 
on the core. 

The tradeoff is thaï winding capaci¬ 
tance will take its toll at higher frequen¬ 
cies. If you space the windings around 
the core, the capacitance will be less 
significant. Generally you can get by 
with three turns (nine times the imped¬ 
ance) without seriously degrading the 
high frequency impedance. 

Don’t forget that saturation current 
increases with the number of turns. 

If you need still more impedance, use 
a multiple hole ferrite, or add a second 
single turn ferrite in series to block the 
high frequency capacitive path. 

Summary 
Ferrites are a most valuable tool in 

your bag of tricks when dealing with 
EMI. Just remember some basics: 

• Keep your computations simple 
• Match your filter configuration to 

the source and load impedance 
• Be aware of saturation effects 
• Use the right ferrite formulation RF 

About the Author 
William Kimmel, PE, is a principal 

at Kimmel Gerke Associates, Ltd. 
The firm specializes in preventing 
and solving electromagnetic interfer¬ 
ence and compatibility (EMI/EMC) 
problems. Mr. Kimmel can be 
reached at 1544 N Pascal, St. Paul, 
MN 55108, Tel: (612) 330-3728. 
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Want to see a precision 
narrowband sweep that usually 
takes about a minute? 
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Oops, you blinked. 

By blending digital -filter and 
FFT techniques with swept 
technology, the new HP 3588A 
spectrum analyzer makes this 
measurement in less than a sec¬ 
ond ... with high resolution and 
±0.25 dB typical accuracy. 

This analyzer offers unprece¬ 
dented speed in two measurement 
modes. In the swept mode, you 
get a 10 Hz to 150 MHz range, 
RBW as narrow as 1.1 Hz and 
measurements up to 16 times 

faster than previously available. 
The narrowband-zoom mode 
gives you a span of 40 kHz or 
less anywhere in the 150 MHz 
range, RBW to 0.0045 Hz and meas¬ 
urements up to 400 times faster 
than traditional swept analyzers. 
So, call 1-800-752-0900 today. 
Ask for Ext. 1213, and we’ll send 
a videotape demo so you can see 
these fast measurements for 
yourself. But don’t blink. 

There is a better way. 

El HEWLETT PACKARD 
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Make Your Own 

Coaxial Cable Assemblies 
It’s Fun! It’s Easy! 
All you have to do is: 
■ Determine what you’ll need to do the job, 

accounting for scrap rates. 

■ Buy and stock connectors, cable, markers, 
and shrink tubing. 

■ Develop a training system for your 
assemblers. 

■ Develop and maintain the assembly 
tooling and test equipment. 

■ Scrap parts damaged during assembly as 
well as complete assemblies that don't 
meet specifications. 

■ Juggle your production schedule to make 
sure the right assemblies are ready for 
installation at the right time. 

OR, if you buy complete 
\ assemblies fromAEP, here 
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’s 

■ Install the assemblies in your equipment. 

Since we make connectors, we have the 
knowledge and the ability to do the job right. 

We also have the experience gained from 
building close to a million assemblies in the 

last ten years, for hundreds of satisfied 
customers. 

So send us your prints and let us show 
you how you can get the assemblies 

K you need, when you need them, 

APPLIED ENGINEERING PRODUCTS 
Post Office Box 510 ■ New Haven, Connecticut 06513 
Tel: 203/776-2813 ■ Fax: 203/776-8294 

without headaches, 
without rejects. 



RF cover story 

New Test Cell Offers Both 
Susceptibility and Radiated 
Emissions Capabilities 
By John Osburn 
Electro-Mechanics Company 

January 1, 1992 — A day that will be 
remembered by electromagnetic com¬ 
patibility (EMC) engineers in the United 
States for some time to come. It is on 
this date that the European Common 
Market EMC Directive becomes effec¬ 
tive and EMC immunity testing of all 
electronic products to be sold in Europe, 
particularly Information Technology 
Equipment (ITE), becomes mandatory. 

Immunity testing, or susceptibility test¬ ing involves exposing electronic equip¬ 
ment and systems to intentionally devel¬ 
oped electromagnetic fields. The pur¬ 
pose of this exposure is to determine if 
the exposed equipment can continue to 
function in the presence of these fields, 
without degradation of performance, or 
even minor malfunction. There have 
been military electronics which have 
displayed susceptibility to incident elec¬ 
tromagnetic fields and these episodes 
have had serious, even fatal conse¬ 
quences. The common market regula¬ 
tion authorities feel that susceptibility 
episodes, in general, are preventable 
which explains the implementation of 
immunity requirements. 
The application of immunity require¬ 

ments by the regulatory agencies of the 

European Common Market is also based 
on a sober assessment that the electro¬ 
magnetic environment will continue to 
become more complex and will be more 
likely to interact with electronic prod¬ 
ucts. Therefore, compliance with the 
immunity requirements will go a long 
way in assuring continuing faultless 
performance of electronic products sold 
in Europe. The emission specifications 
will be standardized throughout the 
European Common Market, however, 
they will require immunity testing. 

Methods for performing immunity test¬ 
ing are under discussion by several 
regulatory committees. Compliance with 
the total set of requirements will mean 
ease of import and distribution of prod¬ 
ucts. There is then, an increased pre¬ 
mium on the rapid, successful conduct 
of all EMC testing for immunity and 
emissions. New technologies which in¬ 
crease test performance quality and 
decrease test time will be in demand. 
This article describes an EMC radiated 
testing technology which provides sig¬ 
nificant technical advantages as well as 
decreased test time. The new technol¬ 
ogy allows the conduct of radiated 
emissions and immunity testing in a 
rapid, efficient manner at a cost below 

that for EMC test facilities. This new 
technology is the GigaHertz Transverse 
Electromagnetic Cell, the GTEM!™ cell. 

Description of the GTEM!™ Cell 
The GTEM! cell (Figure 1) is an 

offshoot of the TEM cell, as developed 
at the National Institute of Science and 
Technology (NIST). As shown in Figure 
2, it is a section of 50 ohm transmission 
line with a unique geometry. At the input 
a normal 50 ohm coaxial transmission 
line is transformed into a rectangular 
cross section with a ratio of 2:3 in height 
to width. The cell is flared along the 
longitudinal axis to increase the cross 
sectional dimensions of the transmis¬ 
sion line. The septum, or center conduc¬ 
tor is transformed from a round cross 
section to a flat wide conductor, located 
well above the center of the cell. This 
maintains the 50 ohm characteristic 
impedance while increasing the volume 
of the cell under the septum, allowing a 
larger test volume. The size of the test 
volume is proportional to the length of 
the cell, with larger test volumes requir¬ 
ing a greater length. 
The most interesting feature of the 

cell is the means of termination. A 
normal transmission line is terminated 

Figure 1. A GTEM! model 5305. Figure 2. Physical description of a GTEM! 
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AMAF Model 1000 Lincompex 

"Small package, big value 
Thanks to TRW." 

Howard Leveque 

Director of Engineering 

AMAF Industries, Inc. 

"We came to TRW with our Model 1000 
Digital Lincompex, a rack-mounted unit 
used to suppress noise in strategic voice 
communication systems. It weighed 22 
pounds and drew 115 watts of power. 
TRWs engineers helped us redesign the 
unit using just a few off-the-shelf digital 
signal processing ICs and software-
programmable memory chips. 
"We ended up with our Model 2200 
LINK-PLUS, an all-digital, software-driven 
module that far exceeds the capabilities 
of traditional Lincompex units. It weighs 
less than 3 ounces, draws only 0.5 watts 

of power, and is small enough to fit in the 
handset of the world's most powerful 
tactical radio communication systems. 
"And thanks to TRW's value engineering, 
the LINK-PLUS is affordable. TRW's 
manufacturing specialists showed us the 
smartest, most cost-effective way to 
produce the unit, in volumes from 10 
to 10,000. 
"If you'd like to know more reasons why 
TRW engineering makes our LINK-PLUS 
the best value in the radio communi¬ 
cations market today, call us." 

AMAF Industries, Inc. 
Columbia, MD 21045 
301.982.1585 
FAX: 301.997.3485 

TWv 
TRW Electronic Systems 
Group 

213.814.1842 

©TRW Inc 1990 
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Figure 3. Parameters of a GTEM! 
Important for radiated immunity 
(susceptibility) testing. 

Who says 
nobody loves 
trimmer 

, capacitors? 
When it comes to high frequency 

applications, engineers are dazzled by 
Sprague-Goodman’s sparkling selection 

of Sapphire Dielectric Pistoncaps '. 
with a 50 ohm load. A GTEM! is doubly 
terminated. The septum is terminated 
in a set of printed circuit boards contain¬ 
ing several thousand discrete carbon 
resistors where total resistance of the 
boards is 50 ohms. The distribution of 

Septum Height (metera) 

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. 

SPROGUE 
Gooomon 

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 

Figure 4. Input power required for 
GTEM! cells of several septum 
heights to achieve desired immu¬ 
nity test levels. 

the resistive values matches the current 
distribution in the septum. Fields gener¬ 
ated in the GTEM! cell are terminated 
in an RF absorber whose characteristics 
are chosen to match the performance 
of the cell as a function of frequency. 
Thus, electromagnetic fields generated 
in the cell by driving the RF connector 
are terminated in the load boards and 
the RF absorber. Electromagnetic fields 
generated in the cell, which could 
produce standing waves will not do so 

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

▼ Modular configuration for 

Separate RF power 
sensors - each 

with its own wide¬ 
band calibration profile 

- can be inserted any¬ 
flexibility, expansion, options 

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

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

your own lab with Bird’s unique 
ers readings in either 
Watts or dBm at the 
push of a button, with 
out charts, external cou¬ 
plers or attenuators. 

who else but 

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

free brochure with com¬ 
plete details. 

Figure 5. Use of a GTEM! for 
radiated emissions testing. 

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 Electron« Corp 
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AT LAST! A system specifically designed 
for laying out RF boards. 

• Interactive Impedance calculations 

• Groundplanes with dynamic airgap 

calculation 

• Solid and hatched groundplanes 

• Odd-shaped pads and copper fill-areas 

• Curved, tapered and irregular traces 

• Mitered bending points 

• Rounded and chamfered bending 

points 

• Incremental component rotation 

• Total control of trace length, width and 

angle 

• Round and odd-shaped boards 

Figure 6. A radiated emissions test in progress. 

Runs on IBM 286/386 and compatibles 
Only $975 Call for FREE 

. ^Evaluation Package 
^AUp9Ínt 714-494-1167 

3857 Birch St., Suite 584 
Newport Beach, CA 92660-2660 
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HIGH ENERGY CORP 
CERAMIC RF CAPACITORS 

C-D/SANGAMO 
MICA RF CAPACITORS 

IO JENNINGS 
A LEAR SIEGLER COMPANY 

VACUUM CAPACITORS 
VACUUM RELAYS 

SURCOM ASSOCIATES, INC. 

2215 Faraday Avenue, Suite A 
Carlsbad, California 92008 
TEL (619) 4384420 
FAX (619)4384759 

because they are not permitted by the 
characteristics of the cell. Waves that 
propagate toward the apex of the cell 
are damped since the tapering structure 
will act as a waveguide below cutoff, and 
will not allow propagation of the wave 
toward the apex. Waves propagated 
towards the far end of the cell are 
absorbed. 

Uses of GTEM! 
The GTEM! was developed for use for 

both radiated immunity and radiated 
emissions testing. 

For radiated immunity testing, Figure 
3, the Equipment Under Test (EUT) is 
installed in the GTEM! in the test 
volume. This test volume occupies the 
center third of the total volume between 
the septum and the bottom of the 
GTEM!. Since the septum is inclined in 
the interior of the GTEM!, there is the 
near end height (h near) of the test 
volume and the far end height (h far) of 
the test volume. The actual test volume 
is centered under the septum. It is 
bound on the top and bottom as follows: 
the center third of the volume bound 
vertically by 1/3 of the dimension, h 
near, down from the septum and 1/3 the 
of the dimension, h far, up from the 
bottom of the GTEM!. This volume is 
almost completely within the ± 1 dB field 
uniformity area of the GTEM!. 
An appropriate signal source is con¬ 

nected to the coaxial connector, and the 
source is adjusted to the desired fre¬ 
quency. The amplitude level is adjusted 
to develop the field strength required. 
The applied field level is swept in 

frequency, at a rate determined by the 
time response of the system under test. 
The sweep rate is limited by the maxi¬ 
mum rate that the signal generator and 
amplifier can be interchanged. This will 
usually exceed the resoonse time of any 
susceptibility occurrence of the EUT. 
Thus, this is not likely to impose a limit 
on test time. If desired, the EUT may be 
repositioned to a second or third polari¬ 
zation to maximize coupling in all three 
swept axes. An estimate of the power 
required for the development of the 
desired test field strength level within 
the ±1 dB volume is shown in Figure 4. 

For radiated emissions testing, the 
situation is the dual of the immunity, as 
shown in Figure 5. The EUT is installed 
in the center of the test volume in an 
initial orientation. A voltage measure¬ 
ment is made covering the entire fre¬ 
quency range desired usually 30 MHz 
to 1 GHz. An equipment setup with 
computer control of the spectrum ana¬ 
lyzer as might be used for such a 
measurement is in Figure 6. Data from 
such a measurement is shown in Figure 
7. The EUT (or EUT array) is then rotated 
to a second swept axis and the measure¬ 
ment is repeated, followed by a meas¬ 
urement of the EUT in a third swept axis. 

At the completion o' these measure¬ 
ments, the controlling software program 
computes the equivalent electric field for 
comparison to a specification limit, as a 
function of frequency. The computation 
is not straightforward and the mathe¬ 
matical development behind it is exten¬ 
sive. It is based on the following steps, 
at each frequency in the measurement: 

August 1990 
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LINDGREN - For Every Shielding Application 
Lindgren RF Enclosures offer complete design, 
development and installation capabilities for all 
types of EMI/RFI shielding systems. Complete 
turnkey services can be supplied to meet your 
specific requirements. 

You can look to Lindgren for: 
• Consistently high quality 
• Unmatched service 
• Total installation and testing capabilities 
• Architectural and engineering assistance 
• Over 35 years of shielding system experience 

AH Lindgren Enclosures have these features: 
• Lightweight 
• Fully demountable 
• Ease of assembly 
• High performance doors 
• Complete line of 
accessories including 
various floor and 
penetration alternatives 

Whatever your shielding 
requirements, Lindgren can 
provide the solution. Call us 
for more information and 
applications assistance. 

LINDGREN 
Rg ENCLOSURES 
400 High Grove Blvd. 
Glendale Heights, IL 60139 
708-307-7200 «FAX: 708-307-7571 
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Figure 7. Typical orthogonal axis voltage measure- Figure 8. Typical radiated emissions data as taken 
ment with a GTEM! with a GTEM! 

the three orthogonal voltage measure¬ 
ments are summed to produce a resul¬ 
tant voltage; the total resultant voltage 
measured at the vertex of the GTEM! is 
used to derive equivalent electric and 
magnetic dipoles and their assumed 
linear excitation at the frequency under 
consideration; these equivalent dipoles, 
with assumed excitation, are then mathe¬ 
matically placed over a perfect ground 
plane at a specific height, typically 1 

meter; the measurement distance typi¬ 
cally 3 or 10 meters is specified; and 
successive computations are made of 
the vertically and horizontally polarized 
electric field strength over the scan 
height of 1 to 4 meters. The computation 
is performed at intervals of as little as 
0.05 meters; the maximum value of the 
electric field is selected from the compu¬ 
tations of both vertically and horizontally 
polarized field strengths; and finally, 

these maximum values are reported, 
and compared to the appropriate specifi¬ 
cation limit. 

This process is repeated over the 
measurement frequency range. At the 
end of the computations, the calculated 
field strengths are plotted against the 
specification limit, Figure 8. 

Conduct of Actual Testing 
While the theory behind the conduct 

44 

reasons 
Here are eight models from our broad line of broadband antennas and TEM cells, offering field strength up to IJDOO volts/meter. 

»Ml 
will get you the best antenna/amplifier 
selection advice for your rf susceptibility 
testing. When you dial our toll-free 

number you’ll talk direct with one of 
our applications engineers. 

nmpiiFicn 
nesenncii 

160 School House Road, Souderton, PA 18964-9990 USA 
215-723-8181 • TWX 510-661-6094 • FAX 215-723-5688 
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Higher performance 
EMI filtering for 
11 it;l i speed data lines 

Coilcraft 
Designer's 
Kits 
hundreds of coils, chokes 
and other magnetics at your fingertips 

All these ferrite beads can't equal the 
ÎMI suppression of a single Coilcraft 
Data Line Filter. 
Our new DLFs are the most effective, 

ow-cost way to eliminate common 
node EMI from digital signals, logic 
evel power lines, and inter-equipment 
rabies. 
Available in 8, 4, 3 and 2-line versions, 

Zoilcraft DLFs provide >15 dB 
ittenuation from 30 to 300 MHz. Up to 
10 dB simply by adding capacitors! 
Because they use a single magnetic 

structure to filter multiple lines, you get 
lifferential and common mode noise 
oppression, something other filters can't do. 

(50 Ohm System) 

Coilcraft Data Line Filters are easier 
to install and usually take less board 
space than beads or baluns. And 
they're far less expensive than filtered 
connectors-around 2c per dB per line. 

For details on our complete line of 
Data Line Filters, circle the reader 
service number. Or call 800/322-2645 
(in IL 708/639-6400). 

"Unicoil” 7/10 mm Tuneable Inductors 
.0435 pH - 1.5 pH 
49 shielded, 49 unshielded (2 of each) 
Kit M102 S60 

"Unicoil" 5 mm Tuneable Inductors 
9 pH - 281 pH 
19 shielded, 19 unshielded (2 of each) 
Kit M105 S60 

"Slot Ten" 10 mm Tuneable Inductors 
0.7 pH - 1143 pH 
18 shielded, 18 unshielded (3 of each) 
Kit Ml 00 S60 

Surface Mount Inductors 
4 nH - 33 pH 
48 values (10 of each) 
KitC100 $125 

Axial Lead Chokes 
0.1 pH - 1000 pH 
25 values (5 of each) 
Kit F101 S50 

Horizontal Mount Inductors 
Tuneable and fixed 
Inductance: 31.5 - 720nH 
33 Values (3 of each) 
Kit M104 S60 

Common Mode Data Liije Filters 
Attenuation bandwidth: 15 dBm 1.5-30 mHz 
DC current capacity: 100 mA 
2, 3, 4 and 8 line styles (4 of each) 
KitD101 $65 

Common Mode Line Chokes 
Current: .25 - 9 amps RMS 
Inductance: 508 pH - 10.5 mH 
8 styles (2 of each) 
Kit P202 SI 00 

Current Sensors 
Sensing range: 0.5-35 amps 
Freq, resp.: 1 • 100 kHz, 50 - 400 Hz 
Transformer and sensor-only versions 
8 styles (15 total pieces) 
Kit P203 S50 

Base/Gate Driver Transformers 
Inductance: 1.5 mH Min. 
Frequency: 10 - 250 kHz 
2 single, 2 double section (2 of each) 
Kit P204 $50 

Power Filter Chokes 
Current: 3, 5, 10 amps 
Inductance: 5 - 300 pH 
18 styles (48 total pieces) 
Kit P205 $75 

Axial Lead Power Chokes 
Current: .03-4.3 amps 
Inductance: 3.9 pH -100 mH 
60 styles (2 of each) 
Kit P209 $150 

Designer's Kit D101 
contains 2,3,4 and 8-

line filters. $65. 

To order call 800/322 COIL 

1102 Silver Lake Road, Cary IL 60013 
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of both types of radiated testing is easy 
to describe, the actual testing using 
GTEM! is only minimally more difficult. 

Generally, there are only a few items 
to be considered when performing test¬ 
ing in a GTEM!. First, the EUT should 
be kept centered in the test volume, 
preferably in the ± 1 dB volume to 
preserve the maximum accuracy. Sec¬ 
ond, for either immunity or emissions 
testing, the signal generators for immu¬ 
nity testing, and spectrum analyzer or 
receiver for emissions testing should not 
be scanned at rates which exceed the 
capability of the EUT to respond. This 
could necessitate the rewriting of the 
typical emissions test software for the 
EUT to minimize the necessary dwell 
time at each observation frequency. 

Radiated Immunity Testing. There are 
two major considerations in the actual 
conduct of radiated immunity testing in 
a GTEM!: 1) Whether the test should be 
based on the computed value of the field 
strength as the ratio of voltage on the 
septum to the inside of the cell, or should 
the GTEM! be augmented with addi¬ 
tional instrumentation to measure the 

field strength during test; and 2) The 
determination of the maximum accept¬ 
able scan speed which allows rapid 
testing while assuring adequate evalu¬ 
ation of the EUT. Conduct of the actual 
test is straightforward. It should be noted 
that the exciting field in the GTEM! is 
extremely uniform with respect to the 
fields generated by other, more tradi¬ 
tional means. 

Radiated Emissions Testing. Radi¬ 
ated emissions testing must follow the 
procedure of obtaining three swept 
measurements in an xyz, yzx, zxy 
sequence. The terms xyz etc, refer to the 
positive directions of a rectangular coor¬ 
dinate system. 
As a practical matter, there may be 

systems where three swept axes rota¬ 
tion may not be possible as gravity may 
be necessary for proper equipment 
operation. In this case, two axis evalu¬ 
ation may be adequate. 
As with the case for immunity testing, 

the scan time of the radiated emission 
measurement is limited more by the 
need to adequately exercise the EUT 
than the test instrumentation. The meas¬ 

urement of the GTEM! voltage over the 
frequency range of 30 MHz to 1 GHz for 
a single axis is approximately three 
minutes with the use of a sophisticated 
spectrum analyzer. The total measure¬ 
ment in three axes and the computer 
computations takes approximately 30 
minutes, as a function of the number of 
frequencies where the correlation must 
take place. 

Comparison of GTEM! with Alter¬ 
nate Technical Approaches 

It is interesting to compare the GTEM! 
to other traditional test facilities for EMC 
testing. The comparison will include 
both emissions and immunity require¬ 
ments. 

Standard TEM Ce'i. k standard rec¬ 
tangular TEM cell is limited in the 
frequency response ay the dimensions 
of the cell. It is normally used for the 
generation of precise known field levels 
as standard fields. Thare has been some 
effort to develop the use the TEM cell 
for emissions testing, but since the 
rectangular structure allows the exis¬ 
tence of standing waves, which also limit 

TCXO’s in DIP packages QUARTZTEK 

ALL Logic Families 
available in 4- or 14-pi 
DIP .5"x.8"x.375" 

SPECIFICATIONS 
Voltage stability: Vcc ± 5%, A F 

<1PPM 
Vcc ± 10%, A F 
< 12PM 

Aging: 5 PPM first year; 2PPM per year 
thereafter 

Frequency Adj.: Control voltage in 
range of 0 to 5V (variable capacitor 
optional) 

QUARTZ CRYSTALS* 
CRYSTAL FILTERS 

• DISCRETE • MONOLITHIC 
SUPERIOR AGING* 

'ANOX. CRYSTALS 
EXCELLENT FREQ. 
CONTROL 

WITH 
YOUR FREQUENCY 

CONTROL DESIGNS. 

KeL 
OSCILLATEK 

STABILITY 
TEMPERATURE RANGE 

i1PPM, 0°C to +50°C 

+2PPM, 0°C to +70°C 
-20°C to +70°C 

±5PPM, 0°C to +50°C 
-20°C to +70°C 
-40°C to +85°C 

FREQUENCIES 
AVAILABLE 

CALL OR FAX YOUR 

620 N. Lindenwood Drive • Olathe, Kansas 66062 
FAX: (913) 829-3505 • TELEX: 437045 
Phone: (913) 829-1777 

±10PPM, -20°C to +70°C 
-40°C to +85°C 
-55°C to +105°C 

HCM0S/TTL 
1KHz to 32MHz 

CMOS 
1KHz to 10MHz 

ECL 
10MHz to 32MHz 

SINE 
10MHz to 32MHz 

CRYSTAL OR CRYSTAL FILTER 
REQUIREMENTS TO THE QTEK 
ENGINEERING STAFF AND 
LET THEM HELP YOU WITH 

THE SOLUTION 

QUARTZTEK 
20 S. 48Td AVE. 

PHOENIX, AZ. 85043 
602-272-7944 FAX: 233-2440 
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the upper frequency of use, this has not 
been adopted by the EMC community 
as a primary method for emissions 
measurement. 
The GTEM! does not suffer the upper 

frequency limitations of the TEM cell due 
to its tapered structure, thus it may be 
used for both immunity and emissions 
testing, to frequencies that are well in 
excess of the geometric limit of the 
standard TEM cell. 

Shielded Enclosure. The shielded 
enclosure has been used by the military 
EMC community for many years. Its 
advantage is that the external ambient 
environment is removed from the testing 
environment by the shielding of the 
enclosure walls. The disadvantage is 
that the performance of the shielded 
enclosure, when considered as a con-
ductively walled cavity, with reflection 
and resonance effects, introduces sig¬ 
nificant error into both emissions and 
susceptibility measurements. The 
GTEM! provides the isolation of the 
shielded enclosure while avoiding the 
cavity effects that have plagued them 
since their popular use began. 

Open Area Test Site. The open area 
test site avoids the problems of the 
shielded enclosure by not surrounding 
the EUT with conducting surfaces, but 
allows the RF ambient at the location of 
the test site to exist and severely 
complicate the measurement process. 
Since the open area test site is outdoors, 
immunity testing cannot be performed 
since the generation of test signals 
would almost certainly interfere with 
existing RF and broadcast services. The 
GTEM! prevents the contribution to 
measurement complexity of the external 
ambient while preserving the quality of 
the open field measurement. 

Reverberating Chamber. The rever¬ 
berating chamber is probably the most 
cost effective structure available for the 
generation of high levels of electromag¬ 
netic fields for high level immunity 
testing. This statistical method of testing 
however loses the data traditionally 
taken by susceptibility test methods. In 
addition, the reverberating chamber 
does not function well below 200 MHz. 
The GTEM! allows immunity testing for 
frequencies well below this, and as low 

as DC for special conditions. 
The reverberating chamber has also 

been proposed for emissions testing. 
Again, this has not been pursued since 
the measurements possible have not 
been shown to be directly comparable 
to the traditional specification limits in 
dB uV/m. 
A review of the material presented in 

this brief synopsis of the GTEM! indi¬ 
cates that it could be a highly efficient, 
cost effective, time saving method of 
performing EMC emissions and immu¬ 
nity testing. Its use would allow the com¬ 
pletion of radiated emissions and suscep¬ 
tibility testing in as quickly as one day, 
provided there are no severe EUT prob¬ 
lems encountered and would allow for 
qualification of products to the new EEC 
requirements in a timely manner. RF 

About the Author 
John Osburn is the Director of 

Engineering at EMCO. He may be 
reached at Electro-Mechanics Com¬ 
pany, PO Box 1546, Austin, TX 
78767. Tel: (512) 835-4684. 

Analog Circuit Simulation 
Completely Integrated CAE from $95 

Schematic Entry, Device Models, 
Spice Simulation, Post Processing 

ICAP/2 has it all for only $790 

You Can Write For RF Design 
RF Design is an excellent forum for the exchange of ideas among engineers. We 
are currently looking for articles on the following topics: 

Electromagnetic Compatibility Low Cost Design 
High Performance Systems Part 15 RF Devices 

Circuit Modeling and Computer Programs for 
Various Design Methods 

In addition to these subjects, we always want good tutorial articles on basic and 
advanced RF topics. 
Send an outline or abstract, or call with your idea, to: 

Gary A. Breed 
Editor, RF Design 

6300 S. Syracuse Way, Suite 650 
Englewood, CO 80111 

Tel: 303-220-0600 FAX: 303-723-9716 

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. 

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

SINGLE LAYER CHIP CAPACITORS 
• Hi-Rel Applications • Hi-Quality Applications Commercial Applications 

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 S 
ever need. 

Type B 
250V 

For Information, 
Please Write or Call 

P.O. Box 6607 
San Pedro. CA 
90734-6607 

intusoft 
(213) 833-0710 

All Programs come 
with a 30 Day Money 
Back Guarantee 

• Safety Margin around top 
• Top: TiW/Au 
Bottom: TiW/Pt/Au 

• Safety Margin around top & bottom 
• Top: TiW/Au 
Bottom: TiW/Au 

• Solderable 
• Top: TiW/Pt/Au 
Bottom: TiW/Pt/Au 

1 2672 Bayshore Parkway, Suite 702, Mountain View, CA 94043 
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HIGHEST SPEED 

NCOS 
At 300 MHz clock speed, 
the STEL-21 72 is one of 
the fastest NCO's 

available in any 
technology. 

HIGHEST ' 
RESOLUTION 

NCOS 
Less than 1 micro¬ 
Hertz, 50 MHz clock 
speed, better than 

-75 dBc spurious 
levels, low power. 
The STEL-1173 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. 

Frequency 

At Your 

LOWEST 
PRICE 

NCOS 
At less than $50 
(per 1000), the 

STEL1174 has the 

lowest price in the 
industry, with 
50 MHz clock and 
better than 

-75 dBc spurious 
levels. 

QUADRATURE 

OUTPUT NCOS 
The1172B has 50 MHz 
performance,with both 

Sine and Cosine waveforms 

to accommodate quadrature 
signal generation applications. 

HIGHEST 

SPEED NCOS 
Currently under 
development, the 

STEL-2173 provides 
an amazing 1 Giga¬ 

Hertz clock speed. 

Available 01 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. 

RADIATION 
HARDENED 

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

DECIMAL 
INTERFACE/HIGH 

SPEED NCOS 
TheSTEL-1176 has 
an 80 MHz clock speed 
and BCD interface for 
exact integer 

frequency resolution. 

LOWEST 

PRICE NCOS 
30 MHz versions 

of the STEL-1172B 

and STEL-1173, 
available at less 
than $50 

(per 1000). 

per second dose rate, 

hardened version of 

STEL-1173. 

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 offers 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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RF products 

Digital Filters Perform in FIR Applications 
A family of three video speed 

(30 MSPS maximum) digital fil¬ 
ters for direct form FIR applica¬ 
tions is now available from Harris 
Semiconductor. The filters can 
implement adaptive filters, multi¬ 
bit correlators and other filter 
techniques. They employ a paral¬ 
lel processor architecture. Eight 
high-speed multiplier accumula¬ 
tor cells are integrated on a single 
device and are optimized for 
sum-of-product operations. Some 
other features of the three filters 
include 8-bit coefficients and sig¬ 
nal data, 26-bit accumulator per 
stage, expandable coefficient 
size, data size, and filter length 

and sample decimation by 2, 3, 
or 4. These digital filters combine 
high processing speed and flexi¬ 
bility for a broad range of digital 
signal processing needs. On-chip 
decimation registers allow an in¬ 
crease in the effective number of 
taps per device. For example, an 
8 tap 30 MSPS FIR filter can 
perform a 16 tap FIR filter at 10 
MSPS with a 2:1 decimation 
factor. Applications include higher 
order 1-D FIR filtering (sharper 
frequency response), adaptive fil¬ 
tering, and decimation/interpola-
tion. 
Harris Semiconductor 
INFO/CARD #200 

Shielded 
Enclosure 
Test Set 
ASM Products has introduced 

its TS-450 portable, shielded en¬ 
closure test set. The test set 
operates at 450 MHz with dy¬ 
namic range greater than 100 dB 
and is for measuring the shielding 
effectiveness of buildings, enclo¬ 
sures, and cabinets. The crystal 
controlled measuring system of 
this tester provides attenuation 
measurements for accurate evalu¬ 
ation of shielded conditions. It 
can be used as a production tool 
for building/refurbishing shielded 
enclosure/cabinets and as a cali¬ 
bration tool to monitor the perform¬ 
ance of shielded enclosures. Cou¬ 
pled with appropriate instrumen¬ 
tation, the TS-450 test set can 
be used to perform a complete 
certification testing program. The 
system is a battery operated, 
lightweight and includes a test 
transmitter and receiver, and a 
thirty foot extension cable for leak 
probing. 
ASM Products 
INFO/CARD #199 

Hybrid Sinewave 
Crystal Oscillator 

Model CO-484 hybrid sinewave 
crystal oscillator from Vectron 
Laboratories is available at any 
frequency in the 4 MHz to 
500 MHz range. Initial accur¬ 
acy options at 25 degrees Cel¬ 
sius range from ±10 ppm to ±50 

ppm. Standard temperature sta¬ 
bility is ±25 ppm over 0 to 
70 degrees Celsius with wider 
temperature range and higher 
stability options available. Out¬ 
put level is +7 dBm into 50 
ohms with +13 dBm available up 
to 200 MHz. The crystal is much 
smaller than traditional 500 MHz 
crystal oscillators and it is 
housed in a 16 pin double DIP 
resistance welded can measuring 
0.8 inches x 1.0 inches x 0.2 
inches. For military applications 
it is available screen tested 
to Class B of MIL-0-55310. Deliv¬ 
ery is 10 weeks ARO. 
Vectron Laboratories, Inc. 
INFO/CARD #198 

Attenuator 
Calibration 
Systems 
Wavetek Microwave, Inc. has 

announced the introduction of 
two calibration systems for me¬ 
trology labs and manufacturers 
of precision microwave compo¬ 
nents such as coaxial attenu¬ 
ators, filters, couplers and other 
passive devices. The calibra¬ 
tion systems consist of the 
8003 precision scalar analyzer, 
an 8910 series programmable 
sweep generator, and an attenu¬ 
atorcalibration kit. Measurements 
which previously took several 
hours with receivers and 
slotted line techniques now 
execute in minutes with the same 
accuracy. The 8910 series pro¬ 
grammable sweep generators 
cover the frequency range from 
10 MHz to 26.5 GHz. They 
use fundamental oscillators for 
all microwave bands which 
substantially reduces the false 
responses and measurement er¬ 
rors due to harmonics and sub¬ 
harmonics with earlier microwave 
sweepers. 
Wavetek Microwave, Inc. 
INFO/CARD #197 

50 MHz-2GHz 
SPDT Switch 
M/A-COM Semiconductor Prod¬ 

ucts now offers a surface 
mount 50 MHz - 2 GHz SPDT 
switch. This switch is ideal for 
high volume, commercial app¬ 
lications. The MA4SW201 SPDT 
switch utilizes a single monoli¬ 
thic chip that incorporates four 
PIN diodes and is housed in 
an SO-8 package. Characteristics 
include a nominal insertion loss 
of 0.3 dB at 50 MHz up to 

RF Design 

0.5 dB at 2 GHz and nominal 
isolation of 65 dB at 50 MHz 
to 33 dB at 2 GHz. Secondary 
harmonic distortion at 1 GHz 
is nominally 75 dBc and third 
harmonic dis tortion at 1 GHz 
is nominally 90 dBc. Input re¬ 
turn loss is nominally 25 dB 
at 50 MHz and 18 dB at 2 
GHz. Switching speed is 50 
nanoseconds nominally. 
M/A-COM 
INFO/CARD #196 
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★ ★★★★★★★★★★★ Announcing the 1991 ★★★★★★★★★★★* 

RF Design Awards Contest 
NOW WITH TWO ENTRY CATEGORIES! 

...AND TWO GRAND PRIZES! 
(Prizes To Be Announced in September) 

The DESIGN Contest 
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 shall have an obvious RF function and operate 
in the below-3 GHz frequency range. 

3. Circuits shall be the original work of the entrant, not 
previously published. If developed as part of the entrant’s 
employment, entries must have the employer’s approval for 
submission. 

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

5. Submission of an entry implies permission for publication 
in RF Design. All prize winning entries will be published, 
plus additional entries of merit. 

6. Winners are responsible for any taxes, duties, or other 
assessments which result from the receipt of their prizes. 

7. Entries must be postmarked no later than March 30, 1991, 
and received no later than April 10, 1991. 

8. All entries will remain confidential until the publication of 
the July 1991 issue of RF Design. 

JUDGING CRITERIA: 
Originality — Each design will be evaluated for similarity to 
work by others, unusual application of a device or technique, 
and other judgements of its contributions. 

Engineering — Since engineering is a problem-solving pro¬ 
fession, entries should clearly identify how the circuit was 
created in response to a need. 

Documentation — The judges will require a complete descrip¬ 
tion of the circuit, including a parts list and an explanation of 
its function. A summary of test data should also be included. 

The PC SOFTWARE Contest 

RULES: 
1. Each entry shall consist of a computer program that assists 

in the design of RF circuits. Programs for test or control of 
RF circuits will also be accepted. 

2. Programs must operate on computers compatible with 
either PC/MS-DOS, or Apple Macintosh operating systems. 
Note any special hardware requirements (memory, graphics, 
etc.). 

3. Programs written in languages other than GWBASIC or 
BASICA should be supplied in both comp led, executable 
form, and uncompiled source code. 

4. Entries shall be submitted on disk, accompanied by sup¬ 
porting documentation, including theoretical explanations 
and references, and instructions for operation of the pro¬ 
gram. A printed copy of the source code is required. 

5. Programs must be the original work of the entrant, and 
must not be previously published or distributed (including 
distribution by open BBS or shareware). If developed as part 
of the entrant’s employment, entries must have the 
employer’s approval. 

6. Submission of an entry implies permissior for publication 
in RF Design and distribution by the RF Design Software 
Service. All prize winning entries will be published, plus 
other entries of merit. (Some restrictions on publication and 
distribution of source code may be acceptable.) 

7. Winners are responsible for any taxes, dut es, or other 
assessments which result from the receipt of their prizes. 

8. Entries must be postmarked no later than March 30, 1991, 
and received no later than April 10, 1991. 

9. All entries remain confidential until publication of the July 
1991 issue of RF Design. 

JUDGING CRITERIA: 
Technical Merit — Computer programs will be compared to 
accepted standards for accuracy, and will be judged for their 
achievement in translating RF design theory into software tools. 

Usefulness — Judges will evaluate the software for its contri¬ 
bution to the practice of RF engineering. Criteria include ease of 
operation, time-saving, and value to designers cf the circuitry 
addressed by the program. 

Send entries to: RF Design Awards Contest 
RF Design magazine 
6300 S. Syracuse Way, Suite 650 
Englewood, CO 80111 



Fiber Optic 
Microwave Delay 
Line 

This fiber optic microwave de¬ 
lay line from Ortel Corporation 
incorporates a spool of optical 

fiber in conjunction with Ortel’s 
lasers and photodiodes to delay 
the signal. The line has a meas¬ 
urement sensitivity of -75 dBc 
and an estimated triple transit 
level of < -100 dBc. 
Ortel Corporation 
INFO/CARD #195 

Broadband SP4T 
has High Isolation 
The model DSO644 PIN diode 

SP4T switch has 88 dB of isola¬ 
tion from 10 to 100 MHz, 68 dB 
to 500 MHz, and 58 dB to 1000 
MHz. It features only 0.7 dB of 
insertion loss and intercept point 
performance of +66 dBm second 
order, +43 dBm third order. The 
DSO644 is packaged in a her¬ 
metic 24 pin DIP and is available 
with optional military screening. 
Daico Industries, Inc. 
INFO/CARD #194 

UHF and microwave digital ra¬ 
dios. The MGF-0906A, character¬ 
ized at 2.3 GHz, features typical 
output power of 37.0 dBm, gain 
of 11.0 dB, and 40 percent power-
added efficiency. The MGF-
0907A has output power of 40.0 
dBm, gain of 10.0 dB, and power-
added efficiency of 37 percent at 
2.3 GHz. 
Mitsubishi Electronics America, 
Inc. 
INFO/CARD #192 

Snag-Free 
Shielding Gasket 

Instrument Specialties Co., Inc. 
has introduced a snag-free, track¬ 
mount beryllium copper shielding 
gasket designed for heavy-traffic 
enclosures. Rite-Trak™ incorpo¬ 
rates a reverse foldover lip to 
protect the assembly when the 
door of an enclosure is open. 
Instrument Specialties Co., Inc. 
INFO/CARD #191 

75 Ohm 
Snap-Lock Coax 
Connector 
A new 75 ohm SMZ snap-lock 

coaxial connector designed to 
eliminate unintentional discon¬ 
nect has been introduced by 
Radiall, Inc. The unit mates with 
standard SMZ connectors and 
covers a frequency range of 0 
-2.4 GHz. To eliminate any discon¬ 
tinuity caused by mechanical 

CLOCK 
OSCILMTORS 

and 

VCXOs 

Low Loss 
SAW Filters 
Thomson-CSF has developed 

a new generation of low loss SAW 
filters with center frequencies 
from 70 to 1500 MHz and with 0.8 
to 3.8 percent bandwidth at -3 
dB. Typical insertion loss is from 
3 to 10 dB, shape factor is 2.5 and 
near-in rejection goes beyond 50 
dB. TO8 or surface mounted 
packages are available. 
Thompson-ICS 
INFO/CARD #193 

High Power 
Ga As FETs 
The MGF-0900A Series of 

GaAs FETs has been designed 
for use in the high-power, ampli¬ 
fier stages of GPS systems, and 
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movement, the coupling mecha¬ 
nism is separate from the electri¬ 
cal path. 
Radiall, Inc. 
INFO/CARD #190 

Feed Forward 
Amplifier 
AML, Inc. introduces a high 

dynamic range, feed forward 50 
to 500 MHz amplifier. Typical 

VECTRON 

The Crystal Oscillator Company 

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

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

INFO/CARD 33 
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When you 
need TTL Clock 

Oscillators 

or quality Crystals 

call 800-333-9825 

Comclok Inc. 
Cal Crystal Lab., Inc. 
FAX 714-491-9825 

INFO/CARD 45 

TRIMMER CAPACITOR 
PROTOTYPING KITS 

• PHASE-TRIM' 
• AIR DIELECTRIC • THIN-TRIM® 
• CERAMIC TRIMMER »SEAL-TRIM' 
• MICROWAVE TUNING ELEMENT 

MANUFACTURING CORPORATION 
Rockaway Valley Road 
Boonton, N.J. 07005 

(201) 334-2676 FAX: 201-334-2954 

INFO/CARD 46 

gain for this amplifier is 24 dB 
with a noise figure of 9.0 dB 
maximum. Its 1 dB gain compres¬ 
sion is +28 dBm minimum and 
VSWR is 1.5:1 in 50 ohm sys¬ 
tems. Applications include front 
end amplifiers, high dynamic 
range IF amplifiers, instrumenta¬ 
tion amplifiers, and multi-carrier 
signal amplifiers. 
AML, Inc. 
INFO/CARD #189 

High Shock 
Survivability 
Crystals 

Piezo Crystal Company has 
announced the development of 
quartz crystals with high shock 
survivability to 100,000 gravities. 
These crystals have many appli¬ 
cations in the weapons and te¬ 
lemetry fields. The crystals can 
be manufactured in the range of 
10 to 110 MHz and come in a 
TO-5 package. 
Piezo Crystal Company 
INFO/CARD #185 

Microminiature 
Bandpass Filters 
Center frequencies for these 

bandpass filters are 1227, 1381, 
and 1575 MHz. These filters, 
designed especially for GPS ap¬ 
plications, feature extremely 
small size. Insertion loss is 5 dB 
maximum with VSWR of 1.5:1 
maximum. 3 dB bandwidth of 50 
MHz with a 3 dB to 40 dB shape 
factor of 5:1. 
K&L Microwave Inc. 
INFO/CARD #188 

Spread Spectrum 
Generator 
The LRS-200 generates pseu¬ 

dorandom sequences that are 
useful for developing and testing 
spread spectrum and conven¬ 
tional data communication sys¬ 
tems. These sequences are gener¬ 
ated by a configurable 32-stage 
shift register using linear feed¬ 
back. Different modes of opera¬ 
tion include BPSK, QPSK, GOLD/ 
JPL, offset, and burst, with a 
maximum bit rate of 25 MHz. 
New Wave Instruments 
INFO/CARD #187 

Semi-Flexible 
Coaxial Cable 
Andrew Corporation an¬ 

nounces the availability of a fam¬ 

ily of coaxial cable for high power 
HF, MF, anc LF broadcasting. 
Transmitters of 500 kW operating 
up to about 30 MHz can be 
accommodated. It is furnished in 
nominal sizes of 7, 8, and 9 
inches. 
Andrew Corporation 
INFO/CARD #186 

Si MMIC Chips 
The MSA-0500 and MSA-1000 

chips feature high output power 
and low distocion. Their perform¬ 
ance features include -23 dBm 
and +27 dBm power output at 1 
dB gain compression, and +33 
dBm and +37 dBm third-order 
intercept points at 1 GHz, respec¬ 
tively. The MSA-0900 chip pro¬ 
vides 8 dB gain with ±0.2 dB 

flatness from C.1 to 4.0 GHz, and 
a 3 dB bandwidth of 0.1 to 6.0 
GHz. The MSA-1100 chip in¬ 
cludes a 3 dB bandwidth of 0.05 
to 1.6 GHz. 
Avantek 
INFO/CARD #184 

CATV Amplifiers 
Power doubler types BGD106, 

BGD108 and EGD506 each con¬ 
tain two specially modified cir¬ 
cuits allowing twice the output 
power without :he need for addi¬ 
tional matching transformers. The 
BGD508 power doubler is de¬ 
signed with three internal circuits, 
enabling significant user savings 
in cost and space. 
Philips Components Discrete 
Products Div. 
INFO/CARD #’83 

Dual Video Op Amp 
A low cost general purpose 

dual 50 MHz unity-gain band¬ 
width op amp, the AD827, is 
stable driving aiy capacitive load 
and features 85 dB channel 
separation. Differential phase and 
gain errors are typically 0.19 
degrees and 0.D4 percent, respec¬ 
tively. 
Analog Devices 
INFO/CARD #182 
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Safety Capacitor 
Design Kit 

Murata Erie North America is 
now offering a design engineer¬ 
ing kit for safety capacitors. This 
kit includes over 375 capacitors 
ranging in value from 100 pF to 
10,000 pF in a variety of voltages 
and tolerances. 
Murata Erie North America 
INFO/CARD #181 

Couplers and 
Power Dividers 

Surface mount directional cou¬ 
plers and in-phase power dividers 
have been introduced by Merri¬ 
mac. The PDG-02B series of 
power dividers covers 10 to 2,000 
MHz and is characterized by high 
performance with high isolation 
typically 30 dB or more. The 
CRG-02B series of directional 
couplers covers the frequency 
ranges of 5-500 MHz and 200-
1,500 MHz with nominal coupling 
at 11 or 20 dB. 
Merrimac 
INFO/CARD #180 

RFI Adapter 
AVA Electronics has intro¬ 

duced a ground-filtered bulkhead 
BNC adapter to help deal with 
EMI and RFI problems on com¬ 
puter network lines, the adapter 
connects coaxial shields to 
ground via 10,000 pF of distrib¬ 
uted capacitance. The capacitors 
are rated at 500 volts working and 
1,000 volts peak. 
AVA Electronics Corporation 
INFO/CARD #179 

5 to 1000 MHz 
SMT Limiter 
The WJ-SML1 5 to 1000 MHz 

surface mount voltage variable 
limiter has been introduced by 
Watkins-Johnson Company. The 
limiter offers a phase response 
of 0.3 degrees/dB, typical, up to 
160 MHz. The limiting level can 
be varied from -10 to 0 dBm, with 
a typical insertion loss of less 
than 2 dB. 
Watkins-Johnson Company 
INFO/CARD #178 

Laser Diode 
Driver 

Avtech Electrosystems intro¬ 
duces the Model AVO-9C-C 
pulsed laser diode driver which 
features a 0.3 to 2.0 nanosecond 
variable rise time option and an 
output current of up to 100 mA. 
The output pulse width is variable 
from 0.5 to 10 nanoseconds and 
the pulse repetition frequency is 
variable from 0 to 25 MHz. 
Avtech Electrosystems 
INFO/CARD #177 

Data Carrier Filter 
Narrow bandpass filter model 

6779A selects a data carrier on a 
LAN network and suppresses 
nearby interfering carriers. Its 
center frequency is 74 MHz with 
a 1.5 MHz bandwidth and inser¬ 
tion loss is 5 dB maximum. 40 
dB selectivity is approximately ±3 
MHz. 
Microwave Filter Company, Inc. 
INFO/CARD #176 

Short cycle 
your circuits. 
If you need a faster way to get 
your designs to market, try the 
new HP 83040 Series Microcircuit 
Package. Compared to custom 
packaging and test fixtures, it 
can cut weeks off your design 
time. And thousands of dollars 
off your development costs. 

RF Design 

90 Degree 
Hybrids 
LHQ series of stripline 90 de¬ 

gree hybrids covers the 0.5 to 2.5 
GHz frequency range in octave 
bands. All models exhibit low 
insertion loss of 0.25 dB maxi¬ 
mum, phase deviation from quad¬ 
rature of 2 degrees maximum, 
isolation of 24 dB minimum, and 
VSWR of 1.2:1 maximum. 
Norsal Industries, Inc. 
INFO/CARD #175 

Sampling Phase 
Detector 
Alpha Industries announces a 

sampling phase detector used in 
PLL applications where the car¬ 
rier frequency (1-20 GHz, typi¬ 
cally) is locked to a crystal refer¬ 
ence (5-500 MHz, typically). The 
detector is available in all RF 
drive levels. 
Alpha Industries 
INFO/CARD #174 

Pre-designed and off-the-shelf, 
the HP 83040 is ready for proto¬ 
type and IC testing. Its modular 
format is compatible with CAE 
systems and network analyzer 
calibration techniques. Call your 
local HP sales office or circle 
the inquiry number below. 
There is a better way. 

r^j HEWLETT PACKARD 
C1990 Hewlett Packard Co. TMMTA03S 

INFO/CARD 47 
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RF software 
Signal Processing 
For the Macintosh 
BV Engineering’s Signal Processing Pro¬ 

gram (SPP) is a general purpose analog 
signal generation, manipulation, and simula¬ 
tion program. It performs linear and non¬ 
linear time-domain waveform analysis, Fast 
Fourier Transforms, LaPlace transforms, trans¬ 
fer function analysis, statistics, and graphical 
display of signals, spectra, and transfer 
function data. It requires 51 2K of memory and 

runs on a floppy or hard-disk Mac, Mac Plus, 
Mac II or Mac SE systems under System 3.2 
or later and Finder 5.3 or later. SPP is priced 
at $349.95. 
BV Engineering Professional 
Software 
INFO/CARD #210 

High-Efficiency Amplifier 
Simulator 

High Efficiency Power Amplifier Simulator 

Ultra Hi Q 

No excuse, 
on-time, 

delivery from stock, 
to meet your scheduling 

needs. 
Our TQM program, implemented in 1986, has 

resulted in dramatic improvements throughout the 
design and manufacturing process. Ultra Hi Q 

Porcelain Capacitors were always good, and now 
even better. We offer competitive pricing, higher 

Q factors than ATC 100 series, and QPL 
approvals. But the big news is service. The new 
scheduling system enables us to put the product 

where you need it, when you need it. 

Call us. 
We're ready to prove it. 

We’re Dielectric Labs - We listen. And we respond. 

■ dielectric 
¡ i| I laboratories 
UJI line. 

Cazenovia, NY 13035 
Tel: 315-655-8710 
FAX: 315-655-8179 

I 
INFO/CARD 48 

(HEPA-SIM) computes tie steady-state peri¬ 
odic time-domain waveforms in a single-
ended switching-mode RF power amplifier. It 
also computes the DC input power, RF output 
power, all of the power dissipations, and the 
RF output spectrum. Hardware requirements 
are IBM PC, XT, AT, PS-2, or compatible with 
384K of RAM, and the price is $595 to $995 
depending on quantity. 
Design Automation, Inc. 
INFO/CARD #209 

High Performance 
Circuit Simulator 
CONTEC Microelectrcnics U.S.A. Inc. has 

released ContecSPICE, an integrated mixed-
level, mixed-mode simJator that simulates 
circuits down to the path delays in PCB AND 
IC designs with digital clock frequencies of 
40 MHz and greater. The model parameter 
generator, a companion orogram for Contec¬ 
SPICE, comes with 2,500 device models 
containing GaAs MESFET models, power 
MOSFETs, and voltage-variable capacitance 
diodes. 
CONTEC Microelectronics U.S.A. Inc. 
INFO/CARD #208 

GPIB Software from Fluke 
The version 2.1 of TestTeam software 

provides enhanced real-time graphics, graph¬ 
ics, print capabilities for 150 different print¬ 
ers, and RS-232 X Modem Protocol. It also 
gives GPIB instrumentation system program¬ 
mers and operators a complete environment 
for the generation and interactive use of 
application programs. 
John Fluke Mfg. Co. 
INFO/CARD #207 

PMI Spice Diskette 
PMI introduces PMISpice, a free diskette 

which contains models for low-noise and 
instrumentation amplifie-s. Designers can 
simulate the total output noise and equivalent 
input noise of their circuits over the entire 
frequency range of interest. Included are 
SPICE models for the AMP-01 and AMP-02 
instrumentation amplifiers. The PC-compat¬ 
ible diskette contains 54 complete model 
net-lists of PMI’s op amas, instrumentation 
amps, and matched trans stor pairs. 
Precision Monolithics Inc. 
INFO/CARD #206 

Class E RF Power Amplifier 
Design Program 
A new computer program from Design 

Automation, Inc., called HEPA-DES, now 
makes it easy to achieve designs quickly for 
single-ended, switching-mode, wide-band RF 
power amplifiers. It compites the component 
values for a user-specified output power and 
bandwidth, effects of the transistor finite 
switching times and parasitic resistances of 
all components. HEPA-DES requires an IBM 
or compatible computer w th 384 KB of RAM. 
Design Automation, Inc. 
INFO/CARD #205 
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RF design awards_ 

Harmonic Suppressing Digital 
Frequency Divider 
By Mitch Randall 
National Center for Atmospheric 
Research 

A popular and economical technique 
for generating HF signals is to divide an 
octave coverage VHF signal by succes¬ 
sive factors of two. In this way, octaves 
of frequency coverage can be added to 
a frequency synthesizer using simple 
digital dividers. Filtering is required to 
convert the digital divider output into a 
spectrally pure sine wave output. The 
absence of the second harmonic in the 
50 percent duty cycle square wave 
output of the digital divider eases this 
filter design. However, the presence of 
a strong 3rd harmonic in the divider 
output still leaves a significant challenge 
for the filter designer. 

A newly developed divider greatly sim¬ plifies these filtering requirements 
by suppressing the 2nd, 3rd, and 4th 
harmonics as shown in Figure 1. The 
new divider achieves this result by 
summing two square waves which are 
specially designed to cancel these har¬ 
monics. This divider offers significant 
advantages for use in successive divi¬ 
sion schemes. 

In order to fully appreciate the bene¬ 
fits of the new divider it is instructive to 
first review a typical application of 
successive division as shown in Figure 
2. Input to the unit is provided by a 
frequency synthesizer (not shown) cov¬ 
ering an octave of bandwidth in the VHF 
range. A signal conditioner converts this 
sine wave input into a logic-compatible 

Figure 1. Divider output spectral 
components. 

square wave. The frequency is then 
divided by a selectable power of two. 
The division ratio is determined by the 
number of divide-by-two stages that are 
digitally inserted prior to the output 
stage. A low pass filter removes un¬ 
wanted harmonics from the 50 percent 
duty cycle square wave output of the 
successive division unit. In the example 
given, one low pass filter is required for 
each octave of coverage. Other schemes 
use two or more filters per octave. This 
eases the requirements for each filter 
at the expense of requiring more of 
them. In all, the two choices work out to 
be almost equal in complexity with the 
former slightly more attractive due to the 
less complicated RF switching needed. 
This successive division technique has 
many advantages. One relatively inex¬ 
pensive digital divider, filter and switch 
is all that is required to gain an additional 
octave of coverage. Each additional 
octave has successively improved fre¬ 
quency resolution and phase noise 
characteristics. In addition, the output 
is leveled and flat with frequency; influ¬ 
enced almost solely by the flatness of 
the low pass filters and the RF switch. 

An Improved Divider Output 
Waveform 

To ease the design of successive 
division synthesizers, a digital waveform 
which is easily generated and easily 
filtered to a sine wave is very desirable. 
A simple repetitive square wave of 
arbitrary duty cycle produces an infinite 
number of harmonics whose amplitudes 
are given by the well known fourier 
cosine series result: 

2a . / nirr\ 
A-=̂ sin^ <1)

where n is the harmonic and a, t, and T 
are as defined in Figure 3. Only one 
degree of freedom (t /T) is available to 
optimize the simple square wave to ease 
the filtering problem. Mathematically 
stated, the desired condition is: 

A, # 0, An = 0 {n = 2,3,4, ...m} (2) 

Where m is as large as the solution 
allows. For the simple square wave, the 
largest m is 2 corresponding to the 50 
percent duty cycle square wave (t/T = 
1/2). All solutions satisfying (2) for m = 
3 (A2 = Ag = 0) also require A, = 0 which 
is unacceptable. To improve upon the 
50 percent duty cycle square wave, an 
additional degree of freedom is needed. 
This is achieved by defining the output 
as the sum of two square waves. The 
condition for eased filtering is then 
stated as: 

2a / nnr,\ 
A =— sin + 
n nn \ T / 

2a 

nn 
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(3) 

{n = 2,3,4,. ..m} 

where the solution is chosen such that 
m is again maximized. Equation 3 is 
transcendental and cannot be solved 
directly. However, some insight into 
fourier series empirically leads to a 
solution for m = 4. Recall that functions 
with the property: 

Figure 2. Typical successive divi¬ 
sion scheme. 

Figure 3. Pulse conventions. 
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MAKE PLANS TODAY TO ATTEND THE 

12th 
PIEZOELECTRIC DEVICES 
CONFERENCE & EXHIBITION 
Sept. 25-27, 1990 
Kansas City, Missouri 

SPONSORED BY THE 
ELECTRONIC INDUSTRIES 

ASSOCIATION 

“THE MEETING PLACE FOR PIEZOELECTRIC 
DEVICES USERS AND MANUFACTURERS.” 

1989 EXHIBITING COMPANIES: 
AT. Wall, Crystel Comp., EG&G Freq. Prod., Electro Dynamics Crystal, Emkay Mfg., Engineered Materials, Fotofabrication Corp., GSM Inc., HEB Int'L, Highland 
Mgf. Co., Houston Electronics, K.S. Abrasive Co., Kay Inc., M Tron Ind. Inc., Marden Ind., Gard Corp., PR Hoffman Machine Prod., PR Hoffman Materials Pro., 
Philips Components. RF Design. Saunders and Assoc., Sawyer Research Prod., Schott Electronics, Slea Superior, Thermo Dynamics, Trassat Corp., Universal 
Photononics, Valpey-Fisher Corp., Voltronics. 

A PARTIAL SAMPLE OF 1990 SESSIONS: 
Alpha Measurements of Cultered Quartz. Effects of Etch Channel Density on Chemically Shaped VHF Crystals. Comparison of Non Linea- Materials Constants 
from Different Measurement Methods. Influence of Quartz Material on Photoetch Resonators. Automatic Detection & ID of Crystal Defects with DIP Techniques. 
SM Miniature Quartz Crystals. Thermal Hysteresis in Resonators. Generating Surface Figure & Finish. Polishing to Flatness. Updating Lapping Operations Thru 
Improved Abrasive Controls. Aging Considerations. Measurements of Equivalent Electrical Parameters. Load Resonance Parameters. Netwo-k Analyzer Products 
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Figure 4. Divider waveforms a) 33 
percent duty cycle squarewave, 
b) 66 percent duty cycle square 
wave, c) sum of (a) and (b). 

f(t) = - f (t + J ) (4) 

contain only odd harmonics in a Fourier 
series because only odd harmonics 
satisfy equation 4. Stated another way, 
even harmonics repeat themselves dur¬ 
ing the second half of the fundamental 
cycle, therefore any correlation with the 
first half cycle would be exactly can¬ 
celed. Also note that the sum of two 
equal amplitude digital waveforms can 
at most have 3 distinct levels. With this 
in mind, a waveform having equal 
positive and negative pulses about a 
centerline (satisfying equation 4) is there¬ 
fore a likely candidate. This waveform 
will suppress all even harmonics. The 
3rd harmonic can then be suppressed 
by choosing the pulse width to be T/3. 
This waveform can be expressed as in 
equation 3 by choosing t,/T = 1/3 and 
t2/T = 2/3 as shown in Figure 4a and 4b 
respectively. Figure 4c shows the overall 
waveform resulting from the summation 
of these two waveforms. The summation 
can also be expressed in the frequency 
domain as shown in Figure 5. The 
frequency domain offers an interesting 
viewpoint into the origins of the practical 
limitations as will be discussed later. 

Reduced Filtering Complexity 
The absence of the 2nd, 3rd, and 4th 

harmonics in the output spectrum of the 
new divider greatly simplifies the filter 
design in a given successive division 
scheme. To illustrate this, compare the 
filter requirements for each of two cases. 
As an example assume a 15 MHz to 30 
MHz sine wave is required with har¬ 
monic levels less than -45 dBC. In the 
first case, a standard 50 percent duty 
cycle square wave from 15 MHz to 30 
MHz is available at the divider output. 
The symmetrical output of the divide-by-
two stage naturally suppresses the sec¬ 
ond harmonic, but the third harmonic 
amplitude is relatively high at about -10 
dBC. The required filter must pass the 

Figure 5. Divider output spectral 
envelope. 

fundamental which lies from 15 MHz to 
30 MHz, but reject 3 x 15 MHz = 45 MHz 
by >35 dB. A Butterworth low pass filter 
of 10 poles would be required to meet 
these specifications (1). Compare this 
with the filtering requirements using the 
new divider. The new divider suppresses 
the 2nd, 3rd, and 4th harmonics leaving 
the fifth harmonic at about -14 dBc. The 
required filter must pass 15 MHz to 30 
MHz but reject 5 x 15 = 75 MHz by 31 
dB. This requires only a 4 pole Butter¬ 
worth low pass filter which is consider¬ 
ably easier to adjust and reproduce. 

L 1^1 1 
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Figure 6. Spectral harmonic level. 
Imbalance referred to second har¬ 
monic. 

Practical Considerations 
It is implicit from previous discussions 

that the suppression of the even order 
harmonics depends on the voltage and 
phase balance between each of the two 
summed waveforms of the new divider. 
The second harmonic is of greatest 
concern because it is the largest har¬ 
monic in each of the constituent wave¬ 
forms (refer to Figure 5). Therefore, its 
cancellation after summation is most 
sensitive to any amplitude and/or phase 
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min typ max 
dvoh/dT 1.2 1.3 1.5 mV/°C 
dv h/dT 0.0 0.4 0.6 mv/°C on 

Table 1. ECL 10KH logic family 
temperature characteristics. 

imbalances. In addition, the second 
harmonic is subject to less attenuation 
from the low pass filter. This is an 
especially important fact when generat¬ 
ing signals near the lower part of the 
octave. In this case the second har¬ 
monic is adjacent to the band edge and 
may experience little if any attenuation 
from the low pass filter. It is worth noting 
that since the third harmonic is inher¬ 
ently suppressed in each of the constitu¬ 
ents, its rejection is not affected by 
amplitude or phase imbalances. To 
investigate the effects of amplitude and 
phase imbalances consider the sum of 
two sine waves of equal frequency but 
slightly differing amplitude and phase: 

£(t) = cos(œ t) + (1 + d)cos(œt + 0) (5) 

Since we are only interested in | S(t) |, it 

Figure 7. Typical second harmonic 
level. 

is advantageous to express equation 5 
in phasor notation as: 
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of equation 6 gives: 

I ï(t) I = [2(1 + d)(1- cos0) + d2 ]1® (7) 

To express the amplitude of the second 
harmonic relative to the fundamental, 
equation 7 must be scaled by a constant. 
Multiplying equation 7 by 1/2 accounts 
for the relative amplitude of the second 
harmonic in the ccnstituent square 
waves. Another factor of 1/2 takes into 
account the doubling of the fundamental 
in the composite waveform. The expres¬ 
sion for second harmonic level is thus: 

dBC = 20log(1/4 [2(1 - d) 
(1 - cos 0) + O2]1«) (8) 

I ¿fl) i = i i - (1 + <j)eje I (6) Contours of second harmonic level as 
given by this equation are shown in 

Figure 8. Schematic diagram of divide by 6 counter. 
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24 HOUR 
delivery^^É 

Note that phase is referred to the second 
harmonic. 

In any practical implementation, care 
must be taken to assure that proper 
amplitude and phase balance are main¬ 
tained. The choice of a suitable logic 
family is therefore very important. It is 
desirable that the logic be very fast to 
allow operation over the greatest num¬ 
ber of octaves. The family must also 
exhibit low phase jitter for good har¬ 
monic suppression and phase noise 
performance. In addition the output of 
the logic family must have good ampli¬ 
tude and phase delay characteristics 
over temperature for the suppression of 
the even order harmonics as discussed 
above. In considering these factors, the 
10KH ECL logic family is an excellent 
choice. The 10KH ECL logic family is 
very fast, has excellent phase noise and 
phase jitter characteristics (2), and is 
stable and well characterized over tem¬ 
perature. 

MICROWAVE CHIP CAPACITORS 
When you're designing with microwave chip capacitors 
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Temperature Stability 

Table 1 gives the temperature charac¬ 
teristics for the 10KH family (3). To 
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temperature sensitivity we start by not¬ 
ing that the peak to peak output voltage 
of one output stage is given by: 

Cap. Value Tol. (%) Part Number 
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2.7pF ± 0.25pF MA182R7C 
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Cap. Value Tol. (%) Part Number 
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22pF ±5 MA1822ÖJ 

33pF ±5 MA18330J 

39pF ±5 MA18390J 

100pF ±5 MA18101J 

,110"x.110"x.100" P90T.C. 

V = V - V 
v a voh v ol O) 

The output imbalance is the difference 
between the voltage of each of two 
output stages, or 

Cap Value Tol. (%) Part Number 

1.5pF ± 0.1pF MA281R5B 

3.0pF ± 0.1 pF MA283R0B 

3.9pF ± 0.25pF MA283R9C 

5.6pF ± 0.25pF MA285R6C 

9.1pF ± 0.25pF MA289R1C 

10pF ±5 MA28100J 

13pF ±5 MA28130J 

18pF ±5 MA28180J 

20pF ±5 MA28200J 

24pF ±5 MA28240J 

27pF ±5 MA28270J 

33pF ±5 MA28330J 

Cap. Value Tol. (%) Part Number 

36pF ±5 MA28360J 

43pF ±5 MA28430J 

51pF ±5 MA28510J 

56pF ±5 MA28560J 

75pF ±5 MA28750J 

100pF ±5 MA28101J 

220pF ±5 MA28221J 

330pF ±5 MA28331J 

1000pF ±5 MA28102J 
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Need to know more about our 24 hour microwave chip 
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Figure 10. Time domain output 
(F=7MHz). 
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Band 1: 1.875 MHz - 3.75 MHz 
Band 2: 3.75 MHz - 7.5 MHz 
Band 3: 7.5 MHz - 15 MHz 
Band 4: 15 MHz - 30 MHz 

Table 2. Prototype test frequency 
bands. 

The worst case imbalance occurs when 
the difference between the temperature 
coefficient of Va and Vb is greatest. Note 
that all the temperature coefficients in 
Table 1 are positive. The worst case is 
thus given by: 

(11) 

Figure 12. Measured harmonic 
level sweep. 

Where: 

(12) 

(13) 

(14) 

60 

Figure 13. Harmonic level sweep 
of standard divider by 2. 

so that 

0.6mV 
°C 

0.9mV 
°C 

(15) 

(16) 

(17) 

However, this worst case analysis as¬ 
sumes 4 parameters to be at the 
extremes of their ranges. If we assume 
that the published minimums and maxi¬ 
mums correspond to ± 3 standard 
deviations on a gaussian distribution of 
yield, then this value of (dVbal/dT)max 
represents ± 6.4 standard deviations. 
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This simply means that this worst case 
is a very unlikely event. Also if the design 
uses output stages which are on the 
same die, the likelihood of this coinci¬ 
dence further diminishes. These facts 
lead the way to this author's opinion 
that a worst case value of 0.9 mV/C is 
grossly conservative (by more than a 
factor of 5). 

Propagation delay variations as a 
function of temperature must also be 
considered for even order harmonic 
suppression since these variations cor¬ 
respond directly to phase imbalance. 
This information is not explicitly avail¬ 
able, but one can deduce from indirect 
published data (3,4) that it is no greater 
than 1 ps/°C max. (For reasons similar 
to those above, the author believes this 
too is grossly conservative.) At 30 MHz 
this is equal to 0.01 1 deg/°C. 

Second harmonic levels can be calcu¬ 
lated using equation 8 taking into ac¬ 
count the effects of both amplitude and 
phase temperature sensitivities. Figure 
7 shows typical expected second har¬ 
monic levels using values of tempera¬ 
ture stability 1/10 those calculated above 
to approximate what would likely be a 
typical temperature dependance. 

Circuit Description 
The schematic of a divider imple¬ 

mented in 10KH ECL logic is shown in 
Figure 8. The sinusoidal input signal is 
passed through the phase splitting trans¬ 
former T1 into a matched load in parallel 
with the relatively high impedance of an 
ECL line receiver input (U1). The line 
receiver’s truly differential inputs act as 
a zero crossing detector to reduce AM 
to PM conversion for optimum phase 
noise performance. The output of U1 
provides ECL compatible input to the 
rest of the circuit. (Ina typical successive 
division application, this ECL signal 
would first pass through the programma¬ 
ble ¿-2" counter before continuing on to 
the main divider.) 

The heart of the divider is the 4-6 
counter formed by U2 and U3. Engi¬ 
neers not familiar with ECL circuit 
design should take note that ECL out¬ 
puts can be wire-ORed. This feature is 
used extensively in the divider to avoid 
unnecessary gate delays that would 
otherwise limit the maximum clock fre¬ 
quency. Each of the outputs of U2 is a 
50 percent duty cycle square wave. 
However, the two outputs are shifted in 
phase by 60 degrees with respect to one 
another. U4 uses wired-ORed outputs 
to combine these signals into two 33 
percent duty cycle signals shifted in 
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phase by 180 degrees. 
The output stages are provided by a 

single chip (U5) to guarantee that ampli¬ 
tude and phase changes with tempera¬ 
ture are balanced to minimize harmonic 
suppression variability. In addition, U5 
provides differential outputs to increase 
the output drive and allow the use of a 
balanced RF combiner. The outputs are 
summed by the RF combiner consisting 
of the 4:1 transformer (T2) and a resistor 
network. The network presents a 200 
ohm matched impedance across the 
combiner transformer. A 50 ohm resistor 
at the transformer center tap match-
terminates the common mode portion 
of the combined square waves which 
does not pass through to the output. 
Therefore, each of the relatively low 
impedance ECL outputs sees a constant 
267 ohm impedance. Output power from 
the combiner is defined by equation 2 
for a = 0.9/4 V resulting in a predicted 
value of -2.1 dBm. Two trim pots 
provide flexibility to nul out any ampli¬ 
tude imbalances. Since one of the four 
possible logic combinations of the two 
constituent square waves is ruled out 
by their mutual phase relationship, the 
adjustment of the two trim pots is 
redundant. However, two trim pots were 
deliberately used to maintain electrical 
balance and layout symmetry. In prac¬ 
tice, only one pot needs to be adjusted 
to balance the output waveform; the 
other can remain at center scale. A 
single trim cap allows for cancellation 
of the second harmonic under the worst 
case operating condition. Since the 
capacitor can introduce only a lagging 
phase shift, it is necessary to first 
determine which output driver leads. A 
two capacitor scheme could be de¬ 
signed so that this step would 
not be necessary. However, the ar¬ 
rangement used was satisfactory for the 
prototype. 

Another possible scheme for trim¬ 
ming the second harmonic could incor¬ 
porate varactor diodes in a feedback 
loop servoed on the second harmonic. 
The advantage of a se'vo trim circuit 
such as this could be greater than what 
is apparent at first glance. A schematic 
is included in Appendix * of a prototype 
¿-3 counter which generates the desired 
waveform yet was verified to operate at 
clock frequencies of over 270 MHz. This 
corresponds to an output frequency of 
90 MHz. The design was not included 
in the main text, though, because the 
second harmonic suppression was 
found to be too frequency sensitive to 
be practical. 
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Prototype Performance 
Prototype performance was tested 

over the four bands in Table 2 to 
evaluate expected divider performance 
for a 2 - 30 MHz signal generator. 
Adjustments were made using the as¬ 
sumption that filtering would be accom¬ 
plished using 5th order 0.25 dB 
Chebyshev low pass filters to achieve 
better than -55 dBC harmonic levels. 
However, note that no filters were used 
for any of the following measurements 
except where specifically noted. 

Divider performance matches well 
with theory as seen in the output 
spectrum of Figure 9 taken at a fre¬ 
quency of 20 MHz. Amplitude and phase 
trim adjustments allow nulling of the 
second harmonic to better than -75 
dBC. Harmonic suppression much be¬ 
yond this becomes very frequency sen¬ 
sitive, particularly when operating at the 
upper frequencies. Figure 10 shows the 
time domain waveform at an output 
frequency of 7 MHz. This figure is useful 
in showing intuitively why the divider 
output requires only simple filtering to 
produce a pure sine wave. Figure 11 
shows the waveform after filtering with 
a four pole Butterworth filter. The test 
frequency was chosen to be one octave 
below the filter cutoff for demonstration 
purposes. 

Figure 12 shows typical harmonic 
suppression over the octave from 15 
MHz to 30 MHz which represents the 
worst case filtering scenario. The figure 
was generated by sweeping the input 
over an octave and observing the output 
with a spectrum analyzer in the peak 
hold mode. Performance was observed 
to be consistently better in the lower 
octaves of operation (see Table 2). This 
is attributed to the fact that the logic 
delay mismatches, which are fixed, 
correspond to smaller and smaller phase 
imbalances as the frequency decreases. 
Figure 12 also serves to illustrate the 
greatly simplified filtering requirements 
offered by this technique. For compari¬ 
son, Figure 13 shows a sweep over the 
same output band created by a standard 
50 percent duty cycle square wave 
divider. 

Power output shows good agreement 
with theory at a nominal value of -2.4 
dBm over the entire 2 to 30 MHz range. 
Fifth harmonic level is also very close 
to the predicted level of -13.9 dBC. 

To achieve the best performance, the 
amplitude and phase trims were ad¬ 
justed so that the second harmonic 
passes through its null somewhere near 
the highest specified fundamental fre-

RF Design 

Appendix 1. 270 MHz divide by 3 counter with desired waveform output. 

quency (2F = 30 MHz). This lessens the 
worst case condition when the second 
harmonic is not subject to much attenu¬ 
ation by the low pass filter. It is accept¬ 
able for the second harmonic to get 
larger with frequency for this case so 
long as it does so with less slope than 
that of the low pass filter. 

Conclusion 
A digital ¿-6 counter has been intro¬ 

duced, the output of which naturally 
suppresses the 2nd, 3rd, and 4th har¬ 
monic. This offers a great advantage in 
the design of successive division synthe¬ 
sizers. An analysis of the dependencies 
on amplitude and phase balance dem¬ 
onstrates that a practical divider can be 
implemented in 10KH ECL logic with 
guaranteed harmonic suppression over 
a reasonable temperature range. A 
prototype divider has been implemented 
in ECL and shows excellent agreement 
with predictions. Custom or semi¬ 
custom VLSI technology could also be 
used to implement an entire successive 
division unit on a single chip. 
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CTS Corporation - Frequency Control Div. 
Direct Conversion Technique 
Eagleware/Circuit Busters 
Eaton Corp., Electronic Instrumentation Div. 
EEsof, Inc. 
Ehrhorn Technological Operations 
ENI 
Erbtec Engineering 
Gore & Associates 
Harris Semiconductor 
Hewlett-Packard 
IFR Systems 
Instruments for Industry 
JFW Industries Inc. 
John Fluke Mfg. Co. Inc. 
LCF Enterprises 
Litton Solid State 
Loral Microwave - FSI Semiconductor 
M/A-COM 
Marconi Instruments 
Merrimac Industries, Inc. 
Motorola Inc. 
Murata Erie North America 
Nedrud Data Systems 
New England Micronetics 
Optimax 
Philips Components - Discrete Products Div. 
Philips Components - Signetics 
Phonon Corporation 
Piezo Crystal Company 
Piezo Technology 
Polyflon Company 
Q-bit Corporation 
Racal-Dana Instruments Inc. 
RF Design 
RF Monolithics 
Sawtek Incorporated 
Sciteq Electronics Inc. 
SGS-Thomson Microelectronics 
Sokol Crystal Products, Inc. 
Sprague-Goodman Electronics 
Stetco Inc. 
Synergy Microwave Corp. 
Techtrol Cyclonetics 
Tektronix Inc. 
Toko America Inc. 
Trilithic Inc. 
TRAK Microwave Corp. 
TRM Inc. 
Trontech, Inc. 
TTE, Incorporated 
Vectron Laboratories, Inc. 
Voltronics Corporation 
Wavetek Corporation 
Webb Laboratories 

WE INVITE YOU TO JOIN 
US FOR RF EXPO EAST. 

Please see the Technical Preview on the 
following page and use the registration 
card on pg. 69. 

Q. What do RF Engineers 
do when the weather 
turns cold? 

Fly south. To the 5th 
annual RF Expo East. 

Ell? expo_ 
November 13-15, 1990 
MARRIOTT’S 
Orlando World Center 
Orlando, Florida 

Sponsored By RF Design Magazine 
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PROGRAM AT A GLANCE 
TUESDAY, NOVEMBER 13 Exhibits Open 11:00 a.m. - 6:00 p.m. 

Ul?expo_ 
1T^/ A November 13-15, 1990 
Lã £\ ■ MARRIOTTs 
ã / \ JR ■ Orlando World Center 

A Orlando, Florida 

A-1 Receivers I (Tutorial) 8:30-11:30 • Design of Receivers for Electronic Warfare S. R. Vincent, Raytheon 

A-2 Power Amplifiers 8:30-9:30 • VSWR Performance of Transistor RF Power R W. Brounley, Brounley Engineering 
Amplifiers 

9:30-10:30 • A Novel Technique for Analyzing High-Efficiency K. Siwiak, Motorola 
Switched-mode Amplifiers 

10:30-11:30 • RF Power Transistors for 200-W Multicarrier K Vennema, Phillips 
Cellular Base Station 

A-3 PLLs and Synthesizers 8:30-9:30 • The ‘Approximation Method" of Frequency Synthesis A. D. Helfrick, TIC 
9:30-10:30 • Digitally Derived Swept-frequency Source for G Whitworth, Johns Hopkins University APL 

Chirped-pulse Radar Altimeters 
10:30-11:30 • Ten-bit 300-MHz DAC for Direct Digital Synthesis P Jordan, Analog Devices 

A-4 Microwaves 8:30-9:30 • System Design Considerations for Line-of-Sight G M Kizer, Rockwell (Dallas) 
Microwave Radio Transmission 

9:30-10:30 • Phase Shifter Based Upon Reflectively Terminated M. H. Kori, Centre for Development of Telematics 
Multiport Coupler 

10:30-11:30 • Instrumentation for Radar Reflectively Measurement D. J. Kozakov, C. W. Sides. D. A Thompson, and 
R. S. Banks, Millimeter Wave Technology 

B-1 Receivers II 1:30-2:30 • Spread Spectrum with Digital Signal Processing R. J. Zavrel, Jr, Stanford Telecom 
(Spread Spectrum) 2:30-3:30 • Receivers for GPS and GLONASS Spread-spectrum J. Danaher, Structured Systems 

Navigation Systems 
3:30-4:30 • Detection and Sorting of Frequency-hopped Signals J. E. Dunn and S. P. Russell, Iowa State University 

B-2 MMICS 1:30-2:30 • GaAs MMIC Switch Products—Daily Applications M. D. Smith, ANZAC 
2:30-3:30 • Silicon MMICs: 35 dB - 35 dBm - $35 J Walsh, SGS-Thomson 
3:30-4:30 • Some Design Considerations for L-band R Weber, ISU Microelectronics Research Center 

Power MMICs 

B-3 Filters 1:30-2:30 • Capabilities and Applications of SAW-coupled A. Coon, RF Monolithics 
Resonator Filters 

2:30-3:30 • At Long Last: Modular, Digitally Tuned RF Filters E. A. Janning, Pole-Zero 
as Easy as Amplifiers and Mixers 

3:30-4:30 • Narrow-band SAW Filters for IF Applications B. Horine and S. Gopani, Sawtek 

B-4 Antennas and Propagation 1:30-2:30 • Large Loop Antennas R. P. Haviland 
2:30-3:30 • VHF Multipath Propagation: Causes and Cures D. R. Dorsey, DocSoft 
3:30-4:30 • Radio-frequency Identification Systems for J. Eagleson. Allen-Bradley 

Commercial and Industrial Applications 

WEDNESDAY, NOVEMBER 14 Exhibits Open 11:00 a.m. - 6:00 p.m. 

C-1 Receivers III (Digital) 8:30-9:30 • IF Frequency-response Considerations for the R Roberts, Harris 
Digital Radio Environment 

9:30-10:30 • DSP Demodulation S. F Russell, Iowa State University 
10:30-11:30 • A DSP PSK Modem for SATCOM SCPC Y. S Rao, R. Asokan, and K. Reeta, 

Voice/Data Centre for Development of Telematics (India) 

C-2 Transmitters 8:30-9:30 • Architecture of HF-VHF Radio Transmitters M. A. Sivers and S. V. Tomashevitch, Leningrad 
Electrotechnical Institute of Communications 

9:30-10:30 • Digital-feedback Techniques for a Pulse-width- H. Direen, ETO 
modulated Power Supply for RF Power Amplifiers 

10:30-11:30 • Increasing the Efficiency of SSB Transmitters L. Voronov, Leningrad Electrotechnical Institute of 
by Envelope-tracking RF Power Amplifier Communications 

C-3 SAW Tutorial 8:30-11:30 • Surface Acoustic Wave (S AW.) Technology C. A. Erikson, Jr., Oakmont 

C-4 RF Systems for Research 8:30-9:30 • RF Systems for the Advanced Photon Source J. F. Bridges, Argonne National Laboratory 
in Particle Physics 9:30-10:30 • RF Applications in Particle Accelerators C. Hovater, Continuous Electron Beam Accelerator Facility 

10:30-11:30 • A Fully Digital RF-signal Synthesis and H. Meuth, Forschungszentrum KFA Julich (FRG) 
Phase Control for Acceleration in COSY 

D-1 Receivers IV 1:30-2:30 • Dynamic Evaluation of High-speed, High-resolution J. Colotti, CSD/Telephonics 
(Applications) D/A Converters 

2:30-3:30 • A High-performance Low-cost TV Demodulator P R. M. Correa (BRAZIL) 
3:30-4:30 • Digital-signal-processing-based Spectrum-monitoring I. Novak, Design Automation. Technical Univ of Budapest 

System for the European Broadcasting Area 

D-2 Components 1:30-2:30 • Impedance-matching Transformers for RF Power D. N. Haupt, Erbtec 
Amplifiers 

2:30-3:30 • Temperature-compensating Attenuators P F Hamlyn, ANZAC 
3:30-4:30 • Using Current Feedback Amplifiers in High- A. Neves, PMI 

frequency Active-filter Applications 

D-3 Quartz Crystals and 130-2 30 • Vibrational Sensitivity and Phase Noise in G. Kurzenknabe, Piezo Crystal 
Applications Crystal Oscillators 

2:30-3:30 • Quartz-crystal Filters: A Review of Current Issues M. D. Howard and R. C. Smythe, Piezo Technology 
3:30-4:30 • Frequency Correlation of Quartz-crystal Resonators B. Long, Piezo Crystal 

D-4 Modulation 1:30-2:30 • New Method of Linear Amplitude Modulation L. Minggang, G. Liangcai, and Z. Suwen, 
Wuhan University (PRC) 

2:30-3:30 • 4-GHz Multiplied Source for Digital Modulation D. Balusek, Rockwell (Dallas) 
3:30-4:30 • Techniques in Voice Compression and Synthesis P G. Beaty. Erbtec 

THURSDAY, NOVEMBER 15 Exhibits Open 10:00 a.m. - 2:00 p.m. 

E-1 Noise Tutorial 8:30-11:30 • Noise Fundamentals F. H. Perkins, Jr., and A. Ward, RF Monolithics, Avantek 

E-2 CAD and Simulation 8:30-9:30 • Spice Modeling and Simulation of an 800-MHz, R. Y. La Lau, Mobile Data 
Class-AB Push-pull Amplifier 

9:30-10:30 • Computer Programs Design and Optimize N. O. Sokal and I. Novak, Design Automation 
High-efficiency RF Power Amplifiers 

10:30-11:30 • A Quasi-linear Determination of UHF Power P E. D'Anna, MMD 
Device Operation from a Spice-simulated 
Nonlinear BJT Model 

E-3 PLLs and Synthesizers II 8:30-9:30 • Designing with Direct Digital Frequency F A B. Cercas, A. A. Albuquerque, and M. Tomlinson, 
Synthesizers Instituto Superior Técnico (Portugal) 

9:30-10:30 • Direct-digital Waveform Generation Using B-G Goldberg, Sciteq 
Advanced Multi-mode Digital Modulation 

10:30-11:30 • Optimum PLL Design for Low Phase-noise S. Goldman, E-Systems 
Performance 

E-4 Test and Measurement 8:30-9:30 • Design and Development of an RF Data T. H Jones and M A. Belkerdid, Univ of Central Florida 
Acquisition System 

9:30-10:30 • Handheld Probing Techniques for RF-PCB and Y. D. Kim, Hewlett-Packard 
Hybrid-circuit Characterization 

RF Design 10 30-1130 • Using the VXI Bus for RF Test Equipment M. Levy, Racal-Dana 65 



Exactly 
what 
you’ve 
always 
wanted in a 

DDS 

RF literature 

EVERYTHING! 
DDS-1 

Waveformer™ 
This complete one-chip DDS 
covers over 10 MHz in fine steps, 
with QM. FM, and true digital AM, 
plus a unique auto-FSK mode. 
Add it to a PLL synthesizer to 
reduce division ratios while 
improving modulation capabilities. 

Video Graphics System 
Design for Reduced EMI 

This application note from Analog Devices 
is a guide to the design of a video graphics 
system in terms of EMC. This note explains 
EMC and the techniques of reducing radiated 
emissions and EMI in the design of high¬ 
speed video graphics. 
Analog Devices 
INFO/CARD #230 

High Intercept Low Noise 
Amplifier Handbook 

This handbook contains information for 
effective two-tone intermodulation distortion 
test systems, cancellation techniques, and 
suppressing second harmonics, performance 
plots, tabular data, and outline dimensions. 
Video, RF and microwave products from AML 
are included. 
AML, Inc. 
INFO/CARD #227 

RF Components Catalog 
This catalog incorporates information on 

the ULTRAMIN" miniature filters along with 
commercial grade and tunable filters. Also 
included is information on programmable, 
fixed, and step attenuators, detectors, match¬ 
ing pads and DC blocks. Formulas, graphs, 
packaging outlines, and environmental capa¬ 
bilities are also contained. 
Wavetek RF Products, Inc. 
INFO/CARD #226 

Crystal Oscillators 
This new catalog includes technical speci¬ 

fications on Murata’s DCXOs, VCXOs, 
TCXOs, OCXOs, and discrete and hybrid 

crystal oscillators. New products featured 
include low cost TCXOs and VCXOs and high 
stability, small size DCXOs. 
Murata Erie North America 
INFO/CARD #220. 

New Devices Catalog 
Alpha Industries has released a catalog 

containing information about mixer and de¬ 
tector diodes, control and generating de¬ 
vices, parametric amplifier varactors, and 
beam-lead and chip capacitors. Also included 
is a new line of MMIC devices, including 
FETs, amplifiers, and sw tches. 
Alpha Industries 
INFO/CARD #228 

EMC Accessories Catalog 
Products described ir Hewlett-Packard's 

EMC Accessories Catalog include transduc¬ 
ers and accessories. HP 11966 series anten¬ 
nas, HP 11967 series conducted EMC acces¬ 
sories, and HP 11968 series EMC positioning 
accessories. An EMC accessory application 
guide is also included. 
Hewlett-Packard Company 
INFO/CARD #225 

RF/IF Signal Processing 
Guide 

Detailed specifications, computer-auto¬ 
mated performance data and performance 
curves for Mini-Circuits cío to 5 GHz signal¬ 
processing components are contained in this 
guide. Products covered are mixers, power 
splitter/combiners, monolithic and power am¬ 
plifiers, RF transformers. GaAs switches, and 
filters. 
Mini-Circuits 
INFO/CARD #221 

■■1 complete DDS, with DAC 

■■ 1.5 square inch flatpack 

■ phase modulation 

digital AM 

■■ 32-bit frequency control 

■■ Automatic FSK 

■■ -60 dBc spurs 

■■25MHzFc (>10MHzBW) 

■■ 1.25W total (±5V) 

Sciteq offers many synthesizers 
that feature advanced-technology 
DDS designs . DDS+mixifilter .and 
DDS+PLL. 

SCITEQ Electronics, Inc. 
8401 Aero Drive 
San Diego. CA 92123 
Phone:619 292-0500 Fax:619-292 9120 

Advertising Index 
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MTS Microelectronics. Inc. 22 
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• ENGINEERS ’ DESIGN 
• MANAGERS •SYSTEMS 

PROFESSIONAL ENGINEERING RECRUITING 
TOP COMPANIES - RADIO • COMMUNICATIONS • AVIONICS 

DON GALLAGHER, MS EE, PRESIDENT 

Gallagher & Associates 
1145 LINN RIDGE RD MT. VERNON. IA 52314 
(319)895-8042 (319) 895-6455 FAX 

35 Years Engineering Exper. — Co. Paid Fees 
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Wide Band Engineering Company. Inc 58 
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Cellular RF Design 
Engineers 

Ericsson Radio Systems, Inc., a world leader in advanced cel¬ 
lular technology, is growing rapidly in the dynamic North Ameri¬ 
can market. This growth has created several positions for Cellular 
RF Design Engineers. 

These individuals will be located at Encsson's new Research 
and Development Center in North Carolina's Research Triangle 
Park. Some will have the opportunity to work and train in 
Sweden prior to assuming their responsibilities at RTP. 

To qualify you must have the following: 

• 5-7 years' design experience 
• Landmobile or microwave RF design experience 
• Multi-channel radio design experience 
• Transmission design expenence working with T1, Pulse 
Code Modulation (PCM) and speech processing 

• Ability to drive a project from design to manufacturing 
• Experience with computer simulation tools 
• BSEE and MSEE preferred 

Persons interested in pursuing career opportunities with Ericsson 
Radio Systems, Inc , should send a resume to: Ericsson GE 
Mobile Communications, Inc., Attn: Ernie Leskovec, P.O. Box 
13969, 79 TW Alexander Drive, Suite 115, Bldg. 4401, Research 
Triangle Park, North Carolina 27709, (919) 549-7529. Or, FAX 
your resume to: (919) 549-7528. 

ERICSSON 2 
Radio, Systems, Inc. 

An Equal Opportunity Employer m/f/v/h. 

RF Engineer ■ 
Experience New Challenges In 
Automotive Electronic Systems 
Development With TRW 

At TRW Transportation Electronics Division's Product 
Development Center, were engineering solutions with advanced 
electronic and electromechanical control systems for the automotive 
OEM'» worldwide. 

Today, our multi-disciplined engineering development team is forging 

new frontiers in automotive electronics and we're currently seeking an 
RF Engineer with the following credentials: 

* 5-7 years of experience in analog and digital circuit design with 

exposure to superregenerative and superheterodyne RF circuits 
* working knowledge in data transmission, antenna design and 

electronic component engineering 

• familiarity with FCC/DOC specifications, RF test methods, procedures 
and equipment 

* a BSEE required: advanced degree preferred. 

We provide an attractive, high-tech working environment, excellent 

salary and benefit program, and sustained challenges with a company 

committed to technical excellence. For prompt consideration, please 
forward your resume in confidence IO: 

Director-Engineering-RF890. TRW Transportation Electronics 
Division, 1708 Northwood, Troy, Ml 48084. Fax: 
313.362.8377. Equal Opportunity Employer M/F/H/V 

You Have 
As Much Potential 
As We Do-
Unlimited. 
Radio Frequency 
Engineers 

When you’re creating the world’s most advanc¬ 
ed cellular network—there really are no limits. 
At PacTel Cellular, we've revolutionized 
telecommunications and will continue to do so 
now and in the years to come. Our success 
derives from a philosophy that believes the 
potential for growth and achievement is 
unlimited. We believe cellular technology will 
continue to grow and we know our professionals 
will. If you share a common philosophy—join 
the nation’s premier provider of cellular ser¬ 
vice. We’re currently seeking several Radio 
Frequency Engineers for the following outstand¬ 
ing opportunities. 

Among your varying responsibilities, you will 
evaluate subscriber traffic, present and future 
RF coverage and growth data to forecast system 
expansion and to provide optimal service for 
our customers. You will design the frequency 
plan, conduct testing on potential installation 
areas, assist the real estate group on potential 
cell and enhancer locations, and remain 
current on new technology and industry 
advancements. 

The individuals we're seeking will have a 
Bachelor’s degree in Electrical Engineering 
and two or more years of experience in the 
cellular industry. 

Located in the Southern California community 
of Irvine, near recreational parks and the ocean, 
you’ll enjoy many of the benefits that come 
from a progressive company. We will provide 
you with a competitive salary, including com¬ 
pany wide bonus plan and an extensive benefits 
package. For immediate, confidential con¬ 
sideration, please send your resume with 
salary history to: PacTel Cellular, Dept. CR-
RFE-M, P.O. Box 19707, Irvine, CA 92713-9707. 
An Equal Opportunity Employer. Principals only, 
please. 

PAC ¡3 TEL 
Cellular 

A Pacific Telesis Company 

\ / 



PENSTOCK FAMILY IS GROWING . 

NOW AVAILABLE: HEWLETT-PACKARD 
Microwave Semiconductors & Components 

Amplifiers 
Attenuators 
Bias Tee 
Comb Generators, 

Detectors 
Diodes 
Mixers 
MMIC Components 

Step Attenuators 
Switches: 

EM, PIN, MMIC 
Transistors 

INVENTORY IN STOCK 

(800) PENSTOCK 
Corporate Office: 520 Mercury Drive, Sunnyvale, Calfiornia 94086-4018 • FAX: (408) 730-4782 

Sales Offices: 
SO. CALIFORNIA: 213-383-6100 
NORTHWEST: 206-454-2371 
CANADA: 604-662-3475 

PENSTOCK 
RF Microwave Distribution 

ILLINOIS: 708-934-3700 
INDIANA: 317-784-3870 
KANSAS: 913-829-9330 

NEW YORK: 516-271-8415 
PENNSYLVANIA: 215 383-9536 
NEW JERSEY: 201-459-5323 

HEWLETT 
PACKARD 

Authorized Distributor 

INFO/CARD 60 



RF Design Simplified. 
Use Toko’s RF Building Blocks 
and Stop Going to Pieces! 
Now you con reduce your RF design and 
component sourcing problems with just one phone 
call. Toko can supply more than 75% of the com¬ 
ponents required for most RF design projects, with 
"building blocks" that save time and space. 

M  oko is the world's largest manufacturer 
- =■ of small coils, with radial and axial 
leaded-inductors and SMT inductors— adjustable 
or fixed, in single or multiple coil configurations. 
We have what you're looking for. 

ra Why design a complex LC or helical 
filter when Toko already mokes it! We 

offer a wide variety from 4mm SMT styles to 
helical filters large enough to handle RF power 
signals— all in single or multiple configurations. 

— For l-F amplification and detection, 
Toko offers a variety of ICs to simplify 

design and reduce product size. Other available 

types include: compandors for noise U-
reduction, equalizers, analog switches and 
voltage regulators. 

—|Qj— For l-F or oscillator circuits, 
Toko ceramic filters and oscillating “ 

elements are an alternative to more costly 
technology. These High Q devices ore also 
extremely compact and stable. 

With over 36 stock types in a wide 
range of capacitance values, Toko has 

the varactor diodes you need, in SMT or SIP 
packages. An exclusive manufacturing process 
eliminates tracking errors in matched sets. 

r\ The fastest way to design and produce 
your next RF design project is with 

Toko RF modules. Utilizing the latest hybrid circuit 
technology, these circuits will also save space and 
cost. Custom variations ore also available. 

COIL PROTOTYPE/SAMPLE KITS 
I Toko sample kits give you more choices and 

costless! 
* Molded Sample Kit: 82 values (123 parts) 
30MHz-150MHz; 0.0393-1.173 

• * 7mm Sample Kit: 54 values ( 108 ports), 
Z 70kHz- 50MHz; 0.1 -220 mH 
• 10mm Sample Kit: 68 values (136 parts), 

79kHz-75MHz; 0.08 MH-56 mH 
PRICED AT ONLY $49 EACH. ORDER TODAY! 

Let Toko put the pieces together for you. For 
a free catalog or information on samples, 
contact Toko America today. 
(708) 297-0070; FAX (708) 699-7864. 

[.¿¡TOKO 
TOKO AMERICA,INC. 

Your strategic partner. .. 
for all the right reasons. 

INFO/CARD 61 



Less Is More 
New IF Log Amps For Less Power, 

Less Voltage, Less Space...More Performance 

■ DC power <800 mW 

■ Low voltage MMIC devices 

■ 0.14 cu. in. gold plated package 

■ High frequency, up to 1250 MHz 

■ Ideal for use in multi-channel EW systems 

ELECTRICAL SPECIFICATIONS Model MML375 Model MML750 Model MML1 000 
Operating frequency (MHz) 250-500 500-1000 750-1250 
Dynamic range (dB) 70 70 65 
Input VSWR <1.75:1 £2.0:1 <2.0:1 
Log slope, nom. (mV/dB) 20 20 20 
Linearity, nom. (dB) ±1.0 ±1.5 ±1.75 
Volts out, nom., into 93QC«0dBm (mV) 1450 1450 1350 
IF output, nom. (dBm) 0 -2 -4 
Video rise time (nsec) <20 
Overshoot and ringing, nom. (%) 10 
Video output impedance (ohms) _  <10 
DC power, typ. (mA) 140(g + 5VDC;20(a -I 5VDC 
ENVIRONMENTAL: Operating temperature - 55°C to + 85°C; hermetically sealed package; meets 

applicable requirements of MIL-E-5400 

RHG ELECTRONICS LABORATORY, INC. 
161 East Industry Court, Deer Park, NY 11729 
(516) 242-1100, FAX: 516-242-1222, 1WX: 510-227-6083 A AJÚK.CM CO/MR4NY 

INFO/CARD 62 
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Custom RF and Video 
Processors Without NRE 

The SMP Development 
Station allows you to 
implement customized 
processors with software 
commands. 

For years, development stations for digital systems have 
been used to evaluate designs before custom hardware is 
produced. Now the modular SMP Development Station 
brings that development efficiency to RF and video 
systems. 
The Signal MicroProcessor (SMP) is a software-

programmable chip which processes RF and video analog 
signals with the same versatility and ease that the digital 
microprocessor processes data. The SMP Development 
Station is an evolving system of PC-based instrumentation 
modules that use the SMP as a massively parallel 
processing engine capable of handling RF and video 
signals with bandwidths up to 150 MHz. User interface and 
control of the SMP is provided through powerful and easy-
to-use W.A.V.E.® data aquisition and analysis software. 
W.A.V.E.® runs on any IBM-PC/AT or 100% compatible 
personal computer. 

The first SMP Development Station module is a 128-tap 
programmable transversal filter (PTF) which is useful for 
signal generation, extraction, modification and 
characterization. It has been used to verify the design of an 
LPI radar system, built-in network analyzers, multipath 
equalizers, pulse-shaping equalizers, magnetic read-head 
equalizers, programmable bandpass filters, smart scope 
triggers, anti-aliasing filters, synthesizers, waveform 
generators, spread-spectrum matched filters, interference 
cancellers, target simulators, and pattern matchers for 
signals and images. 

Users can expect to have the SMP Development Station 
up and running in less than 1 hour. 

Pulse shaping / equalization 
Unparalleled ability to shape wideband waveforms and equalize channels. 

Interference cancellation 
Measurement and cancellation of single or multiple nterference sources. 

Electronic Decisions Incorporated 
1776 East Washington Street Urbana, Illinois 61801 

(800) 373-3628 
INFO/CARD 1 



Made Afi 
■ ■ Response 

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 

rw« UH HI 
/A • » ■ 

A /hbO 

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, 
contact your local IFR distributor or 

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

INFO/CARD 2 

IFR SYSTEMS, INC. 
10200 West York Street / Wichita, Kansas 67215-8935 U.S.A. 
Phone 316/522-4981 I TWX 910-741-6952 I FAX 316/524-2623 
Our continued growth has created openings for Engineering 
Professionals. Please contact IFR for information. 

'Vus»-



Rise/Fall 

Rise/Fall 

Rise/Fall 

Rise/Fall 

0.0000000007 

0.7x10 9 seconds 

0.7 nanoseconds 

700 picoseconds 

FAST BY ANY MEASURE! 
DAICO Introduces The 700 Picosecond Ultra-Fast Switch 

The new DAICO DSO841 
offers incredible switching 
speed. It’s much faster than 
a Schottky diode switch 
drawing less than 2mA. 
In fact, Schottky diode 
switches can draw as much 
as 100-200mA. 

RF envelope rise time (10% /90% RF) for the DSO841 is 
typically less than 700 psec with 7 nsec switching speed (50% TTL 
to 90% RF). 

DSO841 also offers excellent isolation of 70dB typical at 100MHz 
typical and 60dB typical to 200MHz. 

The DSO841 is the ideal high speed, low transient, low power 
consumption switch for blanking and modulating applications. 

■SK 
Operating Characteristics 
PARAMETER MIN TYP MAX UNITS CONDITIONS 

Current Drain 2 5 mA AT +5V DC Supply 

Switching Transients 56 100 mV Peak Value 

Transition Time .7 1 nS 90%/10% or 10%/90% RF 

Switching Speed 7 10 nS 50% TTL to 90/10% RF 

Insertion Loss 1.7 2.3 dB 

Isolation 60 70 dB 10-100 

50 60 dB 100-200 

Operating Frequency 10 200 MHz 

TTL Controlled 

Scope Specifications 
Ch.l = 100.00 mvolts/div Timebase = 1.00 nsec/div Offset = 20 00 mvolts Delta T = 480 00 p 

Call DAICO today at (213) 631-1143 for more information on this new ultra fast 
switch and our complete line of RF Attenuators, Switches and Phase Shifters. 

DAICO INDUSTRIES, INC. 
2453 East Del Amo Boulevard, Compton. CA 90220 

213/631-1143 • FAX 213/631-8078 

INFO/CARD 3 
Congratulations to Mr. Ed Bialek, Section Head, Microwave Design, Amherst Systems, 
Buffalo, NY, for winning the DAICO MTT-S computer giveaway. 
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design awards 
29 A Lowband RF Quiet Switch 

This article demonstrates a lowband RF switch that 
is able to switch a source on and off or to switch 
between two sources quickly, cleanly and quietly. 
Designed for use in a medical ultrasound imaging 
unit it operates between 30 kHz and 20 MHz. This 
design has won its creator the Grand Prize in the 
1990 RF Design Awards Contest. 

— Kevin Randall 

41 Hybrid PLL/DDS Frequency 
Synthesizers 
Single loop PLL synthesizers, while small in size, 
provide poor noise, spurious and settling per¬ 
formance, and exhibit microphonie behavior when used at high frequencies with 
small step size. Techniques are described to combine the DDS and the PLL to cre¬ 
ate powerful hybrid synthesizers for these difficult performance specifications. An 
entry in the Design Awards Contest, this was an honorable mention prize winner. 

— Rob Gilmore and Richard Kornfeld 
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cover story 
^7 Results of the 1990 RF Design Awards Contest 

This year’s winners of the Fifth Annual RF Design Awards Contest are announced. 
Representing diverse companies and institutions from the U.S., Canada, and around 
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61 EMC News Update 
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63 VHF and UHF Crystal Oscillators 
Simple high frequency crystal oscillators can help in situations where space limita¬ 
tions and a stable LO frequency are a concern. This article describes oscillator cir¬ 
cuits that can be used in fundamental or overtone modes, with a minimum number 
of components. — Andrzej B. Przedpelski 
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HIGH POWER 
16 WAY 

COMBINER 
RF editorial 

Lots of Good 
Ideas 

TYPICAL SPECIFICATIONS 
MODEL D2599 

FREQUENCY RANGE . 0.4 - 1GHz 
INSERTION LOSS . 0.5db 
ISOLATION . 25db 
VSWR . 1.3:1 
POWER . 400 watts 

The model D2599 features full power 
isolating terminations which maintain 
impedance match and isolation in "soft 
failure” modes. 

PRECISION 
DIRECTIONAL 
COUPLER 

TYPICAL SPECIFICATIONS 
MODEL C2523 

FREQUENCY RANGE .... 100-400 MHz 
COUPLING . 30db 
DIRECTIVITY . 35db 
VSWR . 1.1:1 
POWER . 750 watts 

The model C2523 features exceptional 
coupling linearity vs input power and 
non-destructive precision stainless steel 
connectors. 

1965 - 1990 
25 years in business 

decades ahead 

WERLATONE, INC. 
P.O. Box 47 

Brewster, NY 10509 
Tel: (914) 279-6187 
FAX: (914) 279-7404 
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By Gary A. Breed 
Editor 

Great ideas are in abundance this 
summer! Of course, the main rea¬ 

son for this observation is the 1990 RF 
Design Awards Contest. The winners 
— from Grand Prize to Honorable 
Mention — are all highlighted in this 
month’s cover story. The top entry, a 
“quiet switch,” submitted by Kevin Ran¬ 
dall of Interspec, Inc., is published in this 
issue, along with one of our Honorable 
Mention winners, a PLL-DDS hybrid 
design by Rob Gilmore. Read all about 
the winners on page 47, then look over 
these two entries. 

Reflecting on the contest, the judges 
(Consulting Editor Andy Przedpelski, 
last year’s winner Dan Baker, and your 
Editor) think that this is the best collec¬ 
tion of ideas yet. Engineers are a 
humble sort, and most of the entries 
didn’t really explain how their authors 
solved difficult problems. After talking 
to the top prize winners, I soon realized 
that their entries represented key devel¬ 
opments for their companies. We are 
pleased to have a total of 13 prize 
packages to present this year, since at 
least that many entries deserve special 
notice. 
The secretary for the engineering 

department at Interspec called to make 
sure we supplied their firm with com¬ 
plete information on Kevin Randall’s 
prizes and publicity. She wanted to be 
certain that we understood how impor¬ 
tant his achievement was to them, and 
she knew that he wouldn’t make a big 
deal of it. I’ve seen it many times over 
the five years of our contest — the 
winners are genuinely humble, but un¬ 
derstandably pleased and satisfied that 
their accomplishments are recognized. 

So it’s our job to make a big deal of it! 
We hope that our contest provides some 
well-deserved recognition for excellence 
in RF design engineering. 

Between now and next July’s report 
on the 1991 contest, we will publish all 
13 prize winners, and at least two or 
three other interesting entries. We have 
gotten plenty of encouragement to con¬ 
tinue publishing these “great ideas” 
every month, and we will certainly keep 
’em coming. 

Congratulations to all the engineers 
who entered our contest, and especially 
to those who were selected as winners. 
Your contributions have not gone unno¬ 
ticed. 

An RF Expo East Report 
Under the guidance of Program Chair¬ 

man Dr. Fred Raab the Technical 
Program for RF Expo East is shaping 
up extremely well. International partici¬ 
pation is high, with proposals from the 
Soviet Union, People’s Republic of 
China, United Kingdom, Hungary, India, 
and Korea. Hopefully, all of these engi¬ 
neers will be able to complete their 
papers and receive approval to travel to 
Orlando in November. 
A list of papers that are likely to be 

part of the RF Expo East program is 
contained in the show announcement 
on page 66. It is very early in the 
process, so some of these papers may 
not be able to be presented, but the 
majority will be included in the best RF 
Expo Technical Program we have ever 
had. Make sure Orlando is on your 
schedule for November 13-15 — it’s 
going to be great! 
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Noise Com: Quality. 
Performance. Service. 
From the leader in noise sources. 

No one delivers noise performance 
like Noise Com. And no one 
delivers it on time, time after 
time, like Noise Com. We’ve built 
a solid reputation for quality, 
performance, and service that is 
unmatched in the industry. 

Noise Com offers the industry’s 
broadest spectrum of noise 
products — from diode chips to 
hermetically- sealed noise diodes 
to precision coaxial and waveguide 
noise sources, and manual, 
automated, and high-power noise 
generating instruments. 

Noise Com also designs custom 
subassemblies that combine noise 
technology with passive and 
active components. We have 
constructed fast-switching 
frequency-hopping generators, 
extremely stable noise generating 
subsystems, frequency-agile 
jammers, and secure 
communications subsystems. 

Quality products and the 
industry's most responsive service 
and support have made Noise 
Com the leader in noise 
technology. 

Put our resources to work for you. 

Call Gary Simonyan at Noise 
Com, (201) 261-8797. 

Wideband noise-generating 
instruments for the bench 

NC 6000 Series 
DC to 18 GHz 

■ Rugged design 
■ Precision attenuator 
■ Crest factor 5:1 
■ Excellent flatness 

The NC 6000 Series are rugged noise generating instruments designed for 
applications on the test bench, or in test stations in which an NC 6000 Series unit 
is incorporated with other equipment to provide a wide variety of functions. 

Programmable broadband 
noise-generating 
instruments 

NC 7000 Series 
DC to 18 GHz 

■ Completely programmable—from front panel or IEEE-488 bus 
■ Non-volatile memory for measurement parameters 
■ Front panel display 
■ Fast-switching 127-dB attenuator 
■ +13 dBm or +30 dBm (1 W) white Gaussian noise output 

The NC 7000 Series can be used alone to perform a programmed series of noise 
measurements, or they can be bus-controlled, for running a battery of tests 
automatically via any instrument controller. 

For Noise Com's complete 
line of products 

see the Microwaves & RF 
Product Data Directory 

■ High power—up to 1 W (30 dBm) 
• Uniform response— ±-2 dB 
■ Precision attenuator—100 dB in 10-dB steps (10 dB in 1-dB steps optional) 
■ Can be configured for custom requirements 

The NC 8000 Series offers 1W (+30 dBm) power output for applications such as EMC 
testing, broadband jamming, jamming simulators, in secure communications channels, 
and any other area requiring high-level noise. 

V nob^òm 
Number One in Noise Sources. 

E. 64 Midland Avenue, Paramus, New Jersey 07652 

(201) 261-8797 • FAX: (201) 261-8339 
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Cellular Band Class A Linear 

POWER 
AMPLIFIERS 

■ Unconditional Stability 
■ 2, 5, 7, 10, 25 watt output 
■ Fixed or Adjustable Gain 

^design 
a Cardiff publication Established 1978 

Main Office: 
6300 S. Syracuse Way. Suite 650 
Englewood, CO 80111 • (303) 220-0600 
Fax: (303) 773-9716 

Designed to be integrated into 
cellular base stations,repeater 
sites, and extenders. 

Publisher 
Kathryn Walsh 

Editor 
Gary A. Breed 

Assistant Editor 
Liane Pomfret 

Assistant Editor 
Charles Howshar 

Consulting Editor 
Andy Przedpelski 

Account Executive 
Bill Pettit 
Main Office 

Also available: More than 20 models of standard and custom designed High 

Dynamic Range Receiving Amplifiers and Power Dividers. 

Account Executive 
Kristine Rallis 
Main Office 

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

Recruitment/Classified Sales 
Maryanne Averill 

20 Years of Custom RF Electronics Sub-assemblies 

33890 Eastgate Circle ■ Corvallis, OR 97333 
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LABORATORIES inc 
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american 
technical 
ceramics 

coup. 
News From ATC 

Published by ATC July 1990 

Now Available From 
ATC: TS1003 A Case 
Tuning Stick® Kit 

This engineer just discovered 
ATC STA-TUNE™ - 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 STA-
TUNE™ trimmable capacitor can do. Want to 
see what ATC's STA-TUNE can do for you? 

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

ADVANTAGES: 
•Rugged 
•Stable 
•HighQ 
• Low Noise 
•High MTBF 

•Surface Mountable 
•High current capability 
•Reduced need for 1% 
tolerance parts 
•Low Profile 

For your higher frequency 
in-test value selection needs. 
ATC's New A Case Tuning Stick® consists of 
an ATC 100 Series Superchip® measuring only 
.055 X .055, permanently attached to a non-
conductive holder. 
The Stick material is selected so that its effect 
on the capacitance value and Q is minimal. 
ATC TS1003 Tuning Stick Kit is available off 
the shelf. 48 Hour QUIK-PICKsm Shipment. 

TSI 003 Tuning Stick ® Kit contains 27 values: 

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 VEX? 

•Dielectric Withstanding Voltage 
(DWV) = 200% WVDC 

•Insulation Resistance (IR) = 
106 Megohms min. @ 25°C 
and rated WVDC 

CAP. 
VALUE 
(pF) TOL. 
0.1 B 
0.5 
1.0 
1.2 
1.5 
1.8 
2.2 
2.7 
3.3 

C 

CAP. 
VALUE 
(PF) TOL. 
3.9 
4.7 
5.6 

C 

6.8 
8.2 
10 
12 
15 
18 

J 

CAP. 
VALUE 
(pF) TOL. 
22 
27 
33 
39 
47 

J 

56 
68 
82 
100 

K 

Tolerance Code: B = ±0.1 pF; C = ±0.25pF; J = ±5%;K =±10% 

The Leader in RF Capacitor Technology. . 
See Us For Solutions. 

Also available: 
ATC’s B-Case Tuning Stick Kits 

TS1001 and TS1002 
INFO/CARD 76 american technical ceramics corp. INFO/CARD 77 

one norden lane, huntington station, new york 11746-2102 • (516) 547-5700 • fax 516-547-5748 • telex 825707 



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

Optimum Lossy Broadband 
Matching Networks Corrections 

In our March issue we made several mistakes in F.J. Witt’s 
article “Optimum Lossy Broadband Matching Networks for Reso¬ 
nant Antennas” and would like to correct these errors. On page 
46 there are three errors in column two. In the second paragraph 
down, the normalized bandwidth should be BNre( and then in the 
paragraph below that it should read “By setting dBN(SL)/dSL = 0, 
the value of SL, SLopt ...” Then on page 47, there are corrections 
to column 3. A = 0 is uppercase and not lowercase as shown. 
At the bottom of that paragraph it should be dBN(ZN)/dZN = 0. 
In the paragraph below that BNre( = 1//2-and BNmax = ̂ 3 
Equation 24 should be written as: 

Equation 28 should read as follows 

BN =(SM -1P 2 + 
Qq 

Qn 
2 + 1 + 

(28) 

Lmne = 10 log 
Qq 

Qn 

Qq 
2Qn

(24) 

On page 48 in column one, equation 26 should read as follows 

SMmin = ((®N + 1)* + (®N + 1 + (2Qo/Qn) (26) 

10 

(1 + QO/2QN))*)/2(1 + Q0/2Qn) 

/ N 

In the second column, about three-quarters of the way down it 
should read “it is necessary to set A = 0.” 
On page 49, at the bottom of the second column, the sen¬ 

tence should be “Also shown for comparison, (Figure 12(b)), is 
the SWR...” 

Finally, on page 50 there are two more errors. The first is at 
the bottom of the first column. The sentence should be "Cur¬ 
rents flowing on the inside of the resonator...” and then in the 
middle of the second column it should read “Hence, QN = 42.0, 
leading to the following results.” 
We apologize to Mr. Witt and our readers for the mistakes made 

in the article. Mr. Witt can be reached at AT&T, Digital Terminals 
and Microwave Technology Department, 1600 Osgood Street, 
North Andover, MA 01845 for those readers who wish to reach 
him by mail. 

R O D U C I N G 

JUST-IN-TIME... 
SMB and SMC RF Connectors in Stock 

In today’s environment, 
you need the right con¬ 
nectors, in the right 
place, at the right time, 
and at the right price. 

At M/A-COM Omni 
Spectra, we have been 
doing the right things for 
our customers for nearly 
three decades. That’s why 
we now stock SMB and 
SMC connectors right in 
your neighborhood. 

Call or write today for 
your free catalog and the 
name of the authorized 
M/A-COM Omni Spectra 
Distributor in your neigh¬ 
borhood. 

SMB and SMC connec¬ 
tors, just in time from 
the quality leader. 

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

UK (0734)580833 
Japan 03(226)1671 

ill ¿ 
Omni 

Spectra 
A 40COM COMPANY 
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BOONTON RE-DIMENSIONS 
MODULATION MEASUREMENTS! 

Boonton’s 8200 Modulation Analyzer out-performs 
the competition with the widest measurement range 
by far. Automatic or manual acquisition and display 
of carrier frequencies and levels. Measures modula¬ 
tion frequencies from <10 Hz to 200 kHz. True peak 
measurements to 99% a.m. and 500 kHz f.m. with 
accuracies of 1% of reading. Phase modulation to 500 
radians. True rms detection of residuals. Automatic 
audio distortion measurements from 0.01 % to 100% 
THD or 0 to 80 dB SINAD at baseband frequencies 

between 20 Hz to 20 kHz. Plus a full complement of 
low-pass and high-pass filters and de-emphasis 
networks. 

Check with your local representative or contact 
Boonton directly for the full dimensions of the 8200. 

Boonton Electronics Corp. 
791 Route 10, Randolph, NJ 07869 
Telephone (201 ) 584-1077 

Signal Generators ■ Modulation Analyzers ■ RF Power Meters ■ RF Millivoltmeters «Capacitance Meters and Bridges ■ Audio Test Instruments 
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Amphenol 
RF/Microwave Products 
We have always been there. . 
Since 1933, we at Amphenol have 
been leading the way in the devel¬ 
opment of coaxial connectors. Today, 
we manufacture the world’s most 
comprehensive selection, with 34 
distinct series, comprising over 4,000 
cable connectors, receptacles, adapt¬ 
ers, terminations, and accessories, 

and more than 500 MIL-C-39012 and 
MIL-A-55339 qualified parts. 

Now, with our new and vital cus¬ 
tomer service called SRF (Short Run 
Facility), we are the quickest to re¬ 
spond in critical design/development 
situations. 

Send for our new catalog by writing 
to Amphenol RF/Microwave Opera-
ations, One Kennedy Avenue, 
Danbury, CT 06810, by calling your 
nearest Amphenol RF representative 
or by dialing (203) 743-9272 for OEM 
Direct Sales & Service. 

an company 



RF calendar 
July 

26-29 The 1990 International Tesla Symposium 
Hilton Inn, Colorado Springs, CO 

Information: International Tesla Society, 330-A West Uintah 
Street, Suite 215, Colorado Springs, CO 80905-1095. 

August 
13-17 Fifth International Conference on Solid Films and Surfaces 

Brown University, Rhode Island 
Information: Dr. Joseph J. Loferski, Tel: (401) 863-2652. 

21-23 IEEE EMC 90 Symposium 
Washington Hilton Hotel, Washington, DC 

Information: Joe Fisher, Tel: (703) 521-6336. 

28-5 XXIII General Assembly of the International Union of Radio 
Science (URSI) 

Prague, Czechoslovakia 
Information: Prof. V. Zima, Institute of Radioengineering and 
Electronics, Czechoslovak Academy of Sciences, 182 51 
Praha 8, Czechoslovakia. 

September 
10-13 20th European Microwave Conference 

The Intercontinental Hotel, Budapest, Hungary 
Information: Microwave Exhibitions and Publishers Limited, 
90 Calverley Road, Tunbridge Wells, Kent, TN1 2UN, England. 
Tel: (0892) 544027. 

23-27 Association of Old Crows Meeting 
Hynes Convention Center, Boston, MA 

Information: Association of Old Crows, 1000 N. Payne Street, 
Alexandria, VA 22314. Tel: (703) 549-1600. 

25-27 Piezoelectric Devices Conference 
Kansas City Westin Crown Center, Kansas City, MO 

Information: EIA Components Group, 1722 Eye Street, N.W., 
Suite 300, Washington, DC 20006. Tel: (202) 457-4980. 

October 

Single-chip 
1.6 GHz 
PLL 

ACTUAL SIZE 

2-4 SCAN-TECH 90 
Georgia World Congress Center, Atlanta, GA 

Information: AIM USA, 1326 Freeport Road, Pittsburgh, PA 
15238. Tel: (800) 338-0206, (412) 963-8588. 

8-11 Antenna Measurement Techniques Association Symposium 
Wyndham Franklin Plaza, Philadelphia, PA 

Information: Ms. Jennifer Wentz, 1990 A.M.T.A. Symposium, 
Flam & Russell, Inc., P.O. Box 999, Horsham, PA 19044. 
Tel: (215) 674-5100. 

17-20 EMC Expo 90 
San Mateo County Expo Center, San Mateo, CA 

Information: EMC Technology, P.O. Box D, State Route 625, 
Gainesville, VA 22065. Tel: (703) 347-0030. 

QUALCOMM Q3036 
PLL Frequency 

Synthesizer Breakthrough 

• Input Range from VCO: DC to 
1.6 GHz; V SU R <2:1 

• Input Sensitivity -lOdBm to 
+ 10<l Bin 

* On-chip 10/11 Dual Modulus 
Prescalar 

• Both Parallel and X-hit data bus 
interface. TTL/CMOS 

• High Phase Detector (Jain: 
2X6 mv/Rad 

• Up to 100 MHz Phase Detector 
Comparison Frequency 

• Single +5V Supply 

• Divide Ratios: 2- 128 from 
0-300 MHz: 90- 1295 from 
300 MHz- 1.6 GHz 

• QUALCOMM Q2334 DDS 
ideal reference for Une 
frequency resolution 

• MH. XX3 Screened Version 

* PLL Evaluation Board 

Call or FAX 

Qualcomm 
N CORPORATED 

"Making Synthesis Simple" 
VLSI PRODUCTS DIVISION 
10555 Sorrento Valley Road 
San Diego, CA 92121-1617 

Phone: (619) 587-1121 ext. 540 
FAX: (61 9) 452-9096 
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Recourses 
Global Positioning System: Principles and Practice 

July 16-18, 1990, Washington, DC 
Preparation of Signals for Digital Transmission 

August 7-10, 1990, Washington, DC 
Antennas: Radiation and Scattering 

August 27-28, 1990, Washington, DC 
Grounding, Bonding, Shielding and Transient Protection 

August 27-30, 1990, Chicago, IL 
November 12-15, 1990, Orlando, FL 

Automatic Test Systems: Design Programming, Procure¬ 
ment and Utilization 

August 27-31, 1990, Washington, DC 
Microwave Radio Systems 
September 6-7, 1990, Washington, DC 

Integrating Fiber Optics and Analog/RF 
September 10-12, 1990, Washington, DC 

Broadband Communications Systems 
September 10-14, 1990, Washington, DC 

Modern Receiver Design 
September 10-14, 1990, Washington, DC 
October 15-19, 1990, London, England 

Radar Operation and Design: The Fundamentals 
September 18-21, 1990, Washington, DC 

Information: George Washington University, Merril Ferber. 
Tel: (800) 424-9773; (202) 994-6106. Fax: (202) 872-0645. 

Designing for Surge and Transient Immunity in Electronic 
and Computer Systems 

July 16-19, 1990, Madison, Wl 
Information: University of Wisconsin-Madison, College of 
Engineering. Tel: (800) 222-3623; (414) 227-3200. Fax: (414) 
227-3119. 

RF and Microwave Circuit Design II 
July 16-20, 1990, Los Angeles, CA 

Fiber Optic Smart Structures and Skins 
July 23-27, 1990, Los Angeles, CA 

Analog MOS Integrated Circuits 
September 24-28, 1990, Los Angeles, CA 

Information: UCLA Extension, Engineering Short Courses. 
Tel: (213) 825-3344. Fax: (213) 206-2815. 

Principles and Applications of Millimeter Wave Radar 
July 23-27, 1990, Atlanta, GA 

Radar Reflectivity Measurement: Techniques and Applica¬ 
tions 

July 30-August 2, 1990, Atlanta, GA 
Information: Georgia Institute of Technology, Education Exten¬ 
sion. Tel: (404) 894-2547. 

Modern Power Conversion Design Techniques 
July 16-20, 1990, Chicago, IL 
September 10-14, 1990, San Francisco, CA 

Information: E/J Bloom Associates, Inc., Mrs. Joy Bloom. Tel: 
(415) 492-8443. 

1990 EMI Training Institute I 
August 6-17, 1990, Philadelphia, PA 

Information: R&B Enterprises. Tel: (215) 825-1960. 

Introduction to EMI/RFI/EMC 
July 17-19, 1990, Chicago, IL 

1992 and the EEC Directive on EMC 

July 18-20, 1990, Boston, MA 
System Integration and Design for EMC 

July 24-27, 1990, Chicago, IL 
Information: Interference Control Technologies, Inc., Elizabeth 
Price. Tel: (703) 347-0030. Fax: (703) 347-5813. 

RF/MW Amplifier and Oscillator Design: Linear/Nonlinear 
Considerations 

September 17-20, 1990, Budapest, Hungary 
Information: Scientific Society for Telecommunications jointly 
with Besser Associates. Tel: 36-1-153-1027, Fax: 36-1-156-
1215. 

ELINT/EW: Data Bases 
September 10-11, 1990, Syracuse, NY 

ELINT Analysis 
September 12-14, 1990, Syracuse, NY 

ELINT Interception 
September 17-19, 1990, Syracuse, NY 

Radar Vulnerability to Jamming 
September 20-21 , 1990, Syracuse, NY 

Information: Research Associates of Syracuse. Tel: (315) 
455-7157. 

Introduction to Fiber Optic Communications 
July 17-20, 1990, Washington, DC 
August 21-24, 1990, Los Angeles 
September 18-21, 1990, San Francisco 

Digital Signal Processing: Techniques and Applications 
July 24-27, 1990, Boston, MA 
August 14-17, 1990, Washington, DC 
August 21-24, 1990, San Diego, CA 
September 18-21, 1990 Washington, DC 

Introduction to Telecommunications 
July 17-20, 1990, San Francisco, CA 
July 31-August 2, 1990, Ottawa 
August 21-24, 1990, San Diego, CA 
August 28-31, 1990, Washington, DC 

Information: Learning Tree International, Jchn Valenti. Tel: 
(800) 421-8166; (213)417-8888. Fax: (213)410-2952. 

Principles of Analog Oscilloscopes 
August 21-22, 1990, Los Angeles, CA 

Principles of Digital Oscilloscopes 
August 23-24, 1990, Los Angeles, CA 

Information: John Fluke Mfg. Co., Inc. Tel: (8C0) 443-5853 ext. 
73. In Canada: (416) 890-7600. 

Design for ESD and RFI 
September 19, 1990, San Jose Hyatt, CA 

Information: The Keenan Corporation, Ms. Jean Whitney. Tel: 
(813) 544-2594. Fax: (813) 544-2597. 

Touchstone 
July 24-26, 1990, Westlake Village, CA 

OmniSys 
August 14-16, 1990, Westlake Village, CA 

mwSPICE 
August 21-23, 1990, Westlake Village, CA 

Academy (Schematic) 
September 11-12, 1990, Westlake Village, CA 

Academy (Layout) 
September 13-14, 1990, Westlake Village, CA 

Information: EEsof, Ginger Craft. Tel: (818) 991-7530. 

14 July 1990 



M Merrimac IQF-4E Series 
I a Q PHASE DETECTORS 

OCTAVE BANDWIDTH 

M Merrimac * IQF-20E Serle» 
I & Q PHASE DETECTORS 

CLOSE TOLERANCE NARROWBAND 

LET 
W Merrimac _ IQF-2F series 

MICROWAVE I a Q PHASE DETECTORS 

hi Merrimac JTP-2S series 
TTL QUADRAPHASE MODULATORS 

10% BANDWIDTH 

M Merrimac JPP-31S Serie» 
QUADRAPHASE MODULATORS. DIFFERENTIAL DRIVE 

ECl/m. COMPATIBLE. WIDEBAND 

MERRIMAC 
RAISE YOUR 
I AND O's 

hi Merrimac 

hi Merrimac 

VMP-2R Series 
NARROWBAND VECTOR MODULATORS 

hi Merrimac 

Call for your 
I and Q’s 
Data Pack 

PCP-3S Series 
O’ to 380" PHASE COMPARATORS 

— 

hi Merrimac SSP-2S series 
SINGLE SIDEBAND MODULATOR 

IMP-2S Series 
IMAGE REJECT MIXERS 

■ Over 150 Catalog I & Q’s With RF Up To 8 GHz 
■ High Precision (1 °, 0.2 dB) And In-Circuit Tunable Models 
■ Communications, Medical, Space and Defense Versions 

■ Meri-Pac™ Or Flatpack For Low Profile/Small Size/Hi-Rel 
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hi Merrimac IDP-2S Series 
UAL I A Q PHASE DETECTORS 
NARROWBAND (10%) SERIES 

IQP-4S-1500 
MICROWAVE I S O PHASE DETECTOR 

FULL OCTAVE BANDWIDTH 

MINIMUM UuiHAN’l I . 

:anKM spt 

AVAAASLE CUSTOM WCCVICAnOM 

M Merrimac 
41 Fairfield Place, West Caldwell, NJ 07006 
Phone (201) 575-1300 • Telex: 6853128 



Renews 
Telecommunications Bill Would Ease 
Spectrum Allocation Problems 
A bill, currently in the House subcom¬ 

mittee on Telecommunications and Com¬ 
merce, is intended to provide at least a 
temporary solution to the shortage of 

available commercial spectrum. The bill, 
called the Emerging Telecommunica¬ 
tions Technologies Act, would reallocate 
part of the U.S. government’s appor-

What the Best TWTAs Are 

If your requirement is for stand-alone TWT Amplifiers or High Power Amplifier Systems, 
LogiMetrics offers the operational specifications and features you'll need. . .maximizing 
rated output power over full octave bands, minimizing internal losses, fully protected TWTs 
and power supplies, front panel metering and fault indication and forced air cooling. 
Available options include: Full VSWR protection, IEEE-488 programmability and CIIL 
compatibility, internal leveling and gain-control. 

LogiMetrics produces an extensive line of TWTAs covering the 0.5 to 40.0 GHz frequency 
range with power output of 0.75 to 2,000 Watts. Models available in octave, straddle and 
multi-octave bands. 
STANDARD TWT AMPLIFIERS: 
Series Frequency Range (GHz) RF Power Range (Watts) 

A110.A112 1-18 1,2CW 
A200, A210 1-18 10CW 
A240 (programmable) 1-40 10CW 
A300, A310 1-18 20CW 
A340 (programmable) 1 -40 20CW 
A350 (programmable) 4-1 8 50CW 
A500 1-18 100CW 
A600, A61 0, A620, A684 1-18 200, 250, 300, 500CW 
A682 0.8-18 1 KWCW 
A710 0.7-18 1KW pulsed 
A750, A752, A785 1-18 1 & 2 KW, 10-1 5 KW 
Communication TWTAs: 
CA Series C, X, Ku Bands 0.5-3 KW CW 

LogiMetrics offers you full selectivity and a diversity of control and 
feature/options. Write or call for further information. 

LogiMetrics , INC. 121 -03 Dupont Street, Plainview, NY 11803 
Phone: (516) 349-1700 ■ FAX: (516) 349-8552 ■ TELEX: 760-8152 LOGMETUC 
LogiMetrics Quality... Count On It. 
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tioned spectrum to the commercial sec¬ 
tor. The government currently holds 
approximately 40 percent of the spec¬ 
trum for its own use, much of which the 
sponsors claim is unused or under 
developed. 
The bill proposes to reassign frequen¬ 

cies that are most likely to have the 
greatest potential for commercial use, 
to the commercial sector for new or 
emerging technologies that do not have 
spectrum space. This would be a tre¬ 
mendous boon to incustries currently 
working on projects such as HDTV and 
new cellular technologies. The specific 
frequencies would be a span of not less 
than 200 MHz located oelow 5 GHz and 
not critical to the defense of the United 
States. In some cases, portions of the 
spectrum would be directly handed over 
to the commercial sector while others 
would receive mixed use, i.e., both the 
commercial sector and the government 
would share frequencies within separate 
geographical areas. 
The bill would be implemented over 

a period of up to five years and would 
include the following provisions: promo¬ 
tion of “the maximum practicable reli¬ 
ance on commercially available substi¬ 
tutes, the sharing of frequencies in 
geographically separate areas, the de¬ 
velopment and use of new communica¬ 
tions technologies, and the use of 
nonradiating communications systems 
where practicable.” In addition, the bill 
would have to “assume reasonable 
rates of scientific progress and growth 
of demand for telecommunications serv¬ 
ices; determine the extent to which the 
reassignment will relieve actual or po¬ 
tential scarcity of frequencies available 
for commercial use; and seek to include 
frequencies which can be used to stimu¬ 
late the development of new technolo¬ 
gies.” The Secretary of Commerce will 
make recommendations as to which 
frequencies offer the best possibilities 
for reassignment, a private sector advi¬ 
sory committee will review and report 
on the Secretary’s findings and finally, 
the frequencies will be reassigned as 
deemed appropriate, n addition, the 
President will have the right to rescind 
any decisions concerning frequency al¬ 
location if he thinks it necessary. 
The bill was introduced on July 21, 

1989 by Representatives John Dingell 
(D-MI) and Ed Markey ¡D-MA) and was 
referred to the Comm ttee on Energy 
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Prime selections. 
One source. 

Look to Alan for precision attenuators and 
accessories for your RF/Microwave systems. 
Check our broad product line of prime com¬ 
ponents manufactured under strict quality 
control to give you top performance. 

Choose from a variety of attenuators; many 

qualify under MIL-A-24215 and MIL-A-3933. 

Select accessories from many sizes and con¬ 
nector options. 

Capitalize on one source for quality RF/ 
Microwave components. Call us today. 

Alan Industries, Inc. 
745 Greenway Drive, P.O. Box 1203, Columbus, Indiana 47202 
Phone: 812-372-8869 CALL TOLL FREE: 800-423-5190 
FAX: 812-372-5909 

Alan 
Manufacturers of. .. 

Attenuators: Programmable • Rotary • Manual Switch • Fixed • Continuously Variable 
Accessories: Loads • Dividers • Terminations • RF Fuses • Bridges 
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RF news continued 
and Congress. The House subcommit¬ 
tee is expected to vote on it in June, at 
which time it is expected to pass. 
However, there is concern that the bill 
will run into problems in the Senate. The 
Department of Defense as well as other 
agencies within the Federal Govern¬ 
ment oppose the bill and would prefer 
to see it defeated. Nevertheless, the bill 

offers the only current attempt at a 
solution to the problem of spectrum 
allocation and would give the commer¬ 
cial sector and the government some 
time to come up with a long-term 
solution. 

M/A-COM and AT&T Enter Agree¬ 
ment for GaAs MMICs — M/A-COM 

THE BEST DESIGNS WITHSTAND 

Get Time-Proven Performance from these 
Best Selling Amplifiers 
Guaranteed 25° C Performance 

Output 
Frequency 1dB Noise Reverse Intercept 

Model Range Gain Compression Figure Isolation 3rd/2nd Power 
Number (MHz) (dB) (dBm) (dB) (dB) (dBm) (V/mA) 

QBH-101 5-500 13.0 7.0 2.4 25 20/28 15/18 
QBH-103 5-300 11.3 22 0 6.8 26 37/51 15/91 
QBH-115 10-500 12 3 26.0 7 8 25 35/42 15/150 
0BH-117 5-100 16.5 4.5 1.5 35 17/24 15/11 
QBH-119 5-500 15.0 12.0 3.0 25 26/36 15/33 
QBH-124 5-100 19 8 17.0 3.5 32 30/40 15/60 
OBH-125 10-100 19.6 23.0 4.5 33 38/50 15/132 
QBH-137 10-200 12.7 21.0 3 2 26 38/50 15/94 
OBH-138 5-150 15.5 21.0 3.0 28 37/49 15/99 
QBH-149 10-150 23.0 18.0 2.8 30 28/42 15/39 
QBH-150 10-300 20.0 18.0 3.5 25 30/41 15/46 
QBH-171 10-150 13 5 27.0 6.5 27 40/50 15/102 

High Gain Low Noise Figure 

Call us for a catalog — available on a PC compatible data disk. 
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w (407) 727-1838 

Q-BIT CORPORATION ™X S°¡ 
2575 PACIFIC AVENUE NE. PALM BAY. FL 32905 

has announced an agreement with AT&T 
Microelectronics to offer products and 
foundry services of GaAs MMICs used 
in radio frequency and microwave appli¬ 
cations for both commercial and de¬ 
fense systems. Under the agreement, 
M/A-COM will provide customer inter¬ 
face, training, standard and custom 
product design, test, assembly and 
product sales services while AT&T Mi¬ 
croelectronics will provide, through M/A-
COM, molecular beam epitaxy (MBE) 
GaAs MMIC processing services from its 
facility in Reading, PA. 

Hamilton Engineering to Design 
and Construct Test Facility in 
U.S.S.R. — GOSSTANDART, the So¬ 
viet Union’s national standards bureau, 
has selected Hamilton Engineering Inc. 
to design and construct a state-of-the-art 
electromagnetic test facility in Moscow 
by February of 1992. The 10,000 square 
foot facility will enable the Soviet Union 
to accurately measure electronic emis¬ 
sions from various types of electromag¬ 
netic equipment produced in the 
U.S.S.R. or imported into the country. 
Among other functions, such as prevent¬ 
ing health hazards, tests performed at 
the new lab will help com bat the growing 
worldwide problem of electromagnetic 
incompatibility and interference. The 
test facility will include an anechoic 
chamber and a transverse electromag¬ 
netic cell to measure, respectively, high-
and low-frequency emissions from large 
objects. The project w II also include 
other test labs, offices and a control 
room, forming a complete metrology 
complex. 

Jet Propulsion Laboratory Re¬ 
ports on Sampling Downconvertor 
for RF Signals — Scientists at Caltech 
in conjunction with NASA’s Jet Propul¬ 
sion Laboratory have proposed a circuit 
with both digital and analog components 
which would act as a sampling downcon¬ 
vertor for RF signals. The circuit, which 
was reported in the May 1990 issue of 
NASA Tech Briefs, “would sample an 
incoming signal in phase and in quadra¬ 
ture, digitize it, and down-convert it to 
baseband in a single step.” According 
to the report, "The design eliminates the 
need for several components found in 
conventional analog designs, including 
mixers, postmixer filters, and a 90 
degree phase shifter.” The signal would 
be processed digitally which would help 
reduce instrumental phase and delay 
errors common in all-anaiog versions. 
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Picture yourself with 500 MHz spectrum, 
network, and impedance analysis 
in one instrument. 

Picture yourself spending only $25,000.* 

Now send for our free video, and 
whole picture. 

If your audio, baseband, HF, 
VHF, and IF designs require 
spectrum, vector network or 
impedance analysis, watch this. 
Our HP 4195A 500 MHz Net-
work/Spectrum analyzer video 
shows you how to get the mea¬ 
surement capability you need 
along with the convenience 
and flexibility that you want. 
All in one instrument, for 

You’ll see how the HP 4195A 
handles a wide range of applica¬ 
tions with balanced specs. Like 
spectrum analysis performance 
of —135 dBm sensitivity, 3 Hz 
to 300 kHz RBW. And > 100 dB 
vector network analysis dynamic 
range with ±005 dB/±0.3 degree 
accuracy. 
So get the picture. Call 
1-800-752-0900. Ask for 

free video. It’s a pic¬ 
ture you’ll want 
to be a part of. 

•U.S. list base price. 

There is a better way. 

RSI HEWLETT 
PACKARD 

$25,000.* Ext. 1151 and receive your 
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RFnews continued 

Now 
you can monitor 
E fields to 300 V/m 

from 10 kHz to 1 GHz 
...with no bandbreaks. 
Our new Model FM1000 electric-field 
monitor is all you’ll need for monitor¬ 
ing field levels up to 300 V/m in rf sus¬ 
ceptibility testing throughout five dec¬ 
ades from 10 kHz to 1 GHz. 
The single E-field probe inside your 

shielded enclosure connects by twin 
fiberoptic cable to the keypad control 
console outside, which displays either 
isotropic response or any single axis of 
the three-axis probe. 

Inputs are provided for as many as 
four probes (reading high, low, and 
average on the front panel display), 
plus IEEE-488, RS-232, and 04 Vdc 
outputs. Finally, preset field-level or 
low-battery alarm is sent to your safety 
shutdown circuit through SPDT con¬ 
tact closure. 
Have questions about your suscepti¬ 

bility requirements? Talk directly to 
one of our applications engineers. 
He’ll answer the phone when you dial, 
toll-free, 

1-800-933-8181 
HmpuFien 
nesenncH 

160 School House Road, Souderton, PA 18964-9990 USA 

215-723-8181 • TWX 510-661-6094 • FAX 215-723-5688 

Electric-Field Meter Developed — 
NIST researchers have developed a new 
isotropic, photonic electric-field meter 
capable of measuring continuous wave 
electric fields from 10 to 15,000 volts-per-
meter over a frequency range of 10 kHz 
to beyond 1 GHz. Potential applications 
include electromagnetic pulse meas¬ 
urement, the precise measurement of 
any pulsed field of suitable intensity, and 
the measurement of fields with multiple 
frequency components. For a copy of 
paper no. 63-69 which describes the 
probe, contact Jo Emery, Division 104, 
NIST, Boulder, CO 80303. Tel: (303) 
497-3237. 

Campaign for EPA Federal Guid¬ 
ance on Environmental Radio Fre¬ 
quency Radiation — The Electro¬ 
magnetic Energy Policy Alliance (EEPA) 
has been urging Congress to examine 
the possibility of completion of Federal 
Guidance on environmental radio fre¬ 
quency radiation (200 kHz to 300 GHz) 
by the EPA. As reported in the Winter 
1990 EEPA Newsletter the need for 

federal guidance has spread to include 
the whole spectrum f-om DC to 300 
GHz. While Congress did not convince 
the EPA that guidelines need to be 
completed they did issue this statement: 
“Although the conferees have not spe¬ 
cifically recommended funds for con¬ 
tinuing work on radio -requency radia¬ 
tion guidelines, the conferees believe it 
is important to the Federal government 
to issue a rational, scientifically-based 
standard in order to alleviate the uncer¬ 
tainty, concern and confusion that cur¬ 
rently exists as to what levels of radio 
frequency radiation are safe.” 

Recruiting Minority Engineering 
and Science Students — The South¬ 
eastern Consortium for Minorities in 
Engineering (SECME), based at the 
Georgia Institute of Technology, ap¬ 
pears to have hit on at least one part of 
a solution for leading minority students 
towards science and engineering ca¬ 
reers. Teachers at secondary schools 
work to relate the curriculum to the real 
world and career choices, in effect, 

CRYSTAL FILTERS 
• MONOLITHIC • DISCRETE • 

TEMEX ELECTRONIC: is a manufacturer of Crystal Filters, Discriminators, 
L/C Filters and Crystals. FEMEX designs to custom specifications as well 
as the 10.7 MHz and 21.4 MHz standards. We take pride in fast response 
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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HF LINEAR AMPLIFIERS - BROADBAND TRANSFORMERS 

2 METER VHF AMPLIFIERS 
35 Watt Model 335A. 

HF AMPLIHERS per MOTOROLA BULLERNS 
Complete Part» List for HF Amplifiers Described 
In the MOTOROLA Bulletins 
AN75« 300W 4104.70 E863 140W I «165 
AN762 140W 4 93 25 EB27A 300W 4139.20 
AN779L 20W I 93.79 EB164 600W 1446.15 
AN779H NW • 93 19 AR305 300W 1363.52 
AR313 3MW 4403 00 

100 WATT 420-450 MHz PUSH-PULL LINEAR 
AMPLIFIER - SS8-FW-ATV 

KEB67-PK (Kit)_ 4159 95 
KEB67-PCB (PC BaeH| . — 1 15 00 
KEB67-I (Manual) - - I 5.00 

W. also stock Hard —to— Find parts 

CHIP CAPS —K emet/ATC 
METALCLAO MICA CAPS -Unako/Samco 
RF POWER TRANSISTORS 

NEW1I 1K WATT 2-60 MHz Amplifier 
MINI-CIRCUIT MIXERS 

4 70.05 Kit 
1110.05 Kit 

POWER SPLITTERS and COMBINERS 
2-3OMH» 

ARCO TRIMMER CAPACITORS 
VK200-24/4B RF Osaka- - 0 1.20 
54- 590—65 — 3B Fevite Bead . - I 20 
Broadband HF Tran.forrnars 

Add I 3.50 far skipping and handling. 

Far detailed information and prices, call or writa for our free catalog. 

Communication 
Concepts Inc. 

50B Millstone Drive • Xenia, Ohio 45315 • (513) 426-1600 
FAX (513) 429-3811 

CCI 
Ml»* 
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acting as guidance counselors. The 
thirteen year old program has seen the 
number of minority students planning 
to attend college increase dramatically 
and their SAT scores have increased 
as well. In addition, one third of all U.S. 
black engineers who graduated in 1989 
came from SECME member universi¬ 
ties. SECME receives funding from 
corporations, universities and founda¬ 
tions such as The Carnegie Foundation 
and the National Science Foundation. 

FM Radio Service Threatened by 
Interference —The National Associa¬ 
tion of Broadcasters (NAB) has filed a 
joint complaint saying that growing inter¬ 
ference on the FM band, aggravated by 
directional antennas, threatens FM ra¬ 
dio service. The NAB is urging the FCC 
to reexamine their 1988 ruling on the 
use of FM directional antennas and 
review their standards for allocation and 
assignment of FM stations. 

Honeywell to Sell Test Instru¬ 
ments Division — Honeywell Inc. 
recently added their Test Instruments 
Division to its list of operations it’s 
planning to divest. The division employs 
approximately 700 people at its plant in 
Denver and another 300 in test facilities, 
service centers, and sales offices around 
the world. 

Electronic Measurements Ac¬ 
quires A.L.E. Systems — Electronic 
Measurements has purchased A.L.E., a 
manufacturer of high-voltage power sup¬ 
plies for laser-related applications. The 
company will operate as a subsidiary of 
Electronic Measurements. Terms of the 
acquisition were not announced. 

Westinghouse Acquires Park Air 
Electronics — Westinghouse Electric 
Corporation has announced the acquisi¬ 
tion of Park Air Electronics (PAE) Lim¬ 
ited of England. PAE becomes a wholly 
owned subsidiary of Westinghouse Elec¬ 
tronic Systems Group. Terms of the 
agreement were not disclosed. PAE 
manufactures VHF/UHF radio communi¬ 
cations equipment and systems, mainly 
for the air traffic control market. 

Wilcox Electric Awarded Contract 
by FAA — Wilcox Electric, Inc., has 
been awarded a $2.09 million Federal 
Aviation Administration contract for two 
Microwave Landing Systems (MLS). The 
two systems, one to be installed at 
Chicago’s Midway Airport and the other 
at New York City’s John F. Kennedy 

RF Design 

International Airport, are part of the 
FAA’s MLS Demonstration Program. 
Both MLS delivered under this contract 
include three major units: azimuth sub¬ 
system, elevation subsystem and preci¬ 
sion distance measuring subsystem. 
The Wilcox MLS has been in service at 
airports in Hartford, CT; Stratford, CT; 
Hailey, ID; and Wichita, KS. 

Piezoelectric Devices Conference 
set for Kansas City — Formerly the 
Quartz Devices Conference, this meet¬ 
ing will be held September 25-27 at the 
Westin Crown Center in Kansas City. 
Users and manufacturers of piezoelec¬ 
tric devices, and suppliers to the indus¬ 
try will attend. Manufacturing and engi¬ 
neering papers will be presented. 

Penstock and Sawtek — 
An Industry First 

Sawtek’s 70 MHz Filter Family 

Now available at Penstock for immediate shipment! 
“I 40 different bandwidths from 0.25 MHz to 40 MHz 

in strategically-chosen increments 
“I Comprehensive data sheets for each unit showing 

specifications, performance plots, and interface 
control drawings 

There are no tooling charges! Optimum design algorithms 
and package selection yield a family of filters with the 
best cost/performance trade-offs in the industry. 

For immediate delivery on 70 MHz SAW filter orders 
of fewer than 100 pieces, contact Penstock by calling 
1-800-PENSTOCK. To order custom-designed 
SAW filters, fax 408-730-4782 or write Penstock at 
520 Mercury Drive, Sunnyvale, CA 94086-4018. 
Or you may contact Sawtek Inc. at 407-886-8860. 

PENSTOCK 
IF/RF/MICROWAVE DISTRIBUTION 
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a idh/•] 
POWER RF AND MICROWAVE 
AMPLIFIERS IS NOT THE SAME. 

To some, one watt represents high power. 
To others, it takes a good deal more. 

STANDARD HIGH POWER RF AND MICROWAVE AMPLIFIERS 

However, whatever your definition is, we build it. 
From a single watt, up to a 100 watt amplifier; and any 
increment of power in between. 

In addition, if one of our standard models 
doesn't meet the need exactly, we can design one 
that does. With not only the output power, but also 
the form factor, frequency/bandwidth, class of opera¬ 
tion, and other options. 

All Trontech assemblers are also certified to 
MIL-S-45743E — and products can be supplied to 
the new workmanship standard, DOD-STD-2000. 

So when your specs call for a high power com¬ 
mercial or military amplifier, whether it be cellular 
radio, EW, communications, avionics, GPS, active 
decoy or any other system, specify the source that 
offers real choice. Along with quality, performance, 
and a proven track record with most of the major 
primes: Trontech! Your system is sure to benefit from 
the fruits of our labor. 

Model 
Number 

Frequency 
Response 
(MHz) 
Min. 

PO (á 1dBc 
(dBm) Min. 

Intercept 
Point 

3rd Order 
(dBm) 

SS 
Gain 
(dB) 
Min. 

Flat¬ 
ness 
(dB) 
Max. 

VSWR 
(In) 

VSWR 
(Out) 

VDC 

P200A-40 100-200 + 40. 10 w 50 33 ± .5 2:1 2:1 + 24 

P02500-37 2-500 + 37, 5 w 47 37 ±1.5 2:1 2:1 + 24 

P02500-43 2-500 + 43. 20 w 53 46 ±1.5 2:1 3:1 + 24 

P560A 462-562 + 43. 20 w 53 33 ± 1 2:1 2:1 + 24 

P700S 650-750 + 40. 10 w 50 34 ± .5 2:1 2:1 + 24 

P880-46 860-900 + 46.5. 45 w Class C 16 ± 1 2:1 3:1 + 24 

P1 GA-36 500-1000 + 36. 4 w 46 40 ± 1 2:1 2.5:1 + 24 

P1GA-40 500-1000 + 40. 10 w 50 44 ± 1 2:1 2:1 + 24 

P1575-44 1560-1590 + 44, 25 w Class C 44 ±1 2:1 2:1 + 24 

P1645-43 1630-1660 + 43. 20 w Class C 33 ±1 2:1 3:1 + 15 

P19GA-5 1850-1970 + 37, 5 w 47 40 ± .5 2:1 2:1 + 24 

P2GS-15 500-2000 + 30. 1 w 40 35 ±1 2:1 2:1 + 20 

P2GS-28 500-2000 + 32. 1.5 w 42 45 ±1 2:1 2:1 + 20 

P1 020-37 1000-2000 + 37, 5 w 47 27 ± 1 2:1 2:1 + 24 

P1 020-40 1000-2000 + 40. 10 w 50 27 ± 1 2:1 2:1 + 24 

P23GA-36 2100-2300 + 36,4 w 46 40 ±1.0 2:1 2:1 + 24 

P2250-36 2180-2320 + 36, 4 w 46 44 ±15 1.5:1 1.5:1 + 24 

P25GA-40 2200-2500 + 40. 10 w 50 40 ±1.0 2:1 2:1 + 24 

P42GA 500-4200 + 30. 1 w 40 40 ±1.5 2:1 2:1 + 20 

DELIVERIES TO YOUR SCHEDULE/PROMPT RESPONSE TO INQUIRIES 
REQUEST LITERATURE ON COMPLETE LINE 

W TRONTECH 
INC. 

63 Shark River Road, Neptune, New Jersey 07753 ■ (201)922-8585 ■ TELEX 13 2445 • FAX (201) 922-3903 SW 449 
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RF industry insight_ 

Changes in the Power Amplifier Market 
By Charles Howshar, and 
Liane Pomfret, Assistant Editors 

Like many other RF markets these 
days, the power amplifier market is 

in the midst of change — from a military 
to a commercial focus. As a result, 
companies are adjusting their marketing 
and production plans to reduce prices 
while maintaining high standards. Re¬ 
quirements are no longer DoD and 
MIL-Spec standards but the “perform¬ 
ance, price and reliability” requirements 
of commercial customers. Companies 
can use their experience in manufactur¬ 
ing to military standards in their ap¬ 
proach towards the commercial sector 
which makes it easier for them to 
provide a high quality product. Lance 
Wilson, Principal Staff Engineer, RF 
Products Division, Motorola Semicon¬ 
ductor, states, “We are starting to see 
the first large volume high power com¬ 
mercial applications, that beforehand 
had been pretty much military.” 

Trends in Communications 
The communications market is one 

of the fastest growing markets for elec¬ 
tronics in the nineties and power amplifi¬ 
ers are quickly finding their niche. 
According to Al Arbuckle of Trontech, 
Cellular radio is currently their greatest 
market. And with the heavy concentra¬ 
tion of research in communications and 
the public’s great desire for cellular 
communications in particular, the de¬ 
mand for power amplifiers has increased 
proportionately. The use of power ampli¬ 
fiers in satellites to expand communica¬ 
tion abilities is also on the upswing. 
“Commercial satellites for subscriber-
oriented global positioning are a huge 
market, and sales will be in the millions 
of units over the next decade,” remarks 
Motorola’s Wilson. Frank Morgan, Vice-
President of Marketing for MCL, notes 
that PANAMSAT uses are expanding 
rapidly. “We are working a lot in the 
commercial satellite frequency bands 
(6 and 14 GHz).” As satellite communi¬ 
cations grow, users will undoubtedly 
require smaller, more powerful amplifi¬ 
ers for their equipment. 

Another trend in the market is contin¬ 
ued replacement of vacuum tube de¬ 
signs with solid state MOSFET designs. 
New designs for solid state amplifiers 
are reaching higher and higher power 
capabilities, though still not as high as 

vacuum tube designs. “You can not get 
the highest powers out of solid state, 
but we’re moving ahead and as new 
devices come out, we’re incorporating 
them,” states Don Shepherd, President 
of Amplifier Research. “The customers 
want the latest solid state MOSFET 
replacements for older EMC systems 
with vacuum tubes,” says Frank Kal¬ 
mus, President of Kalmus Engineering 
International, Ltd. Replacing vacuum 
tubes with MOSFET designs is desire¬ 
able because of the reduced size and 
greater reliability of the solid state 
design. Ray Boyd, Marketing and Sales 
Manager for Erbtec Engineering agrees, 
saying, “Currently, vacuum tubes are 
used but the trend is toward solid state, 
which is more stable, with a lower failure 
rate.” However, as Wilson comments, 
“The change from vacuum tubes to solid 
state is not a technological revolution in 
itself. There will be changes in other 
areas which will cause an erosion in 
vacuum tube usage. However, there will 
also be technological improvements in 
the microwave travelling wave tube 
area.” In general, customers want the 
power capabilities of vacuum tubes with 
the reliability of solid state MOSFET 
designs, and power amplifier companies 
are struggling to meet this demand by 
making more reliable vacuum tubes and 
more powerful solid state amplifiers. 

Performance and Reliability 
With the military market at a standstill, 

companies must achieve growth through 
new markets for their products. “We 
have seen a greater demand for high 
power class A amplifiers — almost all 
commercial. There is no new demand 
from military markets,” remarks Ar¬ 
buckle, director of Sales and Marketing 

for Trontech. Conservative designs and 
high reliability are desired in cases 
where the customer needs a product 
that is operating well under its maximum 
capability, to provide full rated perform¬ 
ance without degradation of the product. 

Other applications for power amplifi¬ 
ers that are generating interest include 
magnetic resonance imaging (MRI), 
EMC, plasma etch, laser excitation, and 
nuclear magnetic resonance (NMR). 
“We build a subsystem that goes into 
high field MRI which amounts to about 
40 percent of the total market,” com¬ 
ments Ray Boyd. “As the technology for 
MRI gets better, we can work to improve 
bandwidths and phase stability.” “Most 
of our sales in the medical market are 
for general testing purposes,” com¬ 
ments Lance Wilson. Reliability require¬ 
ments have led companies to EMC 
susceptibility testing for their products. 
As Don Shepherd states, “Despite a 
declining total electronics market, manu¬ 
facturers are finding the need to test their 
equipment for susceptibility to improve 
their product’s reliability, so our market 
is expanding.” Research applications in¬ 
clude large and small particle accelera¬ 
tors, atmospheric sounding radar, and 
high power lasers. 

There is great interest in new technol¬ 
ogy and expanding the markets for 
power amplifiers. Third world countries 
and eastern Europe continue to show 
potential for future markets. “About 40 
percent of our sales are overseas,” 
notes Frank Morgan. New military uses 
for power amplifiers may not be in 
demand, but the commercial market is 
good. Although there is no explosive 
growth expected in the power amplifier 
market, most companies are positive 
about the future. RF 
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RFI-EMI-EMP 
RF POWER 
AMPLIFIER 
SYSTEMS 
Linear Accelerators, Susceptability Testing, 
Induction Heating, Wideband Jamming 

Our high standard of manufacturing excellence is your 
assurance of superior quality in design, versatility and 
reliability. Choose from our complete line of laboratory 
type AC instruments or DC modules for OEM or special 
projects. 

If we don’t have what you need, we’ll design it for you! 

16 Models: 1.5 Watts to 2000 Watts - Frequency Range: 10KHz to 220MHz 

21820 87th SE Woodinville, WA 98072 (206) 485-9000 FAX (206) 486-9657 

KALMUS EUROPEAN SALES AND SERVICE CENTERS 

I FRANCE: Paris: KMP Electronics PHONE: 1-46-45-09-45 GERMANY: Telemeter Electr GMBH PHONE (0906) 4091 
FAX: 1-46-45-24-03 FAX: (0906) 21706 

ENGLAND: EATON, Ltd PHONE: 734-730900 ITALY: Vianello Strumentazione PHONE: 02-89200162 
FAX: 734-328335 FAX: 02-89200382 



MODEL POWER OUT FREQUENCY RANGE GAIN WxDxH(CM) AC LINE PRICE $ 

700LC 1.5W CW .003-1000 MHz 33dB 25x28x13 100-240V 1,695.00 
102LC 2W CW 25HZ-100 MHz 33dB 19x31x15 100-240V 1,349.00 
502LC 2W CW .01-525 MHz 36dB 19x32x15 100-240V 1,695 00 
704FC 4W CW .5-1000 MHz 33dB 23x18x09 100-240V 2,195.00 
505LC 5W CW .05-400 MHz 37dB 19x32x15 100-240V 1,895.00 
505FC 5W CW .5-525 MHz 40dB 25x28x13 100-240V 1,655.00 
706FC 6W CW .5-1000 MHz 38dB 25x28x13 100-240V 2,695.00 
110C 10W CW .2-60 MHz 40dB 19x32x15 100-240V 1,450.00 
110LC 10W CW .01-100 MHz 40dB 25x37x15 100-240V 1,950.00 
210LC 10W CW .008-225 MHz 40dB 25x37x15 100-240V 2,495.00 
310FC 10W CW .5-300 MHz 40dB 25x28x13 100-240V 2,250.00 
510FC 10W CW .5-525 MHz 43dB 25x28x13 100-240V 2,595.00 
710FC 10W CW 1-1000 MHz 40dB 25x28x13 100-240V 5,995.00 
115LC 15W CW .001-100 MHz 43dB 38x32x13 100-240V 2,255.00 
225LC 20W CW .01-225 MHz 45dB 25x37x15 100-240V 3,295.00 
520FC 20W CW 1-525 MHz 45dB 25x28x13 100-240V 3,895.00 
720 FC 20W CW 500-1000 MHz 43dB 48x46x13 100-240V 6,650.00 
125LC 25W CW 50Hz-100 MHz 40dB 48x40x13 100-240V 3,300.00 
125C 25W CW .5-50 MHz 45dB 48x46x13 100-240V 1,495.00 
112C 25W CW 1-120 MHz 45dB 25x37x15 100-240V 1,995.00 
320FC 25W CW 1-300 MHz 45dB 30x20x13 100-240V 2,895.00 
535FC 35W CW 200-512 MHz 45dB 30x20x13 100-240V 3,895.00 
150C 50W CW .2-50 MHz 47dB 38x37x15 100-240V 2,595.00 
250LC 50W CW .01-230 MHz 45dB 43x42x19 100-240V 7,550.00 
250FC 50W CW 1-200 MHz 45dB 38x37x15 100-240V 4,995.00 
550FC 50W CW 200-512 MHz 45dB 30x20x13 100-240V 4,995.00 
161C 100W CW .5-90 MHz 45dB 38x37x15 100-240V 5,250.00 
190LC 100W CW .01-100 MHz 50dB 48x43x18 100-240V 8,850.00 
162LP 100W CW 20-200 MHz 50dB 38x37x15 100-240V 6,250.00 
116C 100W CW .01-220 MHz 50dB 71x56x76 100-240V 8,995.00 
155LCR 100W CW .006-12 MHz 50dB 48x40x13 100-240V 4,150.00 
LA100H 100W CW .3-100 MHz 50dB 48x48x13 100-240V 5,990.00 
LA100F 100W CW 100-250 MHz 50dB 48x48x13 100-240V 6,595.00 
LA100U 100W CW 200-400 MHz 50dB 48x48x13 100-240V 6,250.00 
LA100UE 100W CW 100-500 MHz 50dB 48x48x13 100-240V 6,995.00 
LA200H 200W CW .5-100 MHz 53dB 48x48x13 100-240V 6,995.00 
LA200F 200W CW 100-250 MHz 53dB 48x48x13 100-240V 11,500 00 
LA200U 200W CW 200-400 MHz 53dB 48x48x13 100-240V 10,995.00 
LA200UE 200W CW 250-500 MHz 53dB 48x48x13 100-240V 12,500.00 
162LPS 200W Pulse 10-220 MHz 55dB 48x38x18 100-240V 5,995.00 
122C 200W CW .01-220 MHz 50dB 71x56x76 100-240V 10,850.00 
247V 200W Peak 118-138 MHz 10dB 48x46x13 100-240V 5,255.00 
247U 200W Peak 200-400 MHz 10dB 48x46x13 100-240V 5,500.00 
121CA 250W CW 5-32 MHz 55dB 48x43x18 100-240V 5,950.00 
164UP 300W Pulse 200-400 MHz 55dB 48x38x18 100-240V 7,595.00 
LP300H 300W Pulse .3-100 MHz 56dB 48x48x13 100-240V 7,550.00 
LA500H 500W CW .5-50 MHz 57dB 71x56x76 100-240V 12,500.00 
LA500V 500W CW 10-100 MHz 57dB 71x56x76 100-240V 13,500.00 
134C 500W CW .01-220 MHz 57dB 58x69x127 3 Phase 19,800.00 
134CM 500W CW 1-200 MHz 57dB 58x69x127 3 Phase 18,500.00 
166UP 500W Pulse 200-400 MHz 57dB 48x51x18 100-240V 9,500.00 
LA600U 600W CW 200-400 MHz 57dB 71x56x76 100-240V 23,500.00 
166HP 800W Pulse 100-200 MHz 57dB 48x51x18 100-240V 11,500.00 
137C 1000W CW .01-220 MHz 60dB 69x69x127 3 Phase 28,500.00 
137CM 1000W CW 1-200 MHz 60dB 69x69x127 3 Phase 27,250.00 
LA1000H 1O00W CW 2-32 MHz 60dB 71x56x76 100-240V 22,500.00 
135CB 1000W Pulse 2-30 MHz 60dB 48x51x46 100-240V 10,990.00 
LA1000V 1000W CW 10-100 MHz 60dB 71x56x76 100-240V 26,900.00 
166LP 1000W Pulse 8-100 MHz 60dB 48x51x18 100-240V 9,550.00 
LP1000 1000W Pulse 10-120 MHz 60dB 48x51x18 100-240V 11,500.00 
167HP 1500W Pulse 120-200 MHz 60dB 53x56x46 100-240V 17,950.00 
167LP 2000W Pulse 10-100 MHz 63dB 53x65x46 100-240V 17,900.00 
140C 2000W CW .01-220 MHz 60dB 137x69x127 3 Phase 44,990.00 
140CM 2000W CW .5-150 MHz 60dB 137x69x127 3 Phase 41,500.00 
LA3000H 3000W CW 5-45 MHz 65dB 137x76x127 180-255V 69,500.00 
LP4000H 4000W Pulse 2-50 MHz 66dB 71x56x76 100-240V 27,500.00 

Made in U.S.A. 

R F POWER AMPLIFIERS 
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HolyRFTransistor! You mean 

there is a duo out there who 
can combat all my worries con¬ 
cerning the availability of RF 

products? One-half of this 
dynamic duo is considered a 
leading manufacturer of RF 
Power FETs, Power Bipolars, 

Small-Signal Transistors and 
Power Modules, and the other 

has products available off-the-
shelf and is able to ship them 
the same day I place an order? 

Holy Dependability! Motorola 
Inc. and Richardson Electron¬ 

ics, Ltd. have joined forces to 
rid the RF industry of poor 
quality and unreliable service. 

Motorola has developed the 
broadest line of RF products 
for use in land mobile, avion-

ics/military, microwave, TV 
and cellular radio applications. 
Richardson Electronics pro¬ 

vides unparalleled service to 
get these products into your 

circuits. 

Holy Hotline! Call 800-348-! 

to put yourself in touch 
Richardson Electronics 

let us zap your RF trou 
from here to Gotham City 

A Richardson 
s' Electronics, Ltd. 

U.S. Sales Offices: (800) 348-5580 
Corporate Headquarters: 
(800) 323-1770; (708) 208-2200 

Canada: Ontario (800) 387-2280; 

Quebec (800) 363-1323 
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design awards_ 

A Lowband RF Quiet Switch 

By Kevin S. Randall 
Interspec, Inc. 

This article is the winning entry in the 
1990 RF Design Awards Contest. 
Judged the best of many good entries, 
this one represents a combination of 
design originality, engineering problem¬ 
solving, and complete documentation. 
The engineering problem also shows 
how medical electronics have devel¬ 
oped in recent years. This design was 
developed for an ultrasound imaging 
unit with a required signal bandwidth of 
10 MHz. Discussions with the author 
indicate that 20 MHz systems are cur¬ 
rently under development. 

It is sometimes desirable in RF system design to be able to switch a source 
on and off or to switch between sources 
quickly, cleanly and quietly, i.e. without 
adding any switching residue. In narrow¬ 
band and high frequency applications 
this is less of a problem since a 
reasonably fast switch (say 50-100 ns) 
can be implemented that will inject very 
little signal into the band of interest. For 
broadband, low RF frequency (100 kHz 
to 50 MHz) applications, this is a special 
problem, since fast switch times will 
create interference in the band of inter¬ 
est. 

There don’t seem to be any off-the-
shelf solutions to this problem, with the 
possible exception of double balanced 
mixers. Inexpensive mixers, however, 
can achieve switching signal isolation 
and off- isolation of only 40-60 dBc. This 
problem is complicated by the fact that 
the layout of the printed circuit board 
on which the circuitry resides can easily 
degrade this further. This can be illus¬ 
trated by pointing out that a 1 pF 
parasitic capacitance between two 50 
ohm traces degrades isolation to about 
50 dB at 10 MHz. Of course, as 
frequency increases, isolation degrades 
proportionately. If the switching signal 
is larger than the signal of interest (as 
is frequently the case), the amount of 
switching residue can quickly get out of 

hand. Also signal impedances are fre¬ 
quently higher than 50 ohms. 

To consistently achieve off-isolation 
and switching noise isolation in excess 
of 60 dB without sensitive adjustments 
for nulling, requires very careful circuit 
board layout and a novel switching 
function that can effectively reject switch¬ 
ing noise. Figure 1 shows a circuit that 
achieves this by incorporating several 
design features that minimize switching 
signal injection. In addition, off-isolation 
is typically in excess of 60 dB at 10 MHz. 
The circuit of Figure 1 is a differen¬ 

tially configured series-shunt switch. 
When the switch is “on,” Ramp-A is at 
+15 V and Ramp-B is at -15 V. 
Therefore Q1 and Q2 conduct a differen¬ 
tial signal to the secondary of the 

transformer, and the input signal ap¬ 
pears at Vout . When the switch is “off,” 
Ramp-A is at -15 V and Ramp-B is at 
+15 V. Q1 and Q2 are open and Q3 and 
Q4 are activated, shunting the secon¬ 
dary of the transformer. The on resis¬ 
tance of the FETs is typically 23 ohms 
for +15 V V Thus approximately 12 
ohms are snorting whatever parasitic 
capacitance appears across Q1 and Q2 
when they are off. This is generally less 
than 1 pF, largely dependent on layout 
parasitics. Capacitors C1 and C2 are 
DC blocking capacitors. Without them, 
offset voltages of the two amplifiers 
would cause a square wave at the 
switching rate to appear at Vout . Resis¬ 
tors R1 , R2, and R3 and transformer T1 
are used to set impedance levels for the 

Q1 - Q4 : SD5000 (Siliconix) 
Cl, C2 : 1uF 
U1, U2 : EHA2539 (Elantec) 
T1 : MCL T2.5-6T 

2.5:1 impedance 
ratio (Mini-Circuits) 

R1, R2 : 470 
R3 : 200 

Figure 1. A differentially configured series shunt switch. 
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User Defined Functions 
Customize and Speed Operation. 
A measuring window 
and IC memory card functions 
make ADVANTEST ideal 
for the lab or production. 
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 

MENU CHG 

GROUP 
ACTIVE 

MEMBER 
ACTIVE 

15: 
16 : 
19 : 
2Í : 
21 : 
22 : 

ENTER 

dBpV/f Hz 
COUNTER 1 kHz 
COUNTER 1Í» Hz 
COUNTER 1» Hz 
COUNTER 1 Hz 

INITIAL 
MEMBER 

/#t# Peak Search tit/ 
1 : Next Peak 
2 : Next Peak Right 
3 : Next Peak Left 
4 : Next Max. Min 

ALL 
INITIAL 

RETURN 

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

9kHz to 2.6GHz 
(R3261A/3361A) 

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

■ Synthesis technique used for 1Hz-
resolution setting and measurements 
“Total level accuracy of 1dB (Typ.).” 

■ Quasi-peak measurements 70dB 
dynamic range 

■ Measuring window function 
■ Built-in “controller function.” (option) 

R3261/3361 Series 
Spectrum Analyzer 

2IDVANTEST • Seeing is believing-Call for demonstration. 

Advantest America, Inc. 300 Knightsbridge Parkway, 
Lincolnshire, IL 60069, U.S.A. 

Advantest UK Limited Cl Tower, St. Georges Square. High Street. 
New Malden, Surrey, KT3 4HH, U.K. 

Phone: (708) 634-2552 Facsimilie: (708) 634-2610 
Phone:(01)336-1606 Facsimile:(01)336-1657 
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amplifiers and set the output imped¬ 
ance. Note that output impedance will 
in general be different when the switch 
is closed as compared to when it is open . 
Ramp-A and Ramp-B are two switch¬ 

ing signals that swing between ±15 V. 
Each of these signals is generated by a 
circuit such as that of Figure 2. After a 
rising edge of the input TTL level, Q5 
turns on, pulling one lead of R6 to 
ground. This provides drive for the 
current mirror consisting of Q7 and Q8. 
The constant current out of the collector 
of Q8 charges capacitor C4, creating a 
ramping signal until the output ramp 
reaches such a voltage that CR1 re¬ 
moves base drive from Q8. This keeps 
Q8 from entering saturation. R6 and R7 
will therefore control the switching edge 
rates (to minimize high frequency con¬ 
tent). 

Figure 3 shows Ramp-A and Ramp-B 
signals at a transition. Predictable edge 
rates allow selection of the crossover 
gate voltage. This crossover is chosen 
to be a voltage around 3-6 V, which is 
slightly higher than the maximum Vgs 

threshold voltage of 2 V. Thus all four 
FETs are weakly “on” when the 
switchover occurs. A lower switchover 
voltage would leave all four FETs off for 
a short time, increasing the sensitivity 
of the switch to parasitics during this 
period. A higher switchover voltage 
would effectively short the amplifiers’ 
outputs together for a brief period. 

The ramps shown in Figure 3 indicate 
a total switchover time of slightly more 
than 200 ns. The ramps are, however, 
somewhat extended because of the 
extra capacitance of the scope probes 
that were used to monitor them. Without 
this loading, the longer of the two is 
about 150 ns. This is technically also the 
switch-on/switch-off time, however it only 
applies for maximum input levels, since 
the gate voltage is set by these ramped 
signals and the source voltage is set by 
the input signal level. For a Vgs of only 
5 V a FET is essentially “on,” and for a 
V s of 0 V the FET is “off.” Thus for a ± 
2^7 analog signal level at the outputs of 
the amplifiers, an essentially complete 
switchover occurs when the gate drive 
swings from +7 V to -2 V and the other 
swings from —2 V to +7 V. This takes 
approximately 60 ns. Note, however, 
that best off-isolation is not achieved 
until the gate drives reach ± 15 V. 
The amplifiers U1 and U2 are config¬ 

ured so one is inverting and the other is 
non-inverting. The actual gains should 
be similar for best dynamic range. (For 
highest output signal, both amplifiers 
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Trimmer Capacitors. 
The World’s 
Broadest Line. 

SPRAGUE 
Gooomon 

Including SURFTR1M SMT 
plus 

SURFCOIL Chip Inductors 
STAB-L Ultra Stable Inductors 

SPRAGUE-GOODMAN ELECTRONICS, INC. 
134 FULTON AVENUE, GARDEN CITY PARK, NY 11040-5395 
TEL: 516-746-1385 • TELEX: 14-4533 • FAX: 516-746-1396 
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Q5, 9, 10 : 2N3904 or equiv. 
Q6, 7, 8 : 2N3906 or equiv. 
CR1, 2, 5, 6 : HP5082-2800 

or equiv. 
CR3, 4 : 1N914B or equiv. 
R4 : 27K 
R5 : 1K 
C3 : 100pF 
R6 : 1K, 1% 
R7 : 1.36K 
C4 : about 50pF 

(all parasitic) 

Figure 2. Circuit to generate Ramp-A and Ramp-B. 

Aamp-A 
- * or 

Ramp-B 

C4 
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should be just short of clipping. If one is 
almost clipping while the other still has 
some headroom, the maximum output 
signal will be somewhat lower than it 
could be, compromising dynamic range.) 
Interestingly enough, the output imped¬ 
ances do not have to be very closely 
matched. A considerable mismatch is 
required to have a noticeable effect on 
the switching signal feedthrough. Also 
the absolute value of the input imped¬ 
ances has no noticeable effect on the 
switching signal feedthrough. An open 
circuit was substituted for U1 and U2 
with no significant change in 
feedthrough. 
The manner in which the circuit 

achieves very low switching signal injec¬ 
tion is by first keeping parasitics to an 
absolute minimum and second by pre¬ 
cisely matching the residual parasitics 
between the switching gate drives and 
the two differential signal lines. Figure 
4 shows the parasitics between the gate 
drives and the signal nodes. If the 
parasitic capacitances are exactly 
matched, then identical noise injection 
will occur to each half of the transformer 
secondary. If the transformer is well 
balanced and has sufficient frequency 
response, then it will exactly cancel the 
switching signal feedthrough. 

In practice, it has been found to be 
rather straightforward to achieve both 
these objectives with a standard multi¬ 
layer printed circuit layout. With a ground 
plane as one of the middle layers of the 
board, all analog signals are run on 
layers that are on the component side 

of the ground plane. Each correspond¬ 
ing differential signal should run in a 
way that mirrors its counterpart with 
respect to the gate pins of the IC. The 
gate drive signals should run on the 
solder side of the ground plane, to shield 
these traces from the body of the IC and 
the analog signal nodes, and should run 
so that their residual parasitic capaci¬ 
tance balances to each half of the 
switch. The only parasitic capacitance 
that the gate drives traces will have will 
be from the traces on the solder side of 
the board to the pins of the IC that 
protrude through the board. Although 
for best performance the protruding pins 
of the IC should be clipped off flush with 
the solder side of the board, I have found 
that this makes little difference in the 
performance of the circuit. I found in 
implementation that the gate drive traces 
don’t need to maintain their symmetry 
once they are more than a few tenths of 
an inch away from the IC pins. Also, the 
ramp generating circuitry is only about 
1.5 inches from the switch and is not 
shielded in any way. 

In addition to layout capacitances, of 
course, the FETs themselves have para¬ 
sitic capacitances. These capacitances 
are particularly low for the SD5000 
series of FET arrays being about 0.3 pF 
Cga and about 2 pF Cgs . Although it is 
not explicitly stated in the data sheet, the 
match of these capacitances within one 
package appears to be excellent. This 
is not surprising since they are specified 
to have a typical on resistance match of 
1 ohm. As can be seen from the 

Cp1 - 8 : Parasitic capac tances 
from gate drives to 
signal lines 

Cgd : Gate to drain 
capacitance 0.3 pF 
for SD5000 

Cgs : Gate to source 
capacitance ¿bout 
2pF tor SD50J0 

Figure 4. Parasitics between the 
gate drives and the signal nodes. 

schematic, there is one Cgd from Ramp-
A to each of the transformer halves (one 
each from Q1 and Q2). Note that Cts , 
being larger than Cgd , fo' Q1 and Q2 is 
oriented to discharge inte the low output 
impedance of amplifiers U1 and U2. 

SPECTRUM 10 MHZ REFERENCE 
A: REF B:REF o MKR 10 005 000.000 Hz 

SPECTRUM 10 MHZ FEEDTHROUGH 
A:REF B = REF o MKR 10 005 000.000 Hz 
-7.000 -10.00 MAG -68.7663 dBm 

DIV DIV START 10 000.000 Hz 
10.00 10.00 STOP 20 000 000.000 Hz 

REF-;7 .00000E+00 

Figure 5. Reference tone of 10 MHz passing through 
statically-on switch. 

Figure 6. Reference tone of 10 MHz passing through 
statically-off switch. 
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NOW PUTA LITTLE 
AVANTEK MAGIC 
IN YOUR SYSTEM 

Avantek MagIC ™ 
High Speed ICs 
Enable Superior 
System Designs 

mag/C 
The new MagIC" series of silicon 
bipolar MSI integrated circuits 
offer the best performance 
available from silicon ICs yet. 
The broadband, high frequency 
performance of these high-speed 
silicon ICs make them cost-
effective alternatives to more 
expensive GaAs ICs. Avantek 
MagIC silicon ICs are manufac¬ 
tured with Avantek’s proprietary 
10-15 GHz Ft, 25 GHz Fmax Isosat'" 
process for unsurpassed integra¬ 
tion and performance at micro¬ 
wave frequencies. Avantek’s 
MagIC series ICs presently con¬ 
sists of four product families: 
low noise amplifiers, active mix¬ 
ers, variable gain control ampli¬ 
fiers, and prescalers. These 
low-cost, high-speed silicon ICs 
are Avantek’s magic solutions 
to your RF, microwave and light¬ 
wave system performance and 
cost problems. 

MagIC™ ICs Are Avail¬ 
able in Quantity for 
Volume Applications 
Avantek presently produces 
more than 1,000,000 MMICs per 
month. So you can be assured 
the MagIC high speed ICs you 
need will be available to support 
your volume production pro¬ 
grams. And, all MagIC silicon 
ICs are in stock at your local 
Avantek distributor. 

For additional information, or 
the name and address of your 
local distributor, contact the 
regional sales office nearest you. 

Regional Sales Offices 
North America 

Eastern: (301)381-2600 
Central: (312 ) 358-8963 
Western: (805 ) 373-3870 

European: (44)276-685753 
• Gains as high as 32 dB 
• Noise figures as low as 

1.7 dB 
• Prices as low as $22.00 
each* in hermetic 70 mil 
surface mount package 

The IAM-series of active mixer/ 
amplifiers presently consists of 
two models, offering: 

• RF and LO frequency range 
of .05 to 5.0 GHz 

• Gains as high as 26 dB 
• Prices as low as $28.50 
each* in hermetic 180 mil 
surface mount package 

The IFD-series low phase noise 
static prescalers offer: 

• Divide-by-4 to 5 GHz 
• Low 125 mW Power Con¬ 
sumption 

• Prices as low as $18.50 
each* in hermetic 100 mil 

High Performance, 
High Speed, 
Low Cost... 
The INA-series of two-stage low-
noise amplifiers presently con¬ 
sists of three models, offering: 

• 3 dB bandwidths to 2.8 GHz 

• Conversion gain as high as 
15 dB 

• LO power as low as —10 
dBm 

• Prices as low as $16.00 
each* in hermetic 180 mil 
surface mount package 

The IVA-series of variable gain 
control amplifiers presently con¬ 
sists of two models, offering: 

• 3 dB bandwidths to 3.0 GHz 
• 30 dB gain control range 

Magic Solutions in Silicon 

©AVANTEK 
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p. ^gEagleware 
|| I Formerly Circuit 

Personal RF and microwave design software. 

Enjoy the freedom of using powerful programs 

on your own IBM personal computer. 

=TLINE= V1.2 
Relates physical material properties and dimensions to 
electrical performance for: 
• Microstrip • Stripline 
• Coplanar waveguide • Coax 
• Coupled microstrip • Coupled stripline 
• $595. Only $395 with =SuperStar= 

Í
=OSCILLATOR= Vl.l 

A unified design process for oscillators: 
• L-C, distributed, SAW and crystal oscillators 
• Computes SSB phase noise, residual FM and residual PM 
• Includes the new book Oscillator Design and Computer 
Simulation from Prentice-Hall. Discusses tuning and pulling, 
starting, output level, harmonics and more 

• $795. Only $495 with =SuperStar= 

K =FILTER= V2.1 I 
A complete L-C filter synthesis program: 
• Extensive choice of filters including conventional LP/HP/BP/BS, 

elliptic, narrowband, fiat-delay, symmetric and zig-zag bandpass [ 
• Chebyshev, Butterworth, singly-terminated, minimum-phase, Bessel. 

transitional Guassian, Cauer-Chebyshev, Blinchikoff, flat-delay 
elliptic, and user specified transfer functions 

• Includes =EQUALIZE= which designs group delay equalizers 
• Computes filter noise bandwidth 
• $795. Only $495 with =SuperStar= 

Eagleware programs are designed for use with =SuperStar=, a full featured personal circuit simulator. 
=FILTER= and =OSCILLATOR= automatically write =SuperSlar= circuit files, creating a powerful and 
convenient design environment. =SuperStar= V3.3 is $695. =SuperStar= with Professional Extension is $995. 

Programs run on standard IBM PCs and compatibles, include a 30 day money-back guarantee, free support and no annual maintenance fees. 
For further information telephone Eagleware. Immediate shipment arranged with COD. VISA or Mastercard. 

1750 Mountain Glen 
Stone Mountain, GA 30087 USA mbm 

Tel (404) 923-9999 FAX (404) 925-7524 

[MasterCard 
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gating function. 

Because Q3 and Q4 are connected 
drain to source and source to drain, 
there is exactly one Cgd and one Cgs from 
Ramp-B to each of the output trans¬ 
former halves. Thus the predictable FET 
capacitances of Q1-Q4 should precisely 
match at each half of the transformer. 
One important consideration for best 

dynamic range is to take full advantage 
of the signal level that the FETs can 
handle. For gate drives of ± 15 V, this 
is a ± 10 V signal level at a rated current 
of about 40 mA (50 mA is absolute 
maximum rating). This was not imple¬ 
mented fully in the circuit in Figure 1. All 
switching noise criterion were net even 
with a non-optimal choice of signal 
impedances, so for convenience I se¬ 
lected amplifiers with maximum output 
signal level of ± 10 V at ± 10 mA. 

Figures 5-9 show the measured per¬ 
formance of this circuit in the configura¬ 
tion that is used in an ultrasound 
medical imaging system. Figure 5 is a 
reference tone of 10 MHz passing 
through the switch while it is statically 
on. A scope probe monitors Voul , and the 
scope channel output is fed into a 
spectrum analyzer. When the gain of the 
scope channel is included, 0 dBc = -7.3 
dBm. 0 dBc is chosen to be 2 V , even 
though the switch is capable of driving 
6 V Figure 6 is the same tone with the 
switch statically off. It shows an off-
isolation in excess of 60 dBc. Figure 7 
is the 10 MHz tone being modulated by 
a synchronous 1 MHz gating function. 
Note the slightly smaller half-cycle at the 
beginning and end of the burst, and the 
slightly distorted last half-cycle. These 
are due to the ramping nature of the 
gate drives causing the resistances of 
the FETs to vary continuously rather 
than abruptly. Figure 8 is the spectrum 
of the signal in Figure 7. Figure 9 is the 
spectrum of the switching noise that 
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24 HOUR 
delivery^É 

MICROWAVE CHIP CAPACITORS 
When you’re designing with microwave chip capacitors 
and need a specific chip, chances are you need it now. 
Murata Erie can now provide you with that specific chip... 
out our door in 24 hours or less... up to 500 pieces of any 
of the values listed below. ..with no minimum quantities. 

And, Murata Erie porcelain, high Q, MA series capacitors 
are renown for performance and reliability. 

055"x.055"x.055" P90T.C. 
Cap. Value Tol. (%) Part Number Cap. Value Tol. (%) Part Number 

1.0pF ± 0.1pF MA181R0B 10pF ±5 MA18100J 

2.7pF ± 0 25pF MA182R7C 22pF ±5 MA18220J 

3.9PF 

4 7pF 

6.8pF 

± 0.25pF 

± 0.25pF 

± 5pF 

MA183R9C 33pF ±5 MA18330J 

MA184R7C 39pF ±5 MA18390J 

MA186R8J 100pF ±5 MA18101J 

.11O"x.11O"x.1OO" P90 T.C. 
Cap Value Tol. (%) Part Number Cap. Value Tol. (%) Part Number 

1.5pF ±0.1pF MA281R5B 36pF ±5 MA28360J 

3.0pF ± 0.1 pF MA283R0B 43pF ±5 MA28430J 

39pF ± 0.25pF MA283R9C 51pF ±5 MA28510J 

5.6pF ± 0.25pF MA285R6C 56pF ±5 MA28560J 

9.1pF ± 0.25pF MA289R1C 75pF ±5 MA28750J 

10pF ±5pF MA28100J 100pF ±5 MA28101J 

13pF ±5pF MA28130J 220pF ±5 MA28221J 

18pF ± 5 pF MA28180J 330pF ±5 MA28331J 

20pF ±5pF MA28200J 1000pF ±5 MA28102J 

24pF ± 5 pF MA28240J 1000pF ± 10 MA28102K 

27pF ±5pF MA28270J 1000pF ±20 MA28102M 

33pF ±5pF MA28330J 

Note: MA18=ATC 100A Size, MA28=ATC 100B Size 

Need to know more about our 24 hour microwave chip 
capacitor delivery program or how to place an order? 
Call 814-237-1431, Ext. 2471 or 3671 

State College Operations 
1900 West College Avenue 
State College, PA 16801 

Tel.: 814-237-1431 
Telex: 26-1708 
Panafax: 814-238-0490 

mtiRntn ERiE 
® 

MURATA ERIE NORTH AMERICA 
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in SMB and SMC connectors 

OUR CUSTOMERS THINK WE’RE # 1 
Actually, we're not. In sheer volume, everyone 
knows Sealectro is, and we're second. But our 
customers rate us number one in service, quality, 
and delivery. 

I his isn't just an idle claim. In fifteen years, we have 
grown to be number two by delivering millions of 
SMB and SMC connectors a year to thousands 
of satisfied customers — on time and with near 
zero rejects. 

What does this mean for you? It means we can help 
make things easier for you by shipping you high 
quality SMB and SMC connectors in large or small 
quantities, on time and at a reasonable price. Our 
nationwide distributor network makes it easy to get 
immediate delivery on standard parts. 

Call or write for our 172-page catalogue which 
contains our full line of SMB and SMC connectors 
(including over 100 MIL-C-39012 QPL terns), along 
with our SMA, 7000 microminiature, 75 ohm, and 
SLB series connectors. A cross-reference to all 
other major manufacturers and complete assembly 
instructions make the AEP Blue Book a valuable 
reference guide. 

Find out why the biggest isn't necessar ly the best. 
For same-day attention to your needs, call your 
local AEP distributor or: 

APPLIED ENGINEERING PRODUCTS 
P.O. Box 510 
New Haven, CT 06513 

203/776-2813 
FAX 203/776-8294 
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Want to see a precision 
narrowband sweep that usually 
takes about a minute? 

Range: 0 dBm 
Res: 5.6 Hz Zoom: High Accuracy Meas Time: 640 m5ec SWEPT 
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Oops, you blinked. 

By blending digital-filter and 
FFT techniques with swept 
technology, the new HP 3588A 
spectrum analyzer makes this 
measurement in less than a sec¬ 
ond ... with high resolution and 
±0.25 dB typical accuracy. 

This analyzer offers unprece¬ 
dented speed in two measurement 
modes. In the swept mode, you 
get a 10 Hz to 150 MHz range, 
RBW as narrow as 1.1 Hz and 
measurements up to 16 times 

faster than previously available. 
The narrowband-zoom mode 
gives you a span of 40 kHz or 
less anywhere in the 150 MHz 
range, RBW to 0j0045 Hz and meas¬ 
urements up to 400 times faster 
than traditional swept analyzers. 
So, call 1-800-752-0900 today. 
Ask for Ext. 1213, and we’ll send 
a videotape demo so you can see 
these fast measurements for 
yourself. But don’t blink. 

There is a better way. 

0 HEWLETT PACKARD 
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SPECTRUM 10 MHZ MODULATED BY 1 MHZ 
A: REF B:REF o MKR 10 005 000.000 Hz 

SPECTRUM SWITCHING SIGNAL FEEDTHROU 
A: REF B:REF o MKR 9 005 500.000 Hz 
-7.000 -10.00 MAG -75.4615 dBm 
[ dBm It I MAG 

DIV DIV START 10 000.000 Hz 
10.00 10.00 STOP 20 000 000.000 Hz 

e 
DIV DIV START 10 000.000 Hz 
10.00 10.00 STOP 20 000 000.000 Hz 

Figure 8. Spectrum of the signal in Figure 7. Figure 9. Spectrum of the switching noise that feeds 
through the switch from the 1 MHz gating function. 

feeds through the switch from the 1 MHz 
gating function. Note that this shows 
almost 70 dBc of isolation. ( In actuality 
the isolation is almost 80 dBc of the true 
maximum output signal level of 6 Vpp .) 

Conclusion 
A novel circuit design for quietly 

switching low frequency RF signals was 
presented as well as the means by which 
such a circuit should be implemented. 

The bandwidth of the actual circuit as 
presented is from 30 kHz to 20 MHz, but 
with judicious selection of alternate 
components, the circuit could readily 
achieve suitable operation to perhaps 
100 MHz. By substituting a grounded 
center tap transformer secondary for the 
input amplifiers, the circuit operation 
could perhaps extend beyond 100 MHz. 
As monolithic operational amplifiers im¬ 
prove it may be possible to substitute a 

true differential amplifier for the output 
transformer, extending performance 
down to DC. At present none were found 
that had inverting and non-inverting 
responses that matched closely enough 
over sufficient bandwidth to achieve 
anything near 60 dB of switching isola¬ 
tion. It could be possible to implement 
some hybrid approach with a relatively 
low frequency operational amplifier to 
extend response down to DC. KF 
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RF design awards_ 

Hybrid PLL/DDS Frequency 
Synthesizers 
Robert Gilmore and Richard Kornfeld 
QUALCOMM, Inc. 

Increasing demands are being placed 
upon the frequency synthesizer de¬ 
signer to achieve greater bandwidths of 
operation, finer frequency resolution, 
improved phase noise and spurious 
characteristics, faster settling times, and 
all of these requirements with reduced 
physical size and lower power consump¬ 
tion. Single loop phase lock loop (PLL) 
synthesizers, while small in size, provide 
poor noise, spurious, and settling per¬ 
formance, and exhibit microphonie be¬ 
havior when used at high frequencies 
with small step size. The multiple loop 
PLL synthesizer provides additional 
phaselock loops to achieve finer fre¬ 
quency resolution, at the expense of 
increased physical size, higher power 
consumption, and a relatively high 
switching time between output frequen¬ 
cies. 

Techniques are described to combine 
the Direct Digital Synthesizer (DDS) 

and the PLL to create powerful hybrid 
synthesizers which can meet difficult 
performance specifications. Using the 
QUALCOMM Q2334 Dual DDS and the 
QUALCOMM Q3036 single chip PLL 
synthesizer, this hybrid synthesizer can 
be implemented using a minimal amount 
of circuitry and power. 

Direct Digital Synthesizer/Direct 
Analog Synthesizer Hybrid 
The first hybrid synthesizer presented 

incorporates a phaselock loop which 

provides a fixed frequency output. Yet 
this synthesizer provides both a band¬ 
width expansion and an upconversion 
of the DDS output. The authors call it a 
DDS/DAS hybrid, and an example is 
given in Figure 1. 

Figure 1 depicts a synthesizer re¬ 
quired to output 187-227 MHz with 
extremely fine frequency steps and fast 
switching speed. The frequency resolu¬ 
tion is that of the DDS and the switching 
speed is determined by the RF switches 
used to select the various output fre¬ 
quency ranges. The switches in Figure 
1 select one of the four output ranges 
187-197 MHz, 197-207 MHz, 207-217 
MHz, or 217-227 MHz. Therefore, 40 
MHz of output bandwidth is achieved 
using a 10 MHz bandwidth DDS without 
the use of frequency multiplication tech¬ 
niques. Additional mixing stages, each 
multiplying with a selection of two or 
more local oscillators, can be used to 
provide increased bandwidth expansion 
and higher output frequencies. 

Performance analysis of the DDS/ 
DAS hybrid is straightforward. A conven¬ 
tional intermodulation product analysis 
must be performed to determine the 
spurious content of the output, and the 
frequency plan selected accordingly. 
Phase noise performance is excellent 
due to the inherently high performance 
of the DDS. Since the PLL is not 
required to switch between output fre¬ 
quencies, optimization of its noise per¬ 
formance is a relatively easy task. 

PLL with DDS-Generated Fre¬ 
quency Offset 

Figure 2 shows a phaselock loop with 
an internal offset frequency generated 
by a DDS. This approach is typical of 
multi-loop synthesizer designs, but in 
this case the fine frequency step PLLs 
have been replaced by a single DDS. 
Due to the fine resolution of the DDS, 
this synthesizer is capable of providing 
better frequency resolution than a PLL 
approach containing many loops. The 
local oscillator shown in Figure 2 is 
optional; the DDS fundamental output 
can be applied to the mixer directly. DDS 
image responses may also be used, 
eliminating the need for the upcon-
verting LO. When the optional "¿-P” 
divider is not used (P= 1 ), the synthesizer 
output frequency is given by 

Fout = NFRef + Fdds + Flo (1) 

The PLL provides the coarse steps in 
units of Ffe( . The DDS provides the fine 
resolution to fill the gaps between the 
coarse steps. For continuous frequency 
coverage, the DDS output bandwidth 
must be greater than or equal to the 
reference frequency; 

BWdds > FRef (2) 

The synthesizer step size is that of the 
DDS, usually « 1 Hz. A design option 
is to include a fixed divider, “¿-P,” be-

Figure 1. Example of DDS/DAS hybrid. Figure 2. PLL with DDS-generated frequency offset. 
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tween the synthesizer output and the 
mixer. In this case the output frequency 
is given by: 

Fout = NPFRef + P lF DOS + F iol O) 

As in the previous situation, the DDS 
bandwidth must be BWDDS > Fre( The 
frequency step size of this synthesizer 
is: 

Step Size = (DDS Step Size) x P (4) 

This DDS/PLL hybrid permits the refer¬ 
ence frequency to the PLL to be rela¬ 
tively large, while still providing ex¬ 
tremely fine frequency steps. A large 
reference frequency provides important 
benefits: 

1. The loop division ratio N is a low 
value. Since the output phase noise 
within the loop bandwidth is the refer¬ 
ence phase noise + 20log(N) dB, a small 
value of N minimizes this noise. 

2. The loop bandwidth is typically < 
10 percent of the reference frequency 
(this is a rule of thumb: the authors 
recommend that a detailed noise and 
stability analysis be performed for all 
PLL designs). Therefore, a large refer¬ 
ence frequency permits a wide loop 
bandwidth. Since the VCO noise is 
suppressed by 12 dB/octave beginning 
at œ3dB and headed toward DC, a wide 
loop bandwidth yields a low phase noise 
output despite a noisy VCO. 

3. The wide loop bandwidth made 
possible by this synthesizer provides a 
loop with a proportionally faster settling 
time. 

Since this topology is similar to that 
of multi-loop designs, the performance 
analysis is that of a conventional PLL 
synthesizer. Of course, the DDS pro¬ 
vides its inherent benefits of fine fre¬ 
quency steps, fast settling, and excel¬ 
lent phase noise and spurious perform¬ 
ance. 

DDS - Driven PLL 
This application addresses the use of 

the DDS as the reference for a PLL. It 
is a powerful technique for a number of 
reasons, including: 

1. It utilizes a minimum of hardware 
and DC power. Using the Qualcomm 
Q2334 Dual DDS and the Qualcomm 
Q3036 single chip PLL synthesizer, an 
octave band fine resolution synthesizer 
to greater than 1500 MHz can be built 
using three integrated circuits plus a 
bandpass filter and VCO. 
2. Since no mixers are used, spurious 
performance is excellent, predictable, 

and reproducible. 
3. The frequency resolution is typi¬ 

cally on the order of 1 Hz or less. 
4. The design permits rapid switching 

times and excellent noise performance. 
A block diagram of the DDS-driven 

PLL is given in Figure 3. A filtered, 
limited DDS output is used as the 
reference to the PLL. An optional divider 
may be used to divide the DDS output 
to provide an appropriate center fre¬ 
quency for a particular filter technology 
(such as a crystal filter, where the range 
of center frequencies may be limited), 
or simply to improve its noise and 
spurious characteristics. 
The operation of the DDS-driven PLL 

is as follows. The PLL is designed to 
output a range of frequencies with a 
frequency resolution equal to its refer¬ 
ence frequency. For example, the PLL 
could output 200 to 400 MHz, and if the 
reference frequency applied to the PLL 
is 10 MHz, the possible outputs from the 
PLL are 200 MHz, 210, 220, 230. 
390, 400 MHz. Each PLL output is the 
division ratio of the loop (the counter 
“N” in Figure 3 times the reference 
frequency). By using a DDS as the 
reference to the loop, the reference 
frequency may be made to vary in 
extremely small steps. By selecting the 
bandwidth of the DDS output appropri¬ 
ately, the synthesizer may be made to 
have continuous frequency coverage 
with a resolution of N times the DDS 
frequency resolution. For continuous 
coverage, the DDS bandwidth must be 

DDS Center Frequency ... 
BWdds > - Ñ- (5)

min 

where N is the minimum PLL division mtn 
ratio. Note that the step size of the 
DDS-driven PLL varies with N, and 
therefore is not constant throughout the 
range of the output frequencies. 

To understand the noise and spurious 
performance of the DDS-Driven PLL the 
designer must begin with the DDS 
output characteristics and analyze the 
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contribution of the PLL to this DDS 
reference. The DDS has excellent phase 
noise characteristics, out its spurious 
content is not as good as a high-grade 
reference oscillator. The DDS output 
has PM spurs due to phase truncation, 
primarily AM spurs due to amplitude 
quantization, and miscellaneous addi¬ 
tive spurs due to intermodulation prod¬ 
ucts caused by D/A non-linearities and 
clock feed-through. The performance of 
a PLL with AM, PM, and FM spurious 
tones plus additive noise on its fre¬ 
quency reference will be discussed as 
an introduction to the pe dormance analy¬ 
sis of the DDS-Driven PLL. 
A PLL with a division ratio N acts as 

a frequency multiplier for the process 
applied to its reference input. The loop 
acts as a 1st order bandpass filter of 
one-sided bandwidth equal to the closed 
loop bandwidth for this multiplier refer¬ 
ence process. First we will discuss the 
performance of a xf\| frequency multi¬ 
plier with a noisy input. The 1st order 
response of the PLL to the reference 
input is superimposed upon these re¬ 
sults. 

Analysis of Frequency Multiplier 
with Noisy Input 

For a frequency reference with AM 
spurious tones, consider an AM spec¬ 
trum input to a frequency multiplier: 

x(t) = A(1 + m(t))cosco,t (6) 

If the frequency is multiplied by n = 
œ2/a)v the output of the frequency 
multiplier is: 

y(t) = A(1 + m(t))cos(na;,t) (7) 

The modulation index is not changed: 
the AM spurs are no larger at the output 
of the multiplier than at the input. In fact, 
AM spurs may be suopressed by a 
limiter before or after frequency multipli¬ 
cation. 

For a frequency reference with PM 
spurious tones, consider a carrier phase 
which is modulated by a sinusoid: 
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TRANSMIT SPECTRUM 
Synthesizer Used as LO for Modulator 

Figure 4. Fast hopping DDS-
driven PLL, ideal for upconverting 
a wide data or video spectrum. 

frequency, is not changed. The spec¬ 
trum of the PM signal y,(t) is given by 
inspection from the equivalent relation¬ 
ship: 

y,(t) = Acosiœ,! + /3sina)mt) 
(14) 

oo 

= A Z J,(/3)COS(œ,t - icom)t 

where J^) are Bessel functions of the 
first kind. Therefore, the spectrum of 
y2(t) is determined by inspection from: 

OO 

y2(t) = A Z J¡(np)cos(w2t + iwm)t 
j » -co 

PM spurs centered about the carrier 
input to a frequency multiplier are 
increased in amplitude only: their offset 
from the carrier remains unchanged. 
For sinusoidal modulation, frequency 
multiplication by n increases the power 
of the PM spur at the offset i x fm from 
the carrier by the ratio 

spur power ratio = 
J,(np) 

. J,(P) 
(16) 

y,(t) = Acos(a),t + /3sina>mt) (8) 

where ß is the modulation index (ß = 
maximum value of the phase deviation). 
The phase of y,(t) is: 

WW = œ,t + psinc^t (9) 

and the frequency is therefore 
(10) 

f,(t) = ¿ ¿ +

After we multiply this signal in frequency 
by n = 

f2(t) = nf,(t) = (nœ, + n/?œmcosœmt) 

(11) 

= (a>, + nôœ cosœt) 

We integrate this to determine the 
phase: 

*(y,(t)) = w2t + n/Jsinœmt (12) 

Therefore 

y2(t) = Acos(œ2t + n/3sinœmt) (13) 

The modulation index is now nß instead 
of ß, but the sideband offset frequency 
fm, which is equivalent to the modulation 

RF Design 

Now consider the DDS-Generated PM 
process, where the modulating waveform 
is a sawtooth of peak-to-peak amplitude 
2n/2p radians. In this case the result of 
frequency multiplication by n is to in¬ 
crease the amplitude of each spurious 
tone by n, with no effect upon the offset 
frequency. Therefore, frequency 
multiplication by n increases the power 
of DDS phase truncation spurs by n2 
(20log(n) dB), but does not change the 
frequency offset of these spurs from the 
carrier. 
For a frequency reference with FM 

spurious tones, consider the FM modu¬ 
lated signal 

Z,(t) = Acos(œt + 2nfdy m(x)dx) (17) 

where fd is the frequency deviation 
constant. For m(t) = cos a>mt, 

L 
Z,(t) = Acos (a^t + J- Sina>mt) (18) 

'm 

This is the identical analysis as for the 
PM case with sinusoidal modulation. 
Note that for FM, unlike PM, the modula¬ 
tion index is a function of the modulation 
frequency. With this in mind, the same 
situation occurs when an FM modulated 
signal is applied to a frequency multi¬ 

plier as with a PM modulated signal. The 
modulation sidebands are increased in 
voltage as J^nß^ß^ß); the frequency 
offset from the carrier is not changed. 

This section addresses discrete spurs 
which are caused by discrete spurious 
tones such as: harmonics of the refer¬ 
ence frequency, and intermodulation 
products between these harmonics and 
other tones, clock feedthrough, power 
supply effects stray coupling, and so on. 
Symmetrical pairs of sidebands about 
the reference may be AM or PM or a 
mixture of both. The phase jitter contri¬ 
bution from a symmetrical pair of side¬ 
bands is zero if they are AM. From 
Reference 1, the phase jitter variance 
due to each pair of symmetrical PM side 
bands is 

^Ctal = + */ + V + ■ ■ ■ (19) 

The phase jitter variance from each 
single (not part of a symmetrical pair) 
discrete line is given by 

... (20) 

This makes the conservative assump¬ 
tion that the tones are PM in origin. The 
phase jitter due to discrete additive 
spurious tones is increased n times at 
the output of a xn frequency multiplier. 
The power of each spurious tone is 
increased by n2(20log(n)) dB. Therefore, 
discrete spurious tones are increased 
in power by n2 after frequency multipli¬ 
cation by n; their offset from the refer¬ 
ence frequency is not changed. The 
effect of frequency multiplication by n 
on a reference with phase noise is to 
increase the phase noise power by 
n2(20log(n)) dB. 

Reference 1 performs a detailed analy¬ 
sis of the effect of frequency multiplica¬ 
tion on additive SSB and DSB white 
thermal noise. The results will be sum¬ 
marized here. 

Superposed SSB white Gaussian 
noise of noise density No added to a 
clean carrier of power C can be sepa¬ 
rated equally into an AM component and 
a PM component. After frequency multipli¬ 
cation by n, the modulation index of the 
PM component is multiplied by n while 
the AM modulation index is not effected. 
For n » 1, frequency multiplication turns 
additive SSB noise into primarily DSB 
phase noise. Multiplying frequency f, 
by n to give frequency f2 yields the 
following carrier-to-noise density ratio: 
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Additive SSB Noise 

(<) <2’> 
2 1 

In the case of superposed DSB white 
Gaussian noise, the carrier-to-noise den¬ 
sity ratios after frequency multiplication 
by n are: 
Additive DSB Noise 

Therefore, frequency multiplication by 
n multiplies phase noise power by n2, 
and additive DSB white Gaussian noise 
by n2/2. 

DDS-Driven PLL Performance 
We are now in a position to analyze 

the performance of the DDS-Driven PLL 
show in Figure 3. The performance is a 
function of the DDS characteristics, the 
BPF bandwidth, and the PLL parame¬ 
ters. Note that if switching speed is not 
important, the PLL loop bandwidth can 
be made extremely narrow. In this case, 
the phase noise and spurious per¬ 
formance of the output is essentially 
that of the VCO. The bandpass filter in 
Figure 3 can be replaced with a lowpass 
filter since the reference will have a 
minimal effect on the output spectrum. 
If the VCO is clean, this may be the 
simplest approach to a synthesizer with 
broad bandwidth, fine resolution, good 
spurious and phase noise performance 
(that of the VCO), small size, and low 
power, but with a slow switching speed 
between output frequencies. 

If fast switching speed is important, 
the PLL loop bandwidth must be made 
correspondingly larger. In this case the 
Bandpass Filter, Hard Limiter, and Op¬ 
tional Divider in Figure 3 become impor¬ 
tant. In the absence of these three 
functions, the unmodified DDS output 
(with anti-aliasing filter) is multiplied by 
N in frequency by the PLL. Within the 
loop bandwidth, the following happens 
to noise processes at the DDS output: 

1. Spurs due to Phase Truncation: 
These spurs are multiplied in power by 
20log(N) dB: their frequency offsets from 
the carrier are not changed. They are 
filtered by 6 dB/octave by the PLL as a 
lowpass process from the closed loop 
bandwidth. Note that DDS PM spurs are 
increased in power by precisely 20log(N) 
dB, while a PM process with sinusoidal 
modulation would be increased in am¬ 
plitude by a ratio of Bessel functions. 

2. Spurs due to Amplitude Quanti¬ 
zation: As discussed previously, these 
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Figure 5. Block diagram of synthesizer using QUALCOMM Q2334 DDS and 
Q3036 PPL. 

tones are AM spurs. Non-linearities may 
convert a portion of this process to PM. 
Since frequency multiplication by N 
does not effect the modulation index of 
AM, the nonlinear PLL circuitry will tend 
to suppress the AM spurs. The best 
thing to do is to hard limit the filtered 
DDS output to suppress the AM spurs, 
or the AM component of the noise 
process. The limiter is located prior to 
the PLL. 

3. Spurs due to D/A Non-Linearities: 
These are additive discrete spurs, and 
therefore are increased in power by 
20log(n) dB; their offsets from the carrier 
are not changed. They are filtered by 6 
dB/octave by the PLL lowpass charac¬ 
teristic. 

4. Phase Noise: The DDS phase noise 
is that of its reference improved by 
20l°9(fciock/foutput) dB - This improvement 
is limited by the noise floor of the DDS 
circuitry. The PLL frequency multiplica¬ 
tion increases this DDS phase noise by 
20log(N) dB within the closed loop BW, 
and filters it at 6 dB/octave outside the 
loop BW. 

5. Additive Thermal Noise: Additive 
thermal noise generated by the DDS 
circuitry is multiplied by the PLL by n2/2 
or +[20log(N)-3] dB. 

It is important to note that the PLL 
increases the amplitude of the spurious 
tones and not their frequency offsets 
from the reference. The bandpass filter 
in Figure 3 ensures that the DDS-
generated spurious tones and noise 
input to the PLL will be confined to its 
bandwidth of ±B/2. After frequency 
multiplication by N, the noise and spuri¬ 
ous tones will be increased by 20log(N) 
dB, but only within ±B/2 of the output 
frequency. Beyond this, the spurs and 
noise are suppressed by the skirts of the 
BPF. In essence, the BPF serves as a 
tuneable high-frequency tracking filter, 
but it is actually a fixed, low-frequency 
design. The output spectrum is a clean 
tone surrounded by a pedestal of noise 
and spurs. The pedestal width is ±B/2. 
The noise and spurs fall off rapidly 
beyond this point due to the BPF and the 

first order response of the loop. If a 
narrow bandwidth crystal filter is used, 
the pedestal can be made extremely 
narrow. 
The selection of the BPF bandwidth 

and center frequency is a tradeoff 
between switching speed, noise per¬ 
formance, and the need for continuous 
frequency coverage. Good phase noise 
and anti-microphonic design practice 
dictate that N be small, and conse¬ 
quently that the reference frequency be 
high. A small N requires a relatively 
large BPF bandwidth to provide continu¬ 
ous frequency coverage (refer to equa¬ 
tion 5). Certain filter technologies may 
not be available at the desired reference 
frequency. Also note that a narrow BPF 
bandwidth also adversely effects switch¬ 
ing speed. Therefore, the selection of 
the BPF center frequency and band¬ 
width is a balancing act between these 
issues. 
The resulting spectrum can be made 

nearly spur-free when observed over 
large frequency spans, but has the noise 
pedestal when observed close-in. This 
may not be acceptable for instrument¬ 
grade applications. For these applica¬ 
tions an extremely narrow loop BW can 
be used to eliminate the pedestal (at the 
expense of switching speed), or another 
synthesizer topology can by used. This 
topology may be ideal, however, in a 
communications application in which 
the spectrum being transmitted is wider 
than the synthesizer noise pedestal. 

As shown in Figure 4, the DDS-Driven 
PLL appears spur-free when used to 
upconvert a relatively wide data or video 
spectrum. If the demodulation circuitry 
has no problem demodulation a signal 
with close-in spurious tones (they are 
typically 20-35 dBc), this synthesizer 
approach may be ideal. 
The hard limiter in Figure 3 sup¬ 

presses the AM spurious components 
from the DDS. These components are 
the AM amplitude quantization process, 
as well as the AM portion of the DDS 
thermal noise. As AM spurs have an 
unpredictable effect upon PLL output 
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Figure 6. Measured performance of DDS-driven PLL in Figure 5. 

performance, it is best to eliminate them. 
In practice, the hard limiter provides a 
noticeable improvement in synthesizer 
performance. 
The optional divider in Figure 3 

performs two functions. First, it im¬ 
proves the spurious and noise perform¬ 
ance of the DDS, in general by 20log(M) 
dB. Second, it provides flexibility in 
selecting the reference frequency to the 
PLL and the center frequency of the 
crystal filter. This is because the DDS 
output and PLL reference input are at 
different frequencies. The resulting ex¬ 
tra degree of freedom may help in the 
specification of the BPF response. 

Design Example 
A design example using the QUAL¬ 

COMM Q2334 Dual DDS and Q3036 
PLL integrated circuits is shown in 
Figure 5. The Q2334 DDS is ideal for 
use in the DDS-Driven PLL because of 
the following properties: 

1. The algorithmic sine lookup func¬ 
tion provides phase truncation spurs no 
larger than -84 dBc (14 equivalent bits 
of phase). No external lookup memory 
is required. No other commercially avail¬ 
able DDS has comparable performance. 

2. The proprietary noise reduction 
circuit provides excellent quantization 
performance using an 8-bit D/A con¬ 
verter. Since the AM component of 
quantization noise is suppressed by the 
hard limiter anyway, there is no reason 
to use more than an 8-bit D/A (given 
sufficient D/A linearity). This results in 
lower cost, smaller size, and lower 
power. 

3. The Q2334 accepts a clock up to 
50 MHz, permitting the use of high 
reference frequencies. 

4. The Hop Clock input permits syn¬ 
chronous frequency hopping. 

5. The device uses low power CMOS 
technology and operates from a single 
+5V supply. 
A block diagram of the synthesizer 

which operates between 850 and 1750 
MHz is shown in Figure 5. The frequency 
resolution is 1.0 Hz max. (it varies 

between 0.52 Hz and 1 Hz across the 
band). The DDS output frequency is 9.5 
MHz ±54 kHz, and N in the PLL varies 
between 90 and 184. The PLL loop 
bandwidth is œn = 3 kHz. The design 
parameters for this synthesizer are: 
Max. phase truncation spur within BPF 
and loop 
BW = -84 + 20log(184) dBc = -39dBc 

Amplitude quantization spurs: Sup¬ 
pressed by hard limiter. Max. spurs due 
to D/A non-linearities within BPF and 
loop 
BW = -68 +20log(184) dBc = -23 dBc 
Note: Careful choice of DDS center 

frequency can reduce this result. 
Actual output spectra from this synthe¬ 

sizer are shown in Figure 6. Note that 
this synthesizer totals 4 integrated cir¬ 
cuits (including op amp), a VCO, plus 
several discrete components. 

Conclusion 
Direct digital and phaselock loop 

frequency synthesis are two very differ¬ 
ent approaches which can be combined 
to make powerful hybrid synthesizers. 
Three DDS/PLL hybrid synthesizers 
have been described: the DDS/Direct 
Analog Synthesizer hybrid, the PLL with 
DDS-Generated Offset, and the DDS-
Driven PLL. Each of these hybrids offers 
fine-resolution frequency synthesis over 
broad bandwidths. 

Perhaps the most important con¬ 
clusion is that frequency synthesizers 
should not be designed by rules of 
thumb. PLL stability must be guaranteed 
by analysis, not by placing desired extra 
poles at “n" times the natural loop 
frequency. The DDS does have spurious 
responses, but the brute force approach 
to minimizing these need not always be 
applied. For example, a hard limiter 
suppressing quantization noise may elimi¬ 
nate the need for a D/A converter of 
greater than 8 bits. Finally, the PLL does 
not treat all spurious and noise proc¬ 
esses at its reference input equally. In 
fact, of the 7 noise processes discussed-
AM spurs, DDS quantization noise, 
sinusoidal PM and FM, DDS phase 

truncation spurs, phase noise, and addi¬ 
tive thermal noise- only 3, DDS phase 
truncation spurs, phase noise, and dis¬ 
crete PM spurs strictly follow the 
+20log(N) rule commonly cited. 
The hybrid approaches presented 

can be implemented using a minimum 
number of components (using VLSI DDS 
and PLL circuits), and therefore can 
minimize the effects of printed circuit 
layout on synthesizer performance. This 
enhances the correspondence between 
predicted and actual performance and 
therefore requires less performance op¬ 
timization on the bench. RF 
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Theirs. 

Why 
our chip 1 
inductors 
are more 
attractive 

for your high 
frequency^ 

applications 

Ours. 

The point of this little demonstra¬ 
tion is that Coilcraft surface mount 
inductors are made of ceramic. A 
decidedly non-magnetic material. 
Most other chip inductors are 

made of ferrite. Which is great for 
demonstrating the principles of 
magnetism, but not so hot for high 
frequency magnetics. 
Take self resonance, for example. 

SRFs on our coils are up to 3 times 
higher than equivalent ferrite chips. 
And located a safe distance away 
from your operating frequency. 
The actual inductance you'll get 

with Coilcraft chips at higher 

frequencies is very predictable and 
consistent. Not so with ferrites. 
Beyond the test frequency, their 
inductance curves rise steeply and 
vary significantly from part to part. 

Coilcraft ceramic chips also have 
a low temperature coefficient of 
inductance: +25 to +125 ppm/ °C, 
depending on inductance. TCLs on 
ferrite chips are often two to four 
times higher! 
And if you need close tolerance 

parts, we offer even more advan¬ 
tages. Thanks to our computer -
controlled manufacturing and 
ceramic's neutral properties, it's 
easier for us to make 5% or 2% 

parts. We can even production-test 
at your operating frequency! Other 
chip makers have to cope with 
ferrite's permeability variations, so 
their yields are lower. Which means 
delivery can be unpredictable. 
So next time you're selecting 

surface mount inductors, forget the 
ferrite and stick with Coilcraft 
ceramic chips. 

For complete specifications and 
information on our handy 
Designer's Kits of sample parts, 
circle the reader service number. 
Or call 800/322-COIL. 

See our catalog n Vol. A, Section 1800 

88m electronic engineers master 

1102 Silver Lake Rd , Cary IL 60013 800/322-COIL Fax 708/639-1 469 
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RF cover story_ 

Results of the 1990 RF Design 
Awards Contest 
By Gary A. Breed 
Editor 

Once again, we have a group of 
engineers who have earned our 

recognition for their design achieve¬ 
ments. This year’s entries required an 
extra effort on the part of the judges, due 
to the overall excellent level of quality. 
Thanks to the hard work of Consulting 
Editor Andy Przedpelski and the 1989 
winner, Dan Baker, the task of judging 
was completed without any problems. 
With the results in hand, we are pleased 
to present the winners of the Fifth 
Annual RF Design Awards Contest! 

Just north of Philadelphia in Ambler, 
Pennsylvania is Interspec, Inc., a manu¬ 
facturer of medical ultrasound imaging 
equipment. In order to achieve the best 
possible image quality, their latest unit 
required a fast, quiet switch in its analog 
front-end circuitry. Senior Engineer 
Kevin Randall developed that switch, 
and entered it in this year’s contest. As 
a result, Kevin has won the Grand Prize, 
an Advantest R3261A spectrum ana¬ 
lyzer, provided through the courtesy of 
Advantest America, Lincolnshire, Illi¬ 
nois. The winning design is featured on 
page 29, and should prove interesting 
to many RF Design readers. 

Second Place was awarded to Mitch 
Randall (no relation to Kevin!), an RF 
engineer working on radar systems in 
the Atmospheric Technology Division of 
the National Center for Atmospheric 
Research in Boulder, Colorado. Mitch’s 
design, a digital frequency divider with 
reduced harmonic content, was devel¬ 
oped primarily as a laboratory experi¬ 
ment, but with potential applications in 
mind. Frequency dividers certainly fit 
with his current work on an X-band 
frequency synthesizer. Mitch wins a 
complete set of software for oscillators, 
filters, transmission lines and circuit 
analysis from Eagleware, Inc. (formerly 
Circuit Busters). This design will appear 
in the August issue of RF Design. 
A circuit for cancellation of PLL 

reference sidebands earned co-authors 
John MacConnell and Richard Booth the 
Third Prize in this year’s contest. Their 
circuit, which provides a relatively sim¬ 
ple way to achieve up to 40 dB reduction 

John Heitman of Advantest presents the Grand Prize to winner Kevin Randall. 

in reference spurs, has won them a 
Coilcraft SMT test fixture for interfacing 
SMT devices to test instrumentation, a 
set of specialized trimmer adjustment 
tools from Sprague-Goodman Electron¬ 
ics, and a set of five Designers’ Kits 
of various inductors from Coilcraft. 
The September issue will feature this 
circuit. 

Honorable Mention Winners 
Eleven more entries have been recog¬ 

nized with Honorable Mention awards. 
They are listed in the sidebar to this 
report. One of this group, Rob Gilmore’s 
PLL/DDS combination, has been pub¬ 
lished this month on page 41. These 
winners receive a set of five Designers' 
Kits from Coilcraft and a set of adjust¬ 
ment tools from Sprague-Goodman. 
We will continue to publish a Design 

Awards entry every month. All prize 
winners will be published between now 
and next July, when the next winners 
will be announced. We may also publish 
some of the entries that just missed 
winning one of the prizes, but represent 
interesting design ideas. 

The Prizes 
Special thanks is due to the compa¬ 

nies who provided the prizes awarded 
to this year’s contest winners! Advantest 
America, Inc. generously provided their 
model R3261A spectrum analyzer, a 
highly desirable prize for an RF de¬ 
signer! Thanks go to John Heitman, 
George Neeno, and Vice President F. 
Kamei for their support of the RF 
engineering community. 

Eagleware provided a complete pack¬ 
age of software for the Second Place 

2nd place winner Mitch Randall will 
enjoy a complete software package. 
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The Winning Entries 

prize winner, including their Oscillator, 
Filter, TLine and Super Star programs. 
President Randy Rhea has earned the 
appreciation of RF Design for his contri¬ 
bution. 

Coilcraft provided a total of 60 Design 
Kits, plus an SMT device test fixture for 
our Third Place and Honorable Mention 
winners. Paul Liebman can accept our 
thanks for Coilcraft’s encouragement 
and support for the Design Awards 
Contest. Also supporting this group of 
winners is Sprague-Goodman Electron¬ 
ics, who offered a dozen sets of eight 
specialized trimmer adjustment tools. 
Thanks to Martin Markson and Jack 
Goodman for their support. 

With the support of RF companies like 
these, the RF Design Awards Contest 
continues to be a success. 

The 1991 Contest 
The announcement of the 1991 RF 

Design Awards Contest will come next 
month. Prizes are guaranteed to be 
exciting, and we might find a few new 
ideas to make the contest even more 
exciting. RF 

Grand Prize 
A Lowband Quiet Switch 
Kevin S. Randall 
Interspec, Inc. 
Ambler, PA 

Second Prize 
Harmonic Suppressing Digital Frequency 
Divider 
Mitch Randall 
National Center for Atmospheric Research 
Boulder, CO 

Third Prize (co-authors) 
A Feedback Method for Reference Spur 
Reduction in Phase Locked Loops 
John W. MacConnell 
Santa Clara, CA, and 
Dr. Richard W.D. Booth 
Lawndale, CA 

Honorable Mention 
Hybrid PLL/DDS Frequency Synthesizers 
Rob Gilmore 
QUALCOMM, Inc. 
San Diego, CA 

Constant Reactance Voltage Controlled 
Oscillator 
Raymond Page 
Wenzel Associates, Inc. 
Austin, TX 

Log Fidelity Test Fixture 
James D. English 
ABC Circuit Design 
Aloha, OR 

A Linear Driftless VCO 
Luis Cupido, Eng. 

C & TC 
Aveiro, Portugal 

A Novel. Wide Band, Crystal Controlled FM 
Transmitter 
Thomas Xydis 
Ann Arbor, Ml 

SSF — Swept Spectrum Bandpass Filter 
Roy H. Probst 
University of North Carolina 
Chapel Hill, NC 

Parasitic Positive Feedback Frequency 
Acquisition in PLL 
Jonathon Y.C. Cheah 
Hughes Network Systems 
San Diego, CA 

Simple Clock and PSK Carder Recovery 
Francois Methot 
Consortel Limited 
Beaconsfield, Quebec 

Crystal/Transformer Networks for Filtering 
Gerald Malizewski 
SAIC Range Systems 
San Diego, CA 

Add Negative Capacitors to Your Component 
Repertory 
Gary Thomas 
GE Mobile Communications 
Lynchburg, VA 

Low Cost UHF AM Receiver 
Bob Friday 
Metricom 
Campbell, CA 

THE MISSING BLOCK 
BETWEEN YOUR LASER RADAR DETECTOR AND YOUR DIGITAL PROCESSOR 

ï 
2 
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Using state-of-the-art SAW and DIGITAL technology, 
THOMSON-SINTRA offers. 
RF-TO-DIGITAL DOPPLER ANALYSERS 
Perfect for processing the Doppler information of CO2 and YAG 
laser velocimeters. These compact low powered modules are 
connected to the laser radar detector output. They generate the 
spectrum signal in digital format ready for additional processing. 
For complete information on real time SAW Spectrum 
Analyzers and other SAW products, contact: 

THOMSON-SINTRA 
ACTIVITES-SOUS-MARINES-DTAS 
BP. 3« - 06561 - VALBONNE - CEDEX - FRANCE 
Tel. : (33)92.9431.79 - Fax: (33)92.9431.90 
For USA and Canada : 
THOMSON-ICS CORPORATION 
Route 57. Feeding Hills Road. SOUTHWICK, Ma-0107 7/0229 
(413) 569-0575 

Q THOMSON-CSF 
THE BRAINPOWER. THE WILLPOWER. THE WINPOWER. 
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JFW 
Attenuators 
Building The Best 
From Start To Finish 

Pushbutton Attenuators 
50B-002 BNC 
0-45.5x. 5 dB Steps 
S1 20.00 

Fixed Attenuators 
50F-XXX-BNC 
DC-2GHZ 
S12.50 

Also Available-High Power Fixed Attenuators 

50FH-XXX-10 N 

5OFH-XXX-5O N 

50FH-XXX-100N 

50FH-XXX-300 N 

10 Watt 

50 Watt 

100 Watt 

300 Watt 

Price (1-9) 
$ 60.00 

5210.00 

5285.00 

5500.00 

w 
JFW Industries, Inc. 
5134 Commerce Square Dr. 
Indianapolis, Indiana 46237 
(317)887-1 
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Building Blocks 
kx i DoH i o fmm 

For years, design engineers seeking solutions have 
been turning to Motorola for product support. Now, as 
you envision new opportunities within the context of a 
wireless society, Motorola is there again with building 
block RF components that will enable you to move from 
design to production ... the RNet" Series of telemetry 
transceivers and OEM radio modules. 

It doesn’t matter if you are dealing with remote 
control, RF Data Collection, alarm reporting, status 
monitoring, metering or SCADA applications, Motorola’s 
heritage of quality engineering and world class products 
provides you with voice and data capable telemetry 
radios that will fit your project. 

• Competitively Priced 
• Made in the U.S.A, for faster delivery 
• Backed by 3 Year Limited Warranty* 

Specifications UHF VHF 

Model Number RNet 450 RNet 150 

Frequency (MHz) 403-430 136.0-150.8 

450-470 150.8-162.0 

162.0-174.0 

Nominal Power Supply 10 VDC to 17VDC 

Current Drain 

Standby: 16mA 20mA 

Receive: 20mA 24mA 

Transmit: 865mA (2W) 870mA (2W) 

1120mA (4W) 1275mA (4W) 

Dimensions 3.3" X 2.7" X 1.52" 

RF Output-TX 2W or4W 2W or 5W 

Envisioning. . . that’s your Job. 
Enabling . . . that’s ours. 

For more information and detailed 
specifications on RNet " telemetry 
radios and OEM radio modules, 

call 1/800-624-8999 

W MOTOROLA 
<_ / Radius Division 

1301 East Algonquin Road • Schaumburg, IL 60196 

Ext. 105 M , MOTOROLA, Radius and RNet are registered trademarks of Mot orc la, Inc. 
Specifications subject to change without notice. 
Telemetry radio models only. 
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K/ products 
GaAs FET RF Power Module for Handheld Cellular Telephones 

Mitsubishi now offers a 
GaAs FET RF power module 
specifically designed for trans¬ 
portable and handheld cellular 
phones. The FA01 303 output mod¬ 
ule provides the small size (45 
mm by 12 mm by 7 mm) and 
high-efficiency operation needed 
for transportable and handheld 
cellular phones. The GaAs FET 
structure of the device results in 
50 percent efficiency, thereby 
extending battery life in these 
applications. With an input signal 
of 0.0 dBm (1mW), the module 
has a rated output power of 32 
dBm (minimum), and operates in 
the U.S. cellular phone market 

frequency range of 824 to 849 
MHz. 

For customers who manufac¬ 
ture and market transportable 
and handheld phones to foreign 
markets, Mitsubishi offers the 
device in the ETACS (European 
Total Access Communication Sys¬ 
tem) frequency range of 872-905 
MHz, as well as the Nordic Mobile 
Telephone System (NMT) fre¬ 
quency range of 890-915. 
The Mitsubishi FA01303 GaAs 

FET RF power module is priced 
at $40.67 in quantities of 1,000. 
Mitsubishi Electronics Semicon¬ 
ductor Division 
INFO/CARD #200 

VXI Power Meter 
The new HP E1416A VXI 

power meter from Hewlett-
Packard Company offers measur¬ 
ing power equivalent to the HP 
437B in a single-slot, C-size VXI 
configuration. The meter is com¬ 
patible with the HP 8480 family 
of 17 power sensors that covers 
100 kHz to 50 GHz and -70 to 
+44 dBm. The meter accepts 
ASCII Test & Measurement Sys¬ 
tems Language (TMSL) com¬ 
mands. It has a specified ± 0.02 
dB or ± 0.5 percent instrumenta¬ 
tion accuracy and uses a 1 mW, 
50 MHz power reference on the 
front panel for sensor calibration. 
The HP E1416A has selectable 
resolution from 0.1 to 0.001 dB 
and automatic filter mode, duty¬ 
cycle computation and user-
entered, sensor-calibration factor 
tables. The ATE user can config¬ 
ure it to detect power at more 
than one point in the system 
under test. The HP E1416A meter 
is priced at $2,500. Delivery is 
estimated at 12 weeks ARO. 
Hewlett-Packard Company 
INFO/CARD #199 

High Power 
Variable 
Capacitors 

Kilo-Tec announces the avail¬ 
ability of three new high power 
variable capacitors. The new ca¬ 
pacitors are designed and manu¬ 
factured in England and use high 
quality NS4 Aluminum, Brass and 

Wide Dynamic 
Range Amplifier 
Microwave Solutions intro¬ 

duces a series of wide dynamic 
range amplifiers that offer low 
noise figure and medium output 
power over popular communica¬ 
tions bands. Model MSD-1 142501 
operates in the frequency range 
of 750-1,000 MHz with 12 dB 
minimum gain, mode MSD-
2142501 operates in the 950-
1,250 MHz range with 12 dB gain, 
MSD-21 32502 operates in the 
frequency range of 1.4-1. 7 GHz 
with 12 dB gain, MSD-31 42501 
operates in the frequency range 
of 1.7-2.3 GHz with 10 dB gain, 
and MSD-3243201 operates in 
the 2. 0-2.6 GHz range with mini¬ 
mum gain of 15 dB. They draw 
100 mA at +15 VDC. Input/output 
VSWR is 1.5/1 .5. Maximum noise 
figure is from 1.8 dB to 2.2 dB 
depending on the model used. 

Compact OCXO 
The N60B OCXO features a 

compact, low profile case (2 1/4” 
by 2 1/4” by 1” nominal) de¬ 
signed to permit application in 
restricted mounting space. Mount¬ 
ing is by standard 0.040" through-

Military quality moldings in their 
construction. New models in¬ 
clude: the TC-150, a 150 pf, 9.8 
KV breakdown voltage capacitor 
with a 3mm air gap and weight of 
350 grams; the TC-250, a 250 pf, 
14.7 KV breakdown voltage ca¬ 
pacitor with a 4.5mm air gap and 
weight of 620 grams; and the 
TC-750, which is rated at 750 pf 
with 7.8 KV voltage breakdown, 
2mm air gap. These high quality 
capacitors are suited for con¬ 
struction of RF amplifiers, RF 
tuning units, and RF transmitters. 
For commercial applications, a 
version using ceramic end plates 
is available. Prices will be an¬ 
nounced soon. 
Kilo-Tec 
INFO/CARD #198 

Minimum power output is +20 
dBm. DC power applied through 
the output port may be specified 
and internal voltage regulation to 
protect against over-voltage and 
reverse voltage is provided. 
Microwave Solutions, Inc. 
INFO/CARD #197 

hole terminals. The new oscillator 
is available at any frequency in 
the range of 5 MHz to 15 MHz, 
and has standard stability of ± 5 
X 10 9 at 0 to 50 degrees Celsius, 
or optionally ± 1 x 10 ® at -20 to 
70 degrees Celsius. Frequency 
can be adjusted over a minimum 
range of ± 1 x w 6 and is settable 
to 1 x 1O‘8 by means of an 
external access control. Aging is 
1 x i0’9/day. 

Bliley N60B has standard mini¬ 
mum sine wave output of 0 dBm 
with a 50 ohm load. Sine wave 
output as high as +7 dBm at 50 
ohms are optional, as are TTL 
and HCMOS. Required power is 
6 watts at turn-on, and 1.5 watts 
at 25 degrees Celsius. 
Bliley Electric 
INFO/CARD #196 
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Compact AM and 
FM Receivers 
The ML521, ML522, and 

ML524 portable measurement re¬ 
ceivers from Anritsu are compact 
and battery operated, making 
them well suited to measuring 
AM and FM signals in a wide 
variety of field strength applica¬ 
tions. The receivers measure 2.4” 
X 8.3” X 10” and weigh 6.6 lbs. 
The ML521 operates from 25 to 

300 MHz, the ML522 from 300 to 
1,000 MHz, and the ML524 from 
25 to 1,000 MHz. The ML524 can 
cover up to 3 GHz through use 
of Anritsu’s MH669B frequency 
converter. The double super¬ 
heterodyne receivers use synthe¬ 
sized local oscillators to produce 
stability of + 1 » 10'6, and dy¬ 
namic range is between 80 and 

100 dB, depending on the model. 
Measurement accuracy is up to 
± 2 dB and resolution is 12.5 kHz 
in selectable band widths of 15 to 
120 kHz. 
Anritsu America, Inc. 
INFO/CARD #195 

Magnetic Field 
Probes 

Narda has introduced two new 
magnetic field probes for the 
8700 Series of meters and elec¬ 
tric field probes. Models 8731 and 
8733 probes measure the mag¬ 
netic field strength of electromag¬ 
netic fields in the frequency range 
of 10 to 300 MHz. Unlike tradi¬ 
tional magnetic field probes, the 
8730 series measure only the 
magnetic field components and 
do not respond when utilized in 
fields with higher than 300 MHz 
emitters. Previously available mag¬ 
netic field probes could overesti¬ 
mate the magnetic field strength 
by as much as 10 dB when used 
at higher than specified frequen¬ 
cies. 

Loral Microwave-Narda 
INFO/CARD #194 

Fixed Frequency 
SAW Oscillators 
These SAW oscillators come 

in the frequency range of 200-
1200 MHz, higher frequencies 
are possible by using a SAW 
resonator to multiply the oscillator 
frequency. The oscillators have 
an RF output power of +10 dBm 
and SSB Phase Noise < -105 
dBc/Hz at 1 kHz offset. The 
oscillators come in TO-39 pack¬ 
ages and are available in com¬ 
mercial and military versions. 
Crystal Technology, Inc. 
INFO/CARD #193 

1.5 to 30 MHz 
Linear Power 
Amplifier 

Power Systems Technology, 
Inc. announces the development 
of model BHE1637-500, 1.5 to 
30 MHz frequency range at an 

RF power output of 500 watts. 
Class AB ope-ation with a dy¬ 
namic range of greater than 40 
dB can be AM modulated with 
less than 10 percent distortion. 
The power amplifier has an in¬ 
stantaneous bandwidth of 28.5 
MHz and a mirimum RF gain of 
57 dB. The amplifier comes with 
a 208 VAC ± 10 percent 50/60 
Hz 3-phase power supply. 
Power Systems Technology, 
Inc. 
INFO/CARD #192 

Crystal Clock 
Oscillators 
The MS series VCXOs are 

available with center frequencies 
from 183 Hz to 32.768 MHz. Lead 
configurations for auto-insertion 
and surface mount assembly are 
available. Long term reliability is 
better than 2C million hours 
MTBF. Control voltage range is 
0.5 to 4.5 volts DC, and control 
voltage bandwidth is 5 kHz mini¬ 
mum. All MS oscillators feature 
on board tri-state output and 
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1.0 
GHz 
GaAs 
DDS 
NCO 
1 GHz 0-70 °C 
The Industry's 

FASTEST 
GaAs DDS 
NCO!!! . . . . 

□ On-Chip Look-Up Table 
□ 32-Bit Frequency Resolution 

(Parallel tuning) 
□ 10-Bit Phase Resolution 
□ 8-Bit Amplitude Resolution 
□ 2-Bit Phase Modulation (BPSK and QPSK) 
□ 8-Bit Parallel Sine Output 

2 devices can be used to generate 
quadrature output signals 

□ Phase Coherent Instantaneous 
Frequency Switching 

□ ECL Inputs and Outputs for 
Convenient Interfacing 

□ 50Í2 Outputs 
□ 132-Pin Ceramic Flatpack 

FREQUENCY TUNE • ••••••••••••••••••••• 
STANFORD 
ASIC & CUSTOM PRODUCTS GROUP 

2421Mission College Blvd., Santa Clara, CA 95054 

Tel: (408) 980-5684 • Fax: (408) 980-1066 

INFO/CARD 34 

BoardMaker" made 
this board in 10 minutes! 
Two sizes of BoardMaker' proto¬ 
typing machines turn out ready-to-
stuff SMT boards, and single- and 
double-sided analog and digital 
boards fast. 

New easy-to-use InstantCAM' 
software reads/writes all popular 
formats, speeds board conversion 
with pull-down menus and mouse 
option. It accepts Gerber, HPCL, 
Excellon, Emma and Quest formats. 

Pays for itself after 12 to 20 
boards. 

Free VHS video demo. Phone 
request (415-883-1717), fax it 
(415-883-2626), or circle bingo card. 
Instant Board । i 
Circuits, 20A H 'X 
Patriaron Way, I • I •-) 
Novato, CA x 
94949. instant Board Circuits 
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symmetry optimization for TTL or 
HCMOS loads. 
M-tron Industries, Inc. 
INFO/CARD #191 

Miniature GaAs 
SP4T 
The model DSO864 GaAs 

SP4T switch has an integrated 
TTL driver and terminations, and 
operates from 5 to 2000 MHz. 
This device has insertion loss of 
1.3 dB up to 1 GHz and 1.8 dB 
up to 2 GHz. Isolation is 65 dB 
up to 100 MHz, 50 dB up to 1 
GHz, and 40 dB up to 2 GHz. 

Transients are typically less than 
28 mV peak. The DSO864 is 
packaged in a 16 pin DIP and 
uses only 0.3 mA from a +5 VDC 
supply. 
Daico Industries, Inc. 
INFO/CARD #190 

Quartz Crystals 
Anderson Electronics, Inc. has 

a wide variety of crystals for the 
computer and communications 
markets. Fundamental, third over¬ 
tone and fifth overtone mode AT 
cut crystals are available in pack¬ 
age styles to fit many applica¬ 
tions. Crystals made to MIL-specs 
are available. Temperature 
ranges available are 0 to 70, -30 
to +60, -40 to +85, and -55 to 
+125 degrees Celsius. 
Anderson Electronics, Inc. 
INFO/CARD #189 

New Design 
Method for Analog 
Bipolar ASICs 
QuickTile™, a new design 

method for ASICs, is being intro¬ 
duced by Tektronix, Inc. The 
QuickTile method is an extension 
of the QuickChip™ 6 family of 
semicustom analog arrays. It fea¬ 
tures NPN transistor speeds (fT) 
of up to 8.5 GHz, P-channel 
JFETs, and Vanadium Schottky 
diodes. Each tile consists of a 
fixed set of unconnected devices 
that are arranged for convenient 
interconnection to provide a func¬ 
tional increment to a larger IC 
design. 
Tektronix, Inc. 
INFO/CARD #188 

Radar and GPS 
Oscillator 
The model 2870052 from Piezo 

Crystal Company is designed for 
military radar and GPS markets 
and has a frequency range from 
30 to 100 MHz. The aging rate is 
3 X io 9/day. It has a frequency 
stability of ±1 x 10’8 over a 
temperature range of -45 to +85 
degrees Celsius. The approxi¬ 
mate price for this model is $500 

to $600 in quantities. 
Piezo Crystal Company 
INFO/CARD #187 

Miniature L-Band 
Quadraphase 
Demodulators 
The IQF-4F-1500 and IQP-4S-

1500 are able to cover a full 
octave from 1 to 2 GHz with 
typical balance figures of ± 4 
degrees and 0.5 dB, and are 
considerably better over narrower 
bands. These demodulators are 
available in SMA connector pack-

HIGH ENERGY CORP 
CERAMIC RF CAPACITORS 

C-D/SANGAMO 
MICA RF CAPACITORS 

□ On-Chip SIN and COS Look-Up Tables 
□ Two Independent 12-Bit Resolution 

(0-2rt) Phase Modulators 
□ A 16-Bit Frequency Modulator 

(Max Dev Rate'/4 Clock Frequency) 
□ 32-Bit Frequency Resolution 
□ 2x1 3-Bit Phase Resolution 
□ 2x1 2-Bit Amplitude Resolution 
□ Low Power CMOS Architecture 
□ Power Down Mode for Single 

Channel Operation 

16-BIT 
A œ 

(FM WORD) A SIN ( œt + 0, ) 

œTUNE A COS (<ot + 0, ) 

SURCOM ASSOCIATES, INC. 
2215 Faraday Avenue, Suite A 

Carlsbad, California 92008 
TEL (619)438-4420 
FAX (619)4384759 

STANFORD 
= =_ = =_ ~ ~ ■=.=--= 

ASIC & CUSTOM PRODUCTS GROUP 
2421 Mission College Blvd., Santa Clara, CA 95054 

Tel: (408) 980-5684 • Fax: (408) 980-1066 

INFO/CARD 36 
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ages, or in a one inch square, 
standard low profile package. 
This includes the Hi-Rei designs 
for space and military environ¬ 
ments. 
Merrimac 
INFO/CARD #186 

Ultrasonic 
Transducer Crystals 
A new line of standard ultra¬ 

sonic transduce crystals, called 
STAN-TRAN, is now available 
from Valpey-Fisher Corporation. 
The piezoelectric crystals are avail¬ 
able in three materials, five di¬ 
ameters, and in frequencies from 
1 to 30 MHz. 
Valpey-Fisher Corporation 
INFO/CARD #185 

GPS/CDS-20 Clock 
System 

Versitron’s GPS/CDS-20 is a 
CDS-20 system with a GPS re¬ 
ceiver. It improves 2a clock jitter 
to less than 0.2 percent to 1.544 
MHz (T1 rate) and 1.0 percent to 

2.048 MHz (European T1 rate). It 
receives from the network of U.S. 
government global positioning sat¬ 
ellites. 
Versitron 
INFO/CARD #184 

Synthesized Signal 
Generator 
The model 5230A synthesized 

signal generator from Eaton Cor¬ 
poration operates over the fre¬ 
quency range of 10 to 2560 MHz 
and offers fast switching with 
spectral purity. Some features 
are absolute phase noise of -125 
dBc at 640 MHz, 1 kHz offset, 
spurious lower than -90 dBc, 
harmonics of less than -55 dBc, 
and fixed output level of 16 dBm. 
Eaton Electronic Instrumenta¬ 
tion Division 
INFO/CARD #183 

Broadband GaAs 
MMIC Switches 
The HMMC-2006 chip is a 

broadband (DC-6 GHz) SPDT re¬ 

flective switch that has low inser¬ 
tion loss and input/output match 
to 50 ohms over the full de to 6 
GHz band. The device can be 
used primarily in EW, ECM, ra¬ 
dar, instrumentation, and com¬ 
munications systems. Prices 
range from $53 for 10 to 24 to $34 
for 1,000 to 2,499. 
Hewlett-Packard Company 
INFO/CARD #182 

70 MHz SAW 
Bandpass Filter 
The model FB70-20.5 from Pho¬ 

non Corporation has a bandwidth 
of 20 MHz with a center fre¬ 
quency of 70 MHz. It has a 
minimum rejection of 45 dB and 
insertion loss of 27 dB. It comes 
in a TO-8 package. Price $25 in 
quantities of 20,000. 
Phonon Corporation 
INFO/CARD #181 

70-700 MHz, 100 MHz 
BW Synthesizers 
The Mini-synthesizer, S-100 se¬ 

ries offers 100 MHz bandwidth 
coverage from 70 to 700 MHz in 
a 25 kHz step size with a serial 
programming format. Output 
power is +3 dBm across the band 
and spurious outputs are better 
than -60 dB below the carrier. A 
lock detect signal is available on 
the S-100 series, which is TTL 
compatible with a logic 1 indicat¬ 
ing a locked condition. 
Z-Communications, Inc. 
INFO/CARD #180 

Modular Integrated 
Step Attenuator 

Model PS604 miniature digital 
attenuator ope'ates over the fre¬ 
quency range of 50 to 1000 MHz 
with an attenuation range of 2 to 
30 dB in four steps. Insertion loss 
measures 3.0 dB maximum and 
switching speed is 2.0 microsec¬ 
onds. It operates over the -55 to 
+125 degree Celsius temperature 
range. 
Phoenix Microwave Corpora¬ 
tion 
INFO/CARD #179 

QUARTZTEK 
QUARTZ CRYSTALS* 
CRYSTAL FILTERS 

RF Design Software Service 
Computer programs from RF Design, provided on disk for your convenience 

All disks are MS-DOS/PC-DOS compatible, unless otherwise noted. 

This Month's Disk: 

• DISCRETE • MONOLITHIC 
SUPERIOR AGING* 

•ANOX. CRYSTALS 
EXCELLENT 
CONTROL 

WITH 
YOUR FREQUENCY 

CONTROL DESIGNS. 

CALL OR FAX YOUR 
CRYSTAL OR CRYSTAL FILTER 
REQUIREMENTS TO THE QTEK 
ENGINEERING STAFF AND 
LET THEM HELP YOU WITH 

THE SOLUTION 

QUARTZTEK 
20 S. 48th AVE. 

PHOENIX, AZ. 85043 
602-272-7944 FAX: 233-2440 

INFO/CARD 
61 CRYSTALS 62 FILTERS 

Disk RFD-0790: July 1990 
BASIC programs for opamp active filters: Sallen-Key highpass and lowpass filters, 
multiple-feedback bandpass filters, and first-order allpass phase shift networks Not 
from published articles. References and circuits are provided on disk 

From Last Month: 

Disk RFD-0690: June 1990 
1. "Curve Fitting Made Easy," by Brian Miller. BASIC program used as example in 

his article. [Text file only—program is for HP9836, not MS-DOS] 
2. "Twisted Wire Transmission Lines," by Douglas Linkhart. Performs calculations 

for line impedance determination. [BASICA or GW-BASIC] 

Still Available: RFD-1989-SET 
All II disks from 1989 issues of RF Design — $74.00 (5/«") or S82.0C (3/2'). 
Price includes postage. Foreign orders add $8.00 (outside U.S. and Canada) 

Send for a complete listing of available programs, or circle Info/Card below. 

Disks are $9.00 each (5/« in.) or $1000 (3/2 in.). Outside U.S. and Canada, add $8.00 
per order. Foreign checks must be in U.S. funds, and must be payable in the U.S. Prices 
include postage and handling. 
Annual subscriptions are available, providing 13 disks for $90.00 (5'A n.) or $100.00 

(3/2 in.). Specify starting date. 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 Design Software Service 
PO. Box 3702 

Littleton, Colorado 80161-3702 

Questions and comments should be directed to RF Design magazine 
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made easy. 
The definitive semiconductor catalog 
from Frequency Sources. 

Over 100 pages of information on state-
of-the-art devices. 

Product detail. Performance charts. 
Circuit diagrams. Package outlines. 
Everything you need for informed, easy 
selection and ordering. 

For more information, contact Donna 
Langan, Semiconductor Sales Manager, 
Loral Microwave-FSI, 16 Maple Road, 
Chelmsford, MA 01824. Tel: (508) 256-
4113. Fax: (508) 937-3748. 

□ Silicon Abrupt Junction 
□ Tuning Varactors, 30 to 90V 
□ FLTVAR - Frequency Linear Tuning 

Varactors 
□ UHF/VHF Hyperabrupt Tuning 

Varactors 

□ GaAs Tuning Varactors 15 to 90V 
□ Power Generation - Multiplier 

Varactors 
□ Step Recovery Diodes 
□ Harmonic Generator Varactors 
□ Multi-Chip High Power Generator 

Varactors 
□ Noise Diodes 
O Parametric Amplifier Varactors 
□ PIN and NIP Diodes 
□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 

UHF/VHF PIN Diodes 
Power RF Switching 
Small Signal RF Diodes 
High Power PIN Diodes 
Limiter Diodes 
Spiral Inductors 
Chip Capacitors 
Beam Lead PIN Diodes 

LCr^ZXL-
Microwave - FSI 

INFO/CARD 41 
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The World's Fastest 
Quad Comparator... 

LeCroy's MVL407 
... For Only $2 Per Channel* 
... Now Available In 
SOIC Packagingt 

...When Performance Makes 
The Difference! 

■ 400 MHz Operation 
■ 3.5 nsec Propagation Delay 
■ 4.8 mV Hysteresis 
■ 100 mW/Comparator Typical 
■ Complementary ECL 

Outputs 
■ 4 Comparators in 20-pin DIP 

or SOIC 

Applications: 

■ ATE 
■ Disk Testing 
■ Communications 
■ High Speed Interfacing 

■ Robotics 
■ Remote Sensing 
■ Precision Timing 
■ Physical Sciences Research 

* quantity 10,000 parts 
t for surface mount, specify MVL407S 

Corporate Headquarters 
700 Chestnut Ridge Road 
Chestnut Ridge, NY 10977-6499 
Telephone: 1- 800-5-LECROY 
or (914) 578-6013 

LeCroy 
Innovators in Instrumentation 

INFO/CARD 42 

RF products 
VLF-HF Receiver EK 
890 
The EK 890 developed by 

Rohde & Schwarz is a VLF-HF 
receiver adapted to all shortwave 
applications. It has an MTBF > 
14,000 and has remote-control 
capability using modems. A maxi¬ 
mum of 99 receivers can be 
remotely controlled using the ad¬ 
dressable bus interface. Also, the 
range of IF filters in the EK 890 
allows it to enable up to six 
bandwidth combinations. 
Rohde & Schwarz 
INFO/CARD #178 

High Stability BVA 
Oscillator 

The model 8600B BVA oper¬ 
ating at 5 MHz offers excellent 
phase noise characteristics, as 
low as -123 dBc 1Hz from the 
carrier and -155 dBc at 1 kHz 
from the carrier. It changes fre¬ 
quency by no more than 1 x io ” 
per day and nominal lifetime is 
20 years. The BVA is available at 

continued 

frequencies of 5, 5.12, 10, and 
10.24 MHz. 
Oscilloquartz 
INFO/CARD #177 

Tunnel Diode Pulse 
Driver 
The TD1110C tunnel diode 

pulse driver, wnen used with the 
TD1 107 tunnel diode pulse head, 
produces pulses with 25 ps rise 
time and 240 mV amplitude. The 
fixed 65 ns delay has a typical 
drift coefficient of ±1 .5 ps/degree 
Celsius. The trigger delay jitter is 
typically 2 ps rms with a guaran¬ 

teed maximum of 3.3 ps rms. The 
price is $995. 
Picosecond Pu se Labs, Inc. 
INFO/CARD #176 
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Bob Wenzel 
Wenzel/Erlinger Associates 
Microwave filters, couplers 
and matching networks 

George Szentirmai 
DGS Associates 
Active, passive and 
digital Filters 

Steve Adam 
Adam Microwave Consulting 
Microwave instrumentation and 
measurements 

Les Besser 
Besser Associates 
RF/MW amplifiers 
RF fundamentals, CAD 

WE MAKE 
HOUSE CALLS! 

Fred Levien 
The Levien Group 
EW, Space Technology, 
Microwave Systems 

Stephen Maas 
Nonlinear Consulting 
Nonlinear circuits, 
modeling & CAD 

Lynne Olsen 
CEL 
Component modeling, 
CAD training 

Octavius Pitzalis, Jr. 
EEsof 
Large signal amplifiers 
FET and device modeling 

Edward Niehenke 
Westinghouse 
Oscillators, mixers, 
transmission lines 

According to a recent educational survey*, the majority of microwave engineers try to keep up with 
the changing technology through “learning from colleagues” on the job. This fact speaks highly of 
comradeship but it puts a burden on senior engineers who also have their own job responsibilities. 
In addition, such one-on-one informal training is not cost-effective and poses a serious drain on com¬ 
panies’ productivity. 

Besser Associates offers you a better alternative through superbly organized on-site educational pro¬ 
grams. We are equally experienced to work with novice or senior staff members, on subjects ranging 
from RF fundamentals to state-of-the art microwave circuits, systems and test engineering. Our instruc¬ 
tors are top-notch design engineers, skilled both in technology and the art of teaching. We can customize 
our courses to meet your specific needs. 

Let’s discuss your continuing education requirements. We will recommend a solution and send a select 
team of trainers to make “house calls” at your firm, at your convenience. Your staff will receive the pro¬ 
per training in the shortest possible time, without diverting your engineers from their own assignments. 

One final consideration: if at completion, you are not fully satisfied with our training, you do not have 
to pay us. Therefore, you have nothing to risk, so call us today to find out how we can help you. 

"MSN, January 1990 

BESSER ASSOCIATES 
5050 El Camino Real, #204 
Los Altos, CA 94022 
TEL: (415) 969-3400 
FAX: (415) 465-0600 
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RJF software 

ON YOUR PC 

IRF/Digital Time Simulation Spectrum Analysis 
OrCAD Graphical Entry 
FAST and EASY to Use 
Free Upgrade & Support 

-—J" - ■ 

Listen to What 
Our Users Say! 

"Eats SPICE for breakfast!..very 
nicely done" - G.W., Iowa 
"It's a beautiful program" - R.N. 
from Maryland 
"totally amazed at how powerful 
it is!" - G.P., Illinois 
"Really like the simplicity of using 
the thing" - W.F., Texas 

Microwave Design System 
The Microwave Group of Cadence Design 

Systems, Inc. introduces the Cadence Micro¬ 
wave Musician Design System. This design 
software provides front-to-back design capa¬ 
bility for both MMIC and hybrid devices. The 
system includes a schematic capture pack¬ 
age, libraries, simulator interfaces, and a set 
of layout and verification tools and allows 
designers to begin their designs from either 
schematic entry or layout and move on to 
simulation. Microwave Design Systems is 
offered on UNIX-based platforms. 
Cadence Design Systems, Inc. 
INFO/CARD #210 

Radiated Emissions 
Measurement Software 
Hewlett-Packard announces the HP 

85879A radiated-emissions measurment soft¬ 
ware package, which calculates product 
compliance with commercial EMI regulations. 
Features include precompliance scanning 
capability, and user-defined frequency band 
measurements. The software allows testing 
in the 9 kHz to 22 GHz range and is 
compatible with personal computers that 
have MSDOS and the HP 8230C BASIC 

MINIMUM LOSS PAOS 

“The program is proving very useful in design¬ 
ing and refining a voice inversion scrambler. 
Again thanks for a fine product" - R.K., Virginia 

"It's an impressive program" - T.J. from Texas 

"We're enjoying the TESOFT tools very much 
in our modem design project. My engineers 
say that it's easy to use" - K.D., Utah 

What More Can We Say? 
CALL FOR DEMO DISK 

Not copy protected. TESS simulator $695. 
MODGEN option $495. Symbols for 
ORCADSDT® $ 195. For pcad fccaps® $295. 
VISA, MasterCard and PO's accepted. 

TESOFT 
PO BOX 305 Roswell GA 30077 
404-751-9785 FAX 404-664-581 7 

The MLPV and MLPU are 50/75 ohm 
resistive minimum loss impedance matching pads. 
Loss is 5.7 dB nominal with a loss flatness of 

dB max.. VSWR (Return Loss) is 1.05:1 max. 
(32 dB min.) either 50 or 75 ohm ports. Power is 
1/4 W cw max.. Enclosure is type "E" Cast Alumin¬ 
um 1 1/2" X 1 1/8" X 7/8" with blue finish. 
Standard connectors are 50 ohm BNC female/75 
ohm BNC female or type "F" female connector. 
(Other connectors are available). 

Frequency range of the MLPV is 0-500 
MHz. Price with standard connectors is US $45.00. 
Frequency range of the MLPU is 0-900 MHz. Price 
with standard connectors is US $75.00. Delivery 4-6 
weeks A.R.O. 

Quantity pricing and O.E.M. applications 
available. 

WIDE BAND ENGINEERING COMPANY, INC. 

P.O. Box 216S2 Phoenix, AZ 85036-1652 

Telephone (602) 254-1570 

X_ / 
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language processor Release II. It sells for 
$8,000. 
Hewlett-Packard Company 
INFO/CARD #209 

Antenna Analysis Program 
Roy Lewallen announces ELNEC, a new 

antenna modeling and analysis program 
based on MININEC. This program is used for 
modeling and analyzing an antenna in its 
actual environment. ELNEC adds plotting, 
printing, simplified input and about ten times 
speed increase to that of MININEC when 
using the coprocessor version. The program 
requires an IBM-PC compatible with at least 
360K RAM. CGA, EGA. 
Roy Lewallen 
INFO/CARD #208 

ACADEMY Version 3.0 
Version 3.0 links all of EEsofs microwave/RF 
simulators under the ACADEMY™ design 
framework. Simulators included are Touch¬ 
stone8, Libra™, OmniSys™, and Microwave 
SPICE8. ANACAT™ anc Xtract™, supply 
linear and nonlinear device files for the 
simulators. Cost: $5,000 to $34,200. 
EEsof, Inc. 
INFO/CARD #207 

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 PCs. Performs AC. DC, Transient, 
Noise. Distortion, Fourier and Sensitivity Analysis. 
IsSpice. 386, $386.00 The fastest 3C based Spice cir¬ 
cuit simulator available. Ten times the speed of an 
8MegHz 286 PC Has virtually no memory limitations. 

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

PreSpice, S200: 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 

For Information, ¡^SOft 
Please Write or Call (21 3) 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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W ■ WIRELINE® and 
WIREPAC® give you more 
design flexibility, greater 

power handling capability 
and less loss. You get the 
handling characteristics of 
wire with the performance 

of a machined hybrid. 

WHAT An octave band hybrid 
IT _ 
IS A narrow band hybrid 

WIRELINE 

A directional coupler 

HC2 & JC2 3 dB + .72 - .6 
f2/f1 = 2.0 L(inches) = 1850/FMHz 

HC1 & JC1 3 dB + .32 - .25 
f2/f2 = 1.25 L(inches) = 1850/FMHz 

A 2" length is a 10 ± 1 dB 
coupler from 175 to 229 MHz 

OFFERS LowVSWR 
THESE GQ0Cj isolation 
key -

FEATURES L°W ’nsertion ,oss
Handles average power 

Handles peak power 

Frequency range 

Outside dimensions 

1.2 MAX 

20 dB MIN 

0.3 dB MAX_ 

HC 100 Watts / JC 200 Watts 

2000 Watts 

100 MHz to 5 GHz_ 

HC = .105" JC = .145" 

High reliability product 

PLUS It’s easy to use 
THESE _ 

ADVAHTAGES You can bend it 

You can buy it in bulk 

Used in communication satellites 

To trim, use a razor blade 
and thermal strippers 

HC min radius of curvature .15" 
JC min radius of curvature .30" 

Comes in 5' lengths 

You can buy it cut and trimmed 

It’s inexpensive 

We ll send you a free sample 

Minimum length .5" 

Call or write today for your 
copy of our Designers Guide 

to WIRELINE & WIREPAC. 
Ask for Sage's handy slide 
rule calculator for use with 
TEM couplers and hybrids. 

ysaqe 
LABORATORIES. INC. 

11 Huron Drive /Natick. MA 01760-1314 
TEL: (508) 653-0844 
TWX: 710-346-0390 
FAX: (508) 653-5671 

WIREPAC 

KC2 & LC2 3 dB + .53 - .45 
f2/f 1 = 2.0 L(inches) = 1970/FMHz 

KC1 & JC1 3 dB + .22 - .19 
f2/f 1 = 1.25 L(inches) = 1970/FMHz 

A 2" length is a 10 ± 1 dB 
coupler from 186 to 244 MHz 

1.1 MAX 

30 dB MIN 

0.2 dB MAX_ 

500 Watts 

2500 Watts 

246 MHz to 6.5 GHz_ 

KC = .25" dia round 
LC = .25" square 

Used in high power amplifiers 

Comes cut to length 

Straight lengths only 

Furnished only to length 
See below 

Any length .3" to 8" 

Call us for a quotation 

Send us your requirement 

SAGE WIRELINE 
SAGE WIREPAC 

WHEN YOU NEED 
THAT LITTLE EXTRA 
FOR YOUR BEST 

SOLUTION. 
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Novy 
Seiko Instruments 
Technology Mounts 
On The Surface. 

Seiko Instruments introduces surface mount 
quartz crystals and oscillators. 

Now, a complete selection of surface mount crystals 
featuring frequencies ranging from 32 KHz to 24 MHz 
are available from the leading name in quartz crystal 
technology, Seiko Instruments. Crystals are packaged in 
ceramic, and thermoplastic enclosures and are available 
on tape and reel. 

Surface mount oscillators, which are TTL and CMOS 
compatible, offer ± 0.01 % frequency stability over a 
temperature range of 0°C to 70°C. 

Ideal for use in most applications, Seiko Instruments 
surface mount crystals and oscillators provide the highest 
quality and are compact, rugged, and reliable. 

To find out all the facts, contact the Quartz Crystal 
Products department today at 2990 W Lomita Blvd., 
Torrance, CA 90505 (213) 517-7770, FAX: (213) 517-7792. 

Seiko Instruments 
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Ijl eme corner_ 

EMC News Update 

European Community to Include 
Susceptibility Limits in 1992 — 
Electronic equipment sold in the Euro¬ 
pean Economic Community in 1992 
must not only meet electromagnetic 
interference (EMI) emissions standards, 
but must be sufficiently immune from 
EMI and electrostatic discharge (ESD) 
for proper operation. Directive 89/336/ 
EEC makes it clear that equipment 
marketed in europe must meet immunity 
standards. While there is currently a lack 
of standards in this area, CISPR has 
recently released a draft standard, 
CISPR/G (Secretariat) 22, containing 
proposed test methodology and immu¬ 
nity standards. The proposed standard 
covers 9 kHz to 40 GHz, with emphasis 
on the widely-used 30-1000 MHz range. 

Amateurs Include EMC Refer¬ 
ences in Comments to NTIA — In 
response to the National Telecommuni¬ 
cations and Information Administration 
(NTIA) study of electromagnetic spec¬ 
trum usage, the American Radio Relay 
League (ARRL) has filed comments 
relating to the interests of amateur radio 
operators. As reported in QST, these 
comments include the statement that 
services provided to the public by ama¬ 
teurs “will remain available only if public 
policy continues to recognize the mod¬ 
est requirements of radio amateurs for 
reasonable access to the radio spec¬ 
trum, reasonable antenna installations, 
compatibility of home-electronic devices 
with transmitting and sensitive receiving 
equipment nearby, and relief from un¬ 
justified state and local regulation.” 
These comments indicate an increasing 
concern about the proliferation of elec¬ 
tronic devices that can cause, or are 
susceptible to, EMI. 

FCC OKs Ferrite Bead Add-on Kits 
— Personal computers and video cards 
may now use customer-installed ferrite 
bead kits to meet FCC Part 15 emission 
requirements. This approval does not 
extend to other computer peripherals, 
and includes a specific list of proce¬ 

dures. First, the computer (or video 
card) must be properly tested with the 
ferrite bead kit and a stock video 
monitor. Also, clear instructions must 
be provided to the user for installation. 
Finally, a prominent notice must be 
made in the instructions that the device 
is not in compliance with regulations 
unless the bead kit is installed as 
instructed. This procedure eliminates 
the need for a ferrite-loaded cable 
assembly, which, under previous rules 
could result in unnecessary duplication 
by both the monitor and video card 
suppliers. 

International Standards Organiza¬ 
tion Sets Transient Standards — A 
draft of ISO 7637 from the International 
Standards Organization addresses prob¬ 
lems with interference from internally-
generated signals in vehicles. This docu¬ 
ment defines the tests for supply line 
transients in 12 and 24 volt automotive 
electrical systems that can disturb other 
electronic circuitry. The types of tran¬ 
sients that can be generated in different 
switching situations are described, al¬ 
lowing test simulators to create wave¬ 
forms for testing of automotive elec¬ 
tronic modules. The standard is espe¬ 
cially important in light of the planned 
European cooperation to take place in 
1992, where internationally recognized 
test procedures will be required. 

EMC Gatherings Planned — The 
1990 International IEEE EMC Sympo¬ 
sium will be held August 21-23 in 
Washington D.C. at the Washington 
Hilton Hotel. Interested persons should 
contact Joe Fisher at (703) 521-6336. 
EMC Expo 1990 is scheduled for Octo¬ 
ber 17-19 at San Mateo County Conven¬ 
tion Center, San Mateo, Calif. This event 
is sponsored by Interference Control 
Technologies and EMC Technology 
magazine. Information can be obtained 
by calling (703) 347-0300. Both of these 
events include technical papers on EMC 
topics, and an exhibit area for EMC 
supplier companies. 

Canada Brings Rules Closer to 
FCC Part 15 — Canada’s Department 
of Communications (DOC) is in the 
process of amending its specification 
TRC51, regulating low power transmit¬ 
ting devices in the 300-400 MHz range. 
New regulations under development will 
bring the Canadian standards more 
nearly in line with current FCC require¬ 
ments. For example, forbidden-band 
limits on emissions (at three meters) will 
be: 100 uV/m at 73-75.2 MHz, 150 uV/m 
at 108-136 MHz, 200 uV/m at 242.8-
243.4, 328.6-335.4, 328.6-335.4, 406-
410 and 608-614 MHz, and 500 uV/m 
at 960-1215 MHz. Also the current 
standard will be extended from its 
present 310-320 MHz down to 299 MHz. 
Until the new regulations are completed, 
applications for approval of these type 
devices under the proposed standards 
will be considered case-by-case. 

Call for EMC Articles — Because of 
our ongoing commitment to EMC, RF 
Design has a need for many different 
types of articles relating to matters of 
compatibility and compliance. Of par¬ 
ticular interest are: 

Notes on regulatory standards, either 
comprehensive or addressing a single 
aspect of performance or testing. 

Design techniques to help control 
unwanted emissions, or to reduce sus¬ 
ceptibility to interference. Examples in¬ 
clude multi-layer board design, digital 
pulse shaping techniques, physical ar¬ 
rangement of circuitry, filtering, and 
shielding. 

Theoretical and measured perform¬ 
ance of various radiated EMI and sus¬ 
ceptibility mechanisms, such as cables, 
enclosures, interconnections, co-located 
systems, digital clock circuitry, and 
ESD/EMP. 
Case histories of circuit or system 

development and their relationship to 
EMC matters. 

Contact the editors of RF Design with 
proposals for articles or questions. Ad¬ 
dress, telephone and FAX information 
is on page 8 of this issue. RF 
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LOOK 
Depend on Amplifonix to be 
your #1 second source, 

with a complete line of 
RF Amplifiers in many 
configurations: TO-8, Flat Pack, 
SMT, DIP, Connectorized. 

PLUS 
A NEW FAMILY OF 
GaAs FET units... 
• SOO MHz to 2 GHz 
• TO-8 package 
• Cascadable 
• MIL-STD screening available 

CATEGORY 
GaAs FET 

FULL PERFORMANCE 
BIPOLAR 

FULL PERFORMANCE 
BIPOLAR 

FULL PERFORMANCE 

FREQUENCY 500-2500 MHz 5-2000 MHz kHz-400 MHz 

GAIN (dB) 10 to 20 8 to 40 6.5 to 31 

NOISE (dB) 1.2 to 4.0 1.5 to 9.5 2.8 to 9.5 

PWR OUT (dBm) upto +22 up to +26 upto +21 

Call or write today 
for more information 
on our complete line 
and a copy of 
our latest catalog. 

2010 CABOT BLVD. WEST • LANGHORNE, PA 19047 • 215-757-9600 • FAX: 215-757-0378 
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RF oscillators 

VHF and UHF Crystal Oscillators 
By Andrzej B. Przedpelski 
A.R.F. Products 

When you are running out of PC 
board real estate and you want to 
increase your MTBF and reduce spuri-
ouses, it may be time to look at some 
simple high frequency crystal oscillators 
for your receiver LO design. 

Fixed frequency receivers operating at 
high frequencies usually need a 

stable high frequency local oscillator. In 
most cases this LO frequency is ob¬ 
tained by multiplying a crystal oscillator 
frequency up to the desired level or by 
using a phaselock loop. Both require a 
large amount of board space and reduce 
overall MTBF. What is worse is that in 
some cases both approaches introduce 
unneeded frequencies within the re¬ 
ceiver and, with them, unwanted spuri-
ouses. 

These problems can be considerably 
reduced by using a crystal oscillator 
operating directly at the desired LO 
frequency. Several techniques were 
tried in connection with a required 
crystal-controlled LO, where space was 
very restricted. While discrete transis¬ 
tors gave good results, the use of 
integrated circuit amplifiers provided 
additional space requirement reduc¬ 
tions. In addition, most of the circuits did 
not require the use of inductors, which 
are difficult to obtain with resonant 

Figure 1. Kleinberg’s circuit. 

Figure 2. Pierce fundamental os¬ 
cillator. 

frequencies high above the operating 
frequency. The inductors are usually 
required in overtone circuits to prevent 
operation at the fundamental and/or the 
undesired overtones. 
Two crystals were used for all the 

tests: 
1. A 330 MHz fundamental crystal 

obtained through the courtesy of Le¬ 
onard Kleinberg of NASA. 

2. A 350 MHz fifth overtone crystal 
provided by Innovative Frequency Con¬ 
trol Products, Inc. 

The fundamental crystal was an ex¬ 
perimental unit, not presently available 
in production quantities. The overtone 
crystal is a production item. 

Circuit #1 (70 MHz fundamental). 
The first circuit tried was Leonard Klein¬ 
berg’s (Figure 1). This circuit behaved 
as described (only “low” frequency 
transistors worked) (1), was very reli¬ 
able, and provided strong harmonics 
up to above 1000 MHz. The output, at 
the fundamental frequency of the over¬ 
tone crystal (70 MHz), was about 7-8 
dBm with the circuit shown. 

Circuit #2 (70 MHz fundamental). 
For comparison, a standard Pierce cir¬ 
cuit (Figure 2) was also tried. Now, a 
higher frequency transistor had to be 
used to obtain good performance. The 
circuit provided the same output as 
circuit #1, but used more parts, which 
is not desirable. 

Circuit #3 (21 0 MHz third overtone). 
Circuit #2 was modified by replacing the 
820 ohm collector resistor with an LC 
circuit tuned to 210 MHz. An output of 
about 7 dBm at 210 MHz was obtained. 
Harmonics were strong up to about 1500 
MHz. This circuit could not be made to 
operate at the fifth harmonic with the 
available parts and using the rather 
“messy” breadboard construction. 

Circuit #4 (70 MHz fundamental). 
While circuits #1 and #2 performed 
satisfactorily, they did use many compo¬ 
nents. Most are needed to obtain the 
proper bias conditions to operate the 
active device. The obvious solution was 
to reduce the component count (thus 
improving reliability) by using an inte¬ 
grated circuit RF amplifier. Here some 
caution has to be exercised, since the 
common devices are either of the invert¬ 
ing or non-inverting type. This can be 

determined by examining the internal 
schematic to see if there is a phase 
inversion or, better yet, by checking the 
S21 parameter, if available. 

Figure 3 shows probably the simplest 
possible fundamental circuit. It uses a 
non-inverting RF amplifier. This NEC 
UPC1651G type is a 50 ohm/50 ohm 
device with all the needed biases built-
in, but does not have any input or output 
coupling capacitors. Since the crystal 
does not have a DC path, only an output 
coupling capacitor is needed. This cir¬ 
cuit operated reliably and provided an 
output of +4 dBm at 70 MHz. 

Circuit #5 (210 MHz third overtone). 
Next, a series trap at the fundamental 
was placed in the feedback, as shown 
in Figure 4. This circuit provided a 
reliable output of +1 dBm at 210 MHz. 

Circuit #6 (330 MHz fundamental). 
The 330 MHz fundamental crystal was 
next tried in circuit #5 configuration. 
The circuit had to be modified, as shown 
in Figure 5, to provide a reliable 0 dBm 
at 330 MHz. The circuit was not critical 
and the capacitor was varied from 56 to 
270 pF without noticeable effect. 

Circuit #7 (210 MHz third overtone). 
To prevent operation at the fundamental 
frequency, some means have to be used 
to provide the required feedback (greater 
than unity and the needed phase shift) 
at the desired overtone frequency only. 
This is usually done with an L/C tuned 
circuit. However, “pure” inductors are 
difficult to obtain at the higher frequen-

Figure 3. Simple fundamental os¬ 
cillator. 

Figure 4. Third overtone circuit. 
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cies. First, equivalent tuned circuits, 
using transmission lines, were tried. 
This did not prove to be very successful, 
since the circuit exhibited resonances 
at other frequencies. 
The obvious solution is to use an 

inverting amplifier and supply the needed 
phase shift in the feedback by means of 
a transmission line. This approach is 
shown in Figure 6. The transmission 
line, together with the two capacitors, 
cancels the phase shift in the inverting 
amplifier and provides an in-phase feed¬ 
back at the desired frequency. The 
amplifier used was the Avantek GPD-
401 . One advantage of this type is that 
it has input and output coupling capaci¬ 
tors. Thus, no outside DC isolation is 
needed. Unless you know the amplifier 
phase shift characteristics versus fre¬ 
quency, it is easier to try different line 
lengths (giving slightly less than 180 
degrees phase shift) until optimum op¬ 
eration is obtained. Less than 180 
degrees is needed, since the amplifier 
phase shift decreases with frequency. 
The circuit shown provided a reliable 

Figure 5. Fundamental 330 MHz . 

Figure 6. 210 MHz third overtone . 

output of +1 dBm at 210 MHz. 
Circuit #8 (350 MHz fifth overtone). 

The same basic approach was used in 
circuit #8, shown in Figure 7. This circuit 
provided reliable -3 dBm at 210 MHz. 

Circuit #9 (490 MHz seventh over¬ 
tone). Since circuit #8 behaved so 
reliably, the same crystal was tried at its 
seventh overtone by decreasing the line 
length to provide about 89.5 degrees of 
phase shift at 490 MHz. The output of 
the oscillator was +3 dBm at 490 MHz. 

Circuit #10 (overtone circuit using 

SAWING 
QUARTZ? . 
ELECTRO ABRASIVES ARE 
YOUR No. 1 ANSWER. 
Sawing and lapping quartz into timing 
devices, and other precision lapping and 
polishing of components require precision 
abrasives: the type produced at our new 
Buffalo powder plant. 

64 

Our new generation powders 
are your best choice: 
• Electrocarb® Silicon Carbide 
• Brown Fused Aluminum Oxide 
Optical Powders 

• White Precision Alumina 

For these reasons: 
• Sized to rigid FEPA standards 
• Water classified with state-of-the-art 
technology 

• Used daily in production sawing of quartz 
• In stock for immediate shipment 

Request Descriptive Product Literature. 

Contact Al Ramming 
for assistance in grit-size 
selection and the name 
of your nearest Electro 
distributor. 

ELECTRO 
* * * ABRASIVE 

ELECTRO ABRASIVES CORPORATION • 701 Willet Road • Buffalo, N.Y. 14218 
Tel: 800-284-GRIT Fax: 716-822-2858 
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Figure 7. 350 MHz fifth overtone . 

Figure 8. 490 MHz seventh over¬ 
tone oscillator. 

L/C phase shift). If you are using a low 
dielectric constant PC board material, 
the required phase shifting transmission 
lines may become too long at the lower 
frequencies. The required phase shift 
may then be obtained using L/C phase 
shifting networks. Even then, bulky (and 
expensive) inductors are not necessary. 

Figure 9 shows a circuit using a pi 
configured phase shifting network. This 
circuit operated reliably at the third, fifth 
and seventh overtones by merely re-

Mask Software CAD Translators 
Reduce turnaround time and cut mask costs 
when you use our software postprocessors to 
directly photoplot board artwork. Stop cutting 
and peeling Rubylith . Our postprocessors 
convert AutoCAD, EGS, Generic CADD, or 
Calma drawings into Gerber photoplotter code. 

PHOTOPLOTTERS 
ACS 500 DXF to Gerber 
ACS 600 GOSH to Gerber 
ACS 700 HP EGS to Gerber 

TRANSLATORS 
ACS 800 EGS to AutoCAD DXF 
ACS 1000 MiCAD to AutoCAD 
ACS 3500 AutoCAD to GDSII 
ACS 3600 EGS to GDSII 

Call or write for our application notes describing 
how to photoplot hybrid circuits directly from 
your CAD database. 

Artwork Conversion Software, Inc. 
1320 Mission St. #5, Santa Cruz, CA 95060 

408/426-6163 Fax: 408/ 426-2824 
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Figure 9. Overtone oscillator with 
L/C phase shift. 

WO 7.8 mH 
o- - - )|- - - o 

0.025 rr 

- )l-
a pf 

Figure 10. Approximate crystal 
equivalent circuit at fifth overtone. 

tuning the two phase shifting capacitors. 
The same “inductor” (a 1.2 inch length 
of #18 wire) was used in all three cases. 
Once its value is established, this induc¬ 
tor can be part of the PC circuit, and 
thus is “for free”. 

Comments 
Reliable VHF and UHF crystal oscilla¬ 

tors can be built using fundamental and 
overtone crystal operation with a mini¬ 
mum of components and no discrete 
inductors. The transmission lines used 
were 50 ohm coax with a velocity of 

propagation of about 70 percent. These 
can be reduced in size considerably by 
printing them on a high dielectric PC 
board material. The length is shown in 
degrees at the operating frequency. 

While most of the circuit development 
and optimizing can be done experimen¬ 
tally on a breadboard, the use of a 
network analysis program (2) gives a 
better insight into the circuit operation 
and provides ideals for optimization 
which can be then tried on the bread¬ 
board. 
The above circuits are by no means 

optimum, but show what can be done 
with a minimum amount of parts and 
design effort. They are essentially not 
critical and slight changes in component 
values did not seem to affect perform¬ 
ance. No adjustable components were 
used, except in circuit #10. In all cases 
the output was observed on a broad¬ 
band spectrum analyzer to ensure that 
the signal was a true overtone and not 
a harmonic of the fundamental. No effort 
was made to optimize or measure phase 
noise, which may be a consideration in 

some cases. However, the signal was 
checked on a spectrum analyzer to 
make sure that no spurious sidebands 
were present. 
A 350 MHz fifth overtone crystal was 

used for all the circuits except circuit #6. 
Its equivalent circuit, at the fifth over¬ 
tone, is shown in Figure 10. A 50 ohm 
load was used in all the tests. RF 
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the Personal Computer”, RF Design, 
December 1986. 
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PICOSECOND 
PULSE LABS 

How To Put 75 Watts Of Power From 10kHz 
To 1000 MHZ At Your Fingertips.... 

Testing For 

• EMC/RFI 
• COMMUNICATIONS 
• MEDICAL 
• AEROSPACE 
• AUTOMOTIVE 
• LABORATORY 

BIAS TEES 
10 kHz - 18 GHz 

You Can, With The M5580 High Power 
ULTRA-BROAD BAND Power Amplifier 

Model Rieetime Low Freq. 
Cutoff 

Insertion 
Loss 

Voltage 
Max. 

Current 
Max. 

5520A 20 ps DC 0.4 dB 15 V 30 mA 

5530A 28 ps 25 kHz 0.2 dB 200V 10 mA 

5531 28 ps 750 kHz 0.2 dB 1500 V 20 mA 

5535 32 ps 10 kHz 0.2 dB 50V 10 mA 

55508 20 ps 100 kHz 

(< 50 mA) 
0.9 dB 50V 500 mA 

5555 20 ps 100 kHz 0.9 dB 50V 500 mA 

5575A 32 ps 10 kHz 

(< 20 mA) 
0.6 dB 50V 500 mA 

550C 32 ps 10 kHz 1.0 dB 50V 1 Amp 

5590 150 ps 10 kHz 0.1 dB 50V 500 mA 

The M5580 ULTRA-BROAD BAND 
Amplifier is a Class A Solid State two 
unit (RF unit, and Power Supply/Control 
unit) amplifier that provides honest power. 
It provides 75 watts of power from 
10kHz to 1000 MHZ, 50dB gain, and 
40dB internal electronic gain control. 

The M5580 also has the capability of 
leveling on an externally derived signal, 
and will faithfully reproduce CW or any 
modulation that appears at the input. 

The M5580 is also unconditionally 
stable, cannot be damaged by any 
mismatch load, and is designed to 
provide years of trouble free service. 

The M5580 also provides: 

• REMOTE GAIN CONTROL 
• AMPLITUDE LEVELING 
• E-FIELD LEVELING 
• RF DRIVE PROTECTION 
• OPTIONAL IEEE BUS CONTROL 

P.O. Box 44 • Boulder, Colorado 80306 • USA 

Telephone: (303) 443-1249 Telefax: (303) 447-2236 

Get the full story ■ Contact us.... 

INSTRUMENTS FOR INDUSTRY 
731 UNION PARKWAY, RONKONKOMA, N.Y. 11779 

TEL 516-467-8400 • FAX 516-467-8558 
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THESE COMPANIES HAVE 
ALREADY SIGNED UP TO 
EXHIBIT AT 1990 RF EXPO 
EAST 

Advantest America, Inc. 
AEL Defense Corp. 
Alan Industries Inc. 
American Technical Ceramics 
Amphenol RF/Microwave Operations 
Amplifier Research 
Analogic Corp. 
Applied Engineering Products 
Avantek, Inc. 
Aydin Vector Division 
Burr-Brown 
California Eastern Labs 
Circuit Busters 
Compac Development Corp. 
Compact Software Inc. 
Compex Corporation 
CTS Corporation-Knights Div. 
Direct Conversion Technique 
EEsof, Inc. 
Ehrhorn Technological Operations 
Electronic Decisions Inc. 
ENI 
Erbtec Engineerig 
Harris Semiconductor 
Hewlett-Packard 
IFR Systems 
Instruments for Industry 
John Fluke Mfg. Co. Inc. 
Litton Solid State 
Loral Microwave - FSI Semiconductor 
M/A-COM 
Marconi Instruments 
Merrimac Industries, Inc. 
Motorola Inc. 
Murata Erie North America 
Nedrud Data Systems 
Optimax 
Philips Components 
Phonon Corporation 
Polyflon Company 
RF Monolithics 
Richardson Electronics 
Sciteq Electronics Inc. 
SGS-Thomson Microelectronics 
Signetics 
Sprague-Goodman Electronics 
Stetco Inc. 
Synergy Microwave Corp. 
Techtrol Cyclonetics 
Tektronix Inc. 
Trilithic Inc. 
TRM Inc. 
Trontech, Inc. 
Rosenberger Micro-Coax 
Vectron Laboratories, Inc. 
Voltronics Corporation 
Wavetek Corporation 
Webb Laboratories 

WE INVITE YOU TO JOIN 
US FOR RF EXPO EAST. 

Q What do RF Engineers 
• do when the weather 

turns cold? 

A Fly south. To the 5th 
annual RF Expo East. 

RF Expo East 
November 13-15, 1990 

Marriott Orlando World Center 
Orlando, Florida 

Please see the Technical Program Preview on the following page and use 
the information request card on pg. 71 . 
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Program Chairman Dr. Frederick H. Raab is approaching completion of the 
Technical Program for RF Expo East. The response of engineers and scien¬ 
tists to the Call for Papers, and Dr. Raab’s personal recruitment of potential 
speakers has resulted in an outstanding collection of technical papers. 

The following papers have been proposed for presentation in Orlando. This 
list is subject to change, since the confirmation and scheduling process is not 
yet complete. Based on past RF Expos, the majority of these proposals will 
be completed and presented at RF Expo East, November 13-15, 1990. 

Extended Tutorial Papers 

Noise Fundamentals 
Frank Perkins, RF Monolithics, and Al 
Ward, Avantek 

Receiver Design Tutorial 
Sherman Vincent, Raytheon 

Surface Acoustic Wave (SA WJ Technology 
Carl Erikson, Jr., Oakmont Enterprises 

International 

New Method of Linear Amplitude 
Modulation 
Zhang Suwen, Wuhan University 
People’s Republic of China 

Increasing the Efficiency of SSB Trans¬ 
mitters with Envelope Tracking RF Power 
Amplifiers 
L. Voronov, Leningrad Electrotechical In¬ 
stitute of Communications 
USSR 

A DSP PSK Modem for Satcom SCPC 
Voice/Data 
Y.S. Rao, A. Asokan, K. Reeta, C-DOT 
Telecom Research Centre 
Bangalore, India 

Reflectively Terminated Multiport Coupler 
Analysis 
M.H. Kori, Center for Development of 
Telematics 
India 

An Advanced Monolithic 70 dB Dynamic 
Range Log Amplifier 
P. Chadwick, Plessey Microelectronics 
United Kingdom 

Other Proposals 

GLONASS: The Soviet L-Band Spread-
Spectrum Navigation System 
J. Danaher 
Structured Systems 

Detection and Sorting of Frequency 
Hopped Signals 
J. E. Dunn, S.P. Russell 
Iowa State University 

Large Loop Antenna Variations 
R.P. Haviland 
Radar Reflectivity Measurement 
Instrumentation 
D.J. Kozakov, C.E. Sides, D.A. Thompson 
Millimeter Wave Technology 

RF Systems for the Advanced Photon 
Source 
J.F. Bridges 
Argonne National Laboratory 

Radio Frequency Identification Systems for 
Commercial and Industrial Applications 
J. Eagleson, Allen-Bradley 

RF Applications in Particle Accelerators 
C. Hovator 
Continuous Electron Beam Accelerator 
Facility 

System Considerations for Line-of-Sight 
Microwave Radio Transmissions 
G.M. Kizer 
Rockwell International 

Spread Spectrum With Digital Signal 
Processing 
R. Zavrel 
Stanford Telecommunications 

Temperature Compensating Attenuators 
P.F. Hamlyn 
Adams-Russell, ANZAC Div. 

Ten-Bit 300 MHz DAC for Direct Digital 
Synthesis 
P. Jordan 
Analog Devices 

Dynamic Evaluation of High Speed, High 
Resolution D/A Converters 
J. Colotti 
CSD/Telephonics 

SAW Coupled Resonator Filter Capabilities 
and Applications 
A. Coon 
RF Monolithics 

Quartz Crystal Filters: A Review of Current 
Issues 
M.D. Howard, R.C. Smythe 
Piezo Technology, Inc. 

Narrow Band SAW Filters for IF 
Applications 
B. Horine, S. Gopani 
Sawtek 

At Long Last: Modular, Digitally-Tuned RF 
Filters as easy as Amplifiers and Mixers 
E.A. Janning 
Pole-Zero 

Linear Phase High Pass Digital Filter Using 
the Matched Delay Subtractive Approach 
S. Mukherjee 
Applied Microwave 

Impedance Matching Transformers for RF 
Power Amplifiers 
D. Haupt 
Erbtec Engineering 

Silicon MMICs: 35 dB - 35 dBm - $35 
J. Walsh 
SGS-Thomson 

A Practical Guide to S-level Quartz Crystals 
and Crystal Oscillators 
G. Kurzenknabe 
Piezo Crystal 

Quartz Crystal Resonator Frequency 
Correlation 
B. Long 
Piezo Crystal 

Direct-Digital Waveform Generation Using 
Advanced Multi-Mode Digital Modulation 
B.G. Goldberg 
Sciteq 

Optimum PLL Design for Low Phase Noise 
Performance 
S. Goldman 
E-Systems 

The Approximation Method' of Frequency 
Synthesis 
A.D. Helfrick 
Tel-Instrument Corp. 

Base-n Direct Frequency Synthesizer 
Designs Employing Thin-Film 
Resonator Filters 
M.Z. Komodromos, S.F. Russell 
Iowa State University 

Digitally Derived Swept Frequency Source 
for Chirped Pulse Radar Altimeters 
G. Whitworth 
Johns Hopkins University, Applied Physics 
Laboratory 

High-Frequency High-Power Operation of 
Static Induction Transistors at Cryogenic 
Temperatures 
M. Abdollahian, R.J. Regan, S.J. Butler, 
R.J. Gage 
GTE 

VSWR Performance of Transistor RF 
Power Amplifiers 
R. Brounley 
Brounley Engineering 

A Quasi-Linear Determination of Microwave 
Power Device Operation from a Spice 
Simulated Nonlinear BJT Model 
P.E. D’Anna 
Microwave Modules and Devices 

Digital Feedback Techniques for a Pulse 
Width Modulated RF Power Supply for RF 
Power Amplifier 
H. Direen 
Ehrhorn Technological Operations 

Pulsed Response of a TWT 
B.D. May 
NASA 

Development and Application of RF Power 
Transistors for a 200-watt Multicarrier 
Cellular Base Station 
K. Vennema 
Philips 

VHF Multipath Propagation: Causes and 
Cures 
D.R. Dorsey 
DocSoft 
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RF literature 
Passive Microwave 
Component Catalog 

This catalog details the selection of stan¬ 
dard microwave components from DC to 50 
GHz, commercial through Hi-Rel products 
from M/A-COM Passive Component Division. 
Each product is further enhanced by com¬ 
plete specifications, outline drawings, and 
photographs. Products include attenuators, 
couplers, hybrids, power dividers, switches, 
and military qualified QPL versions. 
M/A-COM Passive Component Division 
INFO/CARD #230 

RF and IF Circuits Catalog 
ATI’s new catalog of RF and IF compo¬ 

nents contains linear amplifiers, telemetry 
receivers, down converters, and monopulse 
subsystems. Log amplifiers come in a 10-200 
MHz range with an 80 dB dynamic range. 
Monopulse subsystems come in single and 
dual channel, and telemetry receivers come 
in narrow and wide band and in FM. 
Radar Technology, Inc. 
INFO/CARD #229 

Data Acquisition Data Book 
Information on SMART Analog™ data 

Design engineers have been using LORCH ELECTRONICS 
RF/IF Signal Processing Components for over two 
decades. Yet, many are not aware of our RF/IF Signal 
Processing Modules. Examples of these custom modules 
are Up- and Down-Converters, Phase Modulators, 
Switched Filter Banks, I and Q Networks, Image Reject 
Mixers, Receiver Front Ends, even Special Purpose 
Receivers. 
The use of an entire package integrated and manufac¬ 

tured by LORCH ELECTRONICS offers you a number of 
important advantages: 

Peak Performance 
High Reliability 
Space Economy 
Cost Reduction 

Our modules are designed for military and high 
reliability commercial applications to your exact 
specifications. 

Let us talk! You will benefit from the results in high 
reliability versions for space applications and other 
demanding uses. 

Request our literature or, better yet, call us with your 
specific requirements. LORCH ELECTRONICS will help 
you meet them. 

RF PC BOARD LAYOUT 
AT LASTI A system specifically designed 

for laying out RF boards. 

• Interactive Impedance calculations 

• Groundplanes with dynamic airgap 

calculation 

• Solid and hatched groundplanes 

* Odd-shaped pads and copper fill-areas 

• Curved, tapered and irregular traces 

• Mitered bending points 

• Rounded and chamfered bending 

points 

• Incremental component rotation 

■ Total control of trace length, width and 

angle 

■ Round and odd-shaped boards 

• Runs on IBM 286/386 and compatibles 
Only $975 Call for FREE 

^Evaluation Package 
^/\Dp9Ínt 714-494-1167 

3857 Birch St., Su te 584 
Newport Beach, CA 92660-2660 

LORCH ELECTRONICS VERNITRON C <) R P O R A T I O N 

2801 72nd St. N. • St. Petersburg, FL 33710 (813) 347-2181 • FAX: (813) 347-3881 
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acquisition integrated circuits is available in 
this data book from Crystal Semiconductor 
Corporation. It includes data sheets on 
ADC’s, DAC’s, sample and hold amplifiers, 
filters, voltage references, and power moni¬ 
tors. 
Crystal Semiconductor Corporation 
INFO/CARD #228 

Crystals Catalog 
Tele Quarz Group short form catalog 

contains their complete line of quartz crys¬ 
tals, precision crystal oscillators, clock oscilla¬ 
tors, quartz crystal discriminators, and crystal 
filters. Tolerance values and diagrams are 
given for each product. 
Tele Quarz Group 
INFO/CARD #218 

Microwave Brochure 
Thirty-four magnetrons are listed from 10 

watts to 75 kilowatts in the 896, 915, and 
2450 MHz FCC authorized CW heating 
frequencies in this brochure from Richardson 
Electronics. Technical data is provided for 
each magnetron as well as warranty informa¬ 
tion. 
Richardson Electronics, Ltd. 
INFO/CARD #226 

D.A.T.A. Digest 1990 
Application Notes 

This digest references over 5,360 applica¬ 
tion notes in the electronics field. Cross-
referenced sections include: Function Index; 
Device Index; Application Notes Section; 
and Manufacturers Directory. 
D.A.T.A. Business Publishing 
INFO/CARD #225 

Electronics Testing Catalog 
This catalog includes SENCORE’s instru¬ 

ments for testing video, audio, components 
analyzer, and cable systems; plus waveform 
analyzers, IEEE/RS232 instruments, and in¬ 
strument accessories. Specifications are 
given for all products, along with application 

information on each product. 
SENCORE, INC. 
INFO/CARD #224 

Military Components 
A brochure from MuRata Erie describes 

this company’s variety of electronic compo¬ 
nents for various military applications. In¬ 
cluded are capacitors, resistor networks, filter 
connectors, crystal oscillators, power sup¬ 
plies, and more. 
MuRata Erie North America, Inc. 
INFO/CARD #223 

Radome Design Brochure 
Microdyne Corporation has released a 

brochure describing the company’s designs 
of radomes used for the environmental 
protection of radar, satellite and other an¬ 
tenna systems. The brochure discusses the 
technical considerations involved in radome 
design and describes the differences be¬ 
tween dielectric space frame radomes and 
sandwich foam core radomes. 
Microdyne Corporation 
INFO/CARD #222 

Custom Crystal Catalog 
Crystek has released a custom crystal 

catalog that contains their selection of crys¬ 
tals and background information on quartz 
crystals. Included in their crystal selection are 
crystal clock oscillators test circuits, voltage 
controlled crystal oscillators, surface mounted 
clock crystals, and other crystal products. 
Crystek Corporation 
INFO/CARD #221 

Wire, Cable, and Tubing 
Listed in this catalog from Weico are wire, 

cable, and tubing that meet or exceed U.L., 
C.S.A, Military, and National Electrical Code 
specifications. Descriptions and characteris¬ 
tics are listed for each product as well as the 
specific tests each product has pased. 
Weico 
INFO/CARD #220 

R.F. PROJECT AND DESIGN ENGINEERS: Experienced in the design 
of synthesized and fixed frequency transmitters and receivers at fre¬ 
quencies up to 1 GHz using video, AM, FM, and PM modulation: video 
and audio amplifiers and associated digital control circuitry. Micro¬ 
processor experience desired. 

Ability to produce accurate documentation including test procedures 
and test fixture design mandatory. 

Ability to handle ILS, Reliability, Maintainability, etc. a definite plus. 

BSEE or equivalent plus 5 or more years exp. Apply in confidence 
to Jerry O’Nesky, personnel dept., Oklahoma Aerotronics Inc., 300 
Jupiter St., Hartshorne, OK 74547. Equal Opportunity Employer. 
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HE PENSTOCK FAMILY IS GROWING . 

NOW AVAILABLE: HEWLETT-PACKARD 
Microwave Semiconductors & Components 

Amplifiers 
Attenuators 
Bias Tee 
Comb Generators, 

Detectors 
Diodes 
Mixers 
MMIC Components 

Step Attenuators 
Switches: 

EM, PIN, MMIC 
Transistors 

INVENTORY IN STOCK 

(800) PENSTOCK 
Corporate Office: 520 Mercury Drive, Sunnyvale, Calfiornia 94086-4018 • FAX: (408) 730-4782 

Sales Offlces: 
S0. CALIFORNIA: 213-383-6100 
NORTHWEST: 206-454-2371 
CANADA: 604-662-3475 

PENSTOCK 
RF Microwave Distribution 

ILLINOIS: 708-934-3700 
INDIANA: 317-784-3870 
KANSAS: 913-829-9330 

NEW YORK: 516-271841 5 
PENNSYLVANIA: 215-383-9536 
NEW JERSEY: 201-459-5323 

HEWLETT 
PACKARD 

Authorized Distributor 
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Exactly what 
you’ve 
always 
wanted in a 

DDS... 

EVERYTHING 
Sciteqs 
single-chip 
synthesizer 
The Waveformer™ is a 
complete one-chip 
DDS that does it all. 
With true digital AM 
and PM, 32-bits of 
frequency control, built-in 
FSK, and excellent spectral 
purity, the Waveformer™ is an 
optimum RF source, modulator, and 
complex waveform generator. Best of all, 
in quantity this complete DDS is less than 

$25000

SCITEQ Electronics, Inc. 
8401 Aero Drive 
San Diego, CA 92123 
Phone: 619-292-0500 Fax: 619-292-9120 

mh A complete DDS, with DAC 

■■ One square inch 
■M I6-bit phase modulation 

■■ 16-bit digital AM 
■■ 32-bit frequency control 

■■ Automatic FSK 

■■ -60 dBc spurs 

■■ 25 MHz Fc (>10 MHz BW) 

" 1.25W total (±5V) 
Seiteq offers a broad menu of DDS, PLL, and 
combination designs at MIL and commercial 
quality levels. 

Call us and we will show you how to improve 
the cost-effectiveness of your system. 
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±ou can’t buy 
a better precision 
timepiece for 
under 2.4 GHz. 

If you’re operating in a frequency range from 100 MHz 
to 2.4 GHz, you can’t buy a better oscillator than an 
Andersen VCO. It gives you the highest spectral purity 
with the lowest spurious (> -60dB). And typical single 
sideband phase noise of > -1 19dBC @1 KHz offset. * 

It’s compact. It’s rugged. It operates in temperatures up 
to 100°C. It can be tuned up to 1.5 MHz or phase-locked 
to a reference. Plus, its low mass and low profile make it 
ideal for surface-mount technology, DILS or flatpaks. 

Isn’t it about time you discovered the precision, the' 
versatility and simplicity of designing with Andersen 
oscillators? Contact Andersen Laboratories, 45 Old 
Iron Ore Road, Bloomfield, CT 06002. Telephone 
(203) 286-9090/FAX 203-242-4472. 

® ANDERSEN LABORATORIES 
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