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Low tai« 
PLLatinum 

1 Laîinum lhe industry's highest performing Pits. 25 
Icc vs. Vcc 

ur single and dual PLLs are about to take you lower 

tan you've ever gone before. In fact, the PLLatinum 

imily of PLLs consumes just 6mA at 3V. As a result, they 

eliver increased battery life for all your wireless designs, 

hey also offer better noise performance, improved lock 

mes, and the industry's widest frequency range. So call 

-800-324-4443, Ext. 604' for a free sample and a product 

election guide. Because isn't it time you went PLLatinum? 
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Engineered for the 
21st Century 

With A Focus On * 
MMIC Integration! 

Couplers, Dividers, Hybrids and Mixers 
with Minimum Height and Package Parasitics 

CALL MERRIMAC for CaseFree 
Chip Compatible Components hi Merrimac 

41 Fairfield Place, West Caldwell NJ 07006 
Tel: (201) 575-1300 / Fax: (201) 575-0531 
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THE WORLD'S LARGEST SELECTION 

SPUTTERS « 
COMBINERS 

2kHz- 106Hz W 5
Choose from over 480 standard off-the-shelf mode s from 

2-way to 48-way; 0°, 90° and 180°; 50 and 75 ohms; covering 

2kHz to 10GHz. Mini-Circuits will also supply your special needs such as wider 

bandwidths, higher isolation, lower insertion loss, and phase matched ports... all at catalog 

prices with rapid turnaround time. Models include surface mount, plug-in, flat-pack and 

standard connectorized designs such as SMA, N, TNG, C, and F connectors as well as 

custom designs. Ultra-miniature surface mount units provide excellent solutions in 

cellular communications, cable systems and countless wireless applications. All units 

come with a 1year guarantee and “skinny” 4.5 sigma repeatability unit-to-unit and 

production run to production run. Catalog models are guaranteed to ship within one week. 

Mini-Circuits... we’re redefining what VALUE is all about! 



Mini-Circuits RF/IF Surface Mount Designer's Guide features 
48 pages of the most up-to-date and complete product and 

specification Information about Mini-Circuits surface mount 
components.The RF/IF Microwave Handbook is packed with 

740 pages of articles, selection guides and detailed 
specifications for Mini-Circuits components. 

Call, write or fax for your free Surface Mount Designer’s 
Guide and Handbook today! 
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o Mini-Circuits 
■ ■ - ■ P.O Box 350166, Brooklyn, New York 11235-0003 (718)934-4500 Fax (718)332-4661 

For detailed specs on all Mini-Circuits products refer to • THOMAS REGISTER • MICROWAVE PRODUCT DATA DIRECTORY • EEM • MINI-CIRCUITS' 740- pg. HANDBOOK. 

CUSTOM PRODUCT N E E D S ...Let Our Experience Work For You. F 194 Rev Orig 



2.5KHz-8GHz AMPLIFIERS 
(3 Piece Setj 

oi1095 (Set of 3 1-9 qty.) 

+20dBm Power Output, 20dB Gain 

Model : 
ZHL-6A 
ZHL-1042J 
ZRON-8G 

Freq. 
(MHz) 

.0025-500 
10-4200 

2000-8000 

Gain 
(dB) 
21 
25 
20 

Power Output, 
dBm @ 1dB 
Compression 

+23 
+20 
+20 

DC Power 
Volt 
V 
+24 
+15 
+15 

Current 
mA 
350 
330 
310 

Conn. 
Type 
BNC 
SMA 
SMA 

Indiv. 
Price ($) 
(1-9 qty.) 

199 
495 
495 

Set of 3 Amplifiers # KZHL-318: $1095 (1 -9 qty.) 

Expand laboratory capabilities and put a full spectrum of power 
at your fingertips with Mini-Circuits 2.5KHz to 8GHz medium 
power amplifier set. Each ultra-wideband set contains three 
individual heat sinked RF amplifiers with at least +20dBm output 
and overlapping frequency response range capabilities ; 2.5KHz 
to 500MHz, 10MHz to 4.2GHz and 2GHz to 8GHz. Applications 
for these amplifiers include increasing the signal levels to power 
meters, spectrum analyzers, frequency counters and network 
analyzers as well as boosting signal generator outputs. 
You can buy these amplifiers individually at Mini-Circuits already 
low prices, or own the full spectrum set for the money saving 
price of only $1 095 (1 -9 qty.) I To order from stock with a guarantee 
to ship within one week, call Mini-Circuits today I O 

Mini-Circuits.. .we’re redefining what VALUE is all about! 

£□ Mini-Circuits 
P.O Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718)332-4661 

For detailed specs on all Mini-Circuits products refer to • THOMAS REGISTER • MICROWAVE PRODUCT DATA DIRECTORY • EEM • MINI-CIRCUITS’ 740- pg. HANDBOOK. 

CUSTOM PRODUCT N E E D S ...Let Our Experience Work For You. 
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HIGH POWER 
QUADRATURE 
HYBRIDS 

FREQ. RANGE 100-1000 MHz 
POWER 250 WATTS CW 

TYPICAL SPECIFICATIONS 

MODEL QH3 198 100-300 MHZ 
MODEL QH3199 300-1000 MHZ 

LOSS . 0.5db. max. 
AMP.BAL. ± 0.3db max. 
ISOLATION . 20db typ. 
PHASE. 90±2deg. 
VSWR . 1.3:1 max. 
CONNECTORS . N 

WERLATONE offers a full 
line of quadrature hybrids 
covering the 2-1000MHz fre¬ 
quency range at power lev¬ 
els to 1000 watts. 

BROADBAND HIGH POWER 
• DIRECTIONAL COUPLERS 
• POWER COMBINERS 
•HYBRID JUNCTIONS 

WERLATONE INC. 
DECADES AHEAD 

P.O. Box 47 
Brewster, NY 10509 
Tel. (914) 279 6187 
FAX. (914) 279 7404 

KF editorial 
Announcing 
the New 
RF Design 
Seminar 
Series 

By Gary A. Breed 
Editor 

At the center of RF Design's mission 
is the delivery of timely and useful 
information. For ten years, part of 
that mission has been filled by the 
technical papers program and the full¬ 
day short courses offered at the RF 
Expo trade shows. 
Now, we are taking that core educa¬ 

tional program to new places. The RF 
Design Seminar Series has been devel¬ 
oped to meet the instructional needs of 
engineers all around the country, not 
just on the East or West coast. In 
1996, we are holding three events fea¬ 
turing an educational program that is 
much more comprehensive than we've 
had at the RF Expos. 
The first of the series will be held in 

Dallas, Texas, January 17-19, 1996. 
We are excited to have an opportunity 
to bring RF Design to this important 
technology center. To our knowledge, 
no RF event like this has ever been 
held in Texas. 
Next, we go to Las Vegas, April 24-

26, 1996, where our seminars are part 
of the International Wireless Commu¬ 
nications Expo (IWCE), sponsored by 
magazines of the Communications 
Group at Argus Integrated Media. 
Besides the hundred-plus radio com¬ 
munications suppliers, the RF Tech¬ 
nology Pavilion at IWCE already has 
signed up more than 70 RF compo¬ 
nent, instrument and software compa¬ 
nies to exhibit their wares. 
The third venue for 1996 is greater 

Boston, in early October when the 
weather is great and fall colors are 
starting to show. We'll be out in the 
Route 128 corridor so engineers from 
high-tech companies in that area will 
be able to get to our seminars quickly 
and conveniently. 
Now for the program — At the basic 

level, the Introduction to RF Circuit 
Design taught by Dave Hertling and 

Bob Feeney of Georgia Tech has been 
expanded to three days in order to pro¬ 
vide a more thorough treatment of RF 
basics. The need for engineers to 
develop new wireless products has cre¬ 
ated a huge demand for training (and 
re-training) of new engineers and 
those adding new RF expertise. 
For instruction in specific circuit 

design areas, the Practical High Fre¬ 
quency Filter Design and Oscillator 
Design Principles courses taught by 
Randy Rhea will be offered. At least 
two of our 1996 events will also 
include Classes of Power Amplifers 
and When to Use Them, taught by 
Nathan Sokol. 
We have a large number of addition¬ 

al courses available to complete an 
advanced track, as well. We will select 
from topics like: Antennas for Wireless, 
Digital Communications , Wireless 
Local Area Networks, Advanced Fre¬ 
quency Synthesis Techniques, and 
Low-Noise Amplifiers. Watch for our 
announcements of specific seminar 
events to see which ones are offered. 
Note that some of our events will 

also offer Wireless Communications for 
Non-Engineers, to help sales, market¬ 
ing and purchasing staff understand 
new RF-based technologies. 
Finally, we will have a technical 

papers program, too. A day of interest¬ 
ing contributions from you or your col¬ 
leagues is planned, along with an 
informal poster session that will 
include a social reception sponsored by 
companies who have chosen our forum 
to exhibit their products and support 
our RF educational efforts. 
We re excited about the new RF 

Design Seminar Series These three 
events are just the beginning. Differ¬ 
ent cities in different corners of the 
U.S. are on our future “hit list.” Your 
neighborhood may be next! 
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Over the last couple of years, we’ve seen EMC 
issues evolve from technical “what” questions 
to regulatory “when” statements. EMC is now, 

and at Kalmus we’re addressing it head on.” 

“Our new Model 7100LC 100 watt RF power amplifier 
is a case in point. It has been designed specifically for 
EMC test applications. And, true to the Kalmus 
tradition of manufacturing highly functional, yet 
extremely cost competitive amplifiers, the 7100LC, we 
believe, is the smallest, lightest and least expensive 100 
watt RF amplifier for EMC testing on the market.” 

“Another very important way we’re addressing EMC is 
through our new affiliation with Thermo Voltek 
Corporation, a company focused upon all aspects of 
EMC. As a member of the Thermo Voltek 
family, we share their mission and can 
now offer our customers enhanced sales 
and service capabilities through Thermo 
Voltek’s worldwide organization.” 

“As we move closer to global EMC 
regulations, Kalmus remains steadfast to 
its engineering heritage and is committed 
to producing reliable and cost effective RF 
amplifiers for EMC testing. Call Kalmus 
or your Thermo Voltek distributor for 
complete information.” 

Frank Kalmus 
Technical Director 
Frank Kalmus is rhe founder of Kalmus (formerly Kalmus 
Engineering Inc.), a division of Thermo Voltek Corporation. 
As Kalmus’ principal design engineer, he has designed over 200 
RF amplifiers used for EMC test, medical/MRl, general 
laboratory, and communications applications. 

Designed specifically 
for EMC testing, 
we believe Kalmus 3 a 

Model 7100LC is the smallest, lightest, and least expensive 100 
watt RF amplifier on the market. All functions can be remotely 
controlled via the optional Kalmus Model IF488, pictured 
(1EEE'488/RS'232 Interface), or hardwired. 

Straight 

Talk 

About 

EMC 

Amplifiers. 

MODEL 71OOLC 
100 Watt Broadband RF Power Amplifier 

• Frequency range: 80-1000 MHz 
Broadband 

• MOS-FET circuitry 

• Power output: 100 watt CW minimum 

• Remote capability and outputs 

• Remote functions: all front panel 
controls - AC, Gain, Output Limit, 
ALC Speed, Blanking, VSWR Protection 

• ±0.8 dB typical ALC gain flatness 

• VSWR tolerance: infinite, without damage 

• Protection: open, short, temperature, 
excessive drive power 

• Forward and Reflected Power meter 

• Automatic Level Control (ALC): output level may be set 
to a fixed level of ±1/2 dB, with input variation up to 
10 dB; selectable response time 

• Size: 48 cm x 48 cm x 17.8 cm 

AU Kalmus products are supported through Thermo Voltek’s 
exclusive worldwide network of service and calibration facilities. 
Please call Kalmus or an authorized Kalmus distributor for 
complete information on this model, as well as other EMC test 
systems for EFT, SURGE, ESD, and PQF. 1-800-344-3341 

Kalmus • 21820 - 87th S.E. • Woodinville, WA 98072 USA 
Tel: (206) 485-9000 • Fax: (206) 486-9657 

Distributor: 
KeyTek • 260 Fordham Road • Wilmington, MA 01887 USA 
(800) 753-9835 • Tel: (508) 658-0880 • Fax: (508) 657-4803 

Kalmus and KeyTek are divisions of Thermo Voltek Corporation and Thermo Electron Corporation. 
Offices and service centers worldwide. ©Thermo Voltek Corporation. Specifications subject to 

change without notice. 

Thermo Voltek 
COMTES! BENELUX • COMTES! ITALIA • COMTES! UK • KALMUS • KEYTEK • VERIFIER • UVC 
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AdvaNcÆPaSgi'garal Lechnology ̂ '“ 

feil LPEY-FISHERY 
A SUBSIDIARY OF 4UTK 

-Fuit«l»men4atty Better! 
• Ideal for SQNET and 

■ fibw optic networks 
• Fundamental Crystals ~ 

to 350 MHz ' ~— = 
• Superior spurious 

response 
Ä -• Standard and custom 

designs *-
—•~Pullability to 1OOO ppm ~ 

1«8OO*982«5737 
Ext. 345 

_V A LPEY-FISHER CO 
7 5 South St. hcpkinton, ma 01748 
( 5 0 8 ) 4 3-5 -683 1 ’FAX (508)497-6377 
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TECHNOLOGIES LTD 

OVER THIRTY YEARS 

EXPERIENCE IN 

THE MANLFACTURE OF 

MONOLITHIC CRYSTAL FILTERS 

_ PACKAGE FILTERS_ 

CRYSTALS 

• PERFORMANCE • QUICK DELIVERY • PRECISION • RELIABILITY • 

• COMPETITIVE PRICING • SERVICE • 

• MADE IN THE USA • CUSTOM & STOCKING ORDERS • 

APPLICATIONS FOR REGIONAL REPS NOW BEING ACCEPTED 

28 MILLRACE DR • LYNCHBURG, VA 24502 • TEL 804-385-8300 • FAX 804-385-8100 
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Now you can get the high Q of an air 
core inductor. Plus the convenience 
and cost savings of a true surface mount 
component. 

Coilcraft 0906/1606 springs come 
in values from 1.65 to 12.54 nH with 
Qs at high frequencies that reach 200 

Wideband RF transformers 
are smallest available 
These surface mount wideband 

RF transformers feature exception¬ 
ally low insertion loss and high cur¬ 
rent ratings. Built on a standard 
1812 ferrite/ceramic body, their 
tops are encapsulated to protect 
the winding and provide a flat sur¬ 
face for pick and place equipment. 
These 1:1 and 2:1 transformers 

come in 9 models covering the fre¬ 
quency range from 350 kHz to 680 
MHz. Insertion loss is less than 1.5 
dB and DC current handling ranges 
from 200 up to 700 mA. 
Other turns ratios and ceramic 

body transformers for higher fre¬ 
quencies are also available. 

For more information, contact 
Coilcraft, 1102 Silver Lake Road, 
Cary, IL 60013. 708/639-6400. 
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New "micro spring" inductors. 
Highest Q. Smallest cube. 

Actual size. 
1.65- 12.54 nH. 

200 Q at 1.8 GHz. 

and higher. Our 2% tolerance versions 
can help you eliminate circuit tuning 
altogether! 

They're tape and reel packaged 
and have a jacket with a flat top for 
auto insertion. We even tin the leads 
for reliable soldering. 

Order our $50 C108 Designer's 
Kit or call us for our complete RF and 
surface mount product catalogs. 

1102 Si Iver Lake Road, Cary IL 6001 3 
800/322-2645 FAX 708/639-1469 
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Surface mount LC filters 
are pretuned, tight tolerance 
These space-saving low pass fil¬ 

ters are pre-tuned, tight tolerance 
modules which serve a wide vari¬ 
ety of filtering requirements. 
They feature 3rd order Butterworth 

alignment, less than 0.3 dB inser¬ 
tion loss, 50 Q characteristic im¬ 
pedance, and a compact 181 2-size 
construction ideally suited for auto 
insertion and reflow soldering. 
There are six standard models 

with 3 dB cutoffs from 15 to 500 
MHz. All offer the benefits of an LC 
design: low insertion loss, high 
power handling, and controlled 
group delay. 

For more information, contact 
Coilcraft, 1102 Silver Lake Road, 
Cary, IL 60013. 708/639-6400. 
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Introducing one of the world's 
smallest common mode EMI filters. 

Our M2022-A has an 1812-size 
ceramic body and provides more than 
20 dB attenuation from 30 to 500 MHz. 
Inductance is 4.2 pH per winding. 

Compared to equivalent toroidal 

We've cut your common mode 
EMI problems down to size. 

designs, this filter is much smaller 
and less expensive. 

DC current capacity is rated at 
500 mA, while maximum DCR is 
only 800 mOhms. Custom filters 
witn special combinations of imped¬ 
ance, frequency response and current 
handling are also available. 

For our complete EMI/RFI filter 
products catalog, call 800/322-2645. 

1102 Silver Lake Road, Cary IL 6001 3 
800/322-2645 FAX 708/639-1469 

INFO/CARD 12 



RF letters 
Letters should be addressed to: 

Editor, RF Design, 6300 S. Syra¬ 
cuse Way, Suite 650, Englewood, 
CO 80111. Letters may be edited 
for length and clarity. 

What Ever Happened to ... 
Editor, 

I write to ask you or your staff for 
information concerning a fine old tube 
manufacturer - the Machlett Co. No 
information is to be found as to their 
address in the material that I have, so 
if you know what happened to them 
(absorbed/sold to another company??) 
I’d appreciate being able to contact 
them, particularly their chief engineer. 

Charles Ratcliffe 
Box 1068 
Friday Harbor, WA 98250 

Editor, 
Does anyone know what happened to 

the Radiometer Electronics Co., which I 
believe was located near Copenhagen, 

Denmark? They made high quality RF 
test equipment in the 70's and 80's. Is 
there a successor company or any enter¬ 
prise supplying info and spare parts? 

Charles King 
P.O. Box 116 
E. Berlin, CT 06023 

Don't Oversimplify 
Editor, 
When I saw the tutorial on filter 

responses in RF Design's July issue, 
(pp. 68 - 73), I felt somewhat stimulat¬ 
ed to read it. I was somewhat disap¬ 
pointed, however, when I read your 
introduction to the article. You justi¬ 
fied your grossly oversimplified presen¬ 
tation (not one actual formula for a fil¬ 
ter response!) by referring to your, 
"...philosophy of presenting concepts 
that assume a BSEE and no experi¬ 
ence..." If your idea that a person with 
a BSEE and no experience cannot han¬ 
dle simple equations for filter respons¬ 
es is accurate. I have some bad news 
for these budding engineers: they're 

not likely to get any experience! It is 
ironic that you could have this opinion, 
yet, in another article in the same 
issue, you have no problem showing 
circuit diagrams and Smith charts! 
Oversimplified tutorials that simply 
rehash what graduating engineers 
have likely already been exposed to in 
their classwork (to much greater, i.e. 
useful, detail) don't help anyone. I 
would suggest that you ditch your phi¬ 
losophy of assuming that your readers 
are technically illiterate. 

Glenn Stumpff 

For the most part I agree with Mr. 
Stumpff. Perhaps we chose too broad a 
subject to cover in the allotted two 
pages of space. In general, however, 
reader feedback has been strongly in 
favor of these simplified tutorials. This 
approach is confirmed by the kinds of 
questions asked during classes held at 
our RF Expo conferences - many engi¬ 
neers are starting with virtually no RF 
concepts. - Editor 

NEVER 
Just because our quality is high, doesn’t 
At Vectron, we’ve automated our 
manufacturing, aging and testing so 
you can enjoy high quality and 
low prices. So when you’re selecting 

oscillators, spec Vectron, 
and get the best for less! 

Call now for our 
Free 100 page 
catalog. 

HIGH QUALITY 
A Typical Vectron Value: 

Subminiature PC Board Mount 

OCXOs 
• Superior Aging: lxl0’7/year to ZxlO^year @ 5 MHz 
• Ultra-High Stability: ±h 10’^ over 0°C to +50°C 
• Very Fast Warm-Up: 3x10^ in less than 4 min. 
• Subminiature Size: 1.4” x 1.06” x 0.76” 
European CO-08 package 
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RF courses 
Introduction to RF & Wireless Engineering 
October 10-13, 1995, Atlanta, GA 

Principles of Modern Radar 
November 6-10, 1995, Atlanta, GA 

Far-Field, Anechoic Chamber, Compact and Near-Field 
Antenna Measurements 
November 28-December 1, 1995 

Information: Continuing Education, Georgia Institute of 
Technology, Atlanta, GA 30332-0385. Tel: (404) 894-2547. 

Antennas and Antenna Systems: Practical Design, Imple¬ 
mentation, and Testing 
October 23-26, 1995, Washington, DC 

Analog and Digital Cellular Networks: CDMA versus TDMA 
October 30-November 1, 1995, Washington, DC 

Wireless Telecommunications: An Introduction 
November 13-15, 1995, Washington, DC 

Digital Transmission Systems 
November 13-17, 1995, San Diego, CA 

Video Transmission and Broadcasting Via Satellite 
November 20-21, 1995, Washington, DC 

New HF Communications Technology: Advanced 
Techniques 
December 4-8, 1995, Washington, DC 

Information: The George Washington University, Continu¬ 
ing Engineering Education, Academic Center, Room T-308, 
801 22nd Street, N.W., Washington, DC 20052. Tel: (202) 
994-6106 or (800) 424-9773. Fax: (202) 872-0645. 

Antenna Theory Simplified 
September 14, 1995, Longmont, CO 

Common-Mode Filter Design 
September 15, 1995, Longmont, CO 

Electromagnetic Compatibility Engineering 
October 4-6, 1995, Palo Alto, CA 

Information: Henry Ott Consultants, 48 Baker Road, Liv¬ 
ingston, NJ 07039. Tel: (201) 992-1793, Fax: (201) 533-1442. 

Short Course on Microwave and RF Measurements for 
Wireless Communications 
November 28-29, 1995, Scottsdale, AZ 

Information: Robert M. Judish, NIST, 325 Boradway, Boul¬ 
der, CO 80303. Tel: (303) 497-3380, Fax: (303) 497-3970, 
email: judish@boulder.nist.gov. 

RF & Microwave Measurements & Applications 
October 2-5, 1995, Washington, DC 

MPEG-2 & Alternative Video Compression Standards & 
Techniques 
November 6-8, 1995, Palo Alto, CA 

Error Correcting Codes with Applications to Communica¬ 
tions Systems 
December 11-14, 1995, Washington, DC 

Information: University Consortium for Continuing Educa¬ 
tion, 16161 Ventura Boulevard, M/S C-752, Encino, CA 
91436. Tel: (818) 995-6335. Fax: (818) 995-2932. 

ASSUME 
mean our prices are they’re not! 

RF Design 

LOW PRICES 
A Typical Vectron Value: 

l^w Profile PC Board Mount 

OCXOs 
VECTRON 

• Outstanding Stability: ±5x10^ over 0:C to +50cC 
• Aging Characteristics: IxlO^/day, 2xl0^/year 
© 10 MHz 

• Low Profile: 2” x 2” x 1" I reduced height available) 
• Low Cost 

■OO( 1000 qty) 

The Crystal Oscillator Company 

VECTRON LABORATORIES, INC 
P.O. Box 5160 • Norwalk, CT 06856-5160 
Tel: 203-853-4433 • Fax: 203-849-1423 

A ¡J DOVER ) TECHNOLOGIES COMPANY 
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npj£MEM 
■Am 

ex Electronics 
cT*l 1 □factures cr\ s 

crystal filters, LC filters 
d discriminators. We 

offer a standard line of 
10.7 MHz, 21.4 MHz and 

siB ■ . 

45.0 MHz monolithic filte 
to whatever your compa 
may require. We cover a 
frequency range of 3.0 
MHz to 200.0 MHz. With 

I I 
k 

our computer aided 
designs we can realize 
most types of filters with 
realistic components and 
manufacture them at a 

Monolithic Crystal very competitive price. „ 
Plus, we’ve been in Filter Prototyping 

Kits ! business 12 years. 



N 

OUR STANDARD MONOLITHIC CRYSTAL FILTERS 
2 pole and 4 pole monolithics ship from stock on hand 
NO. TEMEX 
POLES P/N 

._ 

2 
4 
6 
8 
2 
4 
6 
8 
2 
4 
6 
8 
2 
4 
6 
8 

TE5000 
TE5010 
TE5020 
TE5030 
TE5040 
TE5050 
TE5060 
TE5070 
TE5080 
TE5090 
TE5100 
TE5110 

TE51301
TE5140 

MSè5150 

NO. TEMEX 
POLES P/N 

topband PASSBA 
dB *K 
3 
3 
6 
6 
3 
3 
6 
6 
3 
3 
6 
6 
3 
3 

3.75 
3.75 
3.75 
3.75 
6.50 
6.50 
6.50 
6.50 
7.50 
7.50 
7.50 
7.50 

18.0 

15.0 
15.0 
15.0 

60 
20 
30 
60 
60 1 

60 15. 

TE5180 
TE5190 , 
TE5200^m 
TE5210 
TE5220 
TE5230 
TE5240 
TE5250 
TE5260 
TE5270 
TE5280 
TE5290 
TE5300 
TE5310 
TE5320 
TE5330 

2 
4 
6 
8 
2 
4 
6 
8 
2 
4 
6 
8 
2 
4 
6 

6 3.75 
0 

2.0 

1400//0 
1400//0 
1400//0 

2.0 
2.0 
2.0 
1.0 

70 
90 
100 

, 50 
70 
90 

4 
4 
2 
3 

.5 80 22.5 

.0 
25.0 
25.0 
20.0 
50.0 
45.0 

3 
3 
6 
6 

30 
60 
60 
15 
30 
60 

7.50 
7.50 
7.50 
15.0 

2.0 
2.0 
1.0 

3 15.0 
6 15.0 2.0 90 

2.0 100 

1600//0 
3000//0 
3000//-1 
3000//-1 
3000//-1 

1 < _ J 

N 
NO. TEMEX MODE PASSBAND STOPBAND LOSS RIPPI 
POLES P/N dB +KHz dB *KHz dB dB-M, 

.E ULT. REJ. TERM.(Rp//Cp) 
*X dB-M1N. OHM/PF 

2 
«5 

2 
4 
2 
4 
2 
4 

TE9310 .¿»TCg 
TE7420 3-OT 
TE7430 3-OT 
TE7440 
TE7450 3-OT 

3 7.50 
3 7-50 P 

30 12.5 
$»*>28.0 

3 
2 

V, 1
H* -tí 

TE7730 
TE7740 

FUND 
FUND 

3 
3 
3 
3 

15.0 
15.0 
15.0 
15.0 

40 30.0 3 1 

30 50 0
15 50.0 2 1 
40 60.0 3 1 

70 
40 
70 
40 
70 
40 
70 

2000//-1.0 
3000//-1.0 
3000//-1.0 
8000//-1.5 
8000//-1.5 
1100//+1.5 
800//+1.0 

3030 W. Deer Valley Rd. Phoenix AZ. 85027 
(602) 780-1995 FAX (602) 780-2431 ® 
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We deliver great 
performance, 

by any measure! 
CRYSTALS 
■ High Frequency 
fundamental crystals 
up to 155.52 MHz for 
oscillator or filter 
applications. 

■ Standard AT cut crystals and blanks, 
fundamental or overtone. 

■ Rugged, tight tolerance motional para¬ 
meters. 

■ Low Frequencies (1 KHz to 1 MHz). 

B
 OSCILLATORS 

For applications in 
telecommunications, 
instrumentation and 
RF/microwave. 

■ OCXO's including miniature oscillators 
for high stability applications, i.e., Telecom 
Stratum 3 and 3E. 

■ VCXO's: 14 & 24 PIN DIL packages, 
discrete packages. 

■ Special frequency clock oscillators, 
14 pin DIL package. 

■ TCXO's: 14 PIN DIL packages and 
discrete packages, special applications. 

CRYSTAL FILTERS 
■ From 1 KHz to 155 MHz fundamentals. 

■ 155 MHz and up utilizing overtone 
crystals. 

HERMETIC SEAL PACKAGING 
■ Glass to metal sealed crystal bases, 
TO-styles, terminals, headers, tub plug-ins 
and microwave power packs. 

■ Relay headers for sealed relays. 

■ Battery terminals. 

■ In-house machining and plating facilities. 

For more information on our products 
or a catalog, call us at 717-243-5929 
or FAX 717-243-0079. In Canada call: 
BIRDE Marketing Inc. at 905-477-7722. 

M REEVES-HOFFMAN 
=. "== DIVISION DYNAMICS CORPORATION OF AMERICA 

‘ 400 W. NORTH STREET • CARLISLE. PA 17013 

ERROR FREE! 
ON TIME! EVERYTIME! 

KEcalendar_ 
September 

20-22 17th Annual Piezoelectric Devices Conference 
Kansas City, MO 

Information: Components Group, Electronic Industries 
Association, 2500 Wilson Boulevard, Arlington, VA 
22201-3834. Tel: (703) 907-7500. Fax: (703) 907-7501. 

26-28 Sixth International Conference on Radio Receivers 
and Associated Systems 
University of Bath, UK 

Information: RRAS’95 Secretariat, IEE Conference 
Services, Savoy Place, London WC2R 0BL UK. 
Tel: +44 (0) 71 344 5477. Fax: +44 (0) 71 497 3633. 

27-29 6th IEEE International Symposium on Personal, 
Indoor and Mobile Communications 
Toronto, Canada 

Information: University of Toronto, Dept, of Electrical and 
Computer Engineering, 10 Kings College Rd., Toronto, 
Ontario M5S 1A4, Canada; Tel: (416) 978-3652. 

October 
3-11 TELECOM 95 

Geneva, Switzerland 
Information: International Telecommunication Union, 
Place des Nations, CH-1211 Geneva 20, Switzerland. Tel: 
41 22 730 5111. Fax: 41 22 733 7256. 

8-11 1995 Wireless Circuits, Interconnection, and 
Assembly Workshop 
Tucson, AZ 

Information: Wireless Workshop, 100 S. Roosevelt Avenue, 
Chandler, AZ 85226. 
Tel: (602) 961-1382. Fax: (602) 961-4533. 

22-26 ISHM International Symposium on Microelectronics 
Los Angeles, CA 

Information: ISHM, 1850 Centennial Park Dr., Suite 105, 
Reston, VA 22091. Tel: (800) 535-4746 or (703) 758-1060, 
Fax: (703) 758-1066, email: ISHM@aol.com. 

November 

30-1 45th Conference, Automated RF Techniques Group 
Scottsdale, AZ 

Information: Harmon W. Banning, W.L. Gore & Assoc., 
1901 Barksdale Road, Newark, DE 19711. Tel: (302) 368-
3700, Fax: (302) 292-4607 

January 
17-19 RF Design Seminar Series 

Dallas, Texas 
Information: Argus Trade Shows, 6151 Powers Ferry 
Road, N.W., Atlanta, GA 30339. Tel: (800) 828-0420. 
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The Standard for Performance 
For over fifteen years engineers and 

OEMs alike have relied on PTS 
frequency synthesizers for unmatched 
stability, speed and spectral purity. 
These direct analog and direct digital 
synthesizers meet the most challenging 
systems development requirements... 
ATE systems, satcom, wireless, medical 
imaging, secure communications, and 
more. You’ll also find them in 
production environments, where they 
play a key role in quality assurance. 

Our synthesizer models cover the 
100 KHz to 1 GHz band with 0. 1 Hz 

Free offer 
while supplies 

last 

resolution. They are available with 
switching times from l|isec, spurious 
outputs as low as -75 dBc and 
outstanding phase noise characteristics 
(SSB phase noise at 1GHz, 1 KHz offset, 
-110dBc/Hz). 

The Standard for Reliability 
PTS synthesizers were designed 

from the outset to deliver the best 
reliability in the business. We adhere to 
conservative derating practices, keep 
power consumption and internal heat 
buildup to an absolute minimum and 
subject finished systems to rigorous 
temperature cycling and electrical 
testing. The result: a field-proven 
25,000 hr MTBF. Since 1985 we've 
offered a full 2 year warranty and a 
flat-rate repair fee of just $350 for 
years 3 through 10. 

It’s time you had the best of both 
worlds. The best performance-price 
and the best reliability. Call today for 

more information and we’ll also send 
you a free copy of the RF Design 
Frequency Synthesis Handbook. 

Features and Options 
•BCD or GPIB remote control 
•DDS with phase-continuous switching 
•OCXO, TCXO or external 
frequency standard 

•Resolution to 0.1 Hz 
•Digital phase rotation 
•Output power to + 13dBm 
•Proven 25,000 hr MTBF 
•2 yr warranty 
• $350 repair fee, yrs 3 -10 
($500, Model PTS 1000) 

INFO/CARD 16 
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DEMODULATORS 
1.15MHz to 1880MHz from $19.95 
I&Q Modulators and Demodulators . . . another smart offering from MiniCircuits 
that’s pushing industry standards to new heights (and prices to new lows)! 

Infuse your cellular, radar and communication system project with the 
powerful new l&Q Modulator and Demodulator, surface mount and 
plug-in units. Units so reliable, the specified statistical data on 
performance holds up with rock-solid repeatability unit-to-unit. 
For high speed assembly operations, l&Q Modulators and 

Demodulators are available in tape and reel format, so you can bank 
on consistent assembly performance for production efficiency time 

after time . . . and with prices starting at just $19.95, these powerful and 
compact units truly are the next generation of value on the market today. 

So, call your Mini-Circuits distribution center at a number listed 
below for guaranteed one week shipment or. turn to our applications 

department with your special specs for custom units at catalog prices. 

We’re redefining what VALUE is all about! 

I/Q MODULATORS 

MODEL 

FREQ. 
(MHz) 

CONV. 
LOSS 

_ (dB) 
U 

CARRIER 
REJ. 
(-dBc) 
Typ. 

MIQA-10M 
MIQA-21M 
MIQA-70M 
MIQA-70ML 
MIQA-91M 
MIQA-100M 
MIQA-108M 
MIQA-195M 

MIQC-38M 
MIQC-88M 
MIQC-176M 
MIQC-895M 
MIQC-1785M 
MIQC-1880M 
MIQY70M 
MIQY-140M 

JCIQ-88M 
JCIQ-176M 

▼ ° 
MODEL 

MIQA-10D 
MIQA-21D 
MIQA-70D 

MIQC-38D 
MIQC-60WD 
MIQC-895D 

MIQY-1.25D 
MIQY-70D 
MIQY-140D 

JCIQ-176D 
JCIQ-895D 
JOQ-1785D 
JCIQ-1880D 

9 
20 
66 
66 
86 
95 
103 
185 

23 
73 
73 
95 
105 
113 
205 

5.8 
6.2 
6.2 
6 7 
5.5 
5.5 
6.6 
5.6 

0.20 
0.14 
0.10 
0.10 
0.10 
0.1C 
0.1C 
0.1C 

41 
50 
38 
38 
38 
38 
38 
38 

SIDEBAND 
REJ. 
(-dBc) 
Typ. 
40 
40 
38 
38 
38 
38 
38 
38 

HARM. 
SUPPRESS 
(-dBc) Typ. 

3xl/Q 5xl/Q 

PRICE 
$ 

Qty. 
(1-9) 

58 
48 
48 
48 
48 
48 
48 
48 

68 
65 
58 
58 
58 
58 
58 
58 

49.95 
39.95 
39.95 
49.95 
49.95 
49.95 
49.95 
49.95 

34 
52 
104 
868 
1710 
1805 
67 
137 

38 
88 
176 
895 
1785 
1880 
73 
143 

5.6 
5.7 
5.5 
8.0 
9.0 
9.0 
6& 
5.8 

0.1C 
0.1C 
0.1C 
0.1C 
0.3C 
0.3C 
0.2C 
0.2C 

48 
41 
38 
40 
35 
35 
40 
34 

37 
34 
36 
40 
35 
35 

54 
52 
47 
52 
40 
40 

65 
66 
70 
58 
65 
65 

Surface Mount Models 

36 
36 

47 60 
60 

49.95 
49.95 
54.95 
99.95 
99.95 
99.95 
19.95 
19.95 

52 
104 

88 
176 

FREQ. 
(MHz) 

. ’u 
9 

20 
66 

23 
73 

5.6 0.1 
5.6 0.1 

40 
35 

35 
35 

45 
45 

65 
65 

49.95 
54.95 

l/Q DEMODULATORS 
CONV 
LOSS 
(dB) 

6.0 
6.1 
6.2 

o.-o 
0.-5 
o.-o 

AMP 
UNBAL. 

(dB) 
Typ. 

0.15 
0.15 
0.15 

PHASE 
UNBAL. 
(Deg) 
Typ. 

1.0 
0.7 
0.7 

HARM. 
SUPPRESS 
(-dBc) Typ. 

3xl/Q 5xl/Q 

PRICE 
$ 

Qty. 
(1-9) 

50 
64 
56 

65 
67 
58 

49.95 
49.95 
49.95 

34 
20 

868 

38 
60 
895 

5.5 
5.3 
8.0 

O.'O 
0.0 
0.20 

0.10 
0.15 
0.15 

0.5 
1.0 
1.5 

60 
55 
40 

65 
67 
55 

49.95 
79.95 
99.95 

1.15 
67 
137 

1.35 
73 
143 

5.0 
5.5 
5.5 

O.'O 
0.25 
0.25 

0.15 
0.10 
0.10 

1.0 
0.5 
0.5 

59 
52 
47 

67 
66 
70 

29.95 
19.95 
19.95 

104 
868 
1710 
1805 

176 
895 
1785 
1880 

Surface Mount Models 
5.5 
8.6 
8 
8 

0.1 
01 
2 

02 

0.15 
0.2 
0.2 
0.2 

52 
45 
50 
50 

65 
65 
65 
65 

54.95 
99.95 
99.95 
99.95 

NON-HERMETICALLY SEALED 
MIQA case .4 x .8 x .4 in. MIQY case .8 x .8 x .4 in. 
MIQC case .8 x .8 x .4 in. JCIQ case .9 x .8 x .25 in. 

All Models Available in New 
J-LEAD Surface Mount Package. 

Consult Factory for Details. 

Mini-Circuits 
P.O Box 350166, Brooklyn, New York 11235-0003 (713) 934-4500 Fax (718)332-4661 

For detailed specs on all Mini-Circuits products refer to • THOMAS REGISTER • MICROWAVE PRODUCT DATA DIRECTORY • EEM • MINI-CIRCUITS’ 740- pg. HANDBOOK. 

CUSTOM PRODUCT N E E D S ..Let Our Experience Work For You. 
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RF news_ 
FAA, E-Systems 
Demonstrate GPS-
Based Landing System 
E-Systems reports that it has suc¬ 

cessfully completed a series of flight 
tests at NASA’s Crows Landing facili¬ 
ty showing that the Global Positioning 
System (GPS), combined with Kine¬ 
matic Carrier Phase Tracking (KCPT) 
technology, is a potential replacement 
for the existing Instrument Landing 
System (ILS) for aircraft. The FAA is 
expected to have a final analysis and 
report on the flight data by late sum¬ 
mer. The avionics equipment included 
a modified GPS receiver with KCPT 
software, an E-Systems D8PSK VHF 
data link transceiver, a Pentium¬ 
based processor, and a Litton IRU for 
attitude data. Software on a 486-based 
computer calculated the improved 
GPS position and ILS-like guidance at 
a 15 Hz update rate. The ground sys¬ 
tem consisted of a ground reference 
station (GRS) and an independent 
ground integrity monitor (GIM). The 
ground-based GPS receiver was inte¬ 
grated with the GRS to provide 
pseudorange and carrier phase infor¬ 
mation which was then uplinked to 
the approaching aircraft using the 
D8PSK link. The system achieved 
accuracies of 0.31 meter vertical and 
1.6 meters laterally, well within the 
requirement of 1.2 meters and 4 
meters, respectively. 

BIS Reports Increase in 
European Consumer 
Spending 
BIS Strategic Decisions reports a 

predicted growth in home entertain¬ 
ment in Western Europe to $33 billion 
through the end of 1995, a nine per¬ 
cent increase over 1994. Interactive 
multimedia, continued sales of CDs, 
pay TV and interactive TV play a 
major role in the increase, according to 
BIS, who is sponsoring their Third 
Annual Interactive Conference in 
Montreaux, Switzerland, September 
26-28, 1995. Information on the con¬ 
ference can be obtained from BIS’ U.K. 
office at: +44 1582 405678. 

SETI League Relocates 
The SETI League, Inc., a non-profit 

leader in a scientific Search to Extra-
Terrestrial Intelligence has moved to 
new quarters at 433 Liberty Street, 
Little Ferry, NJ 07643. Offices, labora-

Conference News 
RF Design Seminar 
Series Expands 
Educational Program 
RF Design magazine announces 

the new RF Design Seminar Series, 
with three educational conferences 
planned in 1996. The program of 
short courses and technical papers 
will expand on the educational pro¬ 
gram developed for the RF Expo 
trade shows. Three tracks of formal 
instruction will offer RF design fun¬ 
damentals, specific design tech¬ 
niques, and advanced instruction. A 
one-day technical papers program 
will allow engineers to present 
recent work, and a late afternoon 
poster session will be combined with 
a social reception for informal techni¬ 
cal discussions. The first seminar 
will be held in late January in Dal¬ 
las, Texas. The second will be held in 
conjunction with the International 
Wireless Communications Expo in 
Las Vegas in April, and the third is 
being planned for early fall 1996 in 

Boston, Mass. Engineers interested 
in presenting papers should contact 
RF Design magazine at 6300 S. Syra¬ 
cuse Way, Suite 650, Englewood, CO 
80111. Persons wishing to receive 
more information on the seminars 
may contact Argus Trade Shows at 
(800) 828-0420. 

Call for Papers — 
Multichip Modules 
The Fifth International Conference 

on Multichip Modules has issued a 
call for papers. Topics sought include 
MCM applications, testing, assembly 
and interconnection, MCM/PCB 
interface, management and cost 
strategies, electrical the thermal per¬ 
formance, telephone and cellular 
applications. 150-word abstracts 
should be prepared by October 16, 
1995 and submitted to MCM ‘96 
Conference Services, ISHM, 1850 
Centennial Park Drive, Suite 105, 
Reston, VA 22091; Tel: (703) 758-
1060, Fax: (703) 758-1066. 

20 

tory and a SETI library have been pro¬ 
vided at no cost to membership 
through the generosity of building 
occupants Eventide Inc., a longtime 
supporter of SETI. Since Congress ter¬ 
minated all NASA funding for SETI in 
1993, private organizations have 
attempted to continue experiments. 
The SETI League, Inc. maintains a 
membership hotline at (800) TAU-
SETI. Dr. H. Paul Shuch is full-time 
Executive Director of the SETI 
League, on a one-year leave of absence 
from the Pennsylvania State Universi¬ 
ty system. 

Magnetic Materials 
Scholarships Offered 
The Magnetic Materials Producers 

Association (MMPA) announces that 
applications are now being accepted 
for the Association’s Scholars Pro¬ 
gram. Two $5000 awards will be made 
to individuals doing graduate level 
studies in the field of magnetics. The 
purpose of the program is to encourage 
students entering graduate school to 
pursue a concentration in the area of 
magnetics. Written applications 
should be submitted to the MMPA by 

October 16, 1995. Awards will be 
announced by February 15, 1996. For 
information, contact the MMPA at 11 
South LaSalle Street, Suite 100, 
Chicago, IL 60603; tel: (312) 201-0101, 
fax: (312) 201-0214. 

Colorado Scientists 
Achieve Bose-Einstein 
Condensation 

Researchers at JILA, a joint pro¬ 
gram of the National Institute of Stan¬ 
dards and Technology and the Univer¬ 
sity of colorado at Boulder, have 
announced that they achieved a tem¬ 
perature far lower than any previously 
produced, creating an entirely new 
state of matter predicted 70 years ago 
by Albert Einstein and Satyendra 
Nath Bose. The team cooled rubidium 
atoms to 170 nanokelvin (billionths of 
a degree Celsius) above absolute zero, 
where individual atoms condensed 
into a “superatom” that behaved as a 
single entity. The scientists further 
cooled the atoms to 20 nanokelvin 
above absolute zero, the lowest tem¬ 
perature ever achieved. Physicists 
worldwide have been searching for 15 
years to achieve this condensation. 
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Advanced Power Technology 
Introduces 

Low Cost 300 Watt, 300 Volt 
RF Power Devices for 13.56 MHz. 

With Advanced Power Technology’s ARF444 and 
ARF445 RF components in your 13.56 MHz RF 
amplifier, you’ll immediately notice the combination of 
high voltage operation, high gain and 80% efficiency. 
Combine that performance with component costs that 
allow for multi-kilowatt, 13.56 MHz amplifiers to be 
built for less $0.25 per watt. Experience the first real 
break through in commercial HF, RF power 
technology in over a decade. Use APT’s low-cost 300 
Watt, 300 Volt RF devices. 

For APT’s new application notes, contact 
Richardson Electronics. You may also refer to 

Richardson’s Internet address (http://www.rell.com) 
for APT’s application notes. As an authorized 
distributor for APT’s products, Richardson offers 
the newest APT products from stock with the 
technical assistance to support your application. 

Featuring: 
■ Quantity Pricing $40 
■ Symmetric Pair 
■ 300 Watts 
■ 13.56 MHz 
■ 300 Vdc 
■ 80% Efficiency 
■ TO-247 Plastic (Common Source) Package 

To Receive a 
copy of the 
application 
notes please 
fax, call or 
circle this 
inquiry number. 

zk Richardson 
Electronics, Ltd. 

ADVANCED 
POWER 
Technology 

(800) RF POWER in the U.S. 
More than 50 locations worldwide to serve you - U.S. Toll Free: (800) RF POWER/(800) 737-6937, 
Canada Toll Free: (800) 348-5580; Internet: http://www.rell.com, France: (1) 34.26.4000, 
Germany: Puchheim (089) 800 21 3-1, Hamburg (040) 555 88 4-0, Italy: Sesto Fiorentino (Fl) 
(055) 420.10.30, Milano (02) 331.04.220, Rome (06) 417.33.751. Scandinavia: Sweden (0) 18 386900, 
Spain: Madrid (1) 528 37 00, Barcelona (3) 415 83 03, United Kingdom: Lincoln (01522) 542631, Slough (01753) 733010, 
Japan: (3) 3874-9933. Singapore: (65) 744-2128, Taiwan: 886-2-7269258, European Corporate Headquarters: Netherlands 
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KEnews continued 

Business Briefs 
KVG and MORION Join Forces — KVG announces completion of a coopera¬ 
tion agreement with MORION of St. Petersburg, Russia and Staudte Engi¬ 
neering of Cedar City, Utah. MORION, a privatized crystal and oscillator com¬ 
pany, is majority owned by KVG and Staudte and specializes in high perfor¬ 
mance oscillators. 

BCP Awarded Encoding Patent — Broadband Communications Products, 
Inc. has been awarded a U.S. patent for a pre-scramble encoding method and 
device for digital communication. The purpose of the invention is to ensure 
that a scrambled data transmission has adequate signal balance and frequent 
data transitions, maintaining proper randomness. 

Stanford Telecom Joins Cable Group — Stanford Telecommunications has 
announced that it has joined the Cable/Information Technology Convergence 
Forum, an organization sponsored by Cable Television Laboratories, Inc. 
(CableLabs), the Forum was created to smooth the exchange of information 
between high technology companies and cable operators. 

TAS in Joint Effort with AT&T Paradyne — Telecom Analysis Systems 
(TAS) and AT&T Paradyne have initiated a joint effort to develop a new stan¬ 
dard for testing cellular modem products. The target is a set of laboratory¬ 
based testing procedures that can be used in conjunction with field tests to 
ensure modem quality. TAS recently introduced GT-Cellular test system is 
being used as the laboratory test bed for cellular modem evaluation. 

Harris Opens Singapore Center — A new Center of Excellence is 
announced by Harris Corporation, located in the Cencon 1 Building in Singa¬ 
pore. The facility combines functions serving the Asian market, including field 
engineering, technical support, staff specialists, plus marketing and sales. 

BTG Licenses Technology to E.F. Johnson — BTG USA Inc. has licensed 
its narrowband linear modulation technology to E.F. Johnson Company. The 
modulation technique, called transparent-tone-in-band (TTIB), can significant¬ 
ly increase the capacity of mobile communications systems. E.F. Johnson will 
use the technology in products for the 220 MHz band. 

Scientific-Atlanta Gets IRIDIUM Contract — Motorola’s Satellite Com¬ 
munications Division has placed an order for four additional System Control 
Segment earth terminals for the IRIDIUM system. With this order, fourteen 
telemetry and command terminals are being produced by Scientific-Atlanta. 

Watkins-Johnson International Moves — Watkins-Johnson International 
has moved to new offices in Windsor, England. The new address is: St. 
Leonards House, St. Leonards Road, Windsor, Berkshire SL4 3DG, U.K.; Tel: 
+44 1753 751300; Fax: +44 1753 621794. 

Lasertron Forms Wireless Business Unit — Lasertron has formed a new 
Wireless Business Unit as a separate division to meet requirements of the cel¬ 
lular and PCS markets for fiber-optic subsystem products, primarily for link¬ 
ing remote antennas with base station equipment. 

Rogers Opens Hong Kong Office — Rogers Corporation has established a 
regional subsidiary, Rogers Southeast Asia, in Hong Kong. The office supports 
growing activity for Rogers and Durel Corporation in Southeast Asia, provid¬ 
ing sales and technical support. 

Applied Signal Technology has New Address — Although the company 
has not moved, the address for Applied Signal Technology, Inc. has been 
changed. Their mailing address is 400 West California Avenue, Sunnyvale, CA 
94086, and the shipping address has become 600 West California Avenue. 

Contracts 
Anritsu Wiltron Gets Marine 
Corps Order — Anritsu Wiltron 
announces a $3 Million order from the 
Marine Corps for the 68347M 20 GHz 
Synthesized Signal Generator. This 
order is a follow-on to an initial $2 
Million order placed in August 1993, 
and is part of a five-year contract. 

Svetlana Receives British Defence 
Contract — Svetlana Electron 
Devices, Inc., the American joint ven¬ 
ture partner with Svetlana Electron 
Devices of St. Petersburg, Russia, 
announces a major contract for more 
than 10,000 power electron tubes from 
the British Ministry of Defence. The 
power tubes will be used in military 
shipboard radio equipment. The con¬ 
tract was won in competition with 
manufacturers in the U.S., France and 
China. 

RFID Runs Underground Traffic 
System — The Huogito Coal Mine in 
China has installed a traffic monitor¬ 
ing and control system using Texas 
Instruments’ TIRIS RFID hardware. 
The underground mine uses operator-
driven vehicles rather than the usual 
rail car system, and the traffic control 
system helps reduce collisions and 
traffic jams. The system also tracks 
each vehicle’s location, allowing dis¬ 
patchers to control their movement 
efficiently. 

W-J Receives $16M AMRAAM Con¬ 
tract — Watkins-Johnson Company 
announces a contract for more than 
$16 Million from Hughes Aircraft 
Company, Missile Systems Group. 
Under the contract. W-J will continue 
production of electronics subsystems 
for Lot 9 of the AIM- 120 AMRAAM 
air-to-air missile. 

ManTech Gets Test Contract — 
ManTech Test System has been issued 
a four-year GSA contract for their 
family of Aurora test systems, models 
VTS-1000/7, VTS-1000/39, VTS-
1000/99, VTS-2000 and VTS-3000. The 
systems are used by the Department 
of Defense, other government agencies 
and commercial customers for the test 
and repair of digital, hybrid and RF 
electronic circuit boards and black 
boxes. The VTS-1000/7 has been certi¬ 
fied as the replacement for the Gen-
Rad 2225/2235 (AN/USM-465) system. 
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The Worlds Smallest 
Crystals And Oscillators 

Just Became 
Easier To Find. 

Look no further, call Richardson Electronics. 
Richardson is proud to be the exclusive distributor for the 

world’s smallest SMD and thru-hole crystals (10kHz-32 MHz) 
and oscillators (0.01-125MHz) from Micro Crystal. 

Richardson offers design assistance, technical support and superior 
service to Micro Crystal customers world-wide. 

Call: 1-800-RFPOWER (in U.S.) 
1-800-348-5580 (in Canada) 

©■Richardson Electronics, Ltd. 
INFO/CARD 19 



RF industry insight_ 

Labs Focus on Commercial 
Applications 

By Andy Kellett 
Technical Editor 

Electromagnetic fields have been 
fundamentally understood since 1864, 
when James Clerk Maxwell unified 
the equations describing the behavior 
of electric and magnetic fields. Howev¬ 
er, more than Maxwell's equations are 
required to produce the advanced com¬ 
munications devices being built today, 
and researchers are working on devel¬ 
oping new devices and new types of 
systems to exploit the fields Maxwell 
described in the 19th century. 

Semiconductor Devices 
Much of the attention given to 

advances in RF technology is given to 
new semiconductor devices. Most of 
the research being done on new RF 
semiconductors is being done in com¬ 
mercial labs. Most semiconductor 
device manufacturers are working on 
ways to make devices that operate at 
lower voltages, use less power, and 
incorporate more functionality. 
However, some recent advances 

have their roots in more "pure 
research" labs. Dr. Bernard Meyerson, 
leading a team at the IBM Thomas J. 
Watson Research Center, developed a 
new semiconductor process that uses 
a Si/Ge alloy to produce very fast 
devices. Not only are the devices fabri¬ 
cated in this process fast, they can be 
manufactured using essentially the 
same fab lines being used to make sili¬ 
con circuits. This technology made the 
leap to the commercial area in the 
form of a 1 GHz, 12-bit D-to-A convert¬ 
er designed by Analog Devices and 
fabricated by IBM. 

Superconductors 
High temperature superconductors 

garnered a lot of attention when they 
appeared on the scene in 1987. Since 
then, commercial products using this 
technology have been trickling out of 
the labs and into the market. An 
example of one of the emerging super¬ 

conducting devices are the very sharp, 
low loss cellular basestation filters 
developed by Conductus, Inc. 
Most of the research done by Con¬ 

ductus has focused on ways to make 
fabrication of superconducting devices 
as predictable and routine as the fab¬ 
rication of semiconductor devices. "A 
lot of the work is centered on trying to 
really understand the correlations 
between material growth characteris¬ 
tics and material properties, and 
between material properties and 
device properties," says Randy Simon, 
Vice President of Technology Pro¬ 
grams for Conductus, "Eventually we 
would like to control material growth 
parameters so as to produce ideal 
device parameters and basically not 
even have to worry about the materi¬ 
al's parameters." 
However, work on filter design is 

also being done. "We are working at 
the problem from both directions," 
says Simon, "designing devices so they 
are more tolerant of variations in 
material properties, and improving 
materials so that the devices are less 
constrained. " 

Electromagnetic Modeling 
Both the materials and geometries 

used to package RF devices are the 
subject of research. Reducing package 
cost and device degradation are the 
goals of this research. 
Refining device geometries to opti¬ 

mize performance requires electro¬ 
magnetic modeling. Many researchers 
are working to make electromagnetic 
modeling algorithms faster and device 
and material models more accurate. 
This type of research is particularly 
attractive to smaller universities, 
where the cost of cutting edge semi¬ 
conductor fabrication equipment is out 
of reach, but a fast powerful computer 
can be purchased for a small fraction 
of an annual budget. 

System Research 
Not all RF research is concerned 

with devices. Predicting the behavior 
of RF communications systems and 
finding ways to make them more reli¬ 
able is also getting research attention. 
Not only are service providers doing 
this kind of research, but there is plen¬ 
ty of this kind of research being done 
at universities. Members of the Mobile 
& Portable Radio Research Group at 
Virginia Tech have done work in prop¬ 
agation prediction, wireless communi¬ 
cations simulation and other areas 
important to system operation. 
Lincoln Laboratories is working on 

ground terminals for military commu¬ 
nication systems, says Roger Sudbury, 
Executive Officer and Director of 
External Affairs for Lincoln Labs. 
While this is not a commercial project, 
"... a lot of things that the Laboratory 
has done for the Department of Defense 
ultimately find themselves in commer¬ 
cial applications," says Sudbury. 

Laboratory Funding Trends 
Whether they produce technology 

that ultimately becomes commercial or 
not, many DOD-funded labs have been 
pared back in recent years. According 
to Lincoln Labs' Sudbury, funding for 
Lincoln Labs has shrunk by about 30 
percent in the last five tears, and in 
the same time, the number of people 
employed at the lab has shrunk from 
just over 2,800 to about 2,250. 
Research groups with weaker ties to 

DOD funds, such as the Georgia Tech 
Research Institute, have been able to 
partially replace lost funds. 

Finally, the companies producing 
devices for the new wireless communi¬ 
cations services are investing a lot of 
money in their R&D departments. If 
those departments are successful in 
crafting devices and systems that the 
marketplace finds useful, they may also 
share in the return on investment. RF 
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low pass, high pass, bandpass dt-3&h ^ll45

• less than 1dB insertion loss • greater than 40dB stopband rejection • surface mount • BNC, Type N, SMA available 
• 5-section, 30dB/octave rolloff • VSWB less than 1.7(typ.) • rugged hermetically sealed pin models • constant phase 

• meets MIL-STD-202 tests • over 100 off-the-shelf models • immediate delivery 

£□ Mini-Circuits 
■ ■ ■ w P.O Box 350166, Brooklyn, New York 11235-0003 (718)934-4500 Fax (718)332-4661 

For detailed specs on all Mini-Circuits products refer to • THOMAS REGISTER • MICROWAVE PRODUCT DATA DIRECTORY • EEM • MINI-CIRCUITS’ 740- pg. HANDBOOK. 
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RF simulation_ 

SPICE Techniques for Analyzing 
Quartz Crystal Oscillators 

By T. Kien Truong 
Boeing Commercial Airplane Group 

We can readily find several articles 
on oscillator analyses published in 
trade journals but rarely can one find 
articles on crystal oscillator simula¬ 
tion. In fact, the author knows of no 
material published on transient simu¬ 
lation. The fact that a quartz crystal is 
an extremely high Q circuit and the 
oscillator is free-running with no dri¬ 
ving signal makes crystal oscillator 
simulation difficult. This tutorial 
introduces new techniques for obtain¬ 
ing the startup transient by inserting 
power supply noise, and techniques for 
finding the open-loop response by 
inserting a pseudo voltage source at 
the CMOS amplifier input. We will 
also examine the frequency pulling, 
resonant and anti-resonant behaviors 
of the crystal oscillator. 

Often in designing ASICs the conve¬ 
nience, controllability, and econo¬ 

my of an embedded crystal oscillator 
offers a major advantage. Together 
with the off-chip passive components, 
the on-chip active circuitry can give a 
reliable and stable oscillator. In a 
Pierce oscillator, the on-chip circuitry 
is an inverting amplifier that provides 
the gain necessary to build up and 
maintain the oscillation through a 
crystal controlled feedback network. 
In order to oscillate, the circuit must 
satisfy the Barkhausen criteria that 
the phase shift around the loop is 
n360° and the loop gain exceeds unity 
at the resonant frequency. 
Standard SPICE analyses such as 

transfer function, fourier transform, 
signal-to-noise plot and closed loop 
analyses are straight forward, often 
described in literature and we will not 
discuss them here. The tutorial will 
show that we can obtain a wealth of 
other information such as startup 
transient, open-loop response and 
Nyquist plots using the evaluation 
version of the PSpice simulator from 

File Edit Draw Navigate View Options Analysis Tools Markers Window Help 

Figure 1. Basic crystal oscillator schematic. 

MicroSim. This free version of 
MicroSim limits the complexity of the 
design to about 10 transistors, which 
is enough to simulate our Pierce oscil¬ 
lator circuit. The circuit in this tutori¬ 
al is a simplified version of the real 
circuit used in the ASIC. The ASIC 
circuit includes additional transistors 
as loading transistors for the gain 
stage and as high-value feedback 
resistor for the inverting amplifier. 
Omitting these elements allows the 
use of the evaluation software and 
does not affect the analyses of oscilla¬ 
tor behaviors. 
This work is part of the design and 

development of a highly reliable clock 
ASIC. The ASIC employs redundant 
oscillators with automatic fault detec¬ 
tion, identification and reconfigura¬ 
tion. The digital/analog ASIC was sim¬ 
ulated in a mixed mode environment 
with a full-blown version of SPICE 
and was successfully fabricated with a 

dual-poly NWell CMOS technology. 

Circuit Description 
We can model the quartz crystal as 

having a motional resonance arm Rx, 
Lx and Cx in parallel with the crystal 
holding capacitance Cp (the mounting 
electrodes). Most crystal manufacturers 
can provide the motional parameters. 
Figure 1 illustrates the Pierce oscillator 
circuit using a CMOS inverting amplifi¬ 
er and a 24 MHz crystal. All circuit 
parasitic elements, on-chip or off-chip, 
are lumped into the bulk capacitors. 
The on-chip amplifier influences the 
frequency through its input and output 
(pin-to-ground) capacitances, and its 
pin-to-pin capacitance. We can also 
model the amplifier internal delay as 
additional output capacitance. Figure 2 
shows the circuit listing in PSpice for¬ 
mat. The level-2 NMOS and PMOS 
transistor parameters are from a 2-
micron NWell CMOS technology. 
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The Giga-tronics 8540B is the World’s Best 
Power Meter for Communications Testing. 

But Don’t Take Our Word for It. 

“Power meters generally fare well when characterizing simple 

continuous wave (CW) or pulsed R.F/microwave signals. But 

modern communications signals, with digital information on 

phase-, frequency-, and amplitude-modulated carriers, pose 

problems for most power meters.The exception is the 8540B 

from Giga-tronics. The latest version of this high-speed 

measurement tool performs true average power measurements 

even on multitone signals with digital modulation.*’ 

Microwaves & RF 
June 1995 

or fax 510-328-4700 for more information for a demonstration. 

Giga-tronics 
Giga-tronics Incorporated ■ 4650 Norris Canyon Road ■ San Ramon, California 94583 ■ Telephone: 800-726-4442 or 510-328-4650 ■ Telefax: 510-328-4700 
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The amplifier for the crystal oscilla¬ 
tor is a high-gain, single-stage CMOS 
inverter that is biased at its mid range 
to act as a linear amplifier for the clock 
signal. The biasing resistor Rf produces 
a negative feedback signal that com¬ 
petes with the more favorable positive 
feedback signal through the crystal net¬ 
work. The biasing resistor therefore 
must be large enough (22 MQ) not to 
load down the low impedance crystal 

feedback loop and yet is small com¬ 
pared to the CMOS amplifier input 
impedance. The amplifier provides a 
nominal 180° phase shift in addition to 
the 180° phase shift in the feedback 
loop. The amplifier has to provide 
enough gain to offset the loss in the 
feedback loop. Too much gain, however, 
will facilitate unwanted crystal over¬ 
tone and spurious effects or even make 
the oscillator startup unreliable. 

* Single inverting amplifier 
MN1 NVOUT NVTN 0 0 NMOS L=2U W=480U 
MPI NVOUT NVIN 99 99 PMOS L=2U W=1 130U 

* 24 MHz crystal 
SUBCKT XTAL24 1 2 
*CP 1 2 4.5E-12 
RM24 10.2 
CM 3 4 20.937E-15 
LM 13 2.1E-3 
.ENDS 

* Power supply noise to kick start the oscillator 
V99 99 0 PWL ON 5V .1US SV . 105US 0V . 11US 
5V 100MS 5V 

* Feedback circuit 
XT AL NXIN NXOUT XTAL24 
RL NVOUT NXIN 200 
CL1 NXTN 0 10PF 
CL2 NXOUT 0 10PF 
RFB NVOUT NVTN 22E6 
RS NXOUT NVIN 200 

* Transient analysis 
.TRAN INS 20US 0 10ns 
PROBE 

* N-Well transistor model 
.MODEL NMOS NMOS 
+ LEVEL=2 VTO=0.825 UO=608.3 TPG=1 
+ TOX=4.0E-8 NSUB=7.755E15 XJ=4.50E-7 
+ LD=1.121E-7 DELTA=3.714 VMAX=49.89E+3 
+ NFS=.105E12 CJ=323.1E-6 CJSW=929.9E-12 
+ MJ=461.5E-3 MJSW=268.3E-3 PB=.44 
+CGSO=96.77E-12 CGDO=96.77E-12 
CGBO=40.0E- 12 
+ UCRIT=50E3 UEXP=78.26E-3 NEFF=3.36 

MODEL PMOS PMOS 
+ LEVEL=2 VTO=-0.70 UO=205.1 TPG=-1 
+ TOX=4.0E-8 NSUB=1.485E16 XJ=450E-9 
+ LD=230.5E-9 DELTA= 1.843 VMAX=40.76E3 
+ NFS=0.01E12 CJ=804.9E-6 CJSW=749.1E-12 
+ MJ=525.0E-3 MJSW=495.4E-3 PB=.958 
+ CGSO=199.OE-12 CGDO=199.OE-12 
CGBO=101.5E-12 
+ UCRIT=70E3 UEXP=184.2E-3 NEFF=0.69 

.END 

Figure 2. Circuit listing for transient 
analysis. 

Figure 3. Simulated startup transient 
waveform. 

The crystal in the feedback loop has 
an extremely sharp phase versus fre¬ 
quency response at the resonant fre¬ 
quency. The series resistor RL helps 
set the phase in the feedback loop and 
also isolate the crystal from the ampli¬ 
fier circuit. RS and RL also include the 
ESD protection resistors in the I/O 
pads. The bulk capacitors parallel the 
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* Single inverting amplifier 
MNl NVOUT NVIN 0 0 NMOS L=2U W=480U 
MPI NVOUT NVIN VCC VCC PMOS L=2U 
W=1130U 

* Pseudo voltage source inserted in feedback loop 
VPS NVIN 0 DC 2.557 AC 1 

* 24MHz crystal 
SUBCKT XTAL24 1 2 
CP 1 2 4.5E-12 
RM24 10.2 
CM3 4 20.937E-15 
LM 1 3 2.1E-3 
ENDS 

* Feedback circuit 
XT AL NXIN NXOUT XTAL24 
VC9VCC0DC5V 
RL NVOUT NXIN 200 
CL1 NXIN 0 10PF 
CL2 NXOUT 0 10PF 
RFB NVOUT NVIN 22E6 
RLD NXOUT 0 1E9 

* Broad band analysis 
.AC DEC 1000 1E6 300E6 

♦Narrow band analysis for Bode & Nyquist plots 
♦.AC LIN 1000 23.8E6 24.2E6 
PR OBE 

ratio between the crystal load capaci¬ 
tors. Since the crystal inductance 
varies by a wide range near resonance, 
the exact value of the load capacitors 
are not critical. They just have to be 
small (less than 30 pF in a typical cir¬ 
cuit) so as not to load down the crystal. 
The crystal in this parallel resonant 

circuit operates in the inductive region 
between the resonant and anti-reso¬ 
nant frequencies (the crystal band¬ 

width). Outside this narrow frequency 
range the crystal looks like a small 
capacitor (Cp) electrically. Within this 
bandwidth, the crystal phase varies by 
a large range with very small change 
in frequency. In other words, extreme¬ 
ly small frequency shift is necessary to 
change the crystal’s impedance to com¬ 
pensate for phase deviation around 
the loop. The frequency pulling char¬ 
acteristic of the crystal is such that 

HCMOS/TTL & Sinewave • Surface Mount & Thru-Hole 

WE’VE GOT A LOT 
TO SAY ABOUT 

Figure 4. Circuit listing for open loop 
analysis. 

TCXOs... 

BUT THIS 
AD HAS 
LIMITED 

Figure 5. Broadband response. 
BANDWIDTH. SPECIFY 

When it comes to TCXOs, you’ve got more options now than ever 

before. Logic. Packaging. Frequency stability. Temperature range. 

We'd like to tell you everything you need to know, but there’s not enough 

room here. Design specs. Quality stats. Availability. Pricing. You've got 

questions. We’ve got answers. If you're wired to the Internet, come visit 

our web site or e-mail any questions to ecliptek-sales@ecliptek.com 

Figure 6. Narrowband response. 

internal capacitance of the amplifier 
and help reduce the effect of amplifier 
and circuit variation. The feedback 
loop controls all frequency characteris¬ 
tics. The amplifier influences this fre¬ 
quency only by its gain, bandwidth, 
and parasitic capacitances, which are 
added to the load capacitors. We can 
control the loop gain by sizing the tran¬ 
sistors and by selecting the proper 

If you like the human touch, our customer support team has all the 

bandwidth you’ll ever need. They’re knowledgeable, responsive, flexible 

and reliable. Committed to making Ecliptek your TCXO supplier. 

Dial 1-800-ECLIPTEK for accurate answers, guaranteed quality and 

on-time delivery. Data sheets available 24-hours by fax-on-demand. 

ECLIPTEK’ 
CORPORATION 

1-800-ECLIPTEK • (714) 433-1200 • (714) 433-1234 Fax 

http://www.ecliptek.com/ecliptek/ 
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Figure 7. Nyquist plot of open loop 
response. 

additional phase variation incurred in 
the circuit can be tolerated and is 
translated into a small frequency 
shift. 

Startup Transient 
Transient simulation of extremely 

high-Q quartz crystal circuits is a real 
challenge. Most designers rely on the 
frequency responses (small signal 
analysis) to judge the ability of their 
circuits to oscillate. Transient 

Figure 9. Frequency pulling. 

response uses large signal analysis 
which involves nonlinearity operation, 
truncation errors and time step esti¬ 
mation which often results in diver¬ 
gence. However, a few tricks can make 
the oscillation waveform come alive. 
Figure 3 shows the transient response 
for the oscillator startup. Here the 
command, V99 99 0 PWL ONS 5V 
.1US 5V .105US OV .111US 5V 100MS 
5V, introduces a voltage spike to the 
power supply to kick start the oscilla¬ 
tor. Note that in a real circuit, oscilla-

Figure 10 Crystal impedance. 

tion is started by random thermal 
noise in the circuit elements. This 
noise is amplified by the inverter and 
is positively fed back through the crys¬ 
tal circuit. The amplitude of the signal 
increases exponentially as it goes 
through the loop again and again until 
saturation is reached. The frequency 
of the signal is controlled by the crys¬ 
tal. The crystal acts as a narrow band 
filter that passes only the resonant 
frequency. We should limit the fourth 
parameter of the .TRAN command 

30 

THE NEW TCXO 
SOLUTIONS FROM 

RALTRON. 

TX2100/TX2146 
• Small size 
• Wide temperature range 
•+5VDC, +12VDC 
• Wide frequency range 
• Voltage control option 
• Custom options 
• Lower cost 
FREQUENCY STABILITY: 

100: -30°Cto +70°C:±1ppm 
146: -40°Cto +85°C: ±1ppm 
DIMENSIONS: 100 146 

Length .8" 1.5" 
Width .8" 1.5" 
Height .4" .5" 
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ELECTRONICS CORP. 
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Crystals / Crystal Oscillators 
Crystal Filters / Ceramic Resonators 
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Hermetic packages with through hole 
and surface mount configurations 
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Feedback Analysis 

VIN IN 0 AC 1 

RS IN 1 100 
RM 1 11 10.2 
LM 11 12 2. 1E-3 
CM 12 13 20.937E-15 
CP 1 13 4.5E-12 
CT 1 0 CMOD 1 
CL 13 0 10E-12 
RL 13 0 1E9 

MODEL CMOD CAP(C=1OPF) 
.STEP CAP CMOIXC) 10PF, 20PF, 5PF 

.AC LIN 1000 24.0 1E6 24.04E6 
PROBE 

* Plotting xtal reactance (imaginary part) 
*-II(RS)/(IM(RS)*IM(RS)) 
* Plotting xtal resistance (real part) 
* IR(RS)/(IM(RS)*IM(RS)) 

END 

Figure 8. Circuit listing for feedback 
impedance. 

(the maximum stepping time) to one¬ 
fourth of the oscillator period. This 
parameter would prevent the internal 
step of PSpice to overshoot the oscilla¬ 
tor period and results in divergence. 
To avoid aliasing, we will choose the 
print interval at 1 ns. 

The crystal mounting capacitance 
Cp also plays an important role in 
realizing the transient simulation. Cp 
is in parallel with the motional arm of 
the crystal and diverts the energy 
going through the crystal. This 
reduces loop gain greatly and makes 
startup much slower. For a typical 24 
MHz crystal Cp is about 4.5 pF. 
A 40 ps simulation would take about 

ten minutes on an 486 based personal 
computer. Examining the transient 
waveform would reveal a straight line, 
i.e. no oscillation. Zooming in the sig¬ 
nal would reveal a very small (0.01 V) 
sine wave that does not grow exponen¬ 
tially as expected. As it turned out, at 
least 200 ps simulation time is needed 
to see the startup waveform. However, 
we would have to suppress the first 
160 ps of data because the data buffer 
will be full after 40 ps. To completely 
show the transient startup from time 
zero to saturation, we can temporarily 
comment out Cp (or artificially reduce 
its value). Good startup waveform 
results with only 20 ps of simulation. 

Open-Loop Response 
It’s relatively easy to obtain closed-

loop Bode plots showing the magni¬ 
tude and phase responses of the circuit 
with PSpice. All we have to do is to 
plot the waveform at the output of the 
oscillator. However, it’s more tricky to 

obtain the open loop response. It’s the 
open loop response that shows the 
gain margin and phase margin critical 
to oscillation. 
One common method is to use a 

large-value capacitor and inductor to 
break the loop. Another method is to 
open the feedback loop and reflect the 
impedances at the break points. A 
voltage generator can then excite the 
circuit for open loop measurement. 
Whereas the first method can intro¬ 

duce improper loading to the circuit, 
the second method significantly 
increases the circuit size and run time. 
In this circuit we will attempt to open 
the loop by inserting a IV AC pseudo 
voltage source between the output 
node of the crystal and the input node 
of the CMOS amplifier. Since the 
amplifier has almost infinite input 
impedance and since the ideal voltage 
source has zero series impedance and 
infinite parallel impedance, the addi¬ 
tion should not disturb the loading of 
the circuit. The DC level of the voltage 
source is the DC operating point of the 
circuit obtained from the transient 
analysis output file. The command, 
VPS NVIN 0 DC 2.557 AC 1, accom¬ 
plishes this task. Figure 4 lists the 
modified circuit for open loop analysis. 
To be certain that no unwanted 

oscillation modes can occur in the fre¬ 
quency range of interest, we have to 
consider both broadband and narrow¬ 
band analyses Figure 5 illustrates the 
broadband response of the circuit with 
the command, .AC DEC 1000 1E6 
300E6. Zooming in, the spike in the 
waveform that indicates the frequency 
of oscillation will not reveal the detail 
of the response. Instead, we have to 
sweep the frequency linearly in the 
immediate vicinity of the resonant fre¬ 
quency to show the amplitude peaking 
and the zero-degree phase-crossing at 
the series (resonant) frequency and 
parallel (anti-resonant) frequency. 
Figure 6 illustrates the narrow band 

response of the circuit with the com¬ 
mand, .AC LIN 1000 23.8E6 24.2E6. 
As expected, the loop gain peaks at f; 
where the loop phase shift crosses 
through zero degree. The crystal res¬ 
onating with Cp and the load capaci¬ 
tors creates a complex pole pair that 
causes this behavior. At f„ the loop 
gain drops below unity and the loop 
phase once again crosses through zero 
degrees. f2 is the parallel resonant fre¬ 
quency formed by the crystal resonat¬ 
ing with Cp to form a complex zero 
pair and a high impedance in the feed¬ 

back circuit. 
The oscillator’s phase margin is the 

maximum angle past zero degrees that 
the loop phase shift has between f] 
and f2. The phase margin gives a mea¬ 
sure of how much loading the oscilla¬ 
tor can withstand and still start-up. If 
the loading on the oscillator is too 
much, the phase will not pass through 
zero degrees and the oscillator will not 
start. Similarly, ■she oscillator’s gain 
margin is the maximum magnitude 
past unity that the loop gain has at 
the zero-degree crossing phase. The 
larger the gain margin, the more loss 
the feedback loop the oscillator can 
withstand. 
Using Probe, we can also obtain a 

Nyquist plot of the combined ampli¬ 
tude and phase responses by plotting 
the imaginary part of the crystal out¬ 
put voltage versus its real part using 
linear frequency scaling. Figure 7 
shows that the Nyquist plot encircles 
the point (1,0) which indicates oscilla¬ 
tion for a positive feedback circuit. The 
Nyquist plot uses the same data file as 
that of the narrowband plot. 

The mathematical signal process¬ 
ing ability of Probe is very useful 
when it comes to plotting the imped¬ 
ance of the feedback loop. Figure 8 is 
the new circuit file used for this pur¬ 
pose. The circuit consists of only the 
feedback loop which contains the 
series resistor, the crystal and the load 
capacitors. A large value resistor par¬ 
allel to the load capacitor provides the 
DC path to ground. To simplify the 
analysis, we use a IV AC voltage 
source for excitation. From the loop 
voltage and current expressions and 
after some complex algebra manipula¬ 
tion, the feedback impedance expres¬ 
sions in Probe become: 

mag(Z) = 1/(IM(RS)) 
phase(Z) = -IP(RS) 
real(Z) = IR(RS) / (IM(RS)-IM(RS)) 
imag(Z) = -II(RS) / (IM(RS) IM(RS)) 

In a series-resonant oscillator, the 
crystal operates at its natural series 
frequency. In a parallel resonant oscil¬ 
lator, the feedback circuit introduces a 
load capacitance to the crystal. In this 
case, the crystal operates at the fre¬ 
quency where the crystal reactance 
cancels the load capacitor reactance. 
Therefore when the load capacitance 
changes the resonant frequency also 
changes. We can examine the frequen¬ 
cy pulling characteristic of the crystal 
oscillator by performing parametric 
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Back in the old days, 
when the first cellular 
phones hit the road, life was 
simple: 12 volts, period. 

Not anymore. With over a 
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And that's not all: 
based on our MSAG®-
Lite technology, our line 

dozen major manufacturers offering 
a wide variety of models, it's a chal¬ 
lenge to supply them with a range 

of RFIC power amplifiers can help 
you reduce total system size enough 
to actually add more features in the 
same space. Cell phone talk time can 
be extended by as much as 30% 
compared to using Si discretes or 

of RF power amplifiers to do the job. 
But we've met that challenge; 

our RFIC power amplifiers will 
work in many of the latest, newest, 
smallest analog and digital cell 
phones. And with battery voltages 
from 3.3 to 5.8 volts and output 

modules. Plus, you can lighten up 
the entire system. 

And all of this at a very 
affordable number. 

Want to hear more? Here's a 
couple more numbers you'll need: 

Call us at 540-563-3949. 
power levels as high as 1.2 watts. 

In other words, we've 
got your number. 

Or fax us at 540-563-3935. 
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IN SPEC 
ON TIME. 
ON BUDGET 

What else would you expect from 
Methode Electronics? 

Six-layer sequential lamination 
with blind vias for layers 1 to 5 

Solder Mask Over Bare 
Copper (SMOBC) for 
reliable surface mount 

Fence posts for 
RF isolation 

Wire bondable gold plating 
over nickel and copper plating 

Edge plating of cutouts 
and profile shielding 

Countersunk holes 
tor device attach 

This high frequency microwave printed circuit 
board meets all MIL, ANSI, and IPC specifi¬ 
cations and standards for electrical performance 
and physical tolerances. The innovative tech¬ 
niques used to fabricate this board put us head 
and shoulders above ordinary board shops. 

If performance, delivery, and costs are impor¬ 
tant to you. count on the resources of our 

multi-million dollar, international organization 
and the resourcefulness of over ten years' 
experience fabricating quality microwave circuits 
to meet your precise requirements. 

We'll be pleased to discuss your application in 
detail, and offer proven, cost-effective solutions. 
Let us hear from you today. 
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ETHODE ELECTRONICS, INC, EAST 
10 Industrial Drive • Willingboro. NJ 08046 • (609) 871-3500 • FAX: (609) 871-0061 • Modem: (609) 871-3347 

Methode is growing—contact us about available representative territories. 



Global solutions... 
for all your 
communications 
testing needs. 

Noise Com noise products and test instruments are 
being used throughout the world to evaluate the perfor¬ 
mance of cellular, satellite, and radar communications 
and data transmission systems. 

Whether you require noise sources, modules, or 
generators, or are interested in our state-of-the-art test 
instruments such as our multipath fading emulator 
or Interference Test Set ™, we have the 
products to suit your application. 

Every Noise Com product is 
backed by years of research and 
testing where it counts.. .in the 
field. That translates to products 
that deliver outstanding stability 
and quality... in the toughest 
applications. 

At Noise Com, the only thing 
better than our products is our 
dedication to providing the best technical 
service and support in the business. We 
also realize that time is money, so you can 
count on receiving your custom compo¬ 
nent, test equipment, or an entire turnkey 
system on time...every time. 

Pictured here are some of our standard products. 
For more details, ask for our Complete Line of Broadband 
Noise Products catalog. If you’re interested in our critically-
acclaimed test equipment, make sure you request a copy 
of our Test Equipment For Wireless & Telecommunications 
catalog. Whatever you decide...we’d love to hear from 
you. 

Noise Com. Your global partner for noise, wireless, 
and telecommunications testing solutions. 

For more information 
and a quick response, 

call NOISE COM, 
the experts in testing, 

at 201-261-8797. 





Chips and Diodes 

TYPICAL STANDARD MODELS 

MODEL FREQUENCY RANGE 
NC 302 
NC 305 
NC 401 
NC 406 

_ _ 

10 Hz - 3 GHz 
10 MHz - 11 GHz 
100 MHz - 18 GHz 
18 GHz -110 GHz 

Ail Noise Com diodes deliver symmetrical white 
Gaussian noise and flat output power versus frequency. 
Noise Com diodes are available in a wide variety of 
package styles, and in special configurations on request. 

BITE Modules 

TYPICAL STANDARD MODELS 

l he NC 500 series drop-in noise modules in TO-8 cans 
and flat packs for surface mounting are an economical 
solution for built-in test requirements. These devices contain 
complete biasing networks and need no external components. 
Also available are TO-39 packages. 

MODEL FREQUENCY RANGE OUTPUT ENR 
NC 501/15 
NC 502/15 
NC 503/15 
NC 506/15 
NC 511/15 
NC 513/15 

0.2 MHz - 500 MHz 
0.2 MHz - 1000 MHz 
0.2 MHz - 2000 MHz 
0.2 MHz - 5 GHz 
0.2 MHz - 500 MHz 
0.2 MHz - 2 GHz 

31 dB 
31 dB 
31 dB 
31 dB 
51 dB 
51 dB 

Broadband Amplified Modules 

TYPICAL STANDARD MODELS 

MODEL FREQUENCY RANGE OUTPUT 
NC 1101A 
NC 1107A 
NC 1112B 
NC 1126A 

10 Hz - 20 kHz 
100 Hz- 100 MHz 
20 MHz - 2 GHz 
2 GHz - 6 GHz 

+ 13 dBm 
+ 13 dBm 

0 dBm 
-14 dBm 

The NC 1000 series amplified noise modules produce 
white Gaussian noise from -14 dBm to +13 dBm at 
frequencies up to 6 GHz. They are designed for coaxial 
test systems, and are available with several bias voltages 
and connector options 

TYPICAL STANDARD MODELS 

MODEL FREQUENCY RANGE OUTPUT 

NC 2101 
NC 2105 
NC 2201 
NC 2601 

100 Hz - 20 kHz 
500 Hz - 10 MHz 
1 MHz - 100 MHz 
1 MHz - 2 GHz 

0.15 Vrms 
0.15 Vrms 

+5 dBm 
-5 dBm 

The NC 2000 series amplified noise modules are an 
excellent choice when a high level noise output is desired 
and the noise source is to be mounted on a circuit board. 
24 pin packages are standard; 14 pins are also available. 



Broadband Precision, Calibrated Coaxial 

TYPICAL STANDARD MODELS 

MODEL FREQUENCY RANGE OUTPUT ENR 
NC 346A 
NC 346B 
NC 346C 
NC 346D 
NC 346Ka 

0.01 GHz - 18 GHz 
0.01 GHz - 18 GHz 
0.01 GHz -26.5 GHz 
0.01 GHz - 18 GHz 
0.1 GHz - 40 GHz 

6 dB 
15 dB 
15 dB 
25 dB 
15 dB 

Noise Com’s NC 346 series is designed for precision 
noise figure measurement applications. These products 
are available with coaxial or waveguide outputs. For 
OEM applications, the NC 3200 series provides high 
performance in a small ruggedized package. 

Broadband Calibrated Millimeter-wave 

The NC 5000 series noise sources 
feature outstanding stability and 
convenience in waveguide bands 
up to 110 GHz. 

TYPICAL STANDARD MODELS 

MODEL FREQUENCY RANGE WAVEGUIDE 
NC 5142 
NC 5128 
NC 5122 
NC 5115 
NC 5110 

18 GHz - 26.5 GHz 
26 GHz - 40 GHz 
33 GHz - 50 GHz 
50 GHz - 75 GHz 
75 GHz - 110 GHz 

WR-42 
WR-28 
WR-22 
WR-15 
WR-10 

Broadband Noise Generators 
The NC 6000 and NC 8000 
series noise-generating 
instruments are designed for 
applications on the test bench 
or incorporated with other 
equipment to provide a wide 

variety of functions. Each instrument 
contains a precision noise source, amplification, and step 
attenuators to provide repeatable symmetrical white 
Gaussian noise with variable output power. 

TYPICAL STANDARD MODELS 

MODEL FREQUENCY RANGE OUTPUT POWER 
NC 6107 
NC 6108 
NC 6110 
NC 6124 
NC 8107 
NC 81 11 

100 Hz -100 MHz 
100 Hz - 500 MHz 
100 Hz -1500 MHz 
2 GHz - 4 GHz 
250 kHz - 100 MHz 
5 MHz - 1 GHz 

+ 13 dBm 
+10 dBm 
+10 dBm 
-10 dBm 
+30 dBm 
+30 dBm 

The new UFX-7000 
series noise-generating 
instruments are 
extremely easy to use, 
combining dedicated 

TYPICAL STANDARD MODELS 

keys for control of opera¬ 
tions and programming, with a large 4 x 20-character 
LCD display. Control of output power, filter settings, 
and attenuator step size for both the noise and the signal 
(for units with internal combiners) is performed from the 
front panel or by remotely using the IEEE-488 interface. 

MODEL FREQUENCY RANGE OUTPUT POWER 
UFX-7107 
UFX-7108 
UFX-7110 
UFX-7218 
UFX-7909 

100 Hz-100 MHz 
100 Hz -500 MHz 
100 Hz -1500 MHz 
2 GHz -18 GHz 
1 MHz -300 MHz 

+13 dBm 
+ 10 dBm 
+10 dBm 
-20 dBm 
+30 dBm 

NO'S^M 

Your global partner for noise, 
wireless, and telecommunications 

testing solutions. 

Nois^n 
A Wireless Telecom Group Company 

E. 49 Midland Ave., Paramus, NJ 07652 
Tel: 201-261-8797 • Fax:201-261-8339 



analysis on the input load capacitance 
over a wide range. Figure 9 shows that 
the range of frequency the crystal can 
pull to either side of its nominal value 
is extremely narrow. Note that the 
reactance curve crosses zero at two 
frequencies which represent the series 
resonant and parallel resonant. 
Between the two frequencies, the reac¬ 
tance is inductive. Below and beyond 
that range, the reactance is capacitive. 
The oscillator operates in the induc¬ 
tive region between the two resonant 
frequencies. 
The impedance of the crystal itself 

can also be plotted by commenting out 
the series resistor and the load capaci¬ 
tors. 
Inserting a zero-volt AC voltage 

source as a current meter in series 
with the crystal and again use a IV AC 
source for excitation, the magnitude 
and phase of the crystal impedance 
are expressed as follow: 

mag(Z) = DB (VM(1) / IM(VS)) 
phase(Z) = -IP(VS) 

Figure 10 shows the resulting plot. 
As expected, the response is similar to 
that of the whole feedback network. 
The phase of the crystal impedance 
crosses zero at the series and parallel 
frequencies. Note that the frequencies 
of minimum and maximum impedance 
differ slightly with the series and par¬ 
allel frequencies. These frequencies 
would be the same if the motional 
resistance of the crystal RM = 0. The 
crystal controls the frequency 
response of the feedback and the load 
capacitors only influence this response 
slightly 

Conclusion 
We have shown that using tran¬ 

sient response, gain and phase mar¬ 
gin analysis from the open loop 
response, the feedback network reac¬ 
tance plot, and the Nyquist plot, we 
can be confident that the embedded 
oscillator can reliably start-up and 
oscillate. We can simulate the crystal 
operation at an overtone by adding 
the harmonic motional arm in paral¬ 
lel with the fundamental motional 
arm of the crystal. A note about tem¬ 
perature analysis is that the cutting 
angle of the crystal blank governs 
the performance of the crystal over 
the temperature range. Most AT-cut 
quartz crystals have a quadratic tem¬ 
perature dependence. We can model 
this dependency by giving the 

About the Author 
Kien Truong graduated from Iowa State University in 1985. he is now a 

design engineer in Integrated Avionics Research at Boeing. Hie experience 
ranges from antenna and radar to fiber optic sensors and fault tolerant com¬ 
puting. Kien enjoys sailing, telemarking and family outings. He can be 
reached at Boeing Commercial Airplane Group, P.O. Box 3707 M/S 6H-EC, 
Seattle, WA 98124. 

motional inductor a quadratic tem¬ 
perature coefficient TC2. Also note 
that the FET transistors already 

The oscillators 

with the quartz 

crystals from 

KVG measure 

absolutely 

everything, 

even before 

you'll see 

or hear it. 

Oscillators with 

quartz crystals 

deliver the 

quality you need, 

quartz-precise. 
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and measurement 

technique. 
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have their temperature dependencies 
built into the models of these devices. 

RF 

Crystals 
for GPS, Pager, 
Telecommunication 
■ Crystals ■ Frequency range 1 MHz to 360 
MHz ■ Low aging ■ Tight temperature stability 
■ High shock and vibration resistance ■ Special 
glass enclosures ■ SMT solutions ■ Reliable and 
produced under ISO 9001 certified QS-System. 

Crystal 
Components 
for Telecommuni¬ 
cation Networks 
■ Oscillators ■ Frequency range 
3 kHz to 622,080 MHz ■ Low aging 
■ Tight temperature stability 
■ SMT solutions ■ Reliable and produced 
under ISO 9001 certified QS-System. 

Frequency PXÕ VCXO TCXO VCTCXO 
(MHz)_ 

DTCXO ocxo 

1.544 T-l(DSl) T-l(DSl) T-l(DSl) T-l(DSl) T-KDS1) -
12.352 T-KDSl) T-l(DSl) T-l(DSl) T-l(DSl) Tl(DSl) -
16.384 SDH SDH SDH SDH SDH SDH 

SONET SONET SONET SONET SONET SONET 
ISDN ISDN ISDN ISDN ISDN ISDN 

38.880 SDH/STM-1 SDH/STM-1 SDH/STM-1 SDH/STM-1 -
44.736 ATM ATM ATM ATM 

T-3(DS3) T-3ÍDS3) T-3(DS3) T-3(DS3) -
51.840 SONET/STS 1 SONET/STS 1 SONET/STS 1 SONET/STS 1 SONET/STS 1 -
155.520 ATM ATM ATM ATM 

STM-1/STS-3C STM-1/STS-3C STM-l/STS-3c STM-l/STS-3c -
S0NET/(0C-3c) S0NET/(0C-3c) S0Nn/(0C-3c) S0NH/(0C-3c) -

622.080 - SDHSTM4 - - -
SONET/ST5-12 -

■ Filter ■ Frequency range 1 MHz to 200 MHz 
■ Discrete and monolithic types 
■ Reliable and produced under ISO 9001 
certified QS-System. 

■ For superior quartz crystals, 
oscillator and filter products from the 
ISO 9001 certified source, talk to us. 

KVG North America Inc. 
Together for quality. 
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Circuit Envelope Simulator Analyzes 
High-Frequency Modulated Signals 

By Andy Howard 
HPEEsof 

Modern communication systems 
handle RF signals with complex digi¬ 
tal modulation. The most commonly 
used simulators for RF circuit design, 
SPICE and harmonic balance, have 
serious shortcomings when simulating 
such modulated signals. This article 
describes the new circuit envelope sim¬ 
ulation technology and its advantages 
over SPICE and harmonic balance. 

The HP 85148A Circuit Envelope 
simulator uses a patent-pending 

hybrid technology, which combines the 
advantages of time-domain and fre¬ 
quency-domain techniques. Unlike 
SPICE or harmonic balance, this tech¬ 
nology is best suited for circuits with 
transient or modulated RF or high-fre¬ 
quency carriers. This new technology 
allows signals to be represented as a 
few carriers with time-varying modu¬ 
lation “envelope(s).” The Circuit Enve¬ 
lope simulator allows a designer to see 
how a circuit affects the modulation 
directly, and see such things as the 
spectrum of a modulated signal 
around a carrier, as well as amplitude, 
phase, and frequency versus time 
waveforms. Typical applications 
include analyzing the spectral 
regrowth or adjacent-channel power 
leakage generated by an amplifier or 
mixer circuit, oscillator turn-on ampli¬ 
tude and frequency versus time, auto¬ 
matic level control loop transients, 
phase-locked loop transients, and sub¬ 
system simulation with digitally mod¬ 
ulated carriers. 

SPICE 
SPICE is the circuit simulator most 

commonly used by analog designers 
today, but it has some serious draw¬ 
backs when simulating transient and 
modulated RF signals. Because it is a 
time-domain simulator, it samples 
user-defined input waveforms and 
then solves the circuit at successive 
time steps. For SPICE simulations, 
three parameters determine the over¬ 
all simulation time: the time step, the 

Figure 1. Circuit envelope technology extends HP EEsof’s simulation solutions, 
allowing simultaneous use of time- and frequency-domain techniques. 

time required for any initial transient 
response to die out, and the number of 
periods of the lowest frequency signal 
that must be simulated. In most com¬ 
munication systems, the RF signal fre¬ 
quency (1-2 GHz) is much higher than 
the modulation frequency bandwidth 
(often <200 kHz). Unfortunately, 
SPICE treats a modulated RF signal 
the same as any time-domain wave¬ 
form, with step size determined by the 
RF carrier frequency (or its harmon¬ 
ics), and the stop time determined by 
the number of periods of the modulat¬ 
ing signal. This can lead to a very 
large number of simulation steps (see 
sidebar example), as well as a large 
amount of memory for storing the 
results and post-processing them for 
display. Another drawback of SPICE 
simulation is the significant post-pro-
cessing required to extract the modu¬ 
lation envelopes (or I and Q data) usu¬ 
ally desired when simulating digitally-
modulated RF waveforms. 

Dynamic Convolution 
Another SPICE limitation is that it 

does not handle the frequency-domain 
models commonly used in high-fre¬ 
quency circuit analysis, instead using 
lumped element models or transmis¬ 

sion lines with a pure time delay. To 
overcome this problem, dynamic con¬ 
volution simulators were invented. 
They allow complex, frequency-domain 
models and measured data to be used 
in nonlinear, time-domain circuit sim¬ 
ulations. However, the modulated RF 
signal is treated the same way as 
SPICE, without distinguishing 
between the modulation and the RF 
carrier. Therefore, simulation times 
for RF modulated signals are as slow 
as with SPICE. 

Harmonic Balance 
Harmonic balance analysis is best 

suited for simulating the steady-state 
behavior of nonlinear circuits. Howev¬ 
er, most communication systems now 
use digital modulation, which is pseu¬ 
do-random and cannot be considered 
steady-state. These modulation wave¬ 
forms can be modeled with harmonic 
balance, but only if they are modeled 
as periodic bit sequences of limited (32 
bits or less) length. Harmonic balance 
models these modulated waveforms 
with a fundamental tone and a very 
large number of its harmonics, there¬ 
fore requiring an excessive amount of 
memory (and time) to simulate even a 
short bit sequence. 
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IMPEDANCE 

Synergy offers a wide 
range selection of low-cost 
RF impedance transformers for 
a wide variety of signal processing 
applications. These transformers 
come in various transformation ratios, 
from 1:1 up to 36:1, and in a large selection 
of package styles ... surface mount - plug-in -
connectorized ... all competitively priced. 
Frequency ranges cover 0.01 MHz up to 1200 MHz 
in various bandwidths. 

And, as always, the experienced Synergy Applications 
Engineering Team is ready to answer technical questions and 
help with your high volume or custom designs for transformers, 
mixers, power dividers, couplers, filters, modulators, and VCOs. 
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Figure 2. Circuit envelope technology allows the designer to set the time step 
just small enough to track the modulation envelope. 

While harmonic balance has some 
problems analyzing complex modulat¬ 
ed signals, it does have some advan¬ 
tages over SPICE. Harmonic balance 
is significantly more efficient for the 
analysis of circuits with widely vary¬ 
ing frequency components, such as 
mixers, as long as a large number of 
harmonics is not required. Linear 
devices with arbitrary frequency 
responses can be easily modeled. At 
RF and microwave frequencies, many 
devices cannot be modeled with simple 
differential equations, and often must 
be characterized with measured, fre¬ 
quency-domain data. Harmonic bal¬ 
ance directly provides the steady-state 
solution, without having to wait until 
the transient response dies out. 

S-Parameter Analysis 
S-parameter analysis is commonly 

used for RF and microwave circuit 
design, but it is only applicable for lin¬ 
ear analysis. It is not applicable for 
simulating transient or modulated RF 
signals in nonlinear circuits. 

Circuit Envelope Technology 
The Circuit Envelope simulator 

overcomes the limitations described 
above by using a combined time- and 
frequency-domain technology. With 
this technique, the input waveforms 
are represented as RF carriers with 
modulation “envelopes” that are 
described in the time domain. The 
solution involves finding the Fourier 
coefficients, Vk(t), in the following 
equation: 

v(t) = real^^=0Vk(t)eJÛ>kt ^ 

Here, v(t) is a voltage at any node in 
the circuit, including the input. In 
standard harmonic balance, the Fouri¬ 
er coefficients are complex constants, 

whereas with the Circuit Envelope 
simulator, they are allowed to vary 
with time. The may represent an arbi¬ 
trary modulation of each of the carri¬ 
ers. This spectrum may represent 
transient signals with continuous 
spectra (such as a digital modulation 
envelope), or periodic signals with dis¬ 
crete spectral lines (i.e., to generate 
two RF tones required for intermodu¬ 
lation distortion analysis). 
Figure 2 shows how the envelope is 

represented in the simulator, for the 
simple case of amplitude modulation. 
The simulator computes the instanta¬ 
neous envelope versus time of each 
spectral component. This allows the 
computation and display of the ampli¬ 
tude, phase, I, Q, or frequency versus 
time for any component. Computing 
the Fourier transform of a time-vary¬ 
ing spectral component allows the 
designer to see the spectrum around a 
spectral component, similar to a spec¬ 
trum analyzer display. 

Improvements Over SPICE 
Simulation efficiency is much better, 

because the time step is determined by 
the bandwidth of the modulation, 
which is relatively narrow, not by the 
frequency of the RF carrier or its har¬ 
monics. 
Simulation accuracy is improved. 

With simulators such as SPICE, the 
accuracy of the numerical integration 
routine degrades as the signal fre¬ 
quency approaches the sampling fre¬ 
quency. With the Circuit Envelope 
simulator, multiple integrations are 
being performed, each one centered on 
a carrier, so the highest accuracy is 
achieved at each signal frequency of 
interest. The accuracies at the carrier 
frequencies are as good as those of the 
basic harmonic balance simulator. 
The instantaneous amplitude and 

phase information (or I-Q signals) are 

It seems as if there are new applications 

for RF/microwave networks emerging 

every day. But whatever applications 

you're developing, you can rest assured 

that M/A-COM has both the products 

and the experience to help you build 

them as quickly and economically 

as possible. From semiconductors to 

antennas. 

From 

connectors 

to multi¬ 

function assemblies. We have what 

you need. And we also have a wide 

range of ways to inform you and keep 

you up-to-date about our growing 

family of products and solutions. 

To find out more, or to reach the 

M/A-COM sales office nearest you, 

contact us today. 

MÍA 
f an AMP company 

Americas 1-800-366-2266 
Europe/Middle East/Africa 

44 (1344) 869 595 
Asia/Pacific 81 (03) 3226-1671 

RF Design 



Figure 3. Circuit Envelope simulator predicts the output harmonics of 
an amplifier plotted versus time. This allows designers to make trade¬ 
offs between conserving battery life and output distortion. 

Figure 4. Simulation output showing spectral 
regrowth around the RF transmission carrier 
of an NADC power amplifier. 

immediately available. This gives the 
Circuit Envelope simulator the ability 
to output and/or use such information 
as signal frequency versus time. 
Frequency-domain models are more 

effectively and accurately incorporat¬ 
ed. Circuit Envelope has the advan¬ 
tages of harmonic balance for model¬ 
ing devices and circuit elements in the 
frequency domain. 
With the Circuit Envelope simula¬ 

tor, the user has the option of starting 
a simulation from the steady-state 
solution, or examining turn-on tran¬ 
sient responses. 

Advantages Over Harmonic Balance 
The Circuit Envelope simulator is 

much more efficient than harmonic 
balance for simulating digitally-modu¬ 
lated carriers because the modulation 
waveform is described in the time 
domain rather than via a fundamental 
tone and harmonics. This leads to 
much faster simulations requiring only 
a fraction of the computer memory. 

Applications 
The Circuit Envelope simulator is 

applicable for simulating high-fre¬ 
quency amplifiers, mixers, oscillators, 
and sub-systems with transient or 
modulated RF signals. The smaller the 
modulation bandwidth relative to the 
RF carrier frequency, the greater the 
improvement in simulation efficiency 
over SPICE. The Circuit Envelope 
simulator is also an excellent tool for 
simulating transient responses of cir¬ 
cuits such as AGC loops and phase-
locked loops, where a low-frequency 
transient signal must be simulated 
along with a high-frequency RF signal. 
These applications include: 

• Amplifier spectral regrowth and 
adjacent-channel power leakage, 

with digitally-modulated RF signals 
as the input. 

• Oscillator turn-on transients and fre¬ 
quency output versus time, in 
response to a transient control voltage. 

• Phase-locked loop transient responses. 
• AGC and ALC transient responses. 
• Circuit effects on signals with tran¬ 
sient amplitude, phase, or frequency 
modulation. 

• Amplifier harmonics versus time. 
• Sub-system analysis with modula¬ 
tion signals such as multi-level FSK, 
CDMA, TDMA. 

• Much more efficient analysis of 
mixer and amplifier third and high¬ 
er-order intercept points. 

• Time-domain optimization of tran¬ 
sient responses. 

Amplifier Harmonics Versus Time 
A designer of amplifiers for mobile 

communications gear might be inter¬ 
ested in plotting amplifier harmonics 
versus time. To maximize battery life, 

it is necessary to switch on the power 
supply to the amplifier just before 
transmitting. There must be a delay 
between switching on the power sup¬ 
ply and transmitting information, 
because if the amplifier is not com¬ 
pletely on, it will generate excessive 
harmonics. The Circuit Envelope sim¬ 
ulator allows designers to simulate the 
transient bias supply voltage(s) and 
see how long it takes the voltages at 
the device to reach steady-state. After 
an appropriate delay, the signal can be 
pulsed on, and the envelope of the out¬ 
put harmonics versus time may be 
plotted. One such simulation result is 
shown in Figure 3. The time step can 
be set just small enough to adequately 
model the variation in the envelopes of 
each spectral component. 

Amplifier Spectral Regrowth with 
an NADC1 Input Signal 
Spectral regrowth and adjacent 

channel power leakage are critical 

Comparing SPICE and Circuit Envelope Technology 

The following compares the time step size and the number of time steps 
required to simulate an amplifier with an input signal consisting of an 890 
MHz RF carrier modulated with a 24.3 kHz symbol rate (NADC modulation). 
Assume that 512 symbols must be simulated. The following table compares the 
difference in time step size and the number of time steps. 

Time Step Size Number of Time Steps 
SPICE 62.4 picoseconds 168.8 million 

Circuit Envelope 4.1 microseconds 5,139 

This assumes the circuit generates significant 3rd harmonics, which means 
that to satisfy the Nyquist sampling criterion, a sampling rate of at least 5.34 
GHz must be used. To obtain reasonable accuracy from SPICE’s integration 
algorithms, a sampling frequency of 16 GHz (time step = 1/(16 GHz) = 62.4 ps) 
is a more realistic minimum. The simulation stop time is 512/(24.3 kHz) = 
21.07 ms. Circuit Envelope does require a vector of complex voltages to be com¬ 
puted at each time point, rather than just a single real value, but the simula¬ 
tion time will still be orders of magnitude faster than SPICE. 
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specifications for digital communica¬ 
tion system designers. Digital modula¬ 
tion is characterized with a power 
spectral density, whereas analog mod¬ 
ulation is characterized with discrete 
spectra [1]. Until now, designers have 
characterized amplifier nonlinearities 
via simulations and measurements of 
third-order (and higher) intercept 
points, generated from two unmodu¬ 
lated sinewave input signals. Unfortu¬ 
nately, these signals do not represent 
digitally-modulated waveforms very 
well. Consequently, these simulations 
and measurements do not always pre¬ 
dict spectral regrowth and adjacent 
channel power performance [2]. The 
Circuit Envelope simulator overcomes 
the limitations of SPICE and harmon¬ 
ic balance when simulating such 
waveforms, as described above. 
Figure 4 shows the simulated output 

spectrum resulting when a signal with 
NADC modulation ( 1024-bit sequence) 
is sent through a power amplifier. 
The output signal’s adjacent and alter¬ 
nate channel power ratios are calcu¬ 
lated by the post-processor, and eye 
diagrams and constellation plots may 
be generated, as well. This simulation 
required less than 14 minutes and less 
than 4 MBytes of virtual memory on 
an HP 9000 Series 715/100 worksta¬ 
tion. The simulation may be run with 
different input signal power levels. 

Mixer Nonlinearity Simulations 
Mixer nonlinearities are often char¬ 

acterized via a third-order intercept 
(TOI) simulation, in which two closely-
spaced sinewaves (tones) are input at 
the RF port. These simulations are 
very time-consuming in SPICE 
because of the large difference 
between the beat frequency (the spac¬ 
ing between the two RF tones) and the 
RF frequencies. Harmonic balance 
simulations can be very time and 
memory intensive because three large-
signal tones must be modeled. The 
Circuit Envelope simulator allows a 
much faster simulation with only a 
fraction of the memory requirement of 
harmonic balance, by modeling the 
two input tones as a single RF tone, 
with cosine modulation. The cosine 
modulation splits the RF tone into two 
signals spaced at twice the modulation 
frequency: 

Vrf (t) = real[2cos(2,-rfmt)ej2;rfrft ] 

- realie^^“)1 +ei2*ffrf’fmH 
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Figure 5. Mixer output spectrum 
around IF, with computed 3rd, 5th and 
7th order intercept points. 

The simulation is run over a full 
period of the modulation signal, and 
the IF spectral component is computed 
as a function of time. Taking the dis¬ 
crete Fourier transform of the IF spec¬ 
tral component versus time gives the 
intermodulation distortion compo¬ 
nents, as shown in Figure 5. This sim¬ 
ulation required 64.5 seconds and 18.4 
MBytes of virtual memory, on an HP 
9000 Series 715/100 workstation. The 
mixer analyzed has 14 BJTs. 

Figure 6. Gilbert cell mixer output 
spectrum around IF, with NADC mod¬ 
ulation on input signal. 

Of course, using two sinusoids at the 
input may not adequately characterize 
the mixer’s behavior when it converts 
digitally-modulated waveforms. The 
Circuit Envelope simulator allows a 
designer to simulate a mixer’s contri¬ 
bution to adjacent-channel power leak¬ 
age and spectral regrowth (Figure 6). 

Oscillator Simulations 
The Circuit Envelope simulator 

allows very efficient simulation of 

Figure 7. A crystal oscillator’s turn¬ 
on transient, and its relative frequen¬ 
cy in response to a control voltage 
waveform are shown. 

oscillator turn-on time, amplitude ver¬ 
sus time, and frequency versus time. 
In the crystal oscillator example 
shown in Figure 7, the 10-90% turn-on 
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Figure 9. Four-level FSK input and 
output frequency deviation versus 
time modulation waveforms are 
shown. 

Figure 8. Receiver for four-level FSK demodulation using the mixer of Figure 5. 

time is approximately 38.5 millisec¬ 
onds. It is necessary to simulate from 
0 to 150 ms to see the full turn-on 
transient. The Circuit Envelope simu¬ 
lator can generate the turn-on enve¬ 
lope even with a 5 ms time step (a 0.5 
ms time step was used in Figure 7.) 
This means that only 31 time points 
are required. SPICE would require 
approximately 150 million time points, 
based on an oscillation frequency of 
100 MHz and a time step equal to one 
tenth the period of oscillation. 

It is also possible to simulate the 
oscillator’s frequency versus time, in 
response to a control voltage input, 
also shown in Figure 7. 

Frequency-Shift Keying (FSK) 
Simulation 
The Circuit Envelope simulator can 

be used to model FSK (and other mod¬ 
ulation format) receivers. The designer 
can see how the demodulated wave¬ 
form depends on filter bandwidths, 
modulation waveform shape, frequen¬ 
cy step size, interfering signal 

strength, and noise. Figure 8 shows a 
simple receiver, and Figure 9 shows 
the input modulation and the demodu¬ 
lated waveform, with and without 
adjacent channel interfering tones. 

ALC Loop Simulation and 
Optimization 
In ALC circuits, there is usually a 

high frequency RF signal and slowly-
varying DC voltage that is proportion¬ 
al to the power or voltage of the output 
RF signal. In this example, shown in 
Figure 10, an amplitude modulator is 
used to adjust the output signal 
power. A portion of the output signal 
is coupled off and converted to a DC 
voltage by a diode detector. The differ¬ 
ence between this DC voltage and a 
reference voltage is integrated and 
becomes the input to the amplitude 
modulator. The output power can be 
set by changing the reference voltage. 
The designer is interested in seeing 
how the output power envelope 
changes versus time in response to a 
change in the reference voltage. 

In this case, the reference voltage is 
varied in a piecewise linear way to 
step the ouput power from 4 dBm to 8, 
12 and 16 dBm. One of the traces in 
Figure 11 shows significant overshoot. 
The other trace is the output power 
versus time waveform after time¬ 
domain optimization of the detector 
output capacitor and resistor, integra¬ 
tor resistor and capacitor, and the ref¬ 
erence voltage. 

Phase-Locked Loop Simulation 
Phase-locked loops (PLLs) can be 

simulated with the Circuit Envelope 
simulator.This example uses a PLL 
that could be used to generate the LO 
frequencies required for the Digital 
European Cordless Telephone (DECT) 
standard [3]. The VCO, divide-by-N 
block, and phase/frequency detector 
are all simulated using behavioral 
models. The simulated frequency-ver-
sus-time waveform in Figure 12 shows 
how quickly the VCO frequency settles 
when the value for N is increased from 
1025 to 1026. Figure 13 shows the 
noise spectrum of a VCO with the PLL 
open and closed. This PLL did not 
have a divide-by-N block. 

Figure 10. ALC loop setup for transient response simulation. 

Figure 11. ALC output power versus 
time, before and after time-domain 
optimization to minimize overshoot. 
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Summary 
The Circuit Envelope simulator uses 

a hybrid technology that combines the 
advantages of time-domain and fre¬ 
quency-domain techniques. This tech¬ 
nology overcomes the limitations of 
SPICE and harmonic balance when 
simulating circuits with transient or 
modulated RF or high-frequency carri¬ 
ers. Many applications showing the 
new simulation capabilities (amplifier 
and mixer spectral regrowth, oscillator 
turn-on transient and frequency ver¬ 
sus time, ALC transient response, 
time-domain optimization, efficient 
mixer TOI, FSK demodulation with 
and without interfering tones, PLL 
simulation, etc.) have been included in 
this article. 
Readers desiring more information 

can contact HP EEsof at (818) 879-
6440, or circle Info I Card #250. RF 
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Byproducts 
Network Analyzers 
Anritsu Wiltron introduces 

the new 54000A Series Scalar 
Measurement Systems offering 
very low cost RF models to 1.0, 
2.0 and 3.0 GHz. Microwave 
models are available to 8.6 and 
20 GHz. The analyzers perform 
traditional transmission and 
return loss (SWR) measurements 
for manufacturing applications. 
A rugged housing allows reli¬ 
able use in field service applica¬ 
tions. The 54000A series has two 
inputs standard, with an option¬ 
al third reference input. Mea¬ 
surement modes include trans¬ 
mission (dB), return loss (dB), 
SWR (linear SWR), and power 
(dBm). Dynamic range is -55 
dBm to +16 dBm. Source resolu¬ 

tion is 10 kHz for RF models, 100 
kHz for microwave models. 
Thirteen sets of front-panel set¬ 
ups and thirteen sets of trace 
memory can be stored in non¬ 
volatile instrument memory. The 
instrument can perform 
min/max hold, various cursor 
functions, and an automated 
compression test routine. A 
GPIB interface is standard. The 
54000A offers: low harmonic 
sources, linearized YIG tuning 
for stable sweeps, 50 ohm and 75 
ohm measurement systems, 
portable package, 10,000 hour 
MTBF. Starting price for the 
series is $9,870 
Anritsu Wiltron Co. 
INFO/CARD #250 

Surface Mount 
900 MHz Filter 
Kel-Com bandpass filter model 

number SB-900/200 has an inser¬ 
tion loss of less than 2.0 dB and 
VSWR of 1.5:1 over the passband 
of 800 to 1000 MHz. A 1.0 dB per 
MHz flatness is also specified 
over the passband. Minimum 

Quick Disconnect 
RF Connectors 
A new line of quick-disconnect 

RF connectors for sputtering, test, 
and communications equipment 
requiring a high integrity connec¬ 
tion with fast on /off capability is 
being introduced by Tru-Connec-

stopband rejection is 20 dB at 
1170 MHz and 45 dB from DC to 
605 MHz. Ultimate rejection is 70 
dB from 1969 to 2184 MHz. Out¬ 
line dimensions are 1.10 x 0.60 x 
0.27 with plated through holes 
for surface mounting. 
Kel-Com 
INFO/CARD #249 

tor. The connectors mate reliably 
without bayonets, screws or 
tools. They are available in three 
types: QDL corresponding to an 
LC connector, QDS which has the 
same electrical properties as C 
and SC types, and QDM which is 
compatible with BNC and TNC 
connectors. Featuring positive 
locking mechanisms employing 
spring-loaded sleeves on the 
male that are drawn back to let 
self-contained balls "click" into 
grooves on the corresponding 
females and then slide forward, 
Tru-Connector Quick Disconnect 
RF Connectors can be supplied in 
straight-through and right angle 
designs. In-between series 
adapter are also available. 
Tru-Connector Corp. 
INFO/CARD #248 

5 Watt 
Broadband Amp 
Model 5S1G4 from Amplifier 

Research is an all solid-state 
broadband microwave amplifier 
providing 5 watts minimum 
power over two octaves, from 1 
to 4.2 GHz. The full bandwidth is 
instantly available without band¬ 
switching or tuning and permits 
sweep tests that would typically 
require two or more amplifiers to 
cover the same frequency range. 
The 5S1G4 is rated 5 W (mini¬ 
mum), measured at the output 
connector. It can be used in test 
applications which demand no 
less than 5 watts of RF power 
over the full bandwidth. An 
input attenuator with a lineariz¬ 
ing circuit results in uniform gain 
adjustment over a 10 dB (mini¬ 
mum) range. Typical flatness is 
±1.0 dB. Designed to operate 
Class A, the Model 5S1G4 uses 
GaAs-FET amplification stages, 
resulting in delivery of approxi¬ 

Dual 
Current-Feedback 
Op Amps 
Comlinear Corporation has 

announced the CLC416 and 
CLC417 dual high-speed current¬ 
feedback operational amplifiers. 
Priced at $2.39 in 1000 piece 
quantities, the CLC416 and 
CLC417 have been designed to 
complement their single-version 
siblings (the CLC405 and 
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mately 99 percent of output 
power at the fundamental or car¬ 
rier frequency and very little out¬ 
put power in the form of harmon¬ 
ic or other noise content. Maxi¬ 
mum harmonic distortion is -20 
dBc at 3.0 W IP3 is typically 43 
dBm. Price is $7,500. 
Amplifier Research 
INFO/CARD #247 

CLC407). The dual amplifiers 
offer 110 MHz small-signal band¬ 
widths, very high 6 MQ, very low 
100 nA non-inverting input single 
bias currents, high 60 mA output 
current drive and very low quies¬ 
cent current of 3.9 mA per ampli¬ 
fier. Differential phase is 0.03° for 
both amplifiers; differential gain 
is 0.01% for the CLC416, and 
0.03% for the CLC417. The 
CLC417 provides internal feed¬ 
back and gain setting resistors for 
±1 and ±2 V/V gain selections. 
The dual amplifiers come in an 
eight-pin package with standard 
dual pinouts. 
Comlinear Corporation 
INFO/CARD #246 
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EMI FILTERS 

EMI Filter & Seal 
EESeal™ EMI filters and transient sup¬ 

pressors are installed simply by pushing 
the EESeal over the tips of the pins of the 
connector to be protected. Made of resilient 
silicone rubber, these filters easily conform 
to connectors, even if they have misaligned 
pins. Filters can be made to custom specs, 
and seals are available for virtually every 
connector type. 
Metatech Corp. 
INFO/CARD #245 

Surface Mount EMI Filters 
The NFM60R series is an EIA standard 

1206 size version of the NFM61R. Its large 
rated current (6A) and low voltage drop due 
to small DC resistance (typ. 3-4 mi!) are 
suitable for DC power line use. The 
feedthrough capacitor provides excellent 
high-frequency characteristics. Both flow 
and reflow soldering methods can be used 
with the series. 
Murata North America 
INFO/CARD #244 

EMI Filters for Video 
The ZJSM series of surface-mount EMI 

filters from TDK are matched to 75 ohms 
and have flat passband characteristics, 
making them well suited to filtering appli¬ 
cations for video lines. The series uses high-
Q choke coils, obtaining sharp cutoff charac¬ 
teristics and high attenuation through 1000 
MHz. Cutoff frequencies of 15, 25, 100, 150, 
and 220 MHz are available. 
TDK Corp, of America 
INFO/CARD #243 

Squash EMI. 
[ literally] 

Convert your connector to a filter 
connector in just seconds. 

If compliance with elec¬ 
tromagnetic emissions and 
immunity mandates by the 
FCC, EC, or your customers 
has you bent out of shape, 

your problems may 
be solved 

quickly, 
easily, 

and cost-
effectively 

with an EESeal 

1500 V Isolation 
Even with Their small footprint and low 

profile, Coilcraft's new CMB Series of surface 
mount filters are rated at 1500 Vrmg isolation 
between windings. Four models with current 
ratings from 20 to 80 mA and inductances 
from 28 to 450 pH are available. Common 
mode noise attenuation for the 80 mA parts 
is greater than 20 dB from 6 to 50 MHz. The 
CMB filters measure just 7.0 x 9.5 x 5.3 mm 
and cost $2.95 each in Ik quantities. 
Coilcraft 
INFO/CARD #242 

EMI FilterSeal. 
Our EESeal ” FilterSeals 

turn any ordinary connector 
into a filtered connector in 
seconds without any special 
tools. There’s no rewiring to 
do and you don’t even need 
to open your box. 

Made of resilient silicone 
rubber, EESeal FilterSeals 

can take tremendous physi¬ 
cal abuse. Best of all, you’ll 
be the only 
one who 
knows 
they’re there, 
because they 
don’t change the look 
or feel of your product. 

In a rush? We offer 
rapid prototyping to your 
custom specs. Don’t leave 
that FCC or EC compliance 
test without a demonstrated 
practical fix! 

To get 
EESeal™ 
FilterSeals 
in your con¬ 
nectors, call us 
today at (505) 243-1423 
or by fax at (505) 243-9772. 

DISCRETE 
COMPONENTS 

Helical Chip Inductors 
The GLY series is composed of inductors 

measuring 1.6 x 0.8 x 0.8 mm (0603 size). The 
inductor is made by laser cutting a helix in 

Metatech 
Commercial Products Division 

2309 Renard Place S.E., Suite 401, Albuquerque, New Mexico 87106 
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NEWPTI 
OSCILLATORS 
pLVtotvpe 

n Stock 

Competitive 
Pricing 

copper deposited on an alumina core. The ter¬ 
minals are nickel plated with a solder coat. 
The 17 models in the GLY series range in 
inductance from 2.2 nH to 47 nH. Standard 
tolerance is ±5 percent. Self resonant frequen¬ 
cy is as high as 3200 MHz. Unit price is $0.41 
for a single reel. 
Sprague-Goodman Electronics, Inc. 
INFO/CARD #241 

Chip Capacitors 
M-pulse Microwave announces a new fami¬ 

ly of chip capacitors packaged in Micro SMT™ 
packages. The devices exhibit low loss through 
18 GHz. They are available in capacitances of 
0.5 to 600 pF and standoff voltages ranging 
from 10 to 100 V. The M-pulse capacitors are 
available in two sizes: Ms - 0.012 x 0.028 inches 
(0301) and M24 - 0.04 x 0.02 inches (0402). 
M-pulse Microwave 
INFO/CARD #240 

MHz modulating a 100 to 400 MHz signa 
which is then upconverted to frequencies in 
the range of 900 to 2,500 MHz. Typical power 
consumption is 28 mA at 3 V. The 
UPC8104GR includes an internal 90° phase 
shifter and ports for an external IF filter. 
California Eastern Laboratories 
INFO/CARD #237 

900 MHz SOT-23 
Bipolar Transistor 
Hewlett-Packard has introduced its lowest-

cost, 900 MHz silicon bipolar transistor, the 
AT-415 series, in the SOT-23 surface mount 
package. The AT-41533 features a 1 dB noise 
figure at 900 MHz and power output at 1 dB 
gain compression of +14.5 dBm (at 5 V, 25 
mA). The transistor is also characterized for 
operation at 2.7 and 8 V. The AT-41533 is 
$0.27 in quantities of 50,000 to 99,999. 
Hewlett-Packard Co. 
INFO/CARD #236 

SEMICONDUCTORS 

Now you can get 
selected models of PTI 
crystal oscillators from 
stock. 

OCXOs for ultra-high 
stability applications at 
10 MHz and TCXOs for 
high stability applica¬ 
tions at 10 MHz or 20 
MHz. Other frequencies 
available on special order. 

Call or fax us today 
with your specs for a 
prompt response. 
Ph (407) 298-2000 
Fax (407) 293-2979 

PTI 
Piezo Technology, Inc, 

2525 Shader Road • Orlando, Florida 32804 

Dual ADC for DBS 
The AD9066 is a dual high-speed, low-cost 

($4.59 in thousands) analog-to-digital convert¬ 
er (ADC) expressly designed for the direct 
broadcast satellite (DBS) market. It integrates 
a pair of matched 6-bit converters, each with a 
60 Msps sampling speed, required for digitiz¬ 
ing high data-rate I and Q signals. The 
AD9066 draws 400 mW from a single +5 V 
supply, and is packaged in a 28 lead SOIC. 
Analog Devices 
INFO/CARD #239 

Transmitter Encoder 
EXEL Microelectronics has announced their 

"code hopping", or "rolling code" transmitter 
encoder, the XL106. The XL106 Transmitter 
Encoder incorporates a 56-bit transmission 
code, with 24 fixed and 32 code-hopping bits. 
The XL106 can be used to control up to five dif¬ 
ferent receivers and provide seven separate 
functions to a single receiver. The chip operates 
from 2.7 to 6.3 V, with maximum standby cur¬ 
rent of 50 nA. EXEL's XL106 Keeloq Transmit¬ 
ter Encoder is priced at $1.20 in 10k quantities. 
EXEL Microelectronics 
INFO/CARD #238 

I/Q Modulator & Upconverter 
The UPC8104GR I/Q modulator with 

upconverter was developed for use in 900 
MHz to 1.9 GHz applications. The chip can be 
driven by supply voltages of 2.7 to 5.5 V. The 
chip operates with I/Q signal from DC to 10 

200 W Power Transistors 
Advanced Power Technology's new 200 W 

RF power transistors for narrowband push-
pull RF power amplifiers are now available 
from Richardson Electronics. The ARF442 and 
ARF443 comprise a symmetric pair of RF 
power transistors with a combined output 
power of 400 W when operating at 100 V and 
13.56 MHz. Each device has minimum gain of 
20 dB and 65 percent efficiency. 
Richardson Electronics, Ltd. 
INFO/CARD #235 

SIGNAL SOURCES 

DDS Module 
Novatech Instruments introduces the Model 

DDS4m direct digital synthesizer (DDS) mod¬ 
ule. The DDS4m is a low cost, 34 MHz signal 
source packaged on a 3.5 x 4.5 inch circuit 
board. The DDS4m simultaneously outputs a 
precise Sinewave and an accurate TTL clock 
signal. The output frequency is programmable 
from 1 Hz up to a maximum of 34 MHz in 
steps as small as 0.02 Hz. The DDS4m is 
priced at $395 each. 
Novatech Instruments, Inc. 
INFO/CARD #234 

C Band Synthesizer 
Communication Techniques' ISS-2000 series 

is a C band synthesizer designed for satellite 
communications. The synthesizers cover the C 
band (in bands) with standard tuning ranges 
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NEWmSMV41 
available from 12 percent of cen¬ 
ter frequency to 800 MHz maxi¬ 
mum. Price is $995 each in 100 
piece quantities. 
Communications 
Techniques, Inc. 
INFO/CARD #233 

4-Pin VCXO Line 
Oak Frequency Control 

Group's 794 VCXO, available 
from 1 to 50 MHz, is housed in 
an industry standard 4-pin DIP. 
The internal construction con¬ 
sists of minimal parts count and 
an OFC-manufactured quartz 
crystal. Tuning range is greater 
than ±100 ppm (0.5 to 4.5 VDC) 
with temperature stability of ±24 
ppm from 0 to +70 °C. Pricing 
for the 794 at the 1000-piece level 
is $15.00 to $25.00. 
Oak Frequency 
Control Group 
INFO/CARD #232 

EMI-Reducing 
Clock Generators 
A series of products that can 

reduce electromagnetic interfer¬ 
ence by up to 20 dB has been 
introduced by International 
Microcircuits. There are three 
product groups in the series: 
spectrum spread clock genera¬ 
tors (SSCG), spectrum spread 
modulator generators (SSMG), 
and spectrum spread oscillator 
replacements (SSOR). IMI's 
SSCG and SSMG are $3.15 at the 
1,000 piece quantity, and the 
SSOR is $12 in small quantities. 
International 
Microcircuits, Inc. 
INFO/CARD #231 

SIGNAL 
PROCESSING 
COMPONENTS 

Filters 
The DMT Division of Jay-El 

Products has developed a band¬ 
reject filter providing out-of-
band insertion loss of less than 1 
dB and out of band VSWR of 
1.5:1. Center frequencies from 
500 to 900 MHz are available. 
Also offered are bandpass filters 
with center frequencies from 450 
to 650 MHz (LB version) and 650 
to 860 MHz (HB version). These 
filters have passband widths 
typically from 15 to 20 MHz and 
insertion loss of 3.5 to 4.5 dB. 
DMT 
INFO/CARD #230 

0° Power Splitter 
Mini-Circuits has introduced a 

low cost, 2-way, 0°, 50 ohm 
power splitter, model ZN2PD -
1900, with SMA connectors, 
designed for wireless applica¬ 
tions in the 1600 - 1900 MHz 
PCN band. The unit performs 
with typical isolation of 30 dB, 
typical phase unbalance of 0.2° 
and typical amplitude unbalance 
of 0.02 dB. Typical insertion loss 
is 0.18 dB, and typical VSWR is 
1.08:1. Price is $69.95 each in 
quantities of 1 to 9. 
Mini-Circuits 
INFO/CARD #229 

High Level Mixer 
MITEQ's TIM0206HC2 is a 

high level (IP3 = +26 dBm) 
Schottky diode mixer developed 
to provide source- and load-
VSWR-independent perfor¬ 
mance over the RF and LO band 
of 2 to 6 GHz with IF coverage 
from DC to 2 GHz. The mixer 
typically has RF and LO input 
VSWR of 1.25:1, and therefore is 
compatible with termination of 
any system filters without phase 
or amplitude ripples. 
MITEQ 
INFO/CARD #228 

4-Way Power 
Combiner/Divider 
RF Power Components has 

developed a drop-in 4-way power 
di vider /combiner that provides 
high isolation and low insertion 
loss from 180 to 300 MHz. Model 
RFP-4060 can easily handle 200 W 
CW with less than 0.5 dB total 
insertion loss. Isolation is a 20 dB 
and the device measures 2.5 x 0.5 
X 0.02 inches. Model RFP-4060 is 
priced under $99.00 each in 1,000 
piece quantities. 
RF Power Components, Inc. 
INFO/CARD #227 

8x8 Butler Matrix 
Anaren's model 560014 is an 

8x8 Butler matrix operating from 
750 to 950 MHz. Minimum isola¬ 
tion is 20 dB, maximum insertion 
loss is 1.10 dB and maximum 
VSWR is 1.25:1. Maximum 
amplitude balance and phase 
balance is specified at ±0.80 db 
and 7 degrees, respectively. Safe 
power handling in 100 W aver¬ 
age CW. The caseless laminated 
package measures 5.50 x 3.30 x 
0.19 inches, not including stan¬ 
dard SMA connectors. 
Anaren Microwave, Inc. 
INFO/CARD #226 

5 kW UHF 
Bandpass Filter 
Bandpass filter, model 11050-

26 is used at the UHF transmitter 
output, UHF channel 26, to filter 
out-of-band spurious emissions. 
This model is available for any 
channel in the UHF band. The 

filter handles 5 kW of video 
power and 500 W audio power. 
Passband insertion loss is less 
than 0.35 dB across the 6 MHz 
NTSC channel. 
Microwave Filter Company 
INFO/CARD #225 

CABLES & 
CONNECTORS 

Cable Assemblies 
MICRO-COAX has introduced 

the UFB-311A, a UTiFLEX™ 
flexible microwave cable assem¬ 
bly with insertion loss of 0.20 

dB/ft at 18 GHz. The cable 
assemblies have a power han¬ 
dling capacity of 490 W CW at 5 
GHz, a dynamic bend radius of 
4.75 inches, RF leakage of -100 
dB at 1 GHz, and an operating 
temperature range of -65 to 
+165 °C. 
MICRO-COAX 
INFO/CARD #224 

Jumper Cables 
Times Microwave Systems 

announces jumpers offering both 
low loss and high flexibility. 
These cable assemblies provide 
greater than 100 dB shielding 
effectiveness and have a flame 
retardant and abrasion resistant 
jacket. The connectors used on 
the assemblies are silver plated, 
with gold plated center pins. 

RF Design 

EMI 
MEASURING 
RECEIVER 
With the frequency coverage of 
9 kHz... 1 GHz the SMV 41 
measuring receiver meets all 
specifications for EMI-measu-
rings of CISPR or VDE 0876. 

Manually operated, battery powered, 
measuring receiver. 

Self contained automatic measure¬ 
ment receiver. 

Fully IEEE remote controlled 
system measurement receiver. 

Full frequency coverage, 9 kHz ... 
1 GHz, enables all commercial 
interference measurement specifi¬ 
cations to be met. 

Multiple measured value and 
spectrumrepresentation on LC-
graphic display 

Memory card for ease of data- and 
software exchange 

Portable (14kg, 18 liters), measure¬ 
ments of CISPR and VDE standards. 

Built-in Battery Pack and Optical 
Serial Interfaces allows complete 
electrical isolation from mains and 
accessories. 

Comprehensive input and output 
functions with memory card and 
digitalinterfaces 

MEB 
Messelektronik Berlin 
Landsberger Allee 399 
D-12681 Berlin 
Tel.: (+49.30) 9392 2135 
Fax: (+49.30) 9392 2134 

for more details contact: 
Antenna Research Ass. Inc. 
Beltsville MD 
Phone 301 937 8888 
Fax 301 937 2796 
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THE 
MOST 

EXCITING 
EVENT IN 
RECENT 

OSCILLATOR 
HISTORY 
HAS JUST 

CRYSTALLIZED 

Vectron Technologies, Inc. (VTI) 
is born out of the acquisition of the Frequency 

Control Products division of the world's leading 
Telecommunications Company. With over 40 years of 
experience in crystal and SAW product development, 

Vectron Technologies, Inc. joins Vectron Laboratories, and 
Oscillatek, leaders in precision crystal oscillators, in providing 
the broadest range of frequency control products in the world. 

This new leader in frequency con:rol products brings you 
competitively priced, high performance, state-of-the-art clock and 

voltage-controlled oscillators, SAW filters, and clock recovery and data 
retiming units for telecommunications and data communications applications. 

For more information, call Vectron Technologies, Inc. (VTI) at: 1-800-NEED-FCP 

VECTRON 
TECHNOLOGIES 
INCORPORATED 
267 Lowell Road, Hudson. NH 03051 
TEL: (603) 598-0070 FAX: (603) 598 0075 

A LOOVER TECHNOLOGIES COMPANY 
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VECTRON 

Connector types available are type N plug, 
right angle plug and bulkhead jack (7/16 DIN 
connectors available soon). A typical NM-NM 
three-foot assembly has a price of $121.00. 
Times Microwave Systems 
INFO/CARD #223 

F Connectors 
The AMP® sealed F-connector offers 

enhanced performance up to 1 GHz and is 
designed to meet the requirements of Bell¬ 
core TA-NWT-001503 (4.3 and 4.4) and SCTE 
specifications. Nominal connector impedance 
is 75 Q with an operating temperature of —40 
to +115 °F. 
AMP Incorporated 
INFO/CARD #222 

video BW), 25 mV/dB log slope, ±1.0 dB log 
accuracy, rise time < 20 nsec, fall time < 25 
nsec, and delay times of 8 nsec at -10 dBm 
limited IF output. These SDLVAs measure 2 
x 1.75 x 0.4 inches. 
Planar Monolithics Industries, Inc. 
INFO/CARD #218 

TOOLS, 
MATERIALS & 

MANUFACTURING 

Class A Amplifier 
Densitron Microwave has created a new 

range of Class A linear amplifiers, specifically 
designed for intermodulation testing applica¬ 
tions at PCN/DCS/PCS frequencies. The 
amplifiers are available in either rack-mount¬ 
ed or modular configurations with output 
powers of 50 or 80 W covering the 1800 to 
1900 MHz band. 
Densitron Microwave 
INFO/CARD #217 

800 - 2450 MHz Amp 
Comtech Microwave products has intro¬ 

duced the AM88258-10 a Class A linear 

Leadless SMD Clock 

vcxo 

C-Type 

1-75 MHz 
• TTL or CMOS 
• Ultra Low Profile 
•Tri-State Output 

Space Simulation Chamber 
The Space Simulation Thermal Chamber 

(SSTC) from Environmental Stress Systems 
allows stress testing of RF, microwave and 
wireless components in pressures ranging 
from 1 atm to 10"6 torr and temperatures 
from -99 to +200 °C. The system can accom¬ 
modate components up to 12 x 24 x 8 inches. 
The system is priced from $19,950. 
Environmental Stress 
Systems, Inc. 
INFO/CARD #221 

Radar Absorber 
Cuming Corporation's flat sheet radar 

absorbers are now available with a pressure 
sensitive adhesive backing for fast and easy 
installation. The C-RAM product line covers 
the entire microwave frequency range. 
Cuming Corp. 
INFO/CARD #220 

amplifier operating over the full 800 to 2450 
MHz frequency range. Power output is 10 W 
at the 1 dB compression point. Operating 
voltage is +15 VDC at 7 A, and size is 5.9 x 
9.4 x 1.1 inches. 
Comtech Microwave Products Corp. 
Power Systems Technology Div. 
INFO/CARD #216 

TEST EQUIPMENT 

AMPLIFIERS 

Noise Source 
Noise Com introduces the NC 346 V, a 

broadband noise source covering the entire 
100 MHz to 65 GHz range. The NC 346 V 
uses V-male connectors and operates from 

S-Type 

1-52 MHz 
•TTL or CMOS 
• Surface Mount 
or Thru-Hole 

• Miniaturized 
Ceramic 6-Pin DIP 

Voltage Controlled SAW Oscillator 

VCO600 

155-622 MHz 
•10K ECL 
Compatible 

• Surface Mount 
• For High Speed PLEs 

Timing Recovery Unit 

TRU050 

1-52 MHz 
• User Configurable PLL 
• Surface Mount 
or Thru-Hole 

• Ideal for Frequency 
Translation and 
Clock Recovery 

Receive Amplifier 
AML announces the availability of model 

R100, a low noise dual diversity receive 
amplifier assembly. Integral bandpass filters 
are provided in each of the diversity receive 
paths. Gain is adjustable from -10 to +16 dB. 
Maximum noise figure is 3 dB 16 dB gain. 
The unit operates on a 26 VDC nominal sup¬ 
ply and features a self check function. 
AML Communications 
INFO/CARD #219 

SDLVA 
Model SDLVA-0120-70 (0.1 to 2.0 GHz) 

and SDLVA-06135 (600 MHz to 1.35 GHz) are 
DC-coupled successive detection log video 
amplifiers (SDLVAs). Specifications include 
65/70 dB dynamic range, TSS < -67 (20 MHz 

standard +28 V noise figure meter power 
supply. It has low VSWR, good temperature, 
and voltage stability. Output ENR is from 10 
to 17 dB. 
Noise Com, Inc. 
INFO/CARD #215 

Cellular Diagnostics 
The CES-1000 cellular system activity moni-

SAW-Based Timing Recovery Unit 

TRU600 

124-622 MHz 
•100K ECL Compatible 
• Surface Mount 
• Ideal for SONET/SDH 
and ATM applications 

267 Lowell Road, Hudson, NH 03051 
TEL: (603) 598-0070 FAX: [603] 598-0075 
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RETURN LOSS BRIDGES 
FEATURES: 

5 watt power 

High directivity 

RF reflected port 

Replaceable pins 

Internal reference 

Rugged construction 

Return loss bridges from Eagle cover from .04 MHz to 3.0 GHz. A 
robust five watt power rating, unmatched in the industry, allows for 
versatile measurements. Optional replaceable center pins allow 
quick and economical repair of damaged connectors. Why pay more 
forbridges with fewer features than EAGLE? 

tor from Cellular Evaluation Systems displays 
and updates overhead message information 
in real time for an AMPS connection. The 
CES-1000 is a serial data interface used to 
communicate between a computer's 9-pin ser¬ 
ial port to an OKI (900, 910, 1145 or 1150) or 
AT&T (3710, 3730 or 3760) cellular phone. The 
included software displays and logs RSSI, fol¬ 
lows handoffs and decodes DTMF tones as 
well as controlling the handheld phone. 
Cellular Evaluation Systems 
INFO/CARD #214 

Communications Test Set 
A new hardware option is available for the 

Wavetek STABILOCK 4032 communications 
test set. The new option allows testing of DCS 

FREE APPLICATION NOTE: High Performance VSWR Measurements 

Mode s Availab e 
NUMBER FREQ RANGE DIRECT O/S Ratio PRICE 
RLB150B1 
RLB150N3B 
RLB150N5A 

.04-150 MHz 
5-1000 MHz 
5-3000 MHz 

>45 dB 
>45 dB 
>40 dB 

<0.5 dB 
<0.5 dB 
<1.0 dB 

$279.00 
$389.00 
$595.00 

THE1F VOICE: (520) 204-2597 
FAX: (520) 204-2568 

PO Box 40 10 Sedona, AZ, 86340 
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HF POWER AMPLIFIERS 
High Reliability, Commercial Quality 

♦ 1.8 to 30 MHz 
♦ 1500 to 10,000 Watts 

HENRY HF Power Amplifiers 
have been the reliability 
standard for 30 years. 

Thousands are in use at 
commercial, government, 
and military installations 

around the world. 

If you require trouble-free, 
24-hour-per-day, year-round 
operation, call or write today 
for prices and specifications. 

TOLL-FREE (800) 877-7078 

1800 and DCS 1900 radiophones or measure¬ 
ments on cordless DECT telephones. The 2.3 
GHz option is a fast mounted plug-in mod¬ 
ule. In addition to Go /NoGo testing, the 
STABILOCK 4032 can perform more complex 
tasks such as repair on defective mobiles. 
Wavetek Corp. 
INFO/CARD #213 

Dielectric Constant 
Measurements 

The Damaskos model 0501 cavity mea¬ 
sures dielectric constant of low loss materials 
over the approximate octave of 2 to 4.5 GHz 
in a non-destructive manner. It is ideal for 
thin dielectric sheets ranging in thickness 
from a few mils to the order of 100 mils. The 
measurement is triade on common analyzers 
under the instrument control and data pro¬ 
cessing of Damaskos' "CAVITY" software. 
Other bands are available. 
Damaskos, Inc. 
INFO/CARD #212 

Digital-TV Signal Analyzer 
A new option for the HP 89400 vector sig¬ 

nal analyzer family allows the analyzer to 
characterize digital RF modulation. Targeted 
at designers of HDTV and other advanced 
TV systems, the analyzer's demodulator can 
be configured with a few keystrokes for 
16QAM, 32QAM, 64QAM and 256QAM for¬ 
mats as well as the 8VSB (broadcast) and 
16VSB (cable) formats. QPSK, BPSK, FSK and 
MSK formats allow analysis of other digital 
services. Option AYH for the HP 89400 series 
VNAs is available for $2,500. 
Hewlett-Packard Co. 
INFO/CARD #211 
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Simple, isn’t it? 
Designing RF and microwave 
circuits? Now you can increase 
the sophistication of these high-
frequency designs. And make the 

process easier at the 
same time. How? It’s 
simple, really. 
HP EEsofs Windows-
compatible software 
lets you develop, 
simulate, and optimize 
circuit performance 
on your PC. You’ll 

MICROSOFT® 
WINDOWS,., 
COMPATIBLE 

spend less time testing, redesign¬ 
ing, and retesting your prototype. 

E t— 
You’ll reduce design st" 
cost, and decrease 
your time to market. 
Our integrated design 
solution offers 
schematic capture and links to 
layout, powerful linear and 
nonlinear frequency domain 
circuit simulators, and unparal 
leled model accuracy. 
With HP EEsof, easily analyze 
S-parameters, intermodulation 
distortion, mixer conversion 
efficiency—and much more— 
all on your PC. 

To find out more about 
HP EEsofs complete line of PC-
and workstation-based high-
frequency simulation software, 
call 1-800-343-3763. We’ll make 
your life a whole lot easier. 

There is a better way. 

KI HEWLETT® PACKARD 
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RF tutorial_ 

Initial Guidelines for Layout of 
Printed Circuit Boards 
By Gary A. Breed 
Editor 

Although design engineers typically 
do not do final layout of p.c. boards, 
many do prototypes and most work 
with the CAD department to develop 
the best circuit implementation. This 
month’s tutorial reviews some basic 
rules for layout of RF circuits on print¬ 
ed circuit boards, including considera¬ 
tions for high frequency performance, 
EMI, crosstalk, and grounding. 

Printed circuit board assembly of 
electronic products has the pur¬ 

pose of achieving low cost, automated, 
repeatable manufacturing. The board 
also provides mechanical support for 
components. In RF circuits, the board 
can also become an integral part of the 
circuit’s operation, using microstrip 
and stripline techniques. Accomplish¬ 
ing all of these tasks simultaneously is 
an engineering art. We will review a 
few rules that will help achieve suc¬ 
cessful designs. 

General Layout Planning 
Here a few rules of thumb for plan¬ 

ning the initial layout of p.c. boards. 
They are not absolute rules, but they 
will provide a starting point for group¬ 
ing the various functional blocks in a 
manner that avoids major problems. 
Keep high power circuits away from 

sensitive circuits — Yes, this is as 
obvious as it seems, but there are 
some subtleties to watch for. The 
power amplifier of a transmitter will 
normally be positioned away from low 
level oscillator, amplifier and modula¬ 
tor stages, but we need to be sure that 
the DC lines follow the same rule, 
since they can be a path for RF to fol¬ 
low. Sometimes there are conflicting 
requirements. For example, a power 
amplifier stage may have an associat¬ 
ed VSWR monitoring circuit. We 
might be able to put sampling circuits 
by the amplifier and locate the 
remaining circuitry elsewhere, but 
then we have the extra length of the 
interconnections to deal with. Being 
aware of this kind of problem at the 
beginning lets the engineer think out 

the problem before the first trial lay¬ 
outs are made. 
Avoid crosstalk problems — 

Crosstalk can take many forms. It can 
be a control signal getting into an RF 
signal and modulating it. It can be an 
outside effect coupled into a phase 
locked loop, causing unwanted modu¬ 
lation or instability. It can be an RF 
signal causing errors in monitoring 
circuits. The easiest solution is physi¬ 
cal separation. More complex solutions 
include routing signals in shielded 
cables, through layers of a multi-layer 
board, localized shielding of affected 
circuits, or locating problem circuits 
off the board entirely. Whole books 
could be devoted to this problem area. 
Avoid radiating layouts — If RF is 

not properly contained, it radiates 
(and any “antenna” receives signals as 
well as transmitting them). Certain 
physical structures radiate more read¬ 
ily than others. Long microstrip line 
sections, even if matched, will radiate. 
This is because the RF field is not per¬ 
fectly contained between the conductor 
and the ground plane. Loops radiate 
with an efficiency proportional to the 
area enclosed. A loop can be formed 
with a cross-over connection in a path 
that otherwise is a properly-terminat¬ 
ed transmission line. A loop can also 
be made by the combination of a com¬ 
ponent’s leads and body. An often-
overlooked area is the loop made 
between +DC and ground, which can 
enclose a very large area. Even if 
bypassed properly for RF, lower fre¬ 
quency radiation and pickup can occur 
if this rule is not followed. 
Design compact circuits with short 

connections — “RF is where every 
component is simultaneously an R, L 
and C and there is no ground.” This 
definition always gets a chuckle 
because it is true. One way to mini¬ 
mize its effect is to use short, direct 
connections that have the lowest loss¬ 
es, the least chance for mismatches, 
and low inductance. This is a rule that 
always has conflicts. The shortest path 
might violate one of the previous 

rules, or might be physically impossi¬ 
ble within the limits of p.c. board con¬ 
struction. When compromises are 
required, the additional path length 
needs compensation with transmissicn 
line techniques, or with extra care in 
its routing. 
These few rules provide a starting 

point for board layout. Other engi¬ 
neers will have their favorite addition¬ 
al rules, based on experience with var¬ 
ious types of circuits and performance 
demands. 

Transmission Line Behavior 
At radio frequencies, all printed cir¬ 

cuit board traces have an effect on the 
behavior of the circuit. As engineers, 
we all know this, but in the pressure 
of getting a design finalized, this fun¬ 
damental fact is often overlooked. As 
transmission lines, wide traces have a 
low characteristic impedance, narrow 
traces are high impedance. Short 
transmission line sections are induc¬ 
tive when they have higher impedance 
than the nominal circuit impedance, 
and they are capacitive when their 
impedance is lower. These are the 
characteristics that make microstrip 
circuits possible. 
The magnitude of these effects is 

proportional to the dielectric constant 
er of the board material. The phase 
velocity V of a signal is: (c/Æ^f), 
where c is the speed of light. Common 
G10/FR-4 has an er of 4.8, which 
means that a wavelength (À.) is 1/Æ8 
or 0.46 as long as free space. At 1 
GHz, h is 30 cm in free space and just 
13.8 cm on FR-4. A 2.5 cm (1-inch) 
trace on such a printed circuit board is 
0.18 h, or 65 degrees, a very “long” dis¬ 
tance in transmission line terms. Any 
variation in impedance between the 
trace and the impedance of the compo¬ 
nents it is connecting will result in a 
significant impedance mismatch, often 
resulting in reduced performance. 
Even at 100 MHz, the above 1-inch 
trace is still 0.018 X, which is 6.5 
degrees electrical length, enough to 
degrade some circuits. 
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^^J-LEAD 

& MIXERS 
UNPRECEDENTED 

IN VALUE. 
$425 

All Ceramic 2 to 1900MHz fror^T (qty. 10-49) 

JMS mixers mean unparalleled performance and reliability. Solder plated 
J leads provide improved reliability of the solder connection while 

significantly reducing thermal stress and leaching. All-welded 
internal construction withstands reflow temperatures up 

to 240°C for 5 minutes, and rugged construction enables 
JMS mixers to pass tough MIL-M-28837 shock and 

vibration tests. Additionally, the all-ceramic surface mount 
package has a cover pull strength of 20 pounds! Other quality 

features include 4.5 sigma repeatability unit-to unit, 
automated assembly for low-cost and fast, guaranteed 1 week 

shipment, tape and reel availability plus a 5 year Ultra-Rei™ 
guarantee. If value is a must. ..specify JMS mixers from Mini-Circuits. 

Mini-Circuits.. .we're redefining what VALUE is all about! 

SPECIFICATIONS MIDBAND (dB, typ.) 
LO FREQUENCV (MHz) Conv. Isolation Sea. 

MODEL (dBm) LO/RF IF Loss L-R L-l (qty. 1-9) 

JMS-1 +7 2-500 DC-500 5.75 45 45 4.95 

JMS-1 LH +10 2-500 DC-500 5.75 55 45 8.45 

JMS-1MH +13 2-500 DC-500 5.75 60 45 9.45 

JMS-1H +17 2-500 DC-500 5.90 50 50 11.45 

JMS-2L +3 800-1000 DC-200 7.0 24 20 7.45 

JMS-2 +7 20-1000 DC-1000 7.0 50 47 7.45 

JMS-2LH +10 20-1000 DC-1000 6.5 48 35 9.45 

JMS-2MH +13 20-1000 DC-1000 7.0 50 47 10.45 

JMS-2H +17 20-1000 DC-1000 7.0 50 47 12.45 

JMS-2W +7 5-1200 DC-500 6.8 60 48 7.95 

JMS-1 1X +7 5-1900 5-1000 6.7 35 37 4.25* 

Note: *10-49 qty. 
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■ - - “ P.O Box 350166, Brooklyn, New York 11235-0003 (718)934-4500 Fax (718)332-4661 
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Microstrip is intentionally used to 
make filters and matching networks, 
taking advantage of its transmission 
line properties. However, when we 
want “perfect” conductors, transmis¬ 
sion lines are always present. For 
example, in high speed digital circuits 
the clock rate may be 66 MHz. To keep 
a good square wave shape, the har¬ 
monics (Fourier coefficients) should be 
undistorted up to at least five times 
that frequency, or 330 MHz. Our 1-
inch p.c. board trace may be no prob¬ 
lem at 66 MHz, but at 330 MHz, it will 
have a significant effect. Traces that 
make up a digital bus need to be 
matched in physical length to avoid 
timing problems, and they must be 
properly terminated. Digital signals 
have reflected waves just like RF sig¬ 
nals, and those reflections can alter 
the shape of the desired square wave. 
The behavior of microstrip line is 

well-documented (see the Bibliogra¬ 
phy), and this article is not meant to 
be a microstrip tutorial. However, 
microstrip techniques are integral to 
higher-frequency designs. These meth¬ 

ods are so important that specialized 
printed circuit board materials are 
constantly being refined to enhance 
the performance of microstrip circuits. 
Low er substrates with thin dielectric 
layers improve the dispersion and 
radiation performance of microstrip 
circuits. High dielectric constant 
ceramic substrates reduce the size of 
circuits, since signal wavelength is 
much shorter in these materials. 

Power Circuits 
The portions of the p.c. board circuit¬ 

ry that distribute DC power to the var¬ 
ious components can be the source of 
problems if not properly designed. 
Bypass capacitors must be placed very 
close to the components’ power pins to 
avoid making an L-C network of the 
wrong type. We want the shunt capac¬ 
itance close to the component and the 
inductance on the side toward the 
power supply, since we always assume 
that the power supply has the lower 
impedance of the two. If the p.c. board 
trace or the component leads con¬ 
tribute a significant inductance 

between the bypass capacitor and the 
component, the impedance of the 
capacitor is effectively raised, making 
it less effective. In extreme cases, the 
impedance transformation of the 
bypass circuit can render it completely 
ineffective, resulting in instability or 
oscillation, increased radiation from 
that part of the circuit, or conduction 
of RF into the power supply circuitry. 
The power supply bus itself must be 

maintained at the lowest possible 
impedance. Wide conductors, frequent 
bypass capacitors, and embedding the 
bus between layers of a multi-layer 
board are all commonly-used tech¬ 
niques. All of these methods must be 
implemented in a manner consistent 
with microstrip or stripline behavior. 
Impedances of the traces should be 
calculated (or at least approximated), 
and the bypass capacitors must be of 
the optimum value and type for the 
frequency of operation. It should also 
be noted that most techniques that 
improve RF behavior will also improve 
the EMI performance of circuits. How¬ 
ever, EMI can be a problem at lower 

Save space and money with 
the Rogers family of high frequency 

circuit board materials. 1,239,580 
Filters 

America’s Filter Specialist 
since 1956 

0.1 Hz to 3000 MHz -

The new RO3000” series provides low dissipation factors, 
low etch shrinkage, low Z axis expansion, and low Tck. That's 
a lot of lows, and there’s one more: the price. 

As for performance, you can choose from a wide range of 
dielectric constants ( 3.0, 6.15, and 10.2 ) to optimize your 
designs. And you can mix and match these products, because 
every member of the family is mechanically compatible. 

1,239,580 standard filter 
types □ Miniature and 
subminiature sizes □ 
Passive and active 
types □ Stock 
filters □ Gaussian, 
Butterworth, Cheby¬ 
shev designs □ Call 
or write for free 
catalog today. 
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frequencies where RF concerns are 
minimal, and additional techniques 
brought to bear. In a circuit where 
both RF and EMI performance are 
being addressed, special attention 
must be given to both, as it is possible 
that methods for one can adversely 
affect the other (e.g., poor RF perfor¬ 
mance of a “standard” EMI filter 
above resonance). 

Connections to the Board 
Our final topic is another often-over¬ 

looked area: interconnections that 
bring signals, power and grounding to 
and from the board. 
First, RF “ground” is somewhat 

indeterminate. An equipment case or 
the ground plane of a circuit board is 
not an infinite current sink of zero 
impedance! At DC this condition is 

FROM THE WORLD LEADER IN VARIABLE CAPACITORS 

PRODUCT INTEGRITY SINCE 1945 -

2 GHz 
MINIATURE TRIMMER 

Wpacitors 

Actual 
Sue 

The 9401 series is an advanced 
development In miniature 
capacitors and features 
operation to 2 GHz and higher. 
They are ideal for applications 
in circuits where size and 
performance are critical. 

■ Capacitance Range: 
.25 -.7 pF to 1.5 -4.0 pF 

■ Q >1000 @ 100 MHz 
■ Operating Temperature: 
—20°C to +85°C 

■ Working Voltage: 250 VDC 

Johanson Manufacturing Corporation 
Rockaway Valley Road, Boonton, NJ 07005 USA 

201-334-2676 Fax 201-334-2954 

approximated, but certainly not at RF. 
Significant RF currents flow in all con¬ 
ducting surfaces considered to be 
ground, creating potential differences. 
Ground loops are the result of two sep¬ 
arate ground paths creating a signal 
that is the difference in their currents. 
Depending on the nature of the equip¬ 
ment, these can be 50/60 Hz or har¬ 
monics, switching power supply fre¬ 
quencies, or RF. 
Two ways to minimize the effects of 

ground currents are: 1) Minimize the 
number of different ground paths (ide¬ 
ally one — central grounding); and 2) 
Create the lowest impedance ground 
possible, which usually means a large 
surface area of high-conductivity 
material (copper or aluminum). 
Besides the ground loop problems 

noted above, wires are often unshield¬ 
ed, making them more susceptible to 
pickup of RF. Routing these wires and 
cables close to the walls of the cabinet 
lowers impedances and reduces the 
area enclosed by the loops they create. 
Locating them away from cables or cir¬ 
cuits with high level signals will fur¬ 
ther reduce the potential for problems. 
Proper bypassing and EMI filtering 
will normally eliminate any remaining 
problems. 

Summary 
Layout of a printed circuit board for 

reliable RF performance is no simple 
task. The number of potential prob¬ 
lems is large, but by starting with 
these basic rules, you can develop a cir¬ 
cuit that maintaihs good RF perfor¬ 
mance while meeting the requirements 
for large-scale manufacturing. RF 
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RF measurements_ 

Phase Noise Measurement for 
Under $250 

By W.A. Suter 
Amplifonix, Inc. 

It is difficult, if not impossible, to 
measure the close-in phase noise of 
wide-tuning, free-running, voltage con¬ 
trolled oscillators using direct spectrum 
analysis. The signal does not remain 
steady long enough to obtain a clean 
trace on the spectrum analyzer, with the 
result that phase noise closer than 100 
kHz cannot be accurately measured. 
Even if external influences such as tem¬ 
perature changes, or electrical and 
mechanical noise are eliminated, the 
carrier drifts too fast. One way to steady the carrier is to lock the oscillator in some way. It is 
possible to phase-lock one of two identi¬ 
cal VCOs to the other with a crystal in 
the loop as in Figure 1. The signal 
which drives the “reference” oscillator 
is a baseband signal which is related to 
the frequency noise of the device under 
test (DUT). The locking system is 
equivalent to a black box with a volts-
out vs. frequency-in transfer function. 
A system as in Figure 1 was assem¬ 

bled. The signal from the DUT was 
mixed with the signal from the second 
oscillator (the “reference”), and an IF of 
10 MHz was generated. This 10 MHz 
signal was then mixed again with a 10 

MHz crystal oscillator and the result¬ 
ing baseband signal used to drive the 
reference VCO so as to lock the system. 
The baseband signal was then ampli¬ 
fied, digitized, and analyzed to derive 
the phase noise of the DUT. 
The phase-locked loop bandwidth 

was made wide enough to create a sta¬ 
ble phase-locked system for a large-
modulation-sensitivity VCO. The 
method initially seemed to work well, 
but a number of problems became 
clear. The transfer function is offset¬ 
frequency dependent because of the fil¬ 
tering effect of the phase-locked loop -
within the loop bandwidth the phase 
noise is suppressed by an amount 
which changes with frequency — and 
accurately correcting for this was not 
easy. White noise could be injected into 
the loop and the loop suppression char¬ 
acteristic measured. However, other 
problems with this method - such as 
preventing the system from locking at 
some harmonic of the crystal, prevent¬ 
ing the reference from jumping from 10 
MHz below to 10 MHz above the DUT, 
and the system’s overall complexity -
led to the setting aside of this method 
in favor of the delay line discriminator 
method, which proved to be very sim¬ 

ple, stable, sufficient to the task, and 
inexpensive. 

The delay line discriminator method 
is a wideband approach, the frequency 
being limited only by the frequency 
response of the power divider and/or 
the mixer. A block diagram of the setup 
is shown in Figure 2. 
A single VCO is required. Its signal 

is split with an in-phase power divider; 
one signal drives the LO port of the 
mixer directly, and the other drives the 
RF port after passing through a delay 
line. The two signals produce a voltage 
at the IF port which depends on the 
phase difference between them. If the 
mixer is perfectly balanced and has 
infinite isolation between the LO and 
IF ports, the voltage will be negative V 
volts when they are in phase, zero 
when they are 90 degrees out of phase, 
and positive V volts when they are 180 
degrees out of phase. 

If the delay line length is set so that 
the two signals are 90 degrees apart 
(i.e. in “quadrature”), the signal at the 
IF port will be 0 volts, with an AC sig¬ 
nal riding on it proportional to the fre¬ 
quency noise of the oscillator. This will 
be true regardless of the oscillator fre¬ 
quency. Hence the problem of the drift-

Figure 1. Block diagram of reference oscillator/downcon-
version phase noise measurement system. 

Figure 2. Block diagram of discriminator/delay line set-up 
for phase noise measurement. 
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VOLTAGE CONTROLLED 

OSCILLATORS 

25 to 1025MHz (+7dBm output) From Sil95
It’s a fact! With Mini-Circuits new POS family of shielded, laser sealed 

voltage controlled oscillators, you pay less but get more... top notch 
quality, superior performance and value pricing. 
Features include wide-band models with near octave bandwidth and linear 

tuning. Low SSB phase noise characterized at 100Hz to 1MHz offsets. 
Excellent harmonic suppression, typically more than 25dB. RF power 
output typically +7dBm, excellent for driving level 7 mixers. Miniature size, 
only 0.4 X 0.8 inch board space. Hermetically sealed and ruggedly constructed 
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(qty.5-49). To order from stock, call Mini-Circuits today. 
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DESIGNER’S KITS: 
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K-POS2 $79.95(contains 1ea. all models except POS-75,-150,-300). 
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No. 

POS-5O 
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P0S-100 
POS- 150 
POS-200 
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(MHz) (dBc/Hz) (dBc) 12V DC (Qty.5-49) 
Min. SSB@10kHzTyp. Typ. Current mA Sea. 

25-50 -110 
37.5-75 -110 
50-100 -107 
75-150 -103 
100-200 -102 

-19 17 11.95 
-27 17 11.95 
-23 18 11.95 
-23 18 11.95 
-24 18 11.95 

POS-300 
POS-400 
POS-535 
POS-765 
POS-1025 

150-280 -100 -30 18 13.95 
200-380 -98 -28 18 13.95 
300-525 -93 -26 18 13.95 
485-765 -85 -21 22 14.95 
685-1025 -84 -23 22 16.95 

Notes: Tuning voltage 1 to 16V required to cover freq, range. 
Operating temperature range: - 55’C to +85°C. 
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ing carrier is eliminated. 
This AC signal is amplified, digitized, 

and analyzed for its volts vs. frequency 
content, and the phase noise of the DUT 
calculated from this. The single side 
band phase noise is calculated from: 

L(fm ) ^ = 201og(Vrms ) (D 
Hz 

-201og(Kd)-201og(fm ) 
-10 log(F res ) - 20 log( Vgain) 
-3dB 

where 
Vrms = rms voltage at 

offset frequency fm 
fm = the offset freq in Hz 
Kd = 27t(TdXK0) volts/radian 
Td = delay line time delay 

in seconds 
IC = volts/Hz constant of 

the discriminator 
Vgain = the voltage gain of the base 

band amplifier 
FreS = the frequency resolution of the 

FFT routine 

The ability of this system to convert 
frequency noise to voltage noise is 
dependent primarily on the length of 
the delay line. If the delay line is long, 
the rate of change of output voltage 
with change in input frequency will be 
large at the zero crossing point, and the 
system will be very sensitive to input 
frequency noise. Increasing the length 
of the delay line, however, also increas¬ 
es its loss, which reduces the RF port 
drive, which reduces the voltage avail¬ 
able at the IF port. For a given mixer 
there is an optimum delay line loss 
which will give the correct signal levels 
at the mixer, and the most IF output 
for linear mixer operation. 

The VCO 
Since the oscillator’s carrier frequen¬ 

cy is eliminated at the mixer, the only 
limitation on the frequency of the VCO 
is that it be within the bandwidth of 
the power divider and/or the mixer. 
The delay line discriminator method is 
applicable to any oscillator frequency. 
The VCOs of interest here are those in 
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Figure 3. The power divider. 

the 500 MHz to 3500 MHz range. 
The power requirement of the VCO is 

that it drive the mixer sufficiently, 
although an RF amplifier may be used 
to boost the signal level. If an RF 
amplifier is used, it must be placed 
before the power divider and must be 
operated in its linear range. In this 
way, the amplifier’s residual noise will 
be correlated out of the measurement 
at the mixer, and its own 1/f noise will 
not be modulated up onto the carrier. If 
it was placed in the delay line path (to 
allow longer delay lines), the amplifi¬ 
er’s frequency noise would be indistin¬ 
guishable from the frequency noise of 
the oscillator. 

Since the VCOs of interest have high 
modulation sensitivities (5 MHz/V to 
150 MHz/V), great care must be taken 
to prevent external voltage noise from 
getting onto the VCO tune line. Often 
this means a battery supply will be 
needed for the tune voltage, and a low 
noise potentiometer must be used for 
varying the tune voltage. Also, if the 
VCO has significant pushing figure, 
external noise may also modulate the 
carrier via the supply line, so a battery 
may be useful here too. External noise 
in the supply lines appear as frequency 
lines on the phase noise plot. 

The Power Divider 
A Wilkinson power divider was cho¬ 

sen over a resistive divider for its lower 
insertion loss and better output port iso¬ 
lation. The Wilkinson divider can easily 
be made to cover more than an octave. 
A three-section power divider was 
designed which covers the 500 to 1500 
MHz band. The design, shown in Figure 
3, was etched on G-10 and uses axial 
leaded 1/4 W resistors. Over 500 to 1500 
MHz, its insertion loss is 3.5 to 4.5 dB, 
isolation is greater than 14 dB, and port 
return loss is greater than 10 dB. 
A power divider could easily be made 

for 1500 - 3500 MHz, though it would 
be better if this were made on a lower 
loss circuit board to keep the insertion 
loss down. 
The choice here is between a fixed or 

a variable delay line. For a fixed delay 
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Figure 4. Low noise amplifier to feed A/D converter. Figure 6. PCB layout for the analog to digital converter. 

line, one would need to vary the fre¬ 
quency to achieve quadrature by vary¬ 
ing the tune voltage on the VCO. With 
a variable delay line, one could set the 
tune voltage and adjust the delay. 
A fixed delay was chosen for several 

reasons. For a fixed delay of the length 
typically required, there are sufficient 
nulls within the VCO’s tuning band 
width to adequately characterize a 
VCO’s phase noise performance. If a 
fixed delay is used, then the value of Td 
is known and constant. 
Twenty feet of RG-58 coax has a 

measured delay of 31.2 nsec, and a 
loss of 2.5 dB at 500 MHz, increasing 
linearly to 7.5 dB at 3 GHz. The maxi¬ 
mum offset frequency which can be 
measured with a 31.2 nsec delay line 
is 5.1 MHz. 100 kHz is the maximum 
offset of interest here, so this is accept¬ 
able. For 40 feet of RG-58 coax, the 
delay is 62.4 nsec and the maximum 
offset frequency is 2.55 MHz. The 
maximum offset restriction comes 
from the desire to avoid having to 
include the sin x/x characteristic of the 
discriminator in the equation for 
phase noise. 
As mentioned above, a longer delay 

line increases the slope of the volts vs. 
frequency curve at the zero crossing, 
increasing the discriminator constant, 
but also increasing the loss. If the 
mixer requires an LO drive of +7 dBm 
and no more than +1 dBm RF level, it 
is desirable to have a delay line with a 
loss of about 7 dB. This means that, for 
500 to 1500 MHz, 40 feet of RG-58 
could be used, while, for 1500 to 3000 
MHz, 20 feet of RG-58 would work well. 

The Mixer 
The mixer must be double balanced. 

This reduces the harmonics present at 
the IF port, and typically means better 
isolation between ports. Good isolation 
and balance will minimize DC offset at 
the IF port, which must be DC-coupled. 
To get a large output voltage level a 
high level mixer could be used, but 
there must be sufficient signal level to 
drive it. The RF port must be driven 
below saturation, (the mixer must oper¬ 
ate in its linear region), to minimize the 
contribution of its own noise. 
Given these considerations and the 

desired operating frequency range, a 
good choice is the Mini Circuits SRA-

3500. This mixer takes a +7 dBm LO 
drive, has a 500 to 3500 MHz RF and 
LO bandwidth, and an IF bandwidth of 
DC to 1000 MHz. It has acceptable LO-
IF isolation and is inexpensive. 

The Low Noise Amplifier 
This is a critical part of the system. 

The IF port of the mixer is terminated 
in 50 ohms and the voltage developed 
across it is amplified before being fed to 
the analog-to-digital converter. The 
input voltage range of the A to D con¬ 
verter is set to ±1.25 V. By experiment, 
it was found that a gain of over 1000 
was required to amplify the IF output 
noise to a level that would make suffi-

RAISE YOUR STANDARDS 
±5x10'9 (0 to 70°C) 

1.0 W steady state 
@ 25°C 

+5 V input 

Standard package 

WE DID...AGAIN. 
OFC's newest family of OCXOs offers an 

unprecedented combination of size and 
stability features. With excellent technical 
support, fast delivery and very competitive 
pricing, OFC is the standard in frequency 
control product design. For information on 
the 45988 OCVCXO, or to receive our latest 
product catalog and application notes, call 
717-486-3411 or fax us your request at 
717-486-5920. 

10 to 25 MHz 

38.0 X 26.5 X 15.0 mm 

±0.1 ppm aging 
per year 

Figure 5. Gain of AD620, as listed on 
data sheet. 

RF Design 

^oS

OAK Frequency Control Group* 

INFO/CARD 53 

63 



...Fast Fax... 

RF AMPLIFIERS 
SOLID STATE POWER FOR: 

• EMC/RFI Testing 
• Susceptibility Testing 
• Laser Modulation 
• HF Transmitters 
• TV & Signal Distribution 
• Ultrasonics 
• General Laboratory Use 

'EM 

Model Class 

1040L 

1140LA 

AP-400B 

240L 

2100L 

A25-25PA 

A- 150 

A-300 

A-500 

A- 1000 

325LA 

31 OOLA 

3200L 

400AP 

403LA 

411 LA 

525LA 

550L 

5100L 

604L 

607L 

630L 

6100L 

Freq. Range 

10kHz-500kHz 

9kHz-250kHz 

80kHz-2.7MHz 

20kHz-10MHz 

10kHz-12MHz 

300kHz-30MHz 

300kHz-35MHz 

300kHz-35MHz 

300kHz-35MHz 

300kHz-35MHz 

250kHz-150MHz 

250kHz-150MHz 

250kHz-120MHz 

150kHz-300MHz 

150kHz-300MHz 

150kHz-300MHz 

1MHz-500MHz 

1.5MHz-400MHz 

1.5MHZ-400MHZ 

0.5MHz-1000MHz 

0.8MHz-1000MHz 

400MHz-1000MHz 

400MHz-1000MHz 

Power 

400W 

1100W 

400W 

40W 

100W 

25W 

150W 

300W 

500W 

1000W 

25W 

100W 

200W 

3W 

3W 

10W 

25W 

50W 

100W 

4W 

7W 

30W 

100W 

Gain 

55dB(±1dB) 

55dB(±1dB) 

55dB(±1.5dB) 

50dB(±1.5dB) 

55dB(±1.5dB) 

51dB(±1.5dB) 

55dB(±1dB) 

55dB(±1dB) 

60dB(±1dB) 

60dB(±1.5dB) 

50dB(±1.5dB) 

55dB(±1.5dB) 

55dB(±1.5dB) 

37dB(±1dB) 

37dB(±1dB) 

40dB(±1.5dB) 

50dB(±1.5dB) 

50dB(±1.5dB) 

50dB(±1.5dB) 

40dB(±1.5dB) 

43dB(±2dB) 

51dB(±2dB) 

51dB(±2dB) 

FOR PRIORITY SERVICE 
Copy and fax this ad to us at 

(716) 427-7839 
Fill in your name, address and fax 
or phone in the spaces below! 
Place a / in the far left column for 
specifications on specific models. 

C
h
e
c
k
 h
er
e 

to
 r
ec

ei
ve

 c
o
m
p
l
e
t
e
 c
at

al
og

 i
n 
ma
il
: 

R
F
D
 9
/9

5 

PHONE: (716) 292-7440 • FAX: (716) 427-7839 
WORLD HEADQUARTERS 
ENI • A Division of Astee America, Inc. • 100 Highpower Road • Rochester, NY 14623 
Tel: (716) 292-7440 • Fax: (716) 427-7839 

SALES & SERVICE OFFICES 
FREMONT, CA «Tel: (510) 353-4ENI (4364); AUSTIN, TX «Tel: (512) 339-8949; WELWYN GARDEN CITY, UK «Tel: (0707) 371558 
GERLINGEN, GERMANY «Tel: (0715) 621095; TOKYO, JAPAN «Tel: 0425 229011; OSAKA, JAPAN «Tel: 06 367-0823 

INFO/CARD 54 



Figure 7. Block diagram of A/D con¬ 
version system. 

cient use of this ±1.25 V input range. 
The amplifier’s gain needed to be flat to 
at least 100 kHz. Since no anti-aliasing 
filter was used, the amplifier’s gain can 
drop steeply after 100 kHz. The ampli¬ 
fiers must generate little noise. 
Figure 4 shows the final configura¬ 

tion. The gain of the Analog Devices 
AD620 is set by a single external resis¬ 
tor. The data sheet gain is shown in 
Figure 5. Two stages were used, with 
the gain shared equally between them. 
This maintained sufficient bandwidth 
and gain, and made it easier to balance 
the amplifiers and measure their gain. 
A gain of about 40 per stage was 

used. The data sheet indicates that for 

Figure 8. Algorithm used for wave analysis. 

using an assembly language input rou¬ 
tine optimized for speed, the sampling 
rate is about 250 kHz, which is ade¬ 
quate for measuring frequency compo¬ 
nents to 100 kHz. 

Wave Analysis Software 
The program used to analyze the sig¬ 

nal from the discriminator and calcu¬ 

late and display the phase noise was 
written using Microsoft QuickC, with 
an embedded assembly language rou¬ 
tine for fast sampling of the signal. A 
listing of the program is included with 
the documentation for the the software 
used in this measurement scheme [see 
the end of this article for information on 
ordering the software, ed.], and a flow 

this gain setting, the gain starts to roll 
off at about 100 kHz, and this was con¬ 
firmed by experiment. The DC blocking 
capacitor, C6, was used to enable one to 
set the balance on the second stage. A 
potentiometer was not used because it 
is not sensitive enough and is too noisy. 
Noise generated by the AD620 is low. 
The goal in this part of the system 

was conversion speed, coupled with 
simplicity and low cost. The Analog 
Devices AD7569 8-bit ADC/DAC device 
is an excellent device for this applica¬ 
tion. It can convert at a maximum rate 
of 400 ksamples/second and is easily 
interfaced to the PC bus. Its input and 
output voltage can be set for 0 - 1.25 V, 
0- 2.5 V, ±1.25 V, or ±2.5 V. 
The circuit board which was 

designed around this device is shown 
in Figure 6. This board has input and 
output amplifiers to condition the sig¬ 
nal for 0 to 10 V input and output, and 
a fixed-frequency audio oscillator of 
known voltage and frequency for the 
purpose of calibrating the conversion 
rate. The unipolar, 0 - 10 V input 
range turned out to be non-ideal for 
the discriminator method, though it 
was good for the phase-locked system 
first used. The circuit was modified for 
±1.25 V. The block diagram in Figure 7 
shows the final configuration. 
The actual sampling rate is deter¬ 

mined by the software and the host 
PC. In a 486DX33 MHz computer, 
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Figure 9. Measured gain of one stage 
of the low noise amplifier. 

Figure 10. Test setup to measure 
delay line electrical length. 

Figure 11. Block diagram of frequen¬ 
cy counter card designed to fit in a 
PC cardslot. 

chart is shown in Figure 8. 
After sampling has taken place, the 

data is converted to volts, a Hanning 
window applied, and the FFT per¬ 
formed. The single sideband phase 
noise is calculated, and the data stored. 
After 20 sets of data have been collect¬ 
ed and the average calculated, the data 
is displayed on a 2-cycle log-linear plot. 
If the wave analysis software is run as 
a DOS application from Windows, 
PrintScreen may be used to capture the 
display, and PaintBrush may be used 
to print the graph. 
The Hanning window is used 

because, although it may have up to 1.5 
dB error in amplitude, it gives good fre¬ 
quency resolution. A flat top window 
gives good amplitude accuracy, but 
poor frequency resolution. If no window 
is used, the amplitude may be up to 4 
dB in error. The Hanning window is 
good for random noise signal analysis. 
The number of samples taken is 1024. 

This gives 512 data points in the fre¬ 
quency domain (each Une contains both 
magnitude and phase information). An 
rms voltage is calculated from these 
points and corrections applied for the 
discriminator constant, etc., and the 
single sideband phase noise calculated. 
Only frequencies from 1 kHz to 100 

kHz are displayed. This is the region of 
valid data based on the bandwidth of 
the baseband amplifier and the sam¬ 
pling rate. 

System Calibration and Accuracy 
The key to accurate measurements is 

good calibration of the various compo¬ 
nents. Calibration consists of determin¬ 
ing the value of the variables in the 
equation given above. The variables 
other than Td and may be deter¬ 
mined once, and set in the program. Td, 
however, must be known, and K$ mea¬ 
sured, prior to making a particular 
measurement. 
The following is a description of how 

the system was calibrated. An estimate 
of the effect of various errors was made 
by examining the effect of small 
changes in the variables of the single 
sideband phase noise equation. 
Low Noise Amplifier - The gain of 

one stage was measured using an audio 
oscillator and a dual-trace oscilloscope. 
Since the two stages are identical, the 
overall gain was calculated from the 
single stage gain. It was too difficult 
and inaccurate to measure the gain of 
the two-stage amplifier by this method 
because of the large gain involved. The 
gain of the amplifier is shown in Figure 
9. The maximum error from gain inac¬ 
curacy is less than 1 dB 
Frequency Resolution - This was 

determined by digitizing a known-fre¬ 
quency signal and determining the sam¬ 
pling rate. Knowing the time between 
samples and the number of samples 
used in the FFT routine, the frequency 
resolution is given by the expression: 
L/(#samples-time step). This was deter¬ 
mined to be 247 Hz. An error of ±2 Hz 
in this figure would give an error of 
about ± 0. 1 dB in the phase noise plot. 
Conversion Accuracy of A to D and 

FFT Routine - The internal reference 
voltage of the AD7569 is nominally 1.25 
V. The reference voltage was deter¬ 
mined by digitizing a known-amplitude 
signal and determining which reference 
voltage resulted in the correct digitized 
amplitude at the output of the ADC. For 
this particular AD7569, a reference 
voltage of 1.315 V gave the correct out¬ 
put. If the calculated voltage is in error 

by ±5 percent, the phase noise will be 
up to ± 0.46 dB in error. 
Delay Line - A frequency counter 

was used, with a coupler between the 
VCO and power divider (see Figure 10), 
to determine the VCO frequency differ¬ 
ence between two nulls in the output 
voltage. From this frequency difference 
the time delay of the delay line can be 
calculated from 

T _ _L (2) 
d 2Af 

The frequency counter was a card 
which was designed to fit in the PC, and 
uses an NEC divide-by 512 pre-scaler to 
divide the RF signal down to the input 
range of the counter. A block diagram of 
the counter is shown in Figure 11. 
For 20 feet of RG-58 cable this 

method measured a time delay of 
30.937 nsec. The cable was also mea¬ 
sured on an HP network analyzer; the 
delay by that method was measured to 
be 31.2 nsec. Either result could be 
used. An error of ±5 percent in the 
delay results in about ±0.45 dB error in 
the phase noise calculation. 

Measurement of K 
This measurement must be done 

every time a phase noise measurement 
is made and involves determining the 
rate of change of mixer output voltage 
versus change in input frequency. It is 
desirable to determine and use the 
point of maximum sensitivity. 

Several factors affect the value of K^. 
For a sine shaped curve, the slope at 
the zero crossing is equal to the peak 
value of the sinusoid. The slope can 
thus be measured by measuring the 
positive and negative peak voltages on 
either side of the point at which the 
phase noise measurement will be done, 
and then using the average of the two 
peaks. (The VCO tune voltage is used 
to set the mixer output to these peaks). 
This measurement can be made on the 
mixer IF output using either an oscillo¬ 
scope or voltmeter. 
As frequency increases the delay-line 

loss increases, which causes the signal 
level at the mixer's RF port to decrease, 
which causes the output voltage to be a 
sine wave of slowly decreasing ampli¬ 
tude. This, along with the fact that real 
mixers do not have perfect balance or 
infinite LO-IF isolation, means these 
two voltages will not be the same, and 
that the mixer will have some DC offset 
at the point of maximum sensitivity. 
The average of the two voltage peaks 
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Figure 12. Measured system noise 
floor. 

should be used for the value of K^, and 
the output voltage should be set to half 
way between them. An error of ±10% in 

will give an error of about +0.92 dB. 
It is important that the output volt¬ 

age remains at the set point during a 
measurement as departure from this 
point will give a phase noise that is 
lower than the true value. How far the 
output voltage may drift from this set 
point, given a maximum error allow¬ 
able in dB, can be found from: 

Figure 13. Measured phase noise of 
an example VCO with center frequen¬ 
cy at 1100 MHz.. 

error 
AV = Kd y 1- io” (3) 

Overall measurement uncertainty 
It can be seen that error in K. is a 

major contributor to error in the single¬ 
side-band phase-noise. If all errors are 
additive but the output voltage is kept 
at the set point during measurement, 
the actual phase noise may be about 3 
dB higher or 4.5 dB lower than that 
displayed. The extra 1.5 dB on the low 
side is from the Hanning window 
amplitude inaccuracy. This would be 
the worst case. 

Making a Measurement 
A phase noise measurement is sim¬ 

ple: set up the equipment as shown in 
Figure 2; add gain or attenuation as 
required before the power divider to 
achieve +7 dBm at the LO port of the 
mixer, and enough delay line to get 
about 0 dBm at the RF port; measure 
Ko and then set the mixer output at the 
point of maximum sensitivity as 
explained above. Run the program, 
entering the delay line length in nsec, 
and in volts when requested. After 
the plot is displayed, it may be printed. 
As mentioned above, external noise 

may easily enter the VCO via the 
power supply or the tune line and this 
will appear as discrete lines on the 
phase noise plot. The sources of this 
noise include computer displays, line 
frequency hum, power supply ripple, 
switching power supplies, oscillators in 
calculators and digital multimeters, 

demodulated radio station audio, radar 
pulses, and mechanical vibration. The 
VCO should be shielded from this noise 
pickup - this is almost a science in 
itself! This is especially true for VCOs 
with high modulation sensitivity and 
non-zero pushing figure. 

System Noise Floor 
The noise floor is an important mea¬ 

surement because it shows the “signal 
to noise” ratio of the system and indi¬ 
cates the lowest phase noise that can be 
measured with a given delay line and 
discriminator constant. This measure¬ 
ment is easy to make. Simply set up to 
make a measurement as normal. Once 
Ko is known, break the delay line path 
and terminate the power divider port in 
50 ohms. Then run the measurement 
using the measured value of K^. 
Figure 12 shows the system noise 

floor, and Figure 13 shows the phase 
noise of an oscillator. It can be seen 
that the VCO noise is more than 20 dB 
higher than the noise floor in this case. 
The lines at 34 kHz and its harmonics 
are noise picked up from the PC’s moni¬ 
tor - they can be eliminated by making 
the measurement with the monitor off. 
The phase noise of the VCO shown in 

Figure 13 was also measured by the 
same discriminator method on the 
Comstron PN-9000 and the HP 3048 
system. The results are compared in 
Figure 14. The data from the other sys¬ 
tems are shown as a solid line drawn 
between the data at 1 kHz and 100 
kHz. The center frequency of thsi VCO 
is about 1100 MHz. Figure 15 shows a 
plot for another approximately 1 GHz 
VCO with the phase noise as measured 
on the Comstron PN-9000 plotted in 
the same way as above. Figure 16 is a 
plot for an octave tuning VCO. 

Usefulness of the system 
This phase noise measuring system 

is useful for measuring free running 
VCOs with moderately low phase noise. 
Only one VCO is needed, the problem 
of its carrier drifting is eliminated, and 

1 KHz Offset Frequency 190 KHz 

Figure 14. Same measurement as in 
Figure 13 compared to a measure¬ 
ment done on a Comstron PN-9000 

its input frequency range is virtually 
unlimited. The system is accurate, and 
is quick and easy to use. Offset fre¬ 
quency is limited to 1 kHz on the low 
side (by the DC blocks needed in the 
low noise amplifier), and to 100 kHz of 
the high side (by the sample rate of the 
analog to digital conversion). 
The various components of the sys¬ 

tem, including the frequency counter, 
cost less man $250. All printed circuit 
boards were home made. This cost does 
not include the analog oscilloscope, 
clean power supplies, and 486DX33 
computer. Such a phase noise measure¬ 
ment system is easily within the bud¬ 
get of most involved in the design and 
manufacture of oscillators for use in 
personal communication networks, and 
can make a significant contribution to 
lowering of capital equipment costs. 

Improvement of the system 
A 12-bit A to D converter would 

improve the voltage resolution. Such a 
converter would require a board which 
has its own RAM for quick read and 
store of the data, with transfer and pro¬ 
cessing of the data by the program 
after an end-of-conversion signal is 
received. To enable better frequency 
resolution in the 1 kHz to 10 kHz 
region, the sample rate could be slowed 
down, but this would necessitate the 
use of a good anti-aliasing filter to 
remove frequency components above 
half the sampling rate. These hardware 
improvements would involve an 
increase in the complexity of the sys¬ 
tem, and the cost 
There are several software improve¬ 

ments which could be made. A routine 
involving the use of the digital to ana¬ 
log section of the AD7569 and the fre¬ 
quency counter could be used to auto¬ 
matically measure Td and K^. Initial 
experiments with this indicate that two 
problems will have to be solved. Digital 
noise must be prevented from getting 
to the sensitive tune port of the VCO. 
The other problem is measuring a volt¬ 
age of about ±0.13 V accurately with a 
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Figure 15. Another approcximately 1 
GHz VCO with phase noise measured 
and displayed as in Figure 14. 

Figure 16. Phase noise plot for an 
octave-tuning VCO. 

±1.25 V input range on the A to D. A 12 
bit A to D would be useful for this task. 
Another software improvement would 
be the ability to print the phase noise 
plot directly from the program. 
These improvements would add 

"bells and whistles" to the system. 
However, as it stands, the system as 
presented works well and accurately. 

Conclusion 
The delay line discriminator method 

is not new. A simple, low cost, imple¬ 
mentation has been developed here 

which enables one to measure the 
phase noise of oscillators whose carrier 
drifts too fast, or whose phase noise is 
too low, to be measured by direct spec¬ 
trum analysis. 

This system is valuable to the design¬ 
er and manufacturer of inexpensive 
VCOs. 
The wave analysis program 

described in this article, is available 
from Argus Direct Marketing. For 
ordering information, see page 96. RF 
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filters_ 

Design Parameters for 1- Through 
7-Pole Input-Matched 
Lowpass/Highpass Filters 

By Chase P. Hearn 
NASA Langley Research Center 

The transfer loss mechanism in con¬ 
ventional LC filters is reflective; atten¬ 
uation is through mismatching of the 
driving source in the stopband. Filters 
having constant resistive input imped¬ 
ance in addition to attenuation are 
desirable for some applications, such 
as terminating diode mixers. Filters 
having those properties have been 
described as branching filters [1], 
diplexers [2], and constant-resistance 
filters [3]. Such filters are physically 
realizable but are not widely used. The 
work described here was undertaken 
because the prior work was either lim¬ 
ited in scope and/or did not produce 
the desired performance. These results 
yield branching filters with low or 
highpass Butterworth transfer 
responses through order seven and 
constant-resistance performance supe¬ 
rior to previous designs. With few 

exceptions, the element values for these 
filters differ from standard Butter¬ 
worth values. A branching filter is illustrated in Figure 1; a low-pass and a high-
pass filter are connected either in 
parallel or series. Power not dissipat¬ 
ed by the load on port 2 is dissipated 
by the load on port 3. Port 2 has a 

low-pass and port 3 a high-pass 
transfer response. Ideally, the imagi¬ 
nary components of Yin or Zin of the 
combined networks sums to zero and 
the real parts sum exactly to 1/R, or 
R, respectively [3]; the loss mecha¬ 
nism in a branching filter is therefore 
absorptive, rather than reflective. 

It is possible to achieve n-pole But¬ 
terworth lowpass or highpass transfer 

Figure 1a. Shunt-connected branch¬ 
ing filter. 

Figure 1b. Series-connected 
branching filter. Figure 2. One to 5-pole lowpass branching filters of characteristic impedance R. 
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Not a bird. 
Not a plane. 
Just an awesome rf amplifier. 

It sweeps. It pulses. It levels. It We couldn’t hurt it. It didn’t even 
blanks. It operates manually or by 

remote control. But most important, 
it delivers at least 500 watts of rf 
power, regardless of load VSWR. 

We designed the new all-solid-
state Model 500A100 broadband 

rf amplifier to be used wherever 

you need reliable rf power over 

a 10 kHz to 100 MHz bandwidth, 

including test situations where 
nothing less than 500 watts 
will do. 

We tested the 500A hard, first 
by reflecting nearly all forward 

power back into the amp — 

it still put out 500 watts (mini¬ 

mum). We shorted its output 

terminals, then left them open. 

shut down. 

So if you need 500 watts mini¬ 
mum, you’re sure to get it, which is 
where we start with any amplifier 
we build. But just look over the 

Model 500A100 front panel: gain 

control; threshold/leveling; pulse 

input; detected rf input and output; 
mode selector. A front-panel power 

meter measures either forward 
or reflected power. And a back-

panel connector makes it easy to 
interface to a computer or other 
remote controller. 

The Model 500A100 is one of 

eight economical broadband rf 

amplifiers in ourA-Series line, which 
reaches up to 1,000 watts and 

250 MHz. One model, the 40AD1, 
goes all the way down to de. 

Put your wish list together 

(including all the accouterments) 

and call us. One of our friendly AR 

applications engineers will take 
the call directly. They enjoy 

challenges. 1-800-933-8181. 

160 School House Road • Souderton. PA 18964-9990 USA 
TEL 215-723-8181 • FAX 215-723-5688 

For engineering assistance, sales, and service throughout Europe, call EMV: Munich, 89-612-8054 • London, 01908-566556 • Paris 1-64-61-63-29. 

INFO/CARD 59 



Printed circuit board prototypes 
for MICROWAVE and WIRELESS 
applications are our specialty. 

responses and purely resistive input 
impedances with 2n+l circuit ele¬ 
ments - without introducing addition¬ 
al transfer loss in the passband. How¬ 
ever, filters with ripple in the pass¬ 
band (Tchebycheff) or the stopband 
(m-derived) cannot be made to have 
constant input resistance with the 
additional n+1 elements [3]. The (n+1) 
element impedance-correcting net¬ 
work could be applied to the output 
rather than the input of a filter to 
achieve a resistive output impedance. 
This would be desirable if the signal 
or local oscillator port of a diode mixer 
was driven from a filter. 
Consider the 1-pole shunt-connected 

branching filter shown in Figure 2(a). 
With ports 2 and 3 terminated in R, 
the impedance at port 1 can be 
expressed as: 

z

2R + j coL - -
V œC J 

(1) 

We make flawless printed ° 
circuit prototypes for low and 
high frequency applications. 

( “When I see it, 
I’ll believe it” 

u 
o We can build your PTFE 

If L and C are related by: 

(2) 
c 

Zin (but not Z„„J will equal R; either 
L or C can be set arbitrarily to con¬ 
trol the cut off frequency. If L = R/œc 
and C = l/oocR, to satisfy equation 2, 
the power delivered to the loads on 
ports 2 and 3 is reduced by 50 per¬ 
cent at œ=œc and Zin(co) equals R for 
all values of co. 
A series-connected configuration as 

shown in Figure 2(b) would be used if 
the filter port to be compensated had a 
shunt input arm. Symbolic derivations 
similar to that become increasingly 
complex when the order of the filter 
exceeds two. Element-value relation¬ 
ships from Reference 1 for 1- through 
3-pole branching filters are shown in 
Table I. A numerical approach was 
used to find the element values for 4-
through 7-pole shunt-connected 
branching filters and also to verify the 
results of Reference 1 for lower-order 
branching filters. 

Fig ure 3. Input impedance, return 
and insertion loss of branching fil¬ 
ters using element values from Ref¬ 
erence 1. 
Element values for branching filters 

were derived with a CAD gradient 
optimization procedure and tabulated 
in Table II; these values are the same 
as those in Reference 1 only for the 1-
pole case; the shaded entries for 2- and 
3 pole filters in Table I differ signifi¬ 
cantly from those in Table II. Figure 3 
shows I Sil I and I S21 1 for 2- and 3-
pole filters using the element values 
from Table I. The minimum input 
return losses (r.l.) are only 9 dB for the 
2-pole filter and 12 dB for the 3-pole 
filter between f/lO and 4f , while the 
values in Table II produce input 
return losses exceeding 70 dB. Note 
that there are the same inverse rela¬ 
tionships between corresponding L 
and C elements in the low and high-
pass sections of branching filters that 
are found in conventional filters [4], 
Table III contains standard Butter¬ 

worth element normalized low and 
high-pass values [4] which were rec¬ 
ommended for input-matched diplex¬ 
ers in Reference 2 and the minimum 
return losses which result when the 

printed circuit board 
prototypes in only 12 hours. 

“When I see it, 
I’ll believe it” / 

WANNA SEE IT? 
CALL 1-800-279-5572 
Lower your printed circuit board 
costs, not your standards. Don't skip 
the prototype process when you need 
printed circuit boards on PTFE, Teflon, 
Duroid or GX laminates. 

SOUTHWEST CIRCUITS specializes in 
prototyping circuit boards for all 
MICROWAVE and WIRELESS applications. 

Multi-layers, Quick-Turn or Exotics. 
Our proprietary technologies and 
processes give us an edge over ordi¬ 
nary printed circuit board fabricators. 

Make us prove it. Call Now. 

n Low pass Section Highpass Section Minimum return 
loss, dB Ll C2 L3 C4 L5 Cll L22 C33 L44 C55 

1 1 — — — 1 — — - — 00 

2 1 1 — — 1 1 — — — 9_ _ 
3 1.5 1.33 0.5 - - 0.67 1.33 2 - — 12 

Table I. Element values for first through third-order branching filters from Refer¬ 
ence 1; questionable values are shaded. Multiply by (R/wc) for inductors and 
(1/rocR) for capacitors. 
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n Lowpass Section Highpass Section Minimum 
return 
loss. dB LI C2 L3 C4 L5 C6 L7 Cll L22 C33 L44 C55 L66 C77 

1 .9979 — — — — .9979 99 
2 1.413 0.7063 — — — — 0.7063 1.413 — — _ _ 126 
3 1.499 1.333 0.500 — — — — 0.6661 0.7493 1.998 _ _ _ _ 96 
4 1.531 1.578 1.085 0.3841 — — — 0.6532 0.6335 0.9219 2.603 _ _ _ 99 
5 1.543 1.692 1.383 0.9013 0.3152 — — 0.6464 0.5899 0.7245 1.123 3.253 _ _ 77 
6 1.553 1.760 1.555 1.202 0.7549 0.2562 — 0.6437 0.5675 0.6408 0.8207 1.279 3.675 _ 79 
7 1.556 1.800 1.662 1.398 1.052 0.6366 0.2239 0.6412 0.5540 0.5976 0.7029 0.9274 1.525 4.699 70 

Table II. Normalized element values for first through seventh-order branching filters derived numerically. Multiply by 
(RAdc) for inductors and (1/wcR) for capacitors. 

input ports are paralleled to form 
branching filters. The values in Tables 
I and III are totally different; seven 
entries in Table I and only two in 
Table III agree with Table II. 
Conventional Butterworth low-pass 

filters have input and output return 
losses which degrade from a good 
match when f«fc to 3 dB at fc. A rea¬ 
sonably good match (r.l.> 20 dB) is had 
over an increasingly larger fraction of 
the passband as n is increased, illus¬ 

trated in Figure 4 for 3- and 5-pole fil¬ 
ters. Adding the n+1 additional circuit 
elements needed to produce an input-
matched filter increases the output r.l. 
from 3 to 6 dB at fc. 
This is not a theoretical develop¬ 

ment, so no claim of absolute superiori¬ 
ty can be made for the values in Table 
II. Other combinations might produce 
equal or better results; however, the 
values in Table II produce nearly per¬ 
fect input matches and transfer 
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LATEST. 
LOWCOST 
PCB PROTOTYPE 
SYSTEM FROM THE 

WORLD LEADER 

The LPKF Protomat 91S System provides faster turnaround and better 
throughput of circuit board prototypes than other methods. There is NO 
better value in prototype PCB fabrication systems-here ’s why: 

• Takes your Gerber or HPGL files 
and produces Analog, Digital, RF 
or Microwave circuit board 
prototypes. 

• Windows software with program¬ 
mable insulation width, mulbple 
tool rub out, and full tool 
management. 

• Small footprint from a fully 
integrated system package. 

• Environmentally safe - uses NO 
chemicals. 

• Fast payback - typically 3-12 mos 
• Full 1 year warranty 

FREE PCB INFO PACK 

CALL TODAY 1-800-345-LPKF 
(800) 345-5753 FAX request to: (503) 297-2820 

IDKE CAD/CAM 
IFNI SYSTEMS INC. 

6840 SW Canyon Dr. Portland, OR 97225 
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responses identical to an n-pole Butter¬ 
worth response at f/10, fc, 2fc, and 4fc. 
The gradient optimization process 

used to derive the element values 
became increasingly difficult when n 
exceeded 3. Sub-optimum minima 
were encountered and the results of 
each optmization were highly depen¬ 
dent on the optimization statement 
and the initial values. The values in 
Table II for n > 4 were obtained only 
after an extrapolation scheme was 
devised for selecting the initial values. 
The element values from the first four 
successful optimizations were plotted 
as shown in Figure 6 and extrapolated 
as indicated by the dotted lines. The n 
= 5 optimization was constrained arbi¬ 
trarily to a ±10 percent range around 

Figure 4. Input return loss in 3 and 5-
pole Butterworth filters. 
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n Lowpass Section High pass Section Minimum 
return 
loss, dB LI C2 L3 C4 L5 C6 L7 Cll L22 C33 L44 C55 L66 C77 

1 2.000 - — — — — — 0.500 — — — — — 7 

2 1.413 1.413 - — — — — 0.7077 0.7077 — - — — 24 

3 1.000 2.000 1.000 — — — — 1.000 0.5 1.000 — — — — 7 

4 0.7649 1.847 1.847 0.7649 — — — 1.307 0.54 H 0.5414 1.307 — — — 2 

5 0.6177 1.617 2 1.617 0.6177 — 1.617 0.6177 0.5 0.6177 1.617 — — 1 

6 0.5147 1.414 1.931 1.931 1.414 0.5174 - 1.933 0.707 0.5179 0.5179 0.707 1.931 - 1 

7 0.4449 1.247 1.801 2.000 1.801 1.247 0.449 2.248 0.8019 0.5552 0.5000 0.5552 0.801^ 2.248 1 

Your Key to 
High-Frequency 

Test 

Table III. Normalized element values for first through seventh-order branching 
Butterworth filters from Reference 4 and minimum return loss when connected 
as branching filters. 

the extrapolated initial values. Only 
the optimized value for L3 (n=5) 
proved to be out of that range, which 
became obvious during the optimiza¬ 
tion process, and the lower limit on L3 
(n=5) was reduced. The estimated val¬ 
ues for the n = 6 and 7 optimizations 
obtained with this procedure were 
within ±5 and ±3 percent of the final 
values, respectively. 

It was observed that sub-optimum 
minima produced element values incon¬ 
sistent with the curves in Figure 6. 
The constrained parameters in the 

optimization were input impedance 

from f710 to 4fc and transfer response, 
I S21 F, at fc, 2fc, and 4f The only 
specification imposed on the highpass 
section was indirect, through its effect 
on Z) c and the low-pass transfer 
response. The optimization statement 
for an n-pole low-pass branching filter 
(BRANCHn) in Touchstone [5] nota¬ 
tion is shown in Table IV. 
The heavy weight on the -3 dB point 

was necessary to make the cut-off fre¬ 
quency precisely fc. The high-pass 
transfer responses, I S31 1, after opti¬ 
mization based primarily on the low-
pass response were observed to be 

'°* 

SWEEP fc/10 4fc fc/10 
BRANCHn RE[Z1] = 0 10 
BRANCHn IM[Z1] = 0 10 
RANGE fc fc 
BRANCHn DB[S21] = -3 50 
RANGE 2fc 2fc 
BRANCHn DB[S21] = (theoretical attenuation at 2fc) 
RANGE 4fc 4fc 
BRANCHn DB[S21] = (theoretical attenuation at 4fc) 

Table IV. Optimization for an n-pole lowpass branching filter in Touchstone 
notation. 

2.00 r— 
Estimate Final Value 

. C2 (n) 

T L3(n) 

•-•R(n) 

1.60 

1.56 

1.692 

1.383 

1.543 

ï 

I 
4 C4 (n) 

’ Ls(n) 

0.96 

0.32 

.091 

0.3152 

1 2345 
Number of poles 

Figure 6. Determination of initial element values by extrapolation for n = 5 from 
n = 1 through 4 values. 
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Tools for High-Frequency 
Automated Test and Measurement 

from National Instruments 

Instrument Control 
• GPIB and VXIbus Controllers -
Your connection to any instrument 

• Instrument Driver Library -
More than 500 software modules 
to control instruments from Anritsu 
Wiltron, Hewlett-Packard, Rohde & 
Schwarz, Wandel & Goltermann, 
and 45 other vendors 

Test Development 
• LabVIEW - Revolutionary graphical 

test development environment 
- Graphical programming decreases 

test development time 
• LabWindows /CVI - Interactive C 
development software 
- Integrated ANSI C programming 

tools 
• Features 
- Easy GPIB, VXI, and serial 

instrument control 
- Numerical analysis and data 

visualization 
- Built-in graphical user interface 

Production Test Automation 
• Test Executive - Test sequencing 
and report generation 

• SQL Toolkit - Database connectivity 
• SPC Toolkit - Monitor results and 
improve quality 

For more information on 
these products and a FREE 
catalogue, call (800) 433-3488 
(U.S. and Canada) 

^7 NATIONAL 
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F The Software is the Instrument' 

U.S. Corporate Headquarters 
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Figure 7. Sensitivity of input match to random ±5 percent 
element value variations. 

Figure 8. Measured performance of 3-pole branching filter 
using pre-set components. 

nearly ideal Butterworth. 
A practical consideration is the 

extent to which a mismatched load on 
the output port (R1 d * R) affects the 
input-port match of an otherwise ideal 
branching filter. It was determined by 
trial that the input r.l. is essentially 
that of the mismatched load resistance 
in the lower portion of the passband 

and improves as frequency approaches 
and exceeds fc. This is shown in Figure 
5 for a reflection coefficient of ±0.082, 
a r.l. of 21.7 dB. 
Another practical concern is the 

effect of element value tolerances. It 
was observed that changing a single 
element value one percent from ideal 
decreased the minimum r.l. of a 3-

pole branching to about 40 dB. 
Monte-Carlo analyses [5] were run for 
the n = 3, 5, and 7 cases to determine 
the effect of random element devia¬ 
tions within ± 5 percent of ideal. The 
solid curves in Figure 7 show that 
element errors more seriously 
degrade the performance of higher 
order filters; tightening the toler-
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Real 

When your system design calls 
for a Voltage Controlled Oscillator 
(VCO) that performs predictably 
and consistently without tuning, 
then you should take a look at the 
Micronetics M3500 VCO Series 

100 MHz to 3.5 GHz. 
The M3500 Series features 13 
different standard VCOs covering 
a broad spectrum of the 
frequency range — from 100 MHz 
to 3.5 GHz. 

With their rugged design and reli¬ 
able performance characteristics, 
these VCOs are ideal for use in 
everything from synthesizers and 
digital modems to direct broadcast, 
spread spectrum and wireless 
communication systems. 

And there's another advantage as 
well: M3500 VCOs offer you this 
high quality and dependability 
without the high cost. 

Until now. VCOs have either been 
very inexpensive ($5- $10), with 
limited performance, or quite costly. 

World VCOs. 

In fact, VCOs for 
specialized, high perfor¬ 
mance applications can 
be priced at several 
hundred dollars a piece. 

The M3500 Series is the 
answer to the industry's need for 
a "work horse" VCO — one that 
can do the job that's required, 
and do it at a reasonable price. 
M3500 VCOs were designed to 
deliver optimum performance, 
even in the real world. 

Why the M3500 Series 
is so predictable. 
Each M3500 VCO is electrically 
identical to the next — and that's 
a tremendous plus when it comes 
to system design. It means you 
can be sure that an M3500 Series 
VCO will perform exactly as you 
expect it to—time and time again. 

Even though other VCOs on the 
marketplace may seem to offer 
slightly better performance, or 
lower phase noise, there tends to 

be a lot of variability from 
unit to unit. 

When you think about 
designing a large system — one 

that may be in production for 
years to come and require more 
than a million VCOs — you just 
can t underestimate the value of a 
consistently- performing VCO. 

Designed and developed 
at Qualcomm. 
The M3500 VCO Series was 
designed, developed and tested 
at Qualcomm, Inc. — an engi¬ 
neering company widely known 
for its advanced communications 
systems and products based on 
digital wireless technologies. 

Qualcomm engineers designed 
these VCOs with an overall 
systems perspective, focusing on 
a wide range of parameters that 
have a large, although indirect, 
impact on system noise 
performance. 

On November 1. 1994, 
Micronetics acqu red the sole 
rights to manufacture and 
distribute the Qualcomm veos, 
adding them to their existing 
MicroSource™ family of low phase 
noise VCOs for cellular 
applications. 

Now available 
off-the-shelf. 
If you'd like to receive our new 
catalogue, or place a direct order, 
call our VCO Hotline at 
1-800-9NEEDVCOt 

MICRONETICS 
26 Hampshire Drive 
Hudson, NH 03051 
Tel: (603) 883-2900 
Fax: (603) 882-8987 
E-Mail: micrnet @ aol.com 

C *lKror>etKS 1995 *tkronetks resewes the right lo make changes 
to the products described herein to nodif) design or performance 

INFO/CARD 46 

September 1995 



BIS Strategie Decisions 
& Arthur D. Little Present... Arthir D Little 

Sponsored by: 

□ MVICK KNOW ARO 

Panasonic 7“ phili?s , 
Batteries ' + I Semiconductors 

SANYO MY^rta 

X-EX^R MYVVAC 

DURACELL 

Ulli 

Energizer 
POWER SYSTEMS 

Affiliates: 
■BAPS 
ELECTRONIC 

PCMCIA 

DESIGN 

PUA 

BectnncsTinK 
MICROWAVE 
ENGINEERING 

The Third Annual Conference on Power Requirements for Mobile 
Computing and Wireless Communications 

The industry's most completedorum for engineers, 
designers and developers of mobile computing, wireless 
communications, and power supply products to share 

ideas and learn from each other. 

October 16-18, 1995 
Santa Clara Westin Hotel fit Convention Center 

Santa Clara, California 

Highlights Include: 

• Design Team Solutions • World-Wide Scope 
• End-User Research Data • Chairman's Choice Awards 
• State-of-the-Industry Address • POWERPLACE Exhibit Area 

Call 1-800-874-9980 or 1-617-982-9500 (xl78) or fax to 1-617-982-1724 
for your free, no-obligation, 12-page color brochure on POWER '95. 

Include code "D309A11" when you request your brochure. 

798 



anees greatly improves the input 
match. The dashed curve in Figure 7 
corresponds to tolerance of ±2 per¬ 
cent, which increased the r.l. for a 90 
percent yield to 34 dB, compared to 
25 dB with a ±5 percent tolerance. 
A 3-pole branching filter with Zo = 

50 Ohms and fc = 5 MHz was designed 
from Table II and fabricated for evalu¬ 
ation. The inductors and capacitors 
were measured and preset to an accu¬ 
racy of about ± 3 percent prior to being 
installed; no further adjustments were 
made. Return and transfer losses were 
measured with a spectrum analyzer/ 
tracking generator (HP 8553B/8443A) 
and a high-directivity return-loss 
bridge and are plotted in Figure 8. The 
results demonstrate that a good input 
match and a Butterworth transfer 
response can be achieved simultane¬ 
ously in practice. 

Conclusions 
Normalized element values for first 

through seventh order shunt-connect¬ 
ed branching filters were determined 

by numerical methods and are pre¬ 
sented here in tabular form. These fil¬ 
ters have Butterworth low-pass or 
high-pass transfer responses but are 
matched to a resistive source at all fre¬ 
quencies (r.l. > 70 dB) without adding 
excess transfer loss in the passband. 
This is accomplished at a cost of addi¬ 
tional circuit elements; an n-pole 
response requires 2n+l elements. 
Branching filters based on these 
results are superior to those based on 
previously published design proce¬ 
dures. A 3-pole branching filter was 
fabricated and evaluated, with good 
results. RE 
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RF product forum 
Robust Power Transistor Market 
Riding Wave of Emerging 
Communications Systems 

This month's Product Forum covers 
the RF power transistor market. Sev¬ 
eral manufacturers offer their opin¬ 
ions regarding the market and tech¬ 
nology trends affecting this market 
segment. 

Polyfet RF Devices 
Over the past five years Polyfet RF 

Devices experienced substantial 
growth and was recognized this year 
as one of the 50 fastest growing high 
tech companies in Southern Califor¬ 
nia. Growth came in the areas of cel¬ 
lular base stations, paging base sta¬ 
tions and military radios. Polyfet has 
been offering only gold metallized 
VDMOS RF transistors. Recently 
Polyfet introduced a new line of Lat¬ 
eral DMOS transistors. These tran¬ 
sistors have the source on the bottom 
side of the transistor die allowing the 
die to be directly attached to the heat 
sink, eliminating the requirement of 
BeO. Additionally, without having to 
use wire bonds for the source leads, 
RF gain is increased by 2-3 dB over 
the older VDMOS technology. Polyfet 
sees the trend over the next two 
years of LDMOS replacing VDMOS 
and Polyfet is well positioned to sup¬ 
port the marketplace with this new 
technology. 

Richardson Electronics 
The market continues to grow as 

applications become more defined and 
numerous new companies try to grab 
their niche in this market. 
In addition to the PCN and Cellular 

market, one interesting application 
that has become very active involves 
reverse cable amplifiers ( 5 - 100 
MHz). For a large variety of reasons, 
people want to send information 
through already existing cable TV 
lines. By not using the standard tele¬ 
phone line, the data rate is lOx faster 
through the cable TV line. This has 

Digital cellular and PCS are driving 
the production of transistors 
designed for linear operation in UHF 
bands. This 20 W transistor, fabricat¬ 
ed by Philips and distributed by 
Richardson Electronics, is designed 
for class AB amplifiers operating 
from 820 to 960 MHz. 

introduced a variety of new business 
opportunities. 
Time to market is another out¬ 

standing variable currently involved 
in the power transistor market. The 
customer base that addresses all the 
different applications are constantly 
striving to keep themselves up-to-
date on the latest products available 
on the market. 
In the last six months we have seen 

1.5 - 2.0 GHz PCS applications finally 
explode as manufacturers have intro¬ 
duced pallets and modules to address 
them. 

Motorola Communications 
Semiconductor Products Div. 
The emergence of PCS has spurred 

explosive growth in the RF power 
transistor market. This growth has 
been driven by two dominant factors, 
high technology and low cost. The 
increasing price pressures on the PCS 
infrastructure market and the need 

for high performance microwave 
devices are now guiding Motorola. We 
are introducing a new lineup of high 
performance 2 GHz sub-micron sili¬ 
con bipolar devices led by the upcom¬ 
ing MRF20060, a 60 W, 9 dB gain 
base station service device. In addi¬ 
tion, we are looking at LDMOS FETs 
for the same frequency range which 
could utilize very low cost plastic 
packaging. 
The market should shift into high 

gear over the next year and be 
extremely strong for the next three to 
five years. Motorola is on a program 
to marshal substantial manufacturing 
resources, from both wafer fabrication 
and assembly standpoints, to aggres¬ 
sively service this market need. 

SGS-Thomson Microelectronics 
The market for RF power transis¬ 

tors is clearly in a growth mode, 
reflecting the general growth in the 
total market for RF components, sub¬ 
systems and systems. 
Certain segments are shrinking 

while others are expanding rapidly -
we see the most significant growth in 
communications and other wireless 
markets as well as industrial seg¬ 
ments. Radar and other military seg¬ 
ments on the other hand continue to 
contract. As a consequence, there is a 
general move by the suppliers to 
rationalize product lines and re-ori¬ 
ent toward standard products vs. cus¬ 
tom in order to be responsive to the 
price demands of high volume, com¬ 
mercial applications. 
While we also see a rapidly expand¬ 

ing market for our power modules in 
a number of segments, the demand 
for high power transistors will contin¬ 
ue to grow both for both use in modu¬ 
lar hybrid amplifiers as well as dis¬ 
crete solutions. The demand will be 
especially sharp for higher power lin¬ 
ear devices, both Class A and AB. RF 
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PROCEEDINGS^ 
g* uccessful engineers like yourself are constantly searching for information to keep them up-to-date on the 

rapidly changing world of electronic technology. Twice a year, this vital information is presented in the 
technical sessions and complete tutorial series at the RF EXPOs. 

If you were unable to attend a show or particular session — you can now obtain the same information in the RF 
Expo Proceedings. These proceedings cover almost every paper presented at the shows, topics including: 

... PIN diodes, transistors and other RF components ... Direct Digital Frequency synthesizers ... amplifier and 
oscillator design ... test methods ... and many other essential RF topics. 

Now a special opportunity to purchase your own copy of the RF Expo Proceedings at reduced prices. 

Hurry, supplies are limited 
For editions from 1992 and prior — only $ 15 each* 

Original price: $ 145 each 

Please send me the following Proceedings: Name 

□ RF Expo West 95 . $145 

□ RF Expo East 94. $145 

□ RF Expo West 94 . $100 

□ RF Expo West 93 . $100 

□ RF Expo East 93. $100 

□ RF Expo West 92 . $15* 

□ RF Expo East 92. $15* 

□ RF Expo West 91 . $15* 

□ RF Expo East 91 . $15* 

□ RF Expo West 90 . $15* 

□ RF Expo East 90. $15* 

□ RF Expo West 89 . $15* 

□ RF Expo East 89. SQLO OUT. $l5 * 
□ RF Expo West 88 . SOLOOWT. $15 * 
□ RF Expo West 87 . SOLQ OUT. $15* 

□ RF Expo East 87. $15* 

□ RF Expo East 86. $15* 

Shipping Charge: 
$5 each domestic — outside U.S., add $30.00 for first proceed¬ 
ings and $10 for each additional proceedings 

Title Phone 

Company Name 

Address 

Bldg. No. M/S 

Citv State ZIP 

Country Postal Code 

Payment: (Payment must accompany order) 

□ Check enclosed □ Visa/MC □ AMEX 

Card #_ 

Exp._ 

Signature_ 

Date_ 

SEND TO: ARGUS Direct Marketing • 6151 Powers Ferry Rd NW • Atlanta, GA 30339 
OR FAX TO: (404] 618-0347 



RF DESIGN SEMINAR SERIES 

Call for Papers 
RF Design Seminar Series — Dallas 

January 17-19, 1996 — Sheraton Park Central, Dallas, Texas 

Papers are invited for the first RF Design Seminar Series event! 
Technical presentations on any RF topic are encouraged, with spe¬ 
cial attention given to papers on recent engineering developments 
in components and techniques for applications of current interest 
— Cellular, PCS, WLAN, unlicensed systems, RFID, IVHS, LEO. 

Oral Presentations 
Oral presentations will be held during the day of January 18. Pro¬ 
posals should indicate whether the paper will require one-half hour 
or one-hour for presentation, including a question-and-answer peri¬ 
od. Papers may cover engineering design or analysis, testing, 
development case histories, or tutorial material. 

Poster Session 
A special evening Poster Session will be held from 4 to 6 p.m. on 
January 17. A social reception will be held in conjunction with this 
session, providing a relaxed atmosphere for the discussion of your 
work. Indicate your preference for this session in your proposal. 
Some papers proposed as oral presentations may be invited to par¬ 
ticipate in the Poster Session. Exhibiting companies are encour¬ 
aged to prepare technical papers or applications notes that can be 
included in this interactive session. 

Presenter Benefits 
All speakers and poster session participants receive free admission 
to the technical papers program and a copy of the Proceedings. 

In addition, all presenters will be given significant discounts on 
class fees for the short courses offered at this event. Your contri¬ 
bution to the program is appreciated! 

Send a one or two paragraph abstract by October 25, 1995 to: 

Gary Breed, Editor 
RF Design 

6300 S. Syracuse Way 
Suite 650 

Englewood, CO 80111 
Tel: (303) 220-0600 
Fax: (303) 267-0234 

The RF Design Seminar Series—4 Unique Learning Environment for RF Engineers 

RF BOOKS 
LOOK AT THESE NEW 
1995 PUBLICATIONS! 

RF Design Guide 
Peter Vizmuller has 
written an outstanding 
reference “cookbook” 
containing system cal¬ 
culations, circuit exam¬ 
ples for the most impor¬ 
tant RF building blocks, 
and a great collection of 

useful formulas for design. Software: A 
valuable “electronic workbench” database 
of drawings, text and equations. 
(320 pp) #AH-8 $99.00 

Single Sideband 
Systems & Circuits 
A brand-new 2nd edi¬ 
tion of this outstanding 
HF radio handbook by 
Rockwell-Collins engi¬ 
neers. Includes two new 
chapters and a disk with 
filter and amplifier 

design programs. Begins with system 
design and continues with detailed circuit 
design data on each part of an HF radio. 
(650 pp) #MH-2 $75.00 

intail 
* SqslBins 

LÉirniiis 

Mobile Cellular 
Telecommunications 
Updated 1995 edition 
of a classic reference by 
William C. Y. Lee. 
Complete descriptions 
of cellular systems and 
concepts. The latest 
data on GSM, TDMA 

and CDMA, plus notes on DECT, PCS, 
PDC, PHS, and other new systems. 
(664 pp) #MH-11 $60.00 

Oscillator Design and 
Computer Simulation 
2nd edition of Randy 
Rhea’s #1 guide to oscil¬ 
lator design, presented 
in a unified approach. 
Covers a wide range of 
circuit configurations 
and resonator types, plus 

computer design and analysis techniques. 
(297 pp) #NP-1 $64.00 

• Order by phone, fax or mail • 
• Prices do not include shipping • 

Crestone Engineering 
5910 S. University Blvd. 

Bldg. C-1B #360 
Littleton, Colorado 80121 

Tel: [303] 770-4709 
Fax: [303] 721-1021 

VISA • Master Card • American Express/Optima 
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Classified display ads are available at $125 per column inch. Frequency rates available for multiple 
insertions. Please call for further information, 1-800-443-4969, ask for Shannon Shuman. Or fax your ad 
copy for a rate quote to (770) 618-0342. 

ES 

SUNBELT OPPORTUNITIES 
Several of our growing commercial major electronic companies located in the 
southeast have asked us to identify candidates in the mid-level experience range. 

...YOUR CAREER 

1) MSEE - Manager R&D - Analog/RF Circuit Design to 90K 
2) BSEE - Manager - Analog IC Chip Design to 85K 
3) BSEE - SR RF Design Eng. - Wireless Communications to 70K 
4) BSEE - SR Design Eng. - Linear IC Chips to 70K 
5) BSEE - MMIC Design Eng. - L Band Thru KU Band to 70K 
6) BSEE - RF Test Engineer to 50K 

Filter Design Engineer: B S. Minimum 3 years expenence in the design and development of Broad Band, comb-line strip 
line, interdigital, low pass and high pass filters, multiplexers, diode switches, (phase shifters), attenuators and microwave 
sub-systems desirable 

RF Systems Design: Responsible for design of analog and RF systems and circuits for consumer and commercial digital 
wireless products. Experience with low-cost design techniques for frequency synthesizers, power amplifiers, up/down con¬ 
verters and baseband circuits for digital communications systems. Familiarity with time division duplex or CDMA a plus. 

Wireless Consulting Opportunities: Wireless/Cellular, ASIC/DSP/SIgnal Processing, Algorithm Dev./Distributor Proc.. 
Audio, Speech & Video Compression. Telecommunicalions/FPGA (XILINX). R.F. Spread-Spectrum/Sateliite. 
WirelessTDMA CDMA/CDPD/Freq. Hop . DataCom/TCPIP/Networti Management. Full Custom CMOS/Miied-SignaLVI. 
SI. Cellular Engs. /Hardware & Soltweare. Analog IC's/MMIC/Device Modeling, Telecom 
SottwarelPOS/PCN/GUI/OOP/ATM/ LAN/WAN/HUB/EtherneVGateway; located nationally. 

fffortune 
PERSONNEL CONSULTANTS OF RALEIGH, INC. 
P.O. Box 98388R • Raleigh, NC 27624-8388 
Phone: 919-848-9929 • Fax: 919-676-5099 

Stan Deckelbaum 

RF Senior Engineers Aggressive individuals to create and serve new accounts Positions are located throughout the USA 
An engineer who wants to enter sales world is acceptable Base salary, commission and car. BSEE. 

Antenna Engineer: Lead the conception, design and development of a wide variety of antennas and antenna systems including 
both reflector and array systems using microstrip, stripline, and waveguide technologies. BS/MSEE with 5 years experience 

Regional Field Sales Aggressive individuals to create and serve new accounts Positions are located throughout the U.SA 
An engineer who wants to enter sales world is acceptable Base salary, commission and car BSEE. 

Cellular Engineers: Design/Develop RF and analog circuits for high capacity cellular systems Requires minimum of 2 
years experience in any of the following DSP. ASIC Design. CAE Development. Digital Modulation, Digital Mobile Communi¬ 
cations. Channel Equalizers. Transmitter-Receiver-Synthesizer or Audio Design. Digital Signal Processing 

. RF Engineers 

Lectrosonics Inc., the world leader in professional wireless 
microphones, has immediate openings for experienced RF cir¬ 
cuit design engineers. Located in the heart of the southwest 
near Albuquerque for 25 years, Lectrosonics, Inc., has become 
the recognized wireless standard in broadcast and film/video 
production. 

Two positions are currently available. SENIOR RF DESIGN 
ENGINEER - BSEE and 10+ years experience; an RF DESIGN 
ENGINEER - BSEE and 5+ years experience. Both positions 
are new and result from sustained profitable growth. 

Successful candidates will have background in FM receiver and 
low power FM transmitter design in UHF range, preferably for 
the commercial/industrial market. Either position requires 
experience in analog receiver and low powered transmitter 
design from 500 to 2500 Mhz. Broad knowledge of RF circuit¬ 
ry design and systems to the discrete component level, includ¬ 
ing use of simulation and analysis software, is essential. Expe¬ 
rience with CAD layout of RF PCBs and audio circuitry desir¬ 
able. 

Lectrosonics offers top salaries, excellent benefits, a lower cost 
of living, the sunny New Mexico climate and a friendly small¬ 
company atmosphere where accomplishments are recognized 
and rewarded. 

Qualified candidate should submit cover letter, resume and 
salary requirements to: Personnel, PO Box 15900, Rio Ran¬ 
cho, NM 87174 or FAX:(505)892-6243 Equal opportunity 
employer. 

Wireless Engineers 
RF Design Engineers: Design of Si RF-ICs for wireless communication applications (AMPS, DAMPS. GSM. DECT, POS). 
Si RF-IXC design experience in the 400-2400 Mhz; fast RF PLL synthesizer design experience; RF 
receiver/transmitter/design experience using Si bipolar and MOS technologies 

RF Small Signal and RF Power AMP System Engineers: Requires detailed technical knowledge of cellular and PCS sys¬ 
tems with experience designing RF XMTRS and RCVRS Need 5+ years' related experience in RF 

Design Engineer Communications ICs: Requires B.S.E.E (M.S.E.E. preferred) and 5+ years experience. Individual will be 
responsible for leading the design and characterization of high frequency transceiver ICs for wireless communications appli¬ 
cations Design includes circuit integration of baseband, converter and RF/IF circuitry. 

MMIC Engineer: Develop L/S band GAA's MMIC power amplifiers for commercial wireless communications. Requires: 
M.S or BSEE. +2 years experience with GAA's MMIC design, simulation, packaging and test.. 

RF Engineer: Design RF portions of digital video home terminals (set top boxes) in new Video Entertainment Systems now 
under development The engineer will be responsible for the design of the RF receivers (tunersytransmitters The engineer 
will join a growing team developing a line of low-cost, high volume terminal for a variety of interactive video services. 5-900 Mhz 

Mechanical Engineers: You will be responsible for the cellular phone and paper design from mock up. detail design, 
protyping through production tooling You must have BSME and 5+ years of Iproduct development experience. High vol¬ 
ume. consumer electronic product related experience is essential 

I D COMMUNICATIONS J]] |y| I EXECUTIVE SEARCH 

871 Turnpike St. • North Andover. MA 08145 

We specialize in the placement of communications both nationally and internationally. 

FOR THESE AND OTHER OPENINGS 
CALL COLLECT: TEL: 508-685-2272 FAX : 508-794-5627 

RF & CELLULAR 
POSITIONS AVAILABLE 

LECTROSOniCS, IOC. 

Immediate RF and Cellular Positions Available 

Tel: 1-800-527-0373 
Fax: 1-800-784-0499 

M COI TELCOM, INC. 
2425 N Central Expway 

E ■ ■■ Suite 101 
g Richardson , TX 7 5080 
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ITS 
information 

transmission 

systems 

CORPORATION 
Visibly Better Technology 

ITS Corporation is a leading manufacturer of 
television transmitter systems located in a 
suburb of Pittsburgh. We are seeking 

candidates for the following new position: 

DESIGN ENGINEER 
An experienced design engineer with RF and 
video circuit experience. BSEE required. 

ITS CORPORATION 
HR Department 

375 Valley Brook Road 
McMurray, PA 15317-3345 

FAX: (412) 941-4603 

ITS is an EOE and promotes a tobacco-free work environment 

RF Design 
Marketplace 
Wants You! 

Call 
(800) 443-4969 
For Details. 

84 

areer Opportunities 
COMMUNICATIONS = 

RF DESIGN 
Executive and Technical Openings = 
Throughout the United States = 

FIELD SERVICE CORPORATION 

National and International Assignments 
RF Engineers/Cellular Installers 
CATV Engineers and Strand Mappers 
OSP Engineers Right Of Way Agents 
Project Managers, OSP Contract Specialists 
CAD/Draft Operations 
Call: 800-431-2806 
FAX: 914-592-7246 
Send Resume to: 37 East Main St. 

Elmsford, NY 10523 

MIDWEST _ _ OPENINGS 
RF COMMUNICATIONS EQUIPMENT DESIGN ENGINEERS 
B.SJM.S.. 2 to 8+ years experience, base-band to 3.0 GHz, in any of 
the following: Receivers, Transmitters. Power Amplifiers, Synthe¬ 
sizers, Spread Spectrum. RF ASIC/MM1C Design. Modems. Com¬ 
munications DSP. Desire strong analytical skills and experience in 
RF circuit simulation using RF CAE tools. Multiple openings with 
top commercial companies in attractive Midwest locations. Reply 
with assured confidentiality to: 

DON GALLAGHER MSEE 
Gallagher & Associates 

1145 Linn Ridge RD. MT. Vernon. IA 52314 
Phone: 319-895-8042 Fax: 319-895-6455 

Hl Fugincrring R« rutting for MidurM (lirais Siner 19X7 

OF ALM 4g ÏRQI E. INC. 

505-262-1871 
FAX 505-268-4954 

Excel of Albuquerque, Inc. 
excelalb@ix.netcom.com 
1700 Louisiana NE, Suite 210 

Albuquerque, New Mexico 87110 

OPPORTUNITIES 

PCS/PCN/CELLULAR/CDPD 
RF/HW/SW/FW/DSP 
Terminals/Systems 

7TZPRTWCK & ASSOCIATES 

P.O. Box 32546 • Phoenix, AZ 85064-2546 
E-Mail: FITZPAT@ix.netcom.com 

FAX: (602) 956-7644 

Without Tears“ 
Learn DSP and put your knowledge to work 

IMMEDIATELY! 
To receive an informative brochure on this popular seminar, call 

Z Domain Technologies, Inc. at 1 -800-967-5034 , 
404-587-4812. Hours: 9 - 5 EST. Or E-mail dsp@mindspring.com 

Also, a 2-day ADVANCED class in DSP is available on a 
limited basis -- call for more details. 

By taking this 3-Day Course, you will really 
learn DSP. Guaranteed! 

Coming to a City Near You: 
Washington DC - Dallas TX -Atlanta GA - San Jose CA ■ Scottsdale AZ 

September 1995 



Career Opportunities 

Teradyne is a leader in the fast growing 

Automated Test Equipment (ATE) industry. We 

provide customized, creative solutions to some 

of the world's fastest growing companies. Our 

diverse product line includes: automatic test 

systems for all types of integrated circuits 

(linear, mixed signal, memory), circuit board and 

telecommunications test systems and design 

automation software. We offer the opportunity 

to work in a challenging team-oriented environ¬ 

ment in the following areas: 

MICROWAVE DESIGN ENGINEER 
Responsibilities include the design and development 
of hardware used in RF and microwave test instru¬ 
mentation. Encompasses all project phases, from 
concept and proposal through release. Part of a 
team developing strategy for system architecture 
and calibration. 

BSEE/MSEE or equivalent with 5- 10 years' direct 
experience in microwave front and design (to 12 
GHz). A thorough knowledge of RF/Microwave 
instrumentation calibration methods and microwave 
test measurement techniques is essential. 

*“ RF ENGINEERS - ALL LEVELS *** 
Design/Test/Project (BS/MSEE) 

Quality/Manufacturing (BSME/IE/EE) 

“ FOR BROADBAND/CATV 

INDUSTRY LEADERS “ 

VHF DESIGN ENGINEER MICROWAVE TEST ENGINEER 
Responsibilities include design and develop¬ 
ment of high performance, high frequency 
instrumentation, including DSP based arbi¬ 
trary waveform generators and digitizers. 
Product definition, technology develop¬ 
ment and product design are key elements 
of this role. 

Qualified candidate will possess BSEE (MSEE 
preferred) with 5- 10 years of high frequency 
analog design experience. Knowledge and 
instrumentation of high frequency waveform 
generators and measurement instrumenta¬ 
tion operating at frequencies from DC to 
500 MHz is a must. Working knowledge of 
low distortion amplifiers, up-down convert¬ 
ers, filters and sample/hold circuits is 
required. C programming, spice modeling 
and touchstone simulation are pluses. 

Responsible for yield, process and reliability 
improvement for microwave instrumentation. 
Provide support to test technicians involved in test¬ 
ing, diagnosing and repairing microwave modules 
and assemblies. 

BSEE/BSET or equivalent, along with 3+ years' expe¬ 
rience working with microwave applications up to 6 
GHz. Strong communication skills are a plus. 

Teradyne offers an outstanding compensation and 
benefits package, profit sharing, stock purchase plan, 
and a 40 1 (k) savings plan. Please send resume and 

salary history to: Jim Kennedy, Teradyne, Inc., 
32 1 Harrison Ave., Boston, MA 02 118; 

fax (617) 422-2080. See our home page on 
the World Wide Web http://www.teradyne.com 

An equal opportunity employer, M/E/H/V. 

'i ■ 

Rantec Microwave & Electronic, Inc., a world leader in the construc¬ 
tion of shielded Anechoic Test Chambers, is seeking the following 
individual to join its newly relocated facility in Austin. 

RF Engineer 

Responsible for the design of EMC/RCS/microwave absorber materi¬ 
als and anechoic chambers. Involves developing new products/ 
processes, performing on-site chamber certification tests and generat¬ 
ing technical proposals. Will also interface with customers performing 
EMC tests and antenna measurements. The successful candidate 
should have at least a BS degree in EE - majoring in antennas and 
electromagnetics. The candidate should have a working knowledge of 
anechoic chamber antenna measurements. RCS testing and instrumen¬ 
tation. Experience with network analyzers, microwave 
sources/receivers, antennas and positioning equipment is essential, as 
well as strong programming skills (Fortran, HP basic). C++ and mate¬ 
rials science expertise would be ideal. Excellent verbal/written com¬ 
munication skills and the willingness to travel are required for this 

position. 

Rantec offers competitive salaries and an excellent benefit package 
including a smoke and drug-free environment. For immediate consid¬ 
eration, please send your resume including salary history to: 

Rantec Microwave & Electronics, Inc. 
c/o EMCO 
P.O. box 1546 
Austin, TX 78767 
Attn: Human Resources 

RF Design 

“Plus" Backgrounds Include: 
Analog/Digital Design 
Fiber Optics/Lasers 

Amplifier/PIN Diode Circuits 
Touchstone/Eagleware/Spice/Compact 

CAD/AutoCAD/MathCAD 

‘ASK ABOUT EXCLUSIVE BONUS, 

ALL POSITIONS * 

Females and minorities encouraged to apply. We 
represent equal-opponunity firms. All fees company paid. 

HRIST1E 

V¿ÚSSOCIATES 

10955 Jones Bridge Road 
Suite 131-264 

Alpharetta, Georgia 30202 
Telephone: (770) 772-7175 

FAX: (770) 772-7177 

fíFoESIGN 
ENGINEERS 

World-Class Designer  ̂advanced 
X'tal oscillators to develop new 
technologies/packaging in well 
equipped labs. Min 10 yrs rel exp. 
in high stability/low-noise OCXOs. 
Knowledge of GPS, Telecom, Space, 
SMT, Hybrids a plus. MSEE pref. 

Project Engineer required to design 
quartz X'tal oscillators, TCXOs/ 
VCXOs. Min 5 yrs rel exp. 1 
MHz to 1 GHz range, including 
PLL's, ASICs; use CAD/CAE, simul, 
hands-on; SMT/Hybrids req. MSEE 
pref. Excellent benefits. Send 
resume w/sal requirements to: 

VECTRON 
VECTRON LABORATORIES 

M. Beccarelli 
P.O. BOX 5160 • Norwalk, CT 
06856 
Fax: (203) 849-1423 

The Crystal Oscillator Company 
EOEM/FV/D 

'Nationwide opportunities in the 
CELLULAR/WIRELESS industry. 

Debra Sola-Furnari 
TELE-TECH SEARCH 
4773 Split Rail Place 

W. Melbourne, FL 32904 
.(407) 951-4200 FAX (407) 951-0808 
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By The Time 
Older Companies 
Have Developed 
The Idea, 
We’ve Developed 
The Technology. 
At Ericsson Inc., we’ve navigated 

the evolution of communications 

technology for more than a century. 

Because our unwavering mission 

has always been to develop the 

technological capabilities others 

have just begun to contemplate. 

Our team of inventive and cre¬ 

ative visionaries works in symbiot¬ 

ic accord to produce advances 

that don’t just make global com¬ 
munication easier and better — 

but that make history. ()ur engi¬ 

neers, scientists and technicians 
are given the unbridled freedom 

to imagine. The rare opportunity 
to turn imagination into technolo¬ 

gy. And the chance to develop 

myriad technological firsts, includ¬ 

ing our imminent development of 

the world’s first dual mode cellu-

lar/satellite hand-held portable 

phone. 

It is our goal to continue assem¬ 

bling experts whose level of tech¬ 

nical acumen is surpassed only by 

their level of imagination. And to 

not only continue moving ahead 

of our competition, but to move 

ahead of our time. 

S join us. And help us change 

die way the planet communicates. 

R.F. DESIGN ENGINEERS"B.S.E.E. and 5+ years experience in RE 
circuit design to the component level, system design, or 
receiver/transmitter design within the wireless industry coupled with 
the desire to work in the areas of transmitters, receivers or synthesiz¬ 
ers. Job Code 95RFSE9. 

R.F. SENIOR DESIGN ENGINEERS-b S E E. (M.S. desirable) and 7+ 
years experience in radio RE design, RE ASIC definition/design or 
power amplifiers coupled with a desire to work in the areas of trans¬ 
mitters, receivers or synthesizers. Job Code 95 ASICSE8. 

R.F. ASIC DESIGN ENGINEERS“B.S.E.E. and 3+ years of BiPolar or 
CMOS radio applications experience. Job Code 94RTP72. 

R.F. DEVELOPMENT ENGINEERS- B.S.E.E. and 2+ vean; RE design 
experience and familianty with AMPS and DAMPS. 
fob Code 95RMOA57 

STAFF ENGINEERS, INTEGRATION & CONFIGURATION-BSKE or 
B.S.E.T. and 3+ years experience in systems verification and test 
specification for telecommunications equipment coupled with an 

>ment and AKE digital interest in cellular radio base station equipment an 
switch test configuration. Job Code 95RMOA128 

If you have what it takes to join the team that’s changing the way 
the world communicates, send your resume to: 

Attention: Ernie Leskovec 
Ericsson Inc., One Triangle Drive 
P.O. Box 13969, Mail Drop RF0995 
Research Triangle Park, NC 27709 
Or fax us at: 919-685-2610 

ERICSSON 
For the High -Techknowledgeable sb

"An equal opportunity employer - AFFIRMATIVE action employer. M/F/HDCP" 



arreer Opportunities 
TV/COM International, Inc., a subsid¬ 
iary of Hyundai Electronics America, is 
a world leader in high performance 
delivery solutions for cable, sateillite, 
and terrestrial television networks in¬ 
cluding secure access control systems. 

RF MODULATOR DESIGN ENGINEERS 
RF system analysis, design, performance alloca¬ 
tion, and test characterization for QPSK modula¬ 
tors. Knowledge of analog/RF hardware interac¬ 
tion with digital modem hardware, high speed 
conversion, component/design tradeoffs, statisti¬ 
cal yield optimization techniques, and PC based 
design tools. Some positions require rapid de¬ 
sign capture, breadboard, and test of new de¬ 
signs as well as parts selection and evaluation. 
BSEE/MSEE, 5-10+ years exp. (Code 63H) 

RF RECEIVER DESIGN ENGINEER 
RF system architecture, analysis, design, perfor¬ 
mance allocation, and test characterization for 
high volume/rate consumer digital satellite and 
cable modem front ends (50-2500 MHz). Knowl¬ 
edge of receiver design, QPSK, QAM, interaction 
of analog/RF hardware with digital modem hard¬ 
ware, high speed analog-to-digital conversion, 
component/design tradeoffs, statistical yield op¬ 
timization techniques, and PC based design tools. 
BSEE/MSEE, Í0+ years exp. (Code 64H) 

ENGINEERING MANAGER 

Send resume to: 
Human Resources-RF0901, 
TV/COM. 16516ViaEsprillo, 
San Diego, CA 92127 
or fax to (619) 451-1505. 

TV/COM 

HARRIS RI' Communications, a leader in the design and 
production of high performance HF, VHF and UHF radio 
equipment and communications systems for government and 
militan’ customers worldwide, has an opening for an 
Engineering Manager The successful candidate will head a 
rapidly growing R&D and program group developing 
advanced radio products and peripherals. Reporting to an 
Engineering Director, and working closely with a Business 
Line Vice President, you will play a significant role in deter¬ 
mining product and program strategy. 
This position requires a minimum of 8 years’ experience in 
radio product development, and demonstrated project 
leadership in a team-oriented environment. 
Our Rochester location in picturesque upstate New York 
offers a progressive, modern city with a recognized high 
quality of life Cultural and entertainment attractions abound 
and mountains, lakes, open rural countryside and Canada are 
all nearby The school systems are excellent, both for your 
children and for your advanced studies. 
Please send resume to: Rebecca Shaw, Harris Corporation, 
RF Communications Division, 
1680 University Ave., 
Rochester, NY 14610. e-mail: 
rls4@RFC.Comm. Harris.Com. 
FAX: (716) 242-4067 
or 242-4711. 
We are an equal opportunity 
employer and value a diverse 
work force. 

%co rp0. 

/100 % 
X  YEARS 

■H HARRIS 

s 95 -199 

WIRELESS ENGINEERING OPPORTUNITIES 
with MOBILE SYSTEMS INTERNATIONAL 

Mobile Systems International (MSI) currently has engineering positions open for RF and Network engineers. MSI is a world class company 
with a reputation for providing high quality advanced consulting support to telecommunications, PCS/PCN, ESMR, Cellular, and Paging 
operators, as well as other wireless system operators worldwide. MSI offers a wide range of services covering CDMA, GSM. IS-54 
TDMA, AMPS, MIRS, Paging, and other wireless technologies. Typical services provided to our customers include: 

• Radio, Signaling, and Network System Planning and Design • System Dimensioning 
• Technology and Vendor Selection • System Design Audits 
• New Technology Integration • System Performance Monitoring 
• Strategic and Management Consultancy • Technical Training 

MSI offers the opportunity not only to be involved with all of the newest wireless technologies but to also work with a group of highly 
qualified and experienced engineers. At MSI our engineering team takes pride in holding themselves to the highest engineering standards. 
Applicants should possess a BSEE or MSEE degree with a minimum of 1 year experience in the wireless engineering industry, and must be 
innovative as well as highly detail and results oriented. Excellent presentation and technical writing skills are also required. Other useful 
skills include knowledge of DOS and UNIX operating systems, microwave engineering, networking of wireless communications systems 
including GSM, IS-4 1 and SS7, development of RF propagation models, traffic engineering, and knowledge of antenna and receiver design 
principles. Travel may be required. 

We at MSI are committed to further expanding our RF and Network engineering consultancy by the addition of experienced, well qualified 
wireless engineers. Engineers are needed in our Chicago, Dallas, Atlanta and Washington DC offices as well as other customer locations 
throughout North and South America and Asia. If you are a highly motivated engineer who meets the above mentioned qualifications MSI 
is the career move you are seeking. Please send your resume in strictest confidence to the address below. MSI is an equal opportunity 
employer. 

A Mobile Systems International 
A Personnel Department 
W One Lincoln Centre, Ste 200 • Oakbrook Terrace, IL 60181 
▼ Fax: (708)261-3028 
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Not All 

High-Tech 

People 

Qualify 

To Be On An 

Argus List. 

Mzgwnxi^ 
PCS RF NETWORK ENGINEERS TO MID $70’s 

PCS ANTENNA ENGINEERS TO S80's 
PARABOLIC RF & MECHANICAL ENGINEERS TO $70 s 

Please tax resume in confidence to 
916-549-4168 

RANDALL F. CHAMBERS 8 ASSOCIATES 
“Wireless Recruiting Professionals” 

PO Box 723, Bella Vista, CA 96008 * Tel 916-549-5331 

COMMUNICATIONS ENGINEERS 
Our clients are hiring RF engineers with the 
following skills: 
Wireless Telecomm, Cellular, Mobile, Telephony, 
NPCS, spread spectrum, DSP, AMPS, SMR, 
GSM, CDPD, TDMA, CDMA, WLAN, WPBX, 
Transmitters, Receivers, modulators, demodula¬ 
tors, low noise amps, mixers, oscillators, filters, 
DOS, synthesizers, 900/1900 MHz. 

Never a fee to applicants. 
o' Positions available nationwide. 
o' Send email, fax, or call Randy Brei today! 

Brel & Associates, Inc. 
P.O. Box 445 Marion, IA 52302-0445 
(319)377-9196 FAX (3 19)377-92 19 

RBREI@NETINS.NET 
http://www.NETINS.NET/showcase/RDBREI/ 

I valúate multiple conversions using an incredibly intuitive graphical interface 
Specify up to five stages on the Planning screen (using stage or IO parameters) 

Tx/Rx path budget window shown is one of many auxiliary calculations 
A comprehensively' indexed, text book style user's guide presents equations and 
theory behind system design Extensive on-line help screens 
Perform spurious analysis on the Spur Web™ screen and evaluate frequency 
response on the (iraph screen (zoom scale w/mousc) 

Waypoint 
Software.. 

1930 Bavwi. Drive .317 
Colorado Springs. CO >0918 

(719) 59S-9592 
(WaypoMiSW^aol com) 

MANAGEMENT 
RECRUITERS" 
OF BOULDER, INC. 
The search and recruiting specialists 

WINDY BRADFIELD 
RF / MICROWAVE SPECIALIST 

CONTINENTAL BLDG., SUITE 301 
1401 WALNUT STREET, P.O. BOX 4657 

BOULDER, COLORADO 80306 
(303) 447-9900 

FAX(303) 447-9536 

SCTE 
Sustaining 
Member 

proehlich & Co. 
f executive search 

•'1 - r- ' l^T^ : ■ -

RF Design 

Marketplace 

(800) 443-4969 

Products & 
Services 

■nqineerinq Positions Available: 

Rent the circulation file of 
this publication for your 

direct mail needs. For our 
complete catalog, call 

Kristin at 
(770)618-0479. 

ARGUS 
BUSINESS LISTS 

88 

Senior RF Design, 
Test • Digital • Analog 
Market Developement 
Software Applications 
Fiber Optic Electrical 

Applications • Reliability 
Manufacturing 

Call or write. Fees paid. 

P.O. Box 339 Weatherford, TX 76086 
(800) 742-4947 • Fax: (817) 594-1337 
E-Mail: 72774.3617@compuserve.com 

NOLAN LABORATORIES, INC. 
Consulting, Design, Test and Manufacture 

FOR 

RF, Microwave, Antennas, Electromagnet¬ 
ics, EMI/RFI, Bioelectromagnetic Sensors 
Design and Support for Manufacturability 

James A. Nolan, MSEE PO Box 567 
President Conifer, CO 80433-0567 

(303) 838-0057 
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1 GHz RF 
SIGNAL GENERATOR 
AM/FM, 100 KHz through 1 GHz 
Quality crafted in the USA 

Finally, a synthesized signal generator that’s 
designed to help you generate more than just signals. The Ramsey RSG-10, is the signal gen¬ 
erator you can afford, the signal generator that’s designed to do what a signal generator is 
meant to do- provide a very stable, accurate, easy to control signal from 100 Khz to 1.0 Ghz. 

For the price, you wouldn’t expect any more. But, there is more to the RSG-10. An intelli¬ 
gent microprocessor controlled/programmable memory, for example, can store up to 20 of 
your most commonly used test set-ups. And unlike other units, just one touch of the memory 
exchange button is all it takes to quickly shift from one test set-up to another. You get more 
work done, easier and faster. 

At $2495, the Ramsey RSG-10 is your profit generator. 

RAMSEY ELECTRONICS 
793 CANNING PARKWAY, VICTOR, NY 14584 
Fax: (716) 9244555 
TELEX: 466735 RAMSEY Cl ■ 

ORDER DIRECT—CALL 1-800-446-2295 ■ 

■k¥s 
ELECTRONICS 
"Wk... .... ku.™, tan. .... ’..kf, " 

• STD. 5 AND 10 MHZ OCXO 
• TCXO • VCXO • TC-VCXO 
• VCO’s • CLOCK OSCILLATORS 
• CUSTOMIZED CRYSTAL FILTERS 
STD. 10.7 MHZ, 21.4 MHZ and 45 MHZ 

• L/C FILTERS 
• STANDARD IF FREQUENCYCRYSTALS 
• SURFACE MOUNT AND LEADED 
PACKAGE 

Call or Fax requirements. 
16406 N. Cave Creek Rd. #5 
Phoenix, AZ 85032-2919 

Phone & Fax (602) 971-3301 

RF Design Marketplace (800) 443-4969 
o 

RF Literature/Product Showcase ■ 
GOULD POWERDE^ 

Thin Lithium Batteries 
As thin as 0.7 mm 

• Thin rectangular format 

• High energy density 

• Customized capacity 

• Solder or pressure contacts 

• Available in 3 and 6 volt 

: family of products: 
itandard: A, B, C sizes 

• Ultrathin: less than 1 mm 

• Customized: capacity and/or size 

• Rechargeable: call for information 

Gould Electronics Inc., Electronic Power Sources 
35129 Curtis Blvd. Eastlake, Ohio 44095-4001 
Phone: (216) 953-5059 Fax: (216) 953-5152 
Toll Free: 1-800-722-7890 

(U.S. & Canada) GOULD 
Electronics 

KM COST 
HIGH PERFORMANCE 
FREQUENCY SOURCES 

/ MODEL KS4 -$195.00 .oighztoi.oghz 
y MODEL USA - $245.00 loghz to ughz 
/ MODEL SSA - $295.00 i.oghz toa.zghz 
RF OUTPUT: +8dBm min., SMA Connector 
FREQ. STABILITY: i30ppm, -20'c to +60'c 
B+: +12 to +16 VDC 

llllilrnnnnn *3nl>:0 MnorP3'*, CA 03021 
nllíHallUU (805) 523-2390 FOX (805) 523-0065 

INFO/CARD 80 INFO/CARD 81 INFO/CARD 82 
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■ RF Literature/Product Showcase Ml 

First Integrated .Antenna Design & Analysis Program 
for Windows Under $100 Supporting NEC2 

Features Include: 
• Intuitive Graphical User Interface 
• Powerful Azimuth and Elevation Plotting 
• Three-Dimensional Radiation Patterns 
• Automated VSWR. Beamwidth. F/B Ratio, 
Input Impedance and Current Calculations 

CRYSTAL OSCILLATORS 
AND OVENS 

Still Only $695! 

Paragon Technology , Inc. 
200 Innovation Blvd. Suite 240 

Stale College. PA 16803 
E-mail: NecWin« aol.com 

(814) 234-3335 l ax: (814) 234-0228 

Why is TESLA winning all these awards? It's 
simple and easy to use, yet it does full RF 
non-linear, mixed analog & digital simu¬ 
lation. Why not see for yourself? Call now: 

800-631-1113 
TESOFT Inc. 404-751-9785 Fax404-664-581 7 

PO Box 305 Roswell GA 30077 

* High stability crystal oscillators and ovens for: 
* Test equipment frequency standards 
* Global position systems 
* Cellular telephone communications 
* Paging transmitters & TV studio equipment 
* Navigation and many other applications 
* OCXOS, TCXOS, VCXOS, AND 
CRYSTAL OVENS 
Write or call us with your requirements 
Isotemp Research, Inc. P.O. Box 3389 
Charlottesville, VA 22903 

INFO/CARD 83 INFO/CARD 84 INFO/CARD 85 

RF/Microwave 

• CRO, DRO, LC Microstrip 
Designs. 

• Free Running or Phase 
Locked. 

• Designs Matched to Your 
Requirements. 

• Cost Effective, High Quality 
Custom Design and 
Development. 

• Fax or Send Requirements 
for Quick Response. 

; Signal Microwave Electronics 
• 4764 Rayford Street 
• Jacksonville, Florida 32254 
J Phone: (904) 384-7023 
• Fax: (904) 384-9144 

0 
s 
A 

INFO/CARD 86 

INFO/CARD 89 

EMC Testing 
Made Easy 

Wayne Kerr’s EASY 1 
is an Emissions 
Assessment System for 
pre-compliance EMC 
testing of conducted 
and radiated emissions. 
The turnkey system 
works with Windows 
and includes the SSA 

1000A Spectrum Analyzer, GPIB card for the PC, and 
all required antennas and probes for open area testing 
from 30 MHz to 1GHz. You can use EASY 1 to meet 
FCC/VDE/ CISPR/EN/CENLEC/EMC standards. A 
free demo disk is available. 

Wayne Kerr, Inc. 
11 Sixth Road 

Woburn. MA 01801-1744 
Tel: 617-938-8390 
Fax: 617-933-9523 

INFO/CARD 87 

Custom Ceramic Filters 

RF POWER AMPLIFIERS 

1 MHz-2GHz 1W-1KW 

• Small Size • High Efficiency • Durable 

• Module and Rack Mount Systems 

• Customization Available 

RF POWER AMPLIFIERS 

651 Via Alondra, #712 
Camarillo, CA 90312 USA 

TEL: (805) 388-8454 
FAX: (805) 389-5393 

INFO/CARD 88 

Propriatary Pole/Zero Design Technique yields steep 
shape factors with low loss 

Frequency Range: 500 - 3000 Mhz 

* Bandwidths up to 5% 

• 4,6, and 12 mm Profiles 

* Moderate to large volume 

We give you what you want, not what's on our shelf! 

228 Northeast Rd 
Standish, Me. 04084 

Phone: (207) 642-4535 
Fax: (207) 642-0198 

INFO/CARD 90 

Custom Power 
Amplifiers at 
off the shelf " 

Prices and delivery 
For catalogue call 
408-448-3342 

FAX 
800-416-7934 
(510-279-5912) 

PTEK 
INFO/CARD 91 



RFdesign 
The Buyers’ Guide is a convenient guide to suppliers 
of products and services available for design and 
development engineers. Buyers' Guide listings are 
sold on an annual basis at the rates shown. 

Per Issue Total/Year 

DISCRETE COMPONENTS 

Regular Listing 
Additional Line 
Bold Listing 
Additional Line 
1”Ad 
Drop Out In White 

$22.00 $264.00 
$19.00 $228.00 
$25.00 $300.00 
$21.00 $252.00 

$200.00 $2,400.00 
$25.00 $300.00 

All orders must be prepaid. You can forward 
your check or charge your ad to: 

For information on closing dates and details on a 
special Introductory Offer, call 1-800-443-4969. 
Ask for your yellow page representative. 

CAPACITORS 
Chip 
Sprague Goodman , 134 Fulton Ave., Garden City Park, NY 11040-5395 . (516) 746-1385 

Vacuum 
COMET North America, 11 Belden Ave., Norwalk, CT 06850 . (203) 852-1231 

Surcom Associates, Inc., 2215 Faraday Ave., Suite A, Carlsbad. CA 92008. (619) 438-4420 

Variable 
COMET North America, 11 Belden Ave., Norwalk, CT 06850 . (203) 852-1231 

SPRAGUE 
Goopmnn 

TRIMMER CAPACITORS, 
INDUCTORS AND 

MICROWAVE TUNERS 
1700 Shames Drive, Westbury, NY 11590 
Tel: 516-334-8700 • Fax: 516-334-8771 

INTEGRATED CIRCUITS/MCM_ 

RF & Wireless Microcircuit Assembly 
GaAs MMIC • High Speed Analog MCM 

Colorado Microcircuits, Inc. 
1106A Boise Ave. Call for Free Proposal 
Loveland, CO 80537 (970)663-4145 

Micro Hybrids, Inc., 2864 Route 112, Medford, NY 11763. (516) 732-3448 

NEC Wireless Semiconductor Products | 
Small Signal & Power GaAs FETs Small Signal & Power Bipolars 

Silicon & GaAs MMICs: Amplifiers, Prescalers, Downconverters 

California Eastern Laboratories 
4590 Patrick Henry Dr Santa Clara CA 95054 1817 4 08-988-35 00 FAX 408-988 0279 

CRYSTALS/RESONATORS 
H.K. Crystals Co., Unit H, 22/F, Shield Ind. Ctr„ 

34-36 Chai Wan Kok St., T.W. H.K. Tel (852) 4120121 Fax (852) 4985908 

INTERNATIONAL CRYSTAL 

MANUFACTURING CO, INC 

Custom Crystals 
60KHz - 200MHz 

Oscillators and Elements 

RF, Analog & Mixed-Signal ASICs 
Full-Custom Designed ICs: Bipolar, CMOS, BiCMOS 

Frequency Synthesis, Mixers, Amplifiers, A/Ds, D/As, Switched Cap Circuits 

RTG Inc TEL (3 10) 534-30 16 • FAX: (3 IO) 534-3728 
P.O. Box 3986. Torrance. CA 905 IO • E-MAIL: sales@rtg.com 

Quartz 

Sales and Service: 1-800-725-1426 
MODULAR COMPONENTS 

American KSS Inc. 
Quartz Crystal 

Products 
Corporate Office 
3295 Scott Blvd., Suite 100 
Santa Clara, CA 95054 
Tel: (408) 986-9577 
Fax: (408) 986-1717 

Eastern Regional Office 
401 E. Louther St 
Carlisle, PA 17013 
Tel: (717) 243-6008 
Fax: (717) 243-4343 

Southern Regional Office 
5696 Peachtree Parkway 
Norcross, GA 30092 
Tel: (770)263-3768 
Fax:(770)263-3769 

kJ REEVES-HOFFMAN 
DIVISION DYNAMICS CORPORATION OF AMERICA 

For your AT Crystal requirements, including High 
Frequency Fundamental Oscillator Crystals up to 
155.52 MHz and Filter Crystals to 150 MHz HFF. 

400 W. North St., Carlisle, PA 17013, Tel: 717-243-5929, Fax: 717-243-0079 

AMPLIFIERS 
Broadband 
Dressler HF Technik Gmbit, 
Werther Str. 14-16, D-52224, Stolberg, Germany . +49-2402-71091 Fax: (-71095) 

Trontech, Inc., 381 Industrial Way East, Eatontown, NJ 07724 . (908) 542-113 Fax (908) 542-1118 

RF Power 
Silicon Valley Power Amplifiers, 529 Forman Dr. # B, Campbell, CA 95008 . (800) 986-9700 

FILTERS 
Delta Microwave Inc., 840 Vira Alondra, Camarillo, CA 93012 . (805)987-6892 

Crystal 
Reeves-Hoftman, 400 W. North St., Carlisle, PA 17013 . (717) 243-5929 

I&Û 

Merrimac Industries, Inc., 

41 Fairfield PI., W. Caldwell, NJ 07006 . (201) 575-1300 Fax (201) 575-0531 
Saw 
Phonon Corp., 7 Herman Dr., P0 Box 549, Simsbury, CT 06070 . (203) 651-0211 

SAW Components 4 Subsystems. Fax (203) 651-8618 

CRYSTAL OSCILLATORS 
■ ACMOS TTL to 200 MHz 
■ HCMOS TTL to 80 MHz 
■ ECL to 630 MHz 
■ VCXOs to 200 MHz 
■ SMD to 300 MHz 

i^lpey-fisherU 
A SUBSIDIARY OF-M4TK 

FUNDAMENTAL Crystals to 350 MHz 

800-982-5737(ext. 244) 
Valpey-Fisher Corporation • 75 South Street • Hopkinton. MA 01748 Fax: 508-497-6377 

RFM 444. M « ■•xi • T Dallas, Texas 75244 U.S.A. Rr Monollthics, Inc. Tel: 214/233-2903. Fax: 214/387-8148 

SAW-based RF Components and Modules for the Low-Power 
Wireless, High-Frequency Timing, and Telecommunications Markets 

Transmitters • Receivers • Resonators • Oscillators • Clocks • Filters 
Call, write, or fax for a free product data book. 

DIODES 
Loral Semiconductor Division, 75 Technology Dr., Lowell, MA 01851 ....(508) 256-4113 ext.3311 

Varactor 
Knox Semiconductor, Inc. 
13 Quarry Rd., P.O. Box 609, Rockport, ME 04856. (207) 236-6076 Fax(207) 236-9558 

MIXERS 
Merrimac Industries, Inc., 

41 Fairfield PI., W. Caldwell, NJ 07006 .(201)575-1300 Fax (201) 575-0531 

INDUCTORS 
Ferrite Cores 
Sprague Goodman. 134 Fulton Ave., Garden City Park, NY 11040-5395 . (516)746-1385 

Fixed 
Sprague Goodman, 134 Fulton Ave., Garden City Park, NY 11040-5395. (516) 746-1385 

RF Design 

MODULATORS 
FSK 
Merrimac Industries, Inc., 

41 Fairfield PI., W. Caldwell, NJ 07006 . (201)575-1300 Fax (201) 575-0531 
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OSCILLATORS 

MODULAR COMPONENTS RETRANSMISSION COMPONENTS 

M REEVES-HOFFMAN 
= _ DIVISION DYNAMICS CORPORATION OF AMERICA 

For your Crystal Oscillator requirements, Clocks, 
TCXO’s, VCXO’s, OCXO’s, Hybrid & Discrete. 

400 W. North St, Carlisle, PA 17013, Tel: 717-243-5929, Fax: 717-243-0079 

INDUCTORS AND CHOKES 
Kintronic Labs, 144 Pleasant Grove Rd.. Blutt City, TN 37618. .(615)878-3141 Fax (615)878-4224 

ISOLATORS/CIRCULATORS 

Valpey-Fisher Corp., 75 South St., Hopkinton. MA 01748. (508) 435-6831 Fax (508) 435-5289 

Crystal 
Oak Frequency Control Group, 

100 Watts St., PO Box 8, Mt. Holly Springs, PA 17065 . (717) 486-3411 

Saronix, 151 Laura Lit., Palo Alto, CA 94303. (415) 856-6900 (800) 227-8974 

Wenzel Associates, Inc., 1005 La Posada Dr., Austin, TX 78752. (512) 450-1400 

Microwave 

— — AEROTEK COMPANY LIMITED 
— Manufacturers of Circulators and Isolators 

Coaxial and Drop-in types, 400 MHz-18 GHz 
^^S"TOP QUALITY, REASONABLE PRICE" 

1756 Sukhumvit 52, Sukhumvit Rd., Bangkok, Thailand. 
AEROTEK Tel: (662) 31 1-4448, 332-5035 Fax: (662) 332-5034 

MICROWAVE CONNECTORS 

Electronic Surveillance Co., Inc.. 33328 Howe Ln.. Creswell. OR 97426. (503) 895-5071 

Applied Engineering Products, P.O. Box 510, New Haven, CT 06513 . (203)776-2813 

Coaxial Connectors, Inc., 1500 N.W. 62nd St,Ste.5O1, Ft. Lauderdale, FL 33309. (305)772-2664 

Southwest Microwave. Inc., 2922 S. Roosevelt St.. Tempe. AZ 85282 . (800) 587-5995 

SYSTEM SUBASSEMBLIES 

AMPLIFIERS 
Broadband 
Trontech, Inc., 381 Industrial Way East, Eatontown, NJ 07724 ...(908)542-1133 Fax (908)542-1118 
LNA 
Trontech, Inc., 381 Industrial Way East, Eatontown, NJ 07724 ...(908)542-1133 Fax (908)542-1118 

Linear Power. RF 

MULTICOUPLERS 
Trontech, Inc., 381 Industrial Way East. Eatontown, NJ 07724 ..(908) 542-1 133 Fax (908) 542-1 118 

PHASE SHIFTERS 
Merrimac Industries, Inc., 

41 Fairfield PL, W. Caldwell, NJ 07006 . (2*1) 575-1300 Fax (201) 575-0531 

PRECISION 

PACIFIC AMPLIFIER CORR (805) 375-5773 

• LO-MED-HI-POWER LINEAR AMPLIFICATION 
• CELLULAR, TELEPHONY MULTI CHANNEL USE 
• -30 dBc STANDARD; -60 dBc FEED FORWARD 

TELEPLEX, INC. - ALFORD DIVISION 
4801 INDUSTRIAL PKWY. - INDIANAPOLIS, INDIANA - 46226-4200 (317) 895 8800 

• PRECISION COAX & W/G SLOTTED LINES 30MHZ. ToTÖGHL 
• LOW V.S.W.R. INTERSERIES COAX ADAPTERS 6 1/8” TO 2.40mm. 
• HIGH POWER - LOW LOSS BIAS TEES 20 AMPS THRU 3.0 GHZ. 
• CONSTANT IMPEDANCE LINE STRETCHERS LOW LOSS TO 18 GHZ. 
• ADJUSTABLE COAX TUNERS MATCH S.W.R. > 14:1 , VHF TO 36 GHZ 
• ANDREW ALFORD ANTENNA PRODUCTS VHF-UHF-FFS-VOR-MIL 

RF Power 
Trontech, Inc., 381 Industrial Way East, Eatontown, NJ 07724 .(908) 542-1133 Fax (908) 542-1118 

High Dynamic Range 
Trontech, Inc., 381 Industrial Way East, Eatontown, NJ 07724 .(908) 542-1133 Fax (908) 542-' 118 

POWER DIVIDERS/COMBINERS 
Merrimac Industries, Inc., 

41 Fairfield PL, W. Caldwell, NJ 07006 . (201) 575-1300 Fax (201) 575-0531 

PRINTED CIRCUIT BOARDS 
Harmon Electronics, Inc., 601 N. Main, Warrensburg, MO 64093 . (816) 747-2236 

CALL SOUTHWEST CIRCUITS NOW! (800) 279-5572 
• PROTOTYPES AND SHORT RUNS FOR ALL MICROWAVE AND WIRELESS APPLICATIONS 

• ALL POPULAR MICROWAVE LAMINATES: PTFE -TEFLON - DUROID - GX 

• MULTI-LAYERS - QUICK TURN - EXOTICS 

Southwest Circuits, 3760 E. 43rd Place, Tucson, AZ 85713 

TEL (602) 745-851 5 FAX (602) 747-8334 MODEM (602) 747-5108 

RF CONNECTORS 
Merrimac Industries, Inc., 

41 Fairfield PL, W. Caldwell. NJ 07006 . (201) 575-1300 Fax(201) 575-0531 

Molex, Inc., 2222 Wellington Ct., Lisle, IL 60532 . 800-M0LEX78 

SV Microwave, 3301 Electronics Way, West Palm Beach, FL. .(407)840-1800 Fax (407)844-8551 

SURGE & TRANSIENT PROTECTORS 

Lightning Suppressors • D.C. - 26 GHz 
Coaxial • Powerline • Digital 

FISCHER CUSTOM COMMUNICATIONS, INC. - (310)891 0635 | 

Polyphaser Corp., P.O. Box 9000, Minden, NV 89423. .(800)325-7170, (702)782-2511 

RETRANSMISSION COMPONENTS 

ANTENNAS 
Sinclair Technologies. Inc., Oriskang Dr., Tonawanda. NY 14150 . (800)288-2763 

Syndetix Inc., 2820 N. Telshor Blvd., Las Cruces, NM 88011 . (505) 522-8762 

Custom Antenna Design, High Power, Including Flight Certified . Fax (505) 521-1619 

SWITCHES 
Electromechanical 
Dow-Key Microwave Corp, 1667 Walter St, Ventura, CA 93003 . (805) 650-0260 

Matrix Systems corp., 5177 N. Douglas Fir Rd, Calabasas, CA 91302 . (818) 222-2301 

MBF Microwave, Inc, Rt. 2, Box 252A, Hardy, AR 72542 . (501) 856-2685 

ATTENUATORS 
Coaxial 
SV Microwave, 3301 Electronics Way, West Palm Beach, FL (407) 840-1800 Fax (407) 844-8551 

Syndetix Inc., 2820 N. Telshor Blvd., Las Cruces, NM 8801 1 . (505) 522-8762 

Custom Antenna Design, High Power, Including Flight Certified . Fax (505) 521-1619 

CABLE ASSEMBLIES 
Kaman Instrumentation. 1500 Garden of the Gods. Colorado Springs. CO 80907 . ..(719) 599-1821 

SRC Cables, 5590 Skylane Blvd., Santa Rosa, CA 95403 . (707)573-1900 

Storm Products, Advanced Tech Group, 116 Shore Drive, Hinsdale, IL 60521 . (708) 323-9121 
Cable Interconnect Systems 
C&M Corporation, 51 S. Walnut St., Wauregan, CT 06387 . (203) 774-^812 

DIRECTIONAL COUPLERS 
Merrimac Industries, Inc., 

41 Fairfield PL, W. Caldwell, NJ 07006 . (201) 575-1300 Fax(201) 575-0531 

FILTER ASSEMBLIES 

M REEVES-HOFFMAN 
= •= DIVISION DYNAMICS CORPORATION OF AMERICA 

For your Crystal Filter requirements from 1 KHz to 
150 MHz Fundamentals and up utilizing Overtone 
Crystals. 

_ 400 W. North St., Carlisle, PA 17013, Tel: 717-243-5929, Fax: 717-243-0079 

SYNTHESIZERS 
Novatech Instruments, 

1530 Eastlake Ave. E, #303, Seattle, WA 98102 . (206) 322-1562 Fax (206) 328-6904 

TELEMETRY 

Æmwsc/t Ja/c TEL (702) 345-2705 J 
V Verdi. Nevada USA FAX (702) 345-2484 

Will customize to your requirements: 
Transmitters & Receivers 
Telemetry • Video • Digital • Command • Beacon 

Command Encoders & Decoders since 1978 

VACUUM CAPACITORS 
COMET North America, 11 Belden Ave, Norwalk, CT 06850 . (203) 852-1231 

VACUUM TUBES 

Svetlana 
ELECTRON DEVICES 

92 

RUSSIAN POWER TUBES 
RUSSIAN MICROWAVE TUBES 
Quality Engineering and Manufacturing 

Tel: (800) 578-3852 • Fax: (415) 233-0439 
3000 Alpine Road • Portola Valley. CA 94028 
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DIGITAL SIGNAL PROCESSING ERVICES 

SYSTEMS DEVELOPMENT, REAL TIME 
Adaptive Technology, Inc., 309 Curtis St., Syracuse, NY 13208 ...(800) 724-6968 Fax (315) 472-3279 

CONSULTANTS 
Goldman Research. 12705 Monfort. Dallas. TX 75230 . (214) 788-1122 

RF Design & Modeling - Spice, EEsof, Wireless . WNJU8OA@PRODIGY.COM 

MATERIALS AND HARDWARE 

COMPONENTS/HYBRID PACKAGES 
Reeves-Hoflman, 400 W. North St., Carlisle, PA 17013. (717) 243-5929 

CRYSTAL BLANKS 
Reeves-Hoflman. 400 W. North St., Carlisle, PA 17013 . (717) 243-5929 

PC BOARDS 
Laminates, Polyester Copper Clad 
Glasteel Industrial Laminates, P.O. Box 910, Collierville, TN 38027. (901) 853-5070 

TEST EQUIPMENT 

Racal Instruments, 4 Goodyear St., Irvine, CA 92718 . (800) 722-3262 

EMC/EMI TESTING 
Liberty BEL EMC SVCS., P.O. Box 5431, MS20, Compton, CA 90224 . (310) 537-4235 

Above MS20 represents RF Design 

TUV Rheinland of North America, Inc., 

12 Commerce Road, Newtown. CT 06470 . (203) 426-0888 Fax (203) 270-8883 

EQUIPMENT CALIBRATION 
Instrument Repair Labs. Inc., 2100 W. 6th Ave., Broomfield, CO 80020 . (800) 345-6140 

INSTRUMENT RENTAL/LEASING 
Naptech, 12312 Hwy 175, Cobb, CA 95423. (800) 336-7723 Fax (707) 928-1963 

OEM PRODUCTS 
Locus. Inc.. 1842 Hoffman St.. Madison Wl 53704 . (608) 244-0500 

RF TEST & MEASUREMENT EQUIPMENT 
COAXIAL DYNAMICS, INC., 

15210 Ind. Pkwy., Cleveland, OH 44135 . (216) 267-2233 Fax (216) 267-3142 

TELEMETRY SYSTEMS & ENGINEERING 
Telemetry Technologies. Inc., 3307 West St.. Rosenberg, TX 77471 . (713) 344-9000 

SOFTWARE & SYSTEMS, CAD/CAE 

SPECTRUM ANALYZERS 
DC TO LIGHT, P.O. Box 7140, Bozeman, MT 59771 . (406) 586-5399 Fax (406) 586-6556 

SERVICES 

ANTENNA DESIGN & MEASUREMENT 
Kintronic Labs, 144 Pleasant Grove Rd., Bluff City, TN 37618. (615) 878-3141 Fax (615) 878-4224 

SOFTWARE 
Circuit Simulation 
COMET North America. 89 Taylor Ave., Norwalk, CT 06854. (203) 852-1231 

Design Automation, Inc., 4 Tyler Rd., Lexington, MA 02173 . (617) 862-8998 Fax (617) 862-3769 

ingSoft Ltd. - the providers of the RF Designer® Solution . (41 6) 730-961 1 

312 Dunview Ave., North York, ON M2N-4H9, Canada; bbs: 226-9820 . Fax: 733-3884 

Waypoint Software, 1950 Bavaria Drive, #317, Colorado Springs, CO 80918. (719) 598-9592 

SYSTEM SIMULATION 
Tesott, Inc., 205 Crossing Creek Ct.. Roswell, GA 30076 . 1800) 631-1113 

Makers of TESLA Com Simulator . Fax (404) 664-5817 Inti I404) 751-9785 

EMC 
BOM 

The Products & Services Directory is a convenient For information on rates, closing dates and 
guide to suppliers of products and services for the 
EMC/ESD industry. Products & Services Directory 

details on a special Introductory Offer, call 
1-800-443-4969. Ask for your yellow page 

listings are sold on an annual basis. representative. 

ELECTRONIC COMPONENTS AND EQUIPMENT 
EMI SUPPRESSION COMPONENTS 
Cables and Connectors 
Spectrum Control, Inc., 6000 West Ridge Rd., Erie, PA 16506 . (814) 835-4000 

EMI/RFI Filters 
POTTER PRODUCTION CORPORATION, 3004 Hwy. 51 N„ Wesson. MS 39191 . (601) 643-2215 

Santek, 9765 Marconi Dr., #205, San Diego, CA 92173 . (619) 661-8119 

Ferrite Beads, Rods, Forms 
Fair-Rite Products Corp., P.O. Box J. Wallkil, NY 12589 . (800) 836-0427 

Steward, Inc., 1200 E. 36th Street, Chattonooga, TN 37401 . (615) 867-4100 Fax (615) 867-4102 

Ferrite Suppression Components 
Steward, Inc., 1200 E. 36th Street, Chattonooga, TN 37401 . (615) 867-4100 Fax (615) 867-4102 

Filtered Connectors . 
Spectrum Control, Inc., 6000 West Ridge Rd., Erie, PA 16506. (814) 835-4000 

Filters. Power Line 
Qualtek Electronics Corp., 7675 Jenlher Dr., Mentor, OH. 44060 . (216) 951-3300 

RtroN Corp., P.O. Box 743 Skokie, IL 60076. (708) 679-7180 

Transformers/ Filters 
Steward, Inc., 1200 E. 36th Street, Chattonooga, TN 37401 . (615) 867-4100 Fax (615) 867-4102 

ESD AND SURGE CONTROL COMPONENTS 
Lightning Arrestors 
Fischer Custom Communications, 2905 W. Lomita Blvd, Torrence, CA 90505. (310) 891-0635 

Polyphaser Corp., P.O. Box 9000, Minden, NV 89423 . (800) 325-7170 (703) 782-2511 

CABLE AND CONNECTORS 
Connectors And Adapters 
ADC Telecommunications, 4900 W. 78th St., Minneapolis, MN 55435 . (800) 366-3891 X3000 

Optical Fibers And Connectors 
ADC Telecommunications, 4900 W. 78th St., Minneapolis. MN 55435 . (800) 366-3891 X3000 

EMC TEST EQUIPMENT ■ EMISSIONS 
Absorbers 
Advanced Electromagnetics, Inc., P.O. Box 71 1719, Santee, CA. 92072- 1719 . (619)449-9492 

Absorbers 
IBEX Group, Inc., 23 Markham Dr., Long Valley , NJ 07853 . (800) 403-3930 

Microsorb Technologies, Inc., 14A Airport Dr. Hopedale, MA 01747. (508)634-1900 

Rantec, P.O. Box 1546, Austin, TX 78767. (512) 835-4684 

Anechoic Chambers 
Advanced Electromagnetics, Inc., P.O. Box 711719, Santee, CA. 92072- 1719 . (619)449-9492 

IBEX Group, Inc., 23 Markham Dr., Long Valley , NJ 07853 . (800) 403-3930 

Rantec, P.O. Box 1546, Austin, TX 78767. (512) 835-4684 

Antennas 
Antenna Research Associates. Inc.. 11317 Fredrick Ave., Beltsville, MD 20705. ...(310) 937-8888 

Antennas 
EMCO, P.O. Box 1546, Austin, TX. 78767. (512) 835-4684 

Antennas Above 30 MHz 
A.H. Systems Inc.. 9710 Cozy Croft Ave, Chatsworth, CA91311..(818) 998-0223 Fax (818) 998-6892 

EMCO, P.O. Box 1546, Austin, TX. 78767. (512) 835-4684 

IBEX Group, Inc., 23 Markham Dr., Long Valley , NJ 07853 . (800) 403-3930 

Antennas Masts 
Antenna Research Associates, Inc., 11317 Fredrick Ave., Beltsville, MD 20705. ...(310) 937-8888 

EMCO, P.O. Box 1546, Austin, TX. 78767. (512) 835-4684 

IBEX Group, Inc., 23 Markham Dr., Long Valley , NJ 07853 . (800) 403-3930 

Current Probes 
Fischer Custom Communications, 2905 W. Lomita Blvd, Torrence, CA 90505. (310) 891-0635 

IBEX Group, Inc., 23 Markham Dr., Long Valley , NJ 07853 . (800) 403-3930 

Ion Physics Corp., 111ndustrial Way, Atkinson NH 0381 1 . (603) 893-6687 

Ferrite Absorber Tiles 
IBEX Group, Inc., 23 Markham Dr., Long Valley , NJ 07853 . (800) 403-3930 

Rantec, P.O. Box 1546, Austin, TX 78767. (512) 835-4684 

GTEM Cells 
Antenna Research Associates. Inc., 11317 Fredrick Ave.. Beltsville, MD 20705 ....(310) 937-8888 

EMCO. P.O. Box 1546, Austin, TX. 78767. (512) 835-4684 

Line Impedance Stabilization Networks 
EMCO, P.O. Box 1546, Austin, TX. 78767. (512) 835-4684 

Fischer Custom Communications, 2905 W. Lomita Blvd, Torrence, CA 90505. (310) 891-0635 

IBEX Group, Inc., 23 Markham Dr., Long Valley , NJ 07853 . (800) 403-3930 

Rantec, P.O. Box 1546, Austin, TX 78767. (512) 835-4684 

Near Field Probes 
Antenna Research Associates, Inc., 11317 Fredrick Ave.. Beltsville. MD 20705.... (310) 937-8888 

EMCO, P.O. Box 1546, Austin, TX. 78767. (512) 835-4684 

IBEX Group, Inc., 23 Markham Dr., Long Valley , NJ 07853 . (800) 403-3930 

Preamplifiers 
IBEX Group, Inc., 23 Markham Dr., Long Valley , NJ 07853 . (800) 403-3930 

Preselectors 
IBEX Group, Inc., 23 Markham Dr., Long Valley , NJ 07853 . (800) 403-3930 

Shielding Effectiveness Testers 
Antenna Research Associates. Inc., 11317 Fredrick Ave., Beltsville, MD 20705 ....(310) 937-8888 

EMCO, P.O. Box 1546, Austin, TX. 78767. (512) 835-4684 

EMC TEST EQUIPMENT - SUSCEPTIBILITY 
Antennas 
EMCO, P.O. Box 1546, Austin, TX. 78767. (512) 835-4684 

E-Field Probes 
EMCO, P.O. Box 1546, Austin, TX. 78767. (512) 835-4684 

GTEM Cells 
EMCO, P.O. Box 1546, Austin, TX. 78767. (512) 835-4684 
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ELECTRONIC COMPONENTS ANO EQUIPMENT MATERIALS, HARDWARE AND PACKAGING 
EMC TEST EQUIPMENT ■ SUSCEPTIBILITY 
Power Amplifiers 
Applied Systems Engineering, Inc., 8623 Hwy. 377 S., Fort Worth, TX 76126 . (819) 249-41 80 

Varian Microwave Equip. Prods., 3200 Patrick Henry Or. Santa Clara, CA 95054. ...(408) 496-6273 

Sheilded Fiber Optic Links 
Antenna Research Associates, Inc., 11317 Fredrick Ave.. Beltsville, MD 20705 ....(310) 937-8888 

Suroe Generators 
Velonex Corp.. 560 Robert Avenue. Santa Clara, CA 95050 . (408) 727-7370 

Pulse, Surge. Transient, ESD, Hybrid Generators 

ESD TEST EQUIPMENT 
ESD Event Detectors 
Monroe Electronics. Inc.. 100 Housel Avenue. Lyndonville, NY 14098 . (800) 821-6001 

TREK INC., 3932 Salt Works Rd., P.O. Box 728, Medina, NY. 14103 . (800) FOR-TREK 

Field Strength Meters 
Antenna Research Associates. Inc.. 11317 Fredrick Ave.. Beltsville, MD 20705 ....(310) 937-8888 

Surface & Volume Resistivity Meters 
Monroe Electronics. Inc., 100 Housel Avenue, Lyndonville, NY 14098 . (800) 821-6001 

TREK INC., 3932 Salt Works Rd., P.O. Box 728, Medina, NY. 14103 . (800)FOR-TREK 

SHIELDING MATERIALS 
Tripods 
EMCO, P.O. Box 1546, Austin, TX. 78767.   (512) 835-468 

Turntables 
EMCO, P O. Box 1546, Austin, TX. 78767. (512) 835-468 

SHIELDING EMI/RFI SERVICES 
Vacuum Platers. Inc., 115 S. Union Street, Mauston. Wl 53948 . (608) 847-564 

MATERIALS, HARDWARE AND PACKAGING 

SHIELDED ENCLOSURES - EQUIPMENT 
Component/Module Cases 
Marmin-Hil Plastics. Inc.. 101 Roselle St., Linden, NJ 07036. (908) 925-2940 (800) 886-294I 

SHIELD ROOMS AND CHAMBERS 
Shielded Rooms EMI/RFI/Magnetic 
Rantec, P.O. Box 1546, Austin, TX 78767. (512) 835-468 

ESD PACKAGING 
Antistatic and Conductive Polyurethanes 
Pad-Tastics, Inc., P.O. Box 50479, Cicero. IL 60650 . (708) 780-8402 FAX (708) 780-1631 

SHIELDING MATERIALS 
Antenna Towers 
EMCO, P.O. Box 1546, Austin, TX. 78767. (512) 835-4684 

Architectural Shielding 
Specialty Technical Components, Inc., P.O. Box 2106, Southeastern, Pa 19399. (610) 647-9000 

Broadband EMI 
Steward, Inc.. 1200 E. 36th Street, Chattonooga, TN 37401 . (615) 867-4100 Fax (615) 867-4102 

Conductive Adhesives 

ESD ENVIRONMENTAL CONTROL 
Antistatic or Conductive Flooring 
Freudenberg Building Systems, lnc./Nora Rubber Flooring 

94 Glenn St., Lawrence, MA 01843.  (508) 689-0531 

TEST LABORATORIES AND CONSULTANTS 

Venture Tape Corp., 30 Commerce Rd., Rockland, MA 02370. (617) 331-5900 

Conductive Fiber/Fabric 
Venture Tape Corp., 30 Commerce Rd., Rockland, MA 02370. (617) 331-5900 

Ferrite Absorber Tiles 
Fair-Rite Products Corp., P.O. Box J, Wallkil, NY 12589. (800) 836-0427 

Gasketing Materials 
Venture Tape Corp., 30 Commerce Rd., Rockland, MA 02370. (617) 331-5900 

Laminates 
Venture Tape Corp.. 30 Commerce Rd., Rockland, MA 02370. (617) 331-5900 

Magnetic Shielding 
Ad-Vance Magnetics. Inc., 625 Monroe St., Rochester, IN 46975 . (219) 223-3158 

Positioning Controllers 
EMCO. P.O. Box 1546, Austin, TX. 78767. (512) 835-4684 

Sheilding Foils and Tapes 
Venture Tape Corp., 30 Commerce Rd., Rockland, MA 02370. (617) 331-5900 

TEST LABORATORIES 
Spectrum Control, Inc., 6000 West Ridge Rd.. Erie, PA 16506. (814) 835-400( 

TUV Product Service, Inc., 1775 Old Hwy. 8, New Brighton, MN 55112. (800) 472-799Í 

EMI/EMC CONSULTANTS 
EMC&I, 5700 Corsa Ave., #100 Westlake Village, CA 91362 . (818)889-224: 

EMI/EMC TESTING 
LambdaMetrics, P.O. Box 1029, Cedar Park. TX 78630-1029 . (512) 219-8216 

FCC listed lab. one EMC Engineer. 30 years RF design experience. Prompt Personal Service 

CONSULTANTS 
Kimmel Gerke Assoc. Ltd., 1544 N. Pascal, St. Paul. MN 55108 . (612) 330-3728 

EMC Oesign/Troubleshooting-Medical, Industrial, ITE, Vehicles & More-50t years exp. 

Regulatory Consultants Network, P.O. Box 344, Liberty Hill, TX 73642. (800) 326-6338 

EMC Design, EMC/EMI/EMS/ESD & Electrical Product Safety 

You won’t get any calls if no one 
knows your number. 

But the RF-Design and EMC Test and Design 
Directory can help solve that problem. Our 
directory will put you in touch with over 
40,000 decision makers in the RF-Design and 
EMC industry. There are fantastic introductory 
offers that make advertising even easier. 

Call Shannon Shuman at 1-800-443-4969 for details. 
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RF literature 
High-Speed/ 
Wide-Bandwidth Databook 
Comlinear’s 1995 Databook Supplement 

is a 256-page reference book providing full 
detail of Comlinear’s broad line of high¬ 
speed, wide-bandwidth components for sig¬ 
nal conditioning, data conversion and serial 
digital interface. It includes complete speci¬ 
fications and performance plots for new 
and updated products introduced since 
Comlinear’s 1993-1994 Databook. 
Comlinear Corp. 
INFO/CARD #210 

Fax-on-Demand Service 
Andrew Corporation announces the 

availability of “Answers from Andrew”, an 
automated fax-on-demand system to better 
serve the information needs of its cus¬ 
tomers. The service provides product infor¬ 
mation, technical documents and news 
publications. By dialing 1-800-861-1700 
(708-873-3614 for international callers), 
anyone with a touch-tone phone and fax 
machine can access the system. 
Andrew Corp. 
INFO/CARD #209 

SNA Measurement Accuracy 
Anritsu Wiltron offers a new technical 

seminar along with a companiion applica¬ 
tion note (54100A-7) and free software pro¬ 
gram. The free seminar identifies common 
sources of scalar network analyzer mea¬ 
surement uncertainty and provides com¬ 
mon sense suggestions for accuracy 
improvements. An emphasis is placed upon 
“measurement accuracy” rather than sim¬ 
ple “instrumentation accuracy.” 
Anritsu Wiltron Co. 
INFO/CARD #208 

Reconditioned Equipment 
Catalog no. 35 from Bid Service contains 

100 pages of reconditioned electronic man¬ 
ufacturing and scientific/analytical instru¬ 
mentation. Categories of equipment 
include: amplifiers, analyzers, filters, com¬ 
ponent testers, generators, oscilloscopes, 
power meters, RFI/EMI equipment, tele-
com/communications testers and others. 
Bid Service 
INFO/CARD #207 

Lightning Protection 
Newsletter 
The latest edition of Striking News from 

PolyPhaser contains articles on the effec¬ 
tiveness of tower down-conductors, light¬ 
ning current, silicon avalanche diode power 
line protectors, and information on upcom¬ 
ing trade shows. 
PolyPhaser Corp. 
INFO/CARD #206 

Cable Television Testing 
Wavetek’s full-color, 28-page Cable Televi¬ 

sion Selection Guide includes a full range of 

products designed to meet cable television’s 
specific testing needs. The newly-expanded 
guide features Wavetek’s newest frequency 
agile MicroStealth Installer/Service Techni¬ 
cian Meters which measure channel signal 
levels with a display similar to the Stealth 
SAM 4040 and Stealth 3SR sweep receiver. 
Wavetek Corp. 
INFO/CARD #205 

Test & Measurement 
Equipment 
Tucker Electronics announces the release 

of their full line catalog. This free test and 
measurement product guide contains over 
5000 new and used instruments plus hun¬ 
dreds of components and specifications. 
Tucker Electronics 
INFO/CARD #204 

Waveform Synthesizers 
Pragmatic Instruments has released 

their new Selection Guide for Waveform 
Synthesizers. Seven different arbitrary 
waveform generators with sample clock 
rates ranging from 100 MHz to 2 MHz, ver¬ 
tical waveform resolution from 12-bits to 
16-bits, and waveform capacity up to 1 
megaword are featured. 
Pragmatic Instruments, Inc. 
INFO/CARD #203 

Communications Videotapes 
George Washington University offers the 

Keiser Communication videotapes, cover¬ 
ing high definition television (5 tapes), 
microwave radio systems (5 tapes), and 
satellite communication engineering princi¬ 
ples (7 tapes). Prices for each series are 
$1,575 for the High Definition Television 
series, $1,710 for the Microwave Radio Sys¬ 
tems series, and $2,205 for Satellite Com¬ 
munication Engineering Principles series. 
The George Washington University 
INFO/CARD #202 

Used Test Equipment 
GE Capital Test Equipment Management 

Services has released Volume 1 of the 1995 
Buyer’s Guide. The 13-page guide contains a 
list of quality used test equipment, grouped 
by manufacturer, with a brief description of 
each available model. Information is avail¬ 
able by calling 1-800-GE-RENTS. 
GE Capital 
INFO/CARD #201 

MMDS Amplifier Data 
A four page data sheet introducing a series 

of 2.5 - 2.7 GHz solid-state PAs for MMDS 
(wireless cable) and ITFS (instuctional tele¬ 
vision) is now available from Chesapeake 
Microwave Technologies. This data sheet 
defines critical features and electrical specifi¬ 
cations of these solid state, high power 
amplifiers. 
Chesapeake Microwave 
Technologies, Inc. 
INFO/CARD #200 

IF/RF Catalog 
Daico Industries announces the publica¬ 

tion of its 1995-1996 IF/RF catalog. The all 
new 280-page catalog features DAICO's 
complete family of IF and RF components. 
DAICO specializes in the manufacturing of 
switches attenuators, phase shifters, 
MMICs, bit detectors, couplers and sub¬ 
assemblies. Over 45 new products are fea¬ 
tured in the catalog. 
Daico Industries, Inc. 
INFO/CARD #199 

Test & Measurement Catalog 
LeCroy announces publication of the new 

1996 Test & Measurement Catalog featur¬ 
ing product information, selected applica¬ 
tions information and two tutorials on 
"Fundamentals of Digital Oscilloscopes" 
and "Waveform Creation Made Easy”. 
Included is information on LeCroys 1 GHz 
bandwidth oscilloscope line and the 9362, 
which has a 10 Gs/s sampling rate. 
LeCroy Corp. 
INFO/CARD #198 

Connector Catalog 
Applied Engineering Products has 

released a 185-page catalog, called the 
"Blue Book", describing their series of con¬ 
nectors, adapters, and cable assemblies. 
Besides showing standard connectors, the 
"Blue Book" shows mounting and cable 
attachement options, plating options, cable 
terminations, adaptors, and other features. 
Applied Engineering Products 
INFO/CARD #197 

Signal Switching Handbook 
Keithly Instruments has announced the 

availability of its 3rd edition of the Switch¬ 
ing Handbook. The expanded and revised 
handbook is an application guide to signal 
switching in automated test systems. It 
provides over 200 pages of information on 
the theory and practice of automated 
switching in low level measurements. 
Keithley Instruments, Inc. 
INFO/CARD #196 

Resistive Devices 
EMC Technology has released a 98-page, 

four-color catalog describing their attenua¬ 
tors, terminations, resistors, connectors 
and surface mount hybrid couplers. The 
catalog also contains a special section 
hilighting new products and eight applica¬ 
tion notes. 
EMC Technology, Inc. 
INFO/CARD #195 

Component Summary Sheet 
Analogic announces a component sum¬ 

mary sheet for its complete line of high per¬ 
formance data conversion component prod¬ 
uct lines. 
Analogic Corp. 
INFO/CARD #194 
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RF software 
Integrated Design Programs 
Eagleware has released GENESYS, an 

integrated set of programs for analog, RF 
and microwave circuit designers. 
GENESYS includes a high-speed linear cir¬ 
cuit simulator, programs for the synthesis 
of a wide range of circuits, a schematic 
interface, and exportation of circuit files for 
Touchstone, Spice, and em, the electromag¬ 
netic simulation program from Sonnet Soft¬ 
ware. GENESYS is available for DOS, Win¬ 
dows 3.1 and Windows NT. Simulation 
packages start at $995; synthesis modules 
range from $599 to $999. 
Eagleware Corp. 
INFO/CARD #193 

Site Management 
SoftWright has introduced SiteBase™ for 

Windows™, a comprehensive communica¬ 
tions site management program. A relation¬ 
al database for the user-friendly Windows 
interface, SiteBase tracks and updates 
equipment and other management informa¬ 
tion, as well as creating dozens of cus¬ 
tomized reports. Using Windows 3.0 or high¬ 
er, SiteBase runs on 286 (or higher) IBM 
compatibles. Introductory price is $395. 
SoftWright LLC 
INFO/CARD #192 

Resonator Selection 
Trans-Tech offers CARD (Computer 

Aided Resonator Design) and COAX (Coax¬ 
ial Element Designer Guide), Windows™-
based software design tools that can assist 
RF designers in the selection of dielectric 
and coaxial resonators for oscillators and 
filters from UHF to Ku frequencies. CARD 
and COAX provide graphical presentation 
of the frequency response and equivalent 
circuit values for insight into the interrela¬ 
tionships among circuit components. Both 
programs relate component material geom¬ 
etry to predicted performance using a wide 
choice of materials and models based on 
proven, established development formulas. 
Trans-Tech, Inc. 
INFO/CARD #191 

SPICE for Networks 
Intusoft has introduced a keyless version 

of its popular SPICE 3F based simulator 
IsSpice4. The software is licensed for a spe¬ 
cific number of copies that “float” on a net¬ 
work. The software may be installed on any 
machine in a network which acts as the 
server. Any client machine on the network 
can run the ICAP/4 software, and special 
provisions have been made for clients to 
have their own private model libraries, 

symbols, and preferences. Network simula¬ 
tion performance is as good as that of 
stand-alone versions. “Dongleless” network 
versions of the ICAP/4 Windows™, 
ICAP/4Lite and ICAP/4Lite Xtra packages 
are priced according to the formula: list 
price X (N+l), where N is the maximum 
number of copies to be run at any one time. 
Intusoft 
INFO/CARD #190 

Block-Level Simulator 
Visual Systems is shipping VisSim v2.0, 

a modeling and nonlinear simulation soft¬ 
ware package. Vis Sim allows users to sim¬ 
ulate many types of systems by selecting 
and connecting icons from a tool bar. RF 
systems can be simulated using a number 
of high frequency block models, including 
Hilbert, Bessel, Chebyshev, Butterworth or 
inverse Chebyshev filter types. Virtual con¬ 
trol panels can be constructed, with user-
definable charts, meters, indicator "lamps" 
and alarms. VisSim operates under 
Microsoft Windows, Windows NT and 
UNIX/X operating systems. Prices range 
from $495 to $4,195 depending upon capa¬ 
bility and operating platform. 
Visual Solutions Inc. 
INFO/CARD #189 

CERAMIC RF 
CAPACITORS 

C-D/SANGAMO 
MICA RF CAPACITORS 

RF Design Software 
September Disk — RFD-0995 
"Phase Noise Measurement for Under $250" by Bill Suter. Wave analysis software used with 

the signal acquisition hardware described in the article. Takes output of A/D converter, applies a 
Hanning window and performs a FFT. Displays the system noise from 1 kHz to 100 kHz. (Quick 
C, source code and compiled, executable version. See notes on program usage in article) 

August Disk — RFD-0895 
"Microstrip Coupled-Line Bandpass Filter Synthesis and Analysis Program" by Sean Mercer and 

Eric Mabada. The user enters performance specifications, and the program generates a microstrip 
filter that meets those requirements. Analysis data is created in tabular form; Touchstone and 
Super Compact files can be generated for further analysis. (Requires QBASIC interpreter in MS-
DOS 5 or higher, VGA or SVGA graphics) 

ALSO AVAILABLE: 
Index of RF Design Articles: 1978-1994 — Disk RFD-INDEX — $25.00 (U.S.) 

Amplifier and Oscillator Design Program — RFCAD — $99.00 (U.S.) 

VACUUM CAPACITORS 
VACUUM RELAYS 

SURCOM ASSOCIATES, INC. 
2215 Faraday Avenue, Suite A 

Carlsbad, California 92008 
TEL (619)438-4420 
FAX (619)4384759 

Programs from RF Design provided on disk for your convenience 
Monthly program disks: $25.00 (U.S.) $30.00 (foreign) 

Yearly Disk Sets and Annual Subscriptions Available: Call for Information 

All orders must be pre-paid by check, money order, or major charge card. All checks must be in 
U.S. dollars and payable to a bank located in the U.S. Prices include shipping. 

RF Design Software 
Argus Direct Marketing Dept. 

6151 Powers Ferry Rd., N.W. 
Atlanta, GA 30339-2941 

Tel: (404) 618-0398 
Fax: (404) 618-0347 
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with GENESYS, a suite of programs for synthesizing microwave filters 
amplifiers, oscillators, active filters, matching networks and L-C filters 

for your Touchstone, Spice and =SuperStar= simulator. 

EXAMPLE GENESYS SCREEN 

MICROWAVE FILTERS 
End coupled 
Edge coupled 
Hairpin 
Stepped-Z 
Combline 
Interdigital 
Elliptic lowpass 
Elliptic bandpass 
Sub lowpass 
Stub bandpass 
Stub bandstop 
Edge bandstop 

OSCILLATORS 
L-C series mode 
L-C Colpitts 
L-C Clapp 
T-line and L-C VCO 
VCO with xformer 
Cavity bipolar and hybrid 
Dielectric resonator 
Terminal SAW bipolar 
Port SAW hybrid 
Port SAW MOSFET 
Pierce and Colpitts crystal 
Driscoll crystal 
Butler overtone 
Overtone with multiplier 

MATCHING NETWORKS 
L-C pi and L 
L-C tee 
T-line quarter wave 
T-line single/double stub 
General order bandpass 
L-C pseudo lowpass 
T-line pseudo lowpass 
T-line stepped-Z 
Custom with R' s and xformers 

LUMPED FILTERS 
Conventional all-pole 
Conventional elliptic 
Top-C coupled 
Top-L coupled 
Shunt-C coupled 
Tubular 
Blinchikoff flat delay 
Zig-zag 
Eagleware symmetric 

ACTIVE FILTERS 
GIC transform 
Single feedback 
Multiple feedback 
Low sensitivity 
State variable (biquad) 
VCVS 
Dual amplifier 

GENESYS includes free technical support, 
no annual fees and a money-back guarantee 
GENESYS is available for 

Touchstone is a product of HP/EEsof 
GENESYS and =SuperStar= are products 
of Eagleware 

WINDOWS, WINDOWSNT, 

€RGL€UJflRg= 
Eagleware Corporation * 1750 Mountain Glen * Stone Mtn, GA 30087 * USA 

TEL (404) 939-0156 * FAX (404) 939-0157 
SñM€ Pflices INTeRNfmONRLLV 
DlfleCT SALS & USSR SUPPORT 
0V FAX, phons or ictér 
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...MORENEW 

3 VOLT 
RFICs 
FOR YOUR HANDHELD 

WIRELESS 
PRODUCTS 

Dozens of 3 Volt Amplifiers, Prescalers, 
Up & Downconverters, IQ Mods & Demods, 

and Transistor Arrays, including: 

UPC8104GR 
IQ Modulator 

with Up Converter 

800 MHz to 2.4 GHz 

2.7 to 5.5 V Supply Voltage 

UPC8106T/09T 
Up Converters 

800 MHz - 2.4 GHz 

7 dB CG @ 1.9 GHz 

2.7 to 5.5 V Supply Voltage 

NEC’s 3 Volt ICs not only reduce power 

consumption in your wireless designs, 

they help reduce your parts count, improve the reliability, 

and simplify assembly. 

We're committed to 3 Volt Silicon technology. 

These parts are just a sampling of the wide variety of 

the semiconductors we stock. 

We also stock 5 Volt ICs — plus NEC’s huge family 

of discrete devices. Many of these transistors are charac¬ 

terized at 1 to 3 Volts, and most are available in a 

number of package styles, including the new ultra¬ 

miniature 0.8 X 1.6 mm NEC " 19" package. 

For a FREE Product Selection Guide, call your 

nearest CEL Sales Office. Or circle the number below. 

CEL 

UPC2758T 
Downconverter 

100 MHz -2.4 GHz 

17 dB CG @ 2.0 GHz 

+6 dBm IP3 

UPC2768GR 
Downconverter 

DC - 450 MHz 

80 dB Conversion Gain 

On-chip Oscillator 

UPC2762T/63T 
Driver Amplifiers 

100 MHz -1.9 GHz 

14 or 20 dB Gain and 

+7dBmPidB@ 1.9 GHz 

UPC2771T 
Wideband Amplifier 

100 MHz -2.1 GHz 

21 dB Gain and 

+ 11.5 dBm P]dB @ 900 MHz 

...plus a wide variety of Silicon Devices 
for 5 Volt applications, including: 

UPC2709T 
Wideband Amplifier 

100 MHz- 2.3 GHz 

23 dB Gain 

+8 dBm PldB @ 900 MHz 

UPC2766GR 
IQ Demodulator 

35 dB AGC Dynamic Range 

Flat Response to 1 GHz RF 

DC-100 MHz l/Q Output 

UPC2721GR 
High Compression Point 

Downconverter 

900 MHz - 2.0 GHz 

21 dB Conversion Gain 

UPB1505GR 
Prescaler 

+64/128/256 

3 GHz Guaranteed RF Input 

High Input Sensitivity 

...plus dozens of discrete transistors 
including three new small signal bipolar series: 

Part* nf <dB) Ga (dB) V/lc fTEST(GHz) 

NE68619 1.7 10.0 aV/3mA 2.0 

NE68719 1.5 8.0 iV/3mA 2.0 

NE68819** 1.6 8.0 3V/7tnA 2.0 

* Available in six different plastic packages, including the ult^aminiature NEC *19' package 
** Low Phase Noise Device 

California Eastern Laboratories NEC 
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