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THE ONLY OTHER NOISE MAKER 
THAT HAS OVERNIGHT DELIVERY. 
All right, so maybe we have a little 

competition in the delivery department. 
But Noise/Com is the 

k only company to offer a 
3^ complete line of broad¬ 

band noise products. 
And the only company 

J in the industry that can 
guarantee you overnight 

delivery and noise calibration services. 
Noise/Com technical service and 

support are the best in the business, and 
the quality and accuracy of our products 
are top notch. 

Take our NC 346 Series Broadband 
Calibrated Noise Sources, for example, 
with broadband frequency ranging 
between 10 kHz and 60 GHz (see 
chart). The VSWR is low, reducing mul¬ 
tiple reflections of the test signals and 

36 dB respectively. A complete NIST 
traceable calibration report is provided 
with every noise source. 

TYPICAL STANDARD MODELS 

MODEL FREQUENCY OUTPUT ENR 

NC346Y 10 kHz -1 GHz 14 to 16 

NC346A 10 MHz -18 GHz 5 to 7 

NC346B 10 MHz -18 GHz 14 to 16 

NC346C 10 MHz -26.5 GHz 13 to 17 

NC346V 100 MHz -60 GHz 10 to 17 

Best of all, you can have any product 
in the NC 346 Series, including calibra¬ 
tion, delivered to your door within 24 
hours, guaranteed. (And that’s not a 
lot of noise.) 

You’ll see that when it comes to 
significantly increasing the measurement 
accuracy of noise figure 
set-ups. Rugged 
design, excellent 
temperature and 
voltage stability, 
and noise figure meter compatibility 
make the NC 346 Series the ideal 

quality, precision and respon¬ 
siveness, no one delivers 
like Noise/Com. 

To learn more about 
the NC 346 Series or 

other Noise/Com products contact us 
at (201) 261-8797, fax (201) 261-8339 or 
e-mail at info@noisecom.com. 

choice for your precision noise figure 
measurement applications. 

Outputs of 6, 15.5 and 22dB ENR 
are available, allowing accurate measure¬ 
ments of noise figures up to 20, 30 and 

NOIS^ 
A WIRELESS TELECOM GROUP COMPANY 

http://www.noisecom.com 
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load insensitive (+9dBm output) 
From Mini-Circuits...here’s the ZOS solution! A winning lineup of 
low cost, connectorized voltage controlled oscillators that typically 
provide wide octave band linear tuning, low phase noise, and 
excellent 25dB harmonic suppression. The dual output provides 
well isolated ports(47dB typ), and frequency settings are virtually 
independent of the load. Applications include frequency 
monitoring, PLL circuitry, laboratory use, and as a frequency 
source for bum-in, power test, and other production testing. So, 
turn to the ZOS solution for reliable, high performance VCO’s 
with the “ o Mini-Circuits” stamp of value. 

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

Model Freq. Range Phase Noise Pulling, Typ. Harmonics 
No. (MHz) (dBc/Hz) (MHz)pk-pk (dBc) 

Min.-Max. SSB@10kHzTyp. @OdBr Typ. 

ZOS-50 25-50 -107 
ZOS-75 37.5-75 -110 
ZOS-100 50-100 -111 
ZOS-150 75-150 -107 
ZOS-200 100-200 -106 

ZOS-300 150-280 -103 
ZOS-400 200-380 -100 
ZOS-535 300-525 -96 
ZOS-765 485-765 -96 
ZOS-1025 685-1025 -92 

0.012 -22 
0.016 -26 
0.026 -29 
0.017 -26 
0.015 -25 

0.017 -27 
0.021 -24 
0.018 -27 
0.033 -27 
0.051 -25 

Notes: Tuning voltage 1 to 16V required to cover freq, range. Power output 
+9dBm Typ. (Main). Power 12V DC, +130mA (MAX.). Operating 
temperature range: -55°C to +85°C. 

GJ Mini-Circuits'’ 4 
P.O Box 350166, Brooklyn, New York 11235-0003 (718)934-4500 Fax (718)332-4661 INTERNET http://www. minicircuits, com CIRCLE HEADER SERVICE CARO 

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

CUSTOM PRODUCT N E E D S ...Let Our Experience Work For You. F 218 Rev Orig 



2.5KHz-8GHz AMPLIFIERS 
(3 Piece Set) 

¿1095 (Set of 3 1-9 qty.) 

+20dBm Power Output, 20dB 

Freq. 
Model : (MHz) 
ZHL-6A .0025-500 
ZHL-1042J 10-4200 
ZRON-8G 2000-8000 

Power Output, 
Gain dBm @ 1dB 
(dB) Compression 

21 +23 
25 +20 
20 +20 

DC Power 
Volt Current Conn. 
V mA Type 
+24 350 BNC 
+15 330 SMA 
+15 310 SMA 

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

199 
495 
495 

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 ! O 

Set of 3 Amplifiers # KZHL-318: $1095 (1-9 qty.) Mini-Circuits... we’re redefining what VALUE is all about! 

CJ Mini-Circuits 
P.O Box 350166, Brooklyn, New York 11235-0003 (718)934-4500 Fax (718)332-4661 INTERNET http://www. minicircuits, com circle reader service CARD 

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

CUSTOM PRODUCT N E E D S ...Let Our Experience Work For You. Fi76RevC 
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30 

38 

microstrip techniques 

Microstrip bandstop filter 
cuts spurious carrier frequencies 
To reject unwanted carrier frequencies in an inter¬ 
mediate frequency processing unit of a digital com¬ 
munications system (DCS), a bandstop filter with 
multilayer microstrips was designed to operate 
around fc = 1842.5 MHz. - Denis Jaisson 

Linear simulators offer 
successful microstrip modeling 
for Wilkinson power-splitters 
A model has been developed that results in first-time design success at fre¬ 
quencies up to and including X band for a two-way Wilkinson power divider 
and combiner. This model can be used with most commercially available lin-

cover story — p.64 

ear simulators. - Sean Mercer 

50 Use matrix models to make analysis easy 
for microstrip matching circuits 
Although microstrip matching circuits have been designed in the past by 
using either the Smith chart or computer-aided engineering packages, 
these methods have proven either inadequate or costly. A new method has 
been developed using cascade connections expressed in matrix form, which 
enables designers to design their own analysis programs. These offer 
greater sophistication than operations on a Smith chart cost less and allow 
easier computability than a computer program. - R. Partha 

cover story 
64 Microwave integrated circuits 

meet HF project demands for high-dynamic range 
RF wireless system designers are having to find inexpensive, active compo¬ 
nents that exhibit high linear dynamic ranges combined with low noise fig¬ 
ures. A new family of high-performance gain blocks meet these requirements. 

-Adrain I. Cogan, Donald Apte, Frank Sulak, 
Thomas Wei, Jim Spear and Lee B. Max 
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tutorial 
68 Intermodulation in coaxial connectors 

Greater channel capacity combined with the increased sensitivity of 
receivers has resulted in intermodulation distortion. This distortion can 
effectively block the receive channel. Techniques are available to help to 
minimize the problems caused by intermodulation. - John King 

72 CDMA signals: A challenge for power amplifiers 
Certain aspects have to be taken into consideration when selecting a 
mobile signal source for performing measurements on power amplifiers. 
These aspects are looked at in reference to the Telecommunications 
Industry Association Interim Standard IS-95, which defines CDMA mobile 
network air interface parameters. - Klaus D. Tiepermann 

Coming in October 

• System-level 
design 

• Phase noise 
tutorial 

engineer's notebook 
80 Inductive tuned oscillator 

Low-cost, resistive-capacitive oscillators have been popular for establish¬ 
ing modem links for communications. However, deficiencies such as tem¬ 
perature drift would suggest a better method. A higher-Q oscillator over¬ 
comes these deficiencies. 

- Dien Nguyen 
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POSITIVE 
SNAP-ON MATING 

MICRO MINIATURE SIZE 

• 1.15 max up to 6 GHz per mated pair 

• Solid outer contact prevents RF leakage 

• 500 mating cycles guaranteed 

• 9.5 mm mated height 

• Designed for semi-rigid or flexible cable 

• J-Leg design for optimum adhesion 

HUBER SUHNER 
One Allen Martin Drive, Essex, VT 

TEL: 802 878 0555 FAX: 802 878 9880 

110-1140 Morrison Dr., Ottawa, Canada 

TEL: 813-536-6648 FAX: 613-586-3001 

Offices Worldwide 
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III editorial 
R & D: On the rise 
despite the risks 

By Don Bishop 
Editorial Director 

Statistics indicate that, historically, 
research and development (R&D) 
spending by companies in other na¬ 
tions has outstripped efforts by Amer¬ 
ican companies. “Foreign Participa¬ 
tion in U.S. Research and Develop¬ 
ment: Asset or Liability,” published by 
National Academy Press, explains 
why the trend for U.S. R&D spending 
is now on the rise. Many U.S.-based 
companies have been acquired by over¬ 
seas businesses that have a predispo¬ 
sition to support R&D. During the past 
decade, foreign ownership of U.S. man¬ 
ufacturing companies moved up from 
7.2% to 19.2%, nearly tripling. Along 
with the ownership increase, the per¬ 
centage of R&D spending by U.S. pri¬ 
vate industry accounted for by foreign-
owned U.S. businesses advanced from 
9.3% in 1982 to 15.5% in 1993. 

U.S. companies should exploit the 
trend of foreign involvement in R&D, 
rather than fight it, said Alan 
Schriesheim, the chairman of the re¬ 
port and director of the Argonne Na¬ 
tional Laboratory. Whatever the source 
of funds, R&D spending is good news 
for RF engineers. (A copy of the report 
can be purchased from the publisher; 
call 800-624-6242 or 202-334-3133.) 

R&D risks 
Regardless of how exciting R&D 

projects may seem to RF engineers, the 
projects serve an indisputable master: 
the customer. High-tech companies 
with a track record of leading-edge 
product development may devote sub¬ 
stantially more resources to R&D, re¬ 
flecting their managers’ determina¬ 

tion to be market leaders. There is a 
downside: aggressive competitors may 
reverse-engineer successful products 
and may market cheaper versions 
before their originators can recoup 
costs. If there is any advantage to the 
acceleration of the product life cycle 
and product obsolescence, it might 
be the way it limits opportunities for 
copycats. 

Despite the risks connected with 
new product development, it is clear 
that innovations sell. RF engineers 
play an important role in serving one 
of the fastest-growing segments of the 
electronics industry. 

* * * 

Back to the future 
If Tele-TV can hold its cable TV pro¬ 

gramming alliance together, next 
year’s launch of 130 channels of dig¬ 
ital TV programming beamed to home 
TV receivers from nearby transmission 
towers may become a reality. At stake 
are projected sales of a million down¬ 
converters, antennas and related ac¬ 
cessories. Digital television, also 
known as multichannel, multipoint 
distribution service (MMDS), reminds 
me of the rollout of Home Box Office 
(HBO) service. HBO originally beamed 
its movies by microwave from nearby 
towers to home rooftop antennas, as 
Tele-TV will do. HBO later moved to 
cable TV, as Tele-TV is likely one day to 
move to telephone line delivery. If Tele-
TV can match HBO’s success, another 
market for RF equipment will burgeon. 

RF 
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Kalmus: A Tradition 
of High Performance, 
Value-Packed 
RF Amplifiers 

hen Kalmus began designing and 
manufacturing RF amplifiers in 1971, 
the vision was to produce the best high 

performance product possible for the best possible price. 

“As we address the needs of the engineering community 
in the 21st century, we never lose sight of this tradition. 
At the same time, however, we are taking our operations 
to an unprecedented level of engineering and 
manufacturing excellence.” 

“For example, our engineering 
and design capability enables 
us to respond rapidly to customer 
requirements. And with improved 
order handling and production 
capability, we are continually 
reducing delivery times.” 

Kalmus 
offers 
over 120 
ruggedly 

9 * 

built RF amplifiers for use in EMC testing, 
medical, communications and general laboratory 
applications. A comprehensive line of RF 
amplifier modules and custom amplifier options 
are also available. 

RF AMPLIFIERS 
• Stock and Custom Amplifiers and Modules 
• Meets RF Immunity Standards, including IEC 

1000-4-3 and 1000-4-6 

Straight 

Talk 

About 
“With the resources of Thermo 
Voltek behind us, Kalmus is 
committed to producing 
technically advanced RF 
amplifiers upon which customers 
can depend, and to expanding 
its leadership position.” 

RF Power 

Amplifiers 

EMC Test Amplifiers 
• RF power levels from 1 to 3000 
Watts 

• Covering the frequency spectrum 
from lOKHz to 1GHz 

Communications Amplifiers 
• RF power levels to 1000 Watts 
• Covering communications bands 

to 1GHz 
Pulsed Amplifiers 
• RF power levels to 12 KW 
• Fast rise and fall times, high 

efficiency 
Dual Band Amplifiers 
• RF power levels to 100 Watts 
• Offers operator convenience 
and cost savings without 
technical/capability compromise 

Colin 1. W. Baxter, President 
Kalmus 

Distributed Tube Amplifiers 
RF power levels to 2000 Watts 
Cover 14 octaves from lOKHz to 220MHz with rise 
and fall times of better than 3 nanoseconds 

O.E.M. Amplifier Modules 
RF power levels from 1 to 250 Watts 
Many stock and custom modules can be tailored for 
specific O.E.M. applications 

For detailed information about the full line of Kalmus RF 
amplifiers, please contact: 1-800-344-3341 

Kalmus * 11807 North Creek Parkway South • Suite 109 • Bothell, WA 9801 1 USA 

Tel: (206) 485-9000 • Fax: (206) 486-9657 

Distributor: 

KeyTek • One Lowell Research Center • Lowell • MA 018524345 USA 

(800) 753-9835 • Tel: (508) 275-0800 • Fax: (508) 275-0850 

http://www.thermovoltek.com 

Kalmus and KeyTek are divisions of Thermo Voltek Corporation, a Thermo Electron Company. 
Offices and service centers worldwide. ©Thermo Voltek Corporation. Specifications subject to 
change without notice. 

Thermo Voltek 
COMTEST BENELUX • COMTEST ITALIA • COMTEST UK • KALMUS • KEYTEK • VERIFIER • UVC 
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FREQUENCY PRODUCTS 
ELECTRO DYNAMICS CRYSTAL CORP. 

Crystals 
• Microprocessor 
• Military Spec/QPL 
• Communication 
• Custom Crystals 

Oscillators 
• Hybrid Clock 
• TCXO 
• VCXO 
• Custom Oscillators 

9075 Cody Overland Park KS 66214 
Phone (800) EDC-XTAL Fax (913) 888-1260 
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Save time and money on prototype circuit boards with a system from 
LPKF’s PROTOMAT family. Choose from four systems to match 

your application and produce your circuit in a couple of hours. 

System 

Software 
• Windows 3.1, 95. NT 

• Macro insulation capability 
• Full tool life management 

• More insulation flexibility 

Speed to 60,000 RPM torfine structures 
• Automatic tool change 

• Low noise level 
• Automated through-hole plating option 

Fastest rubout method available 

Immediate delivery 
• Use no caustic chemicals 

• Supports RF board materials 
• Supports all standard PCB CAD formats 

• Included with all systems 

CAD/CAM 
anNir SYSTEMS INC. 
6190 S W. Arctic Drive. Beaverton. OR 97005 

T-101-445-1™ 
lax (503) 642 3602 

email: LPKF@northwest.com 
See oor web page at: 

http://www.LPKFCADCAM.com 
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When it comes to RF SAW Filter 
TECHNOLOGY, THE CHOICE IS CLEAR. 

BUILDING THE SMALLEST SOLUTION Antenna Duplexer 
9.5 mm X 7.5 mm 

You want your wireless designs to out 

perform the competition. That’s why Fujitsu 

delivers the most comprehensive selection of 

superior, low loss, subminiature RF Filters in 

the industry—internally matched to 50 Q 

for system design simplicity. 

Our Lithium Tantalate Bandpass SAW Filters 

provide broad support for wireless applications 

from 100 MHz to 2500 MHz and offer 

compatibility with major cellular standards 

including AMPS, GSM, E-GSM, NMT, 

ETACS, NTACS and PDC. 

Fujitsu’s latest product developments include 

our revolutionary Antenna Duplexer for 

AMPS, TDMA and CDMA cellular systems. 

Also our high-performance SAW Filters for 

PCS and DCS 1800 systems and wireless 

LANs feature extremely small 3 mm x 3 mm 

packages for space critical applications. 

We’re working hard to meet all of your price/ 

performance needs with exceptional SAW 

Filter solutions. So if you’re looking for the 

best way to achieve high performance while 

reducing size and weight, choose Fujitsu. 

Call Fujitsu Microelectronics today at 

1-800-866-8608, or visit our web site at 

http: //www.fujitsumicro.com. 

fujÎtsu 
COMPUTERS. COMMUNICATIONS. MICROELECTRONICS 

900 MHZ CELLULAR 
3.8 mm X 3.8 mm 

4 

1500-2500 MHZ 
PCS, WLANS & WANS 

3 mm X 3 mm 

« 

100-600 MHZ 
in Development 

5 mm X 7 mm 

Fujitsu Microelectronics, Inc., 3545 North First Street, San Jose, CA 95134. 

©1996 Fujitsu Microelectronics, Inc. All trademarks or registered trademarks are the property of their respective holders. 
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Which would vou rather tear out 

©1996 Motorola,lhe. 

All rights reserved. 

Motorola and (M) are 

registered trademarks 

of Motorola, Inc. 



lo answer all your PLL needs? 
■ ■ K r” 

Motorola VHF&UHFPLL Frequ ency Synthesizers 2 GHz PLL Current 
■ 
■ 

Device Max Frequency (MHz) Approx. Supply Curre nt Consumption” 

MC145162 60 -Dual 3 mA @ 2.5 V @60 Ml iz 12 

10 

MC145165 60 -Dual 1.5 mA@1.8V@60^ 4Hz 

■ 

MC145162-1 85 -Dual 3 mA@ 2.5 V@ 85 Ml iz 

MC145173 130/40 9mA@5V 

1 

3 

> 4 

g 
2 D 

2 
Õ 
o 
2 

0 
i 

MC145170-1 100@3V 
185 @4.5 V 

0.6 mA@3V@30MI 
1.5 mA@3V@100IV 
5.8 mA@5V@185IV 

iz 
Hz 
Hz 

MC145190* 1100 7mA@5V 

MC145191 1100 7 mA @ 5 V 

MC145192 1100 6 mA @ 2.7 V 

i 
3 

MC145220 1100 -Dual 12mA@3to5V 
6.5 mA, one loop 

MC145200* 2000 12mA@5V 

MC1 45201 2000 12mA@5V 

MC145202 2000 4 mA @ 3 V Device 

■ * 9 V Phase Detector 
■ ■■■■■■■■■■■■■■■■■a ■ M ai ■ ■ 

“ Source: Manufacturers' Data Sheets I 
■ .. 

We won’t split hairs. Motorola’s been at the leading edge of PLL Frequency Synthesizers 
f°r âmost twenty years. During that time, we’ve continued to develop higher frequency 

ranges, reduce power consumption, and add the special features you want. 
The result: a growing family of superior PLLs for everything from digital cordless phones to the 

latest in satellite communication systems. 
Each of our PLLs offers unique benefits like compatibility with many wireless standards, SPI 

ports, low-power standby modes, and our popular Evaluation Kits. 
So next time you need to find the best PLL for your RE application, don’t tear out your hair in 

frustration. Tear out our chart instead. Then call (800) 521-6274 and refer to AD# MD002 for 
complete technical data and PLL Evaluation Kit information. 

:’ve reduced our PLL prices more than just a hair! 
iw more competitive than ever. 

M) MOTOROLA 
MOS Digital-Analog Integrated 
Circuits Division 

What you never thought possible' 
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s3695 
(US List) 

Limited Offer 

lOO HHZ-2.4 GHZ SPECTRUM flNRLVZER 

PA2500 compact-portable 

@DKD 

Notebook or Desktop via Parallel port. 
-130dBm to +15dBm signal range. 
Fully Synthesized 
Spurious Free Dynamic Range > 70dB. 
5 resolution Bandwidths, 500KHZ - 500HZ 
Size 11.25" W X 1.7" H x 9.75”, wt. 8 lbs 

For more information call or write: 
750 Amber Way, Nipomo CA. 93444 
Tel: (805) 929-2285 (805) 929-5983 
Internet: http://www.dkdinst.com 
Email: info@dkdinst.com 
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RF letters 
Letters should be addressed to the 

Editor, RF Design, 5660 Greenwood 
Plaza Blvd., Suite 350, Englewood, CO 
80111. Letters published may be edited 
for length or clarity. 

Editor, 
The letter criticizing the high-

frequency active auroral research pro¬ 
gram (HAARP), in the June 1996 issue 
of RF Design, while giving anexcellent 
scientific criticism of it, neglected a 
more powerful political concern. 

There is a widespread belief that 
HAARP is a cover for weather mod¬ 
ification similar to that believed to have 
been carried on earlier in the Soviet 
Union. Whether this is true will of 
course never be acknowledged by the 
government. However, even laymen 
sense that there is serious misconduct 
afoot. 
Whether justified or not, this belief is 

spreading like wildfire among the 
world’s food production community. 
Many religious groups also are con¬ 
demning the program. Both groups get 
most of their news via short-wave 
stations that allow people to tell their 
stories without censorship. Unprec¬ 
edented changes in weather over the 
last year or two is being blamed on 
HAARP. For that reason as well as the 
bankrupt state of the U.S. government, 
HAARP ought to be shut down. 
The program makes no scientific 

sense and follows on the heels of 
released news from the former Soviet 
Union that it did similar weather 
experiments with some success over 
the decade preceding its split up. Be¬ 
cause no reputable scientist can defend 
HAARP to the public, the claim that it 
is a cover for weather control spreads 
without check. 
An unforgivable failing of some 

scientists is that they will pursue a 
personal pipe dream without regard for 
the consequences. A classic example is 
Edward Teller and his ego-driven quest 
to create the H-bomb. Competent his¬ 
torians now more or less agree that this 
forced the Soviet Union to also pursue 
that weapon, when it otherwise would 
not have. 

Other scientists beside the fellow 
who wrote the letter you published 
have a duty to speak out against bad 
science, funded or not, lest they end up 
tarred with the same foul brush. 
Eugene Dusina 
Windsor, KY 
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PLLatinum™: the industry's 
highest performing PLLs. 

CHARGE 
PUMPS 

PLLatinum. 
SINGLES LMX1501A LMX1511 LMX2315 LMX2320 LMX2325 

RF Input-Main PLL 1.1GHz 1.1GHz 1.2GHz 2.0GHz 2.5GHz 

1 Jtyp) @3V 

Powerdown (typ) 

6mA 

N/A 

6mA 

N/A 

6mA 

30pA 

10mA 

30pA 

11mA 

30pA 

DUALS LMX2330A LMX2331A LMX2332A LMX2335 LMX2336 LMX2337 

RF Input-Main PLL 

pF Input-Aux PLL 

2.5GHz 

510MHz 

2.0GHz 

510MHz 

1.2GHz 

510MHz 

1.1GHz 

1.1GHz 

20GHz 

1.1GHz 

550MHz 

550MHz 

Jtyp) @3V 

pwerdown (typ) 

13mA 

IpA 

12mA 

1pA 

8mA 

1pA 

9mA 

1pA 

13mA 

1pA 

9mA 

IpA 

How do you build the world's best PLL? You 

start with the world's best charge pump. Just check 

out the spurious output of National Semiconductor's 

single and dual frequency synthesizers. 

Because you need a low leakage charge pump, 

National has designed the best. We guarantee the 

lowest TRI-STATE(> leakage spec in the industry. 

With wider VCO tuning range and highly repeat¬ 

able PLL loop performance, you can turn the volume 

down. No need for extra filtering requirements that 

add more parts. 

Plus, our PLLatinum family of PLLs are so well 

balanced, they absolutely eliminate dead-zone. 

Pumped? Call us for a complete information kit 

with a product selection guide and free samples. 

1-800-272-9959, Ext.671* 
•In Europe call +49 (0) 180 532 78 32 (English) or +49 (0) 180 530 85 85 
(German); in Japan call 81-43-299-2300; in Southeast Asia call 852-2737-1600. 

National Semiconductor 

http://www.national.com 

Moving and shaping the future“ 

© 1996 National Semiconductor Corporation. PLLatinum is a trademark 
and TRI-STATE is a registered trademark of National Semiconductor 
Corporation. All rights reserved. 
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w calendar 
September 16-20 Accelerated Reliability Technology 

Symposium—Denver. Information: 
Hobbs Engineering, 10218 Osceola Court, 
Westminster, CO 80030. Tel. 303-465-5988; 
Fax 303-469-4353; E-mail 
learn@hobbsengr.com. 

17-20 Electromagnetic Compatibility (EMC ’96 
Roma)—Rome. Information: Prof. Mauro 
Feliziani, Department of Electrical 
Engineering, Univ, of Rome “La Sapienza,” 
Via Eudossiana 18, 00184 Rome, Italy. 
Tel. +39 6 44585.809/44585. 810; 
Fax +39 6 4883235/4825380; E-mail 
emc96rom@elettrica . ing. uniroma 1. it . 

19-20 Electromagnetic Compatibility: Planning 
for Compliance in the U.S., Europe and 
Japan—Phoenix. Information: Seminars 
Department, Underwriters Laboratories, 
333 Pfingsten Road, Northbrook, IL 60062-
2096. Tel. 847-272-8800 ext. 43481; 
Fax 847-509-6235; E-mail seminar@ul.com. 

24-26 Electrical Manufacturing & Coil Winding 
EMCW ’96—Chicago. Information: Electrical 
Manufacturing & Coil Winding ’96, Dept. 77-
5053, Chicago, IL 60678-5053. Tel. 708-260-
9700 or 800-323-5155; Fax 708-260-0395. 

25-26 Chesapeake Electronics Show—Chantilly, 
VA. Information: Bonnie Lasky, MACC, 
P.O. Box 513, Colmar, PA 18915. 
Tel. 215-822-6319; Fax 215-822-3332. 

29-Oct. 2 Wireless Workshop—Sedona, AZ. 
Information: Sharon Aspden, Rogers, 
100 S. Roosevelt Ave., Chandler, AZ 85226. 
Tel. 602-961-1382; Fax 602-961-4533. 

October 1-4 Eighth Annual Digital Audio and Video 
Workshop—Philadelphia. Information: 
Lisa Fasold, Consumer Electronics 
Manufacturers Association, 2500 Wilson 
Blvd., Arlington, VA 22201-3834. 
Tel. 703-907-7669; Fax 703-907-7690; 
E-mail lfasold@eia.org. 

2-3 NEPCON Exhibition and Conference— 
San Antonio. Information: Customer 
service, Tel. 800-467-5656; 
Web site http://nepcon.reedexpo.com. 

7-10 Signal Processing Applications and 
Technology—Boston. Information: 
Megan Forrester c/o Miller Freeman, 
600 Harrison St., San Francisco, CA 94107. 
Tel. 415-356-3391; Fax 415-905-2220; 
E-mail dsp@mfi.com. 

7-1 1 Wireless Technology ’96—Providence. 
Information: Dawn Averyt. 
Tel. 407-878-8200; Fax 407-879-7388; 
E-mail Expo96@aol.com. 

8-10 Microwaves & RF Conference and 
Exhibition—London. Information: Beverley 
Lucan, Nexus Information Technology, 
Nexus House, Swanley, Kent, BR8 8HY, 

Continued on page 18 

2 FREQUENCY MULTI-LAYER... 
chip inductors with 
uncompromising 
performance 

16 

g 
OÖ 

For more information, catalogs, and data sheets, 
please call, FAX, or contact your local 
Taiyo Yuden Representative. 

HK2125 (0805 case) and HK1608 (0603 case) 
multi-layer chip inductors are designed for RF 
and other high frequency applications. These 
state-of-the-art inductors offer the engineer a 
wide range of values, tolerances, high Q’s, and 
excellent Part-to-Part/Lot-to-Lot repeatability. A 
must in critical RF amplif ier/filter applications. 
Designed for applications from 100 MHz through 
4.0 GHz, these inductors really perform! 

LK3216 (1206 case), LK2125 (0805 case), and 
LK1608 (0603 case) ferrite based multi-layer chip 
inductors provide excellent performance for new 
applications as well as replacements for wire 
wound chips in applications that demand high-
performance and low costs. Designed for ap¬ 
plications below 100 MHz, the LK product line 
meets the demanding performance requirements 
of today’s high-speed, high noise applications. 

Taiyo Yuden also utilizes the same high quality 
manufacturing processes and materials to pro¬ 
duce a wide array of other surface mount com¬ 
ponents such as Chip capacitors, Chip ferrite 
beads, Chip common mode chokes, and NTC 
Chip thermistors. All produced in factories that 
are certified to ISO 9001... 

TAIYO YUDEN (USA) INC. 1930 N. Thoreau Dr., Ste. 190 
Schaumburg, IL 60173 
800-348-2496 
Fax: 847-925-0899 

Silicon Valley Office: 

1-800-368-2496 
Fax: (1-408) 988-0657 
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Power 

Power 
^Components, Inc. X 

' Surface Mount 
• 90° Hybrid Couplers 
And Terminations From 815 
To 1990 Mhz! COUPLERS 

-A 
TERMINATIONS 
SMAU SIZE 
LOW VSWR 
HIGH POWER 
BULK OR TAPE 

AC71MÁS/ZF 
J 

MODEL# 050100-2X50 100200 4X50 250250 6X50 250375 4X50 

OMSKE R. J 
MODEL « S03AC8CN1 

-i r 

S03A1870N1 S83B888N2 

* P8WER 

VSWR @ 2SHz 

RESISTANCE 

TOLERANCE 

DIMENSION A 

DIMENSION T 

DIMENSION C 

DIMENSION 0 

5 Watt 

1.15 

50 Ohms 

5% 8 2% 

.030 

.025 

30 Watt 

1.15 

50 Oku» 

5% 12% 

.035 

.040 

.035 

.040 

40 Watt 

1.12 

50 Ohms 

5% 0 2% 

.035 

.060 

.050 

.040 

150 Watt FRERBENC Y 

110 INSERTION LOSS 

50 Ohms VSWR 

5% A 2% ISOLATION 

.050 i aj_ AMPLITUDE DAL. 

.040 _ 31 

.050 POWER 

.000 E _J1 TEMPERATURE 

815 960 MHz 

<0.25 00 

<1.25:1 

>20 HD 

±8.388 

±1.5° 

100 Watt 

55° ID 85°C 

1750 1000 MHz 

<0.25 00 

<1.25:1 

>20 03 

±0.303 

±1.5° 

100 Watt 

55° to 85°C 

1758-1300 MHz 

<0.20 03 

<1.25:1 

>20 03 

±0.303 

±1.5° 

288 Walt 

55° to 85°C 

815 968 MHz 

<8.28 08 

<1.25:1 

>20 08 

±0.308 

±1.5° 

280 Watt 

55° to D5°t 

•POWER BASED ON IDEAL, INFINITE HEATSINK 
|C|D| 

WE ALSO MANUFACTURE HIGH POWER 90° HYBRID COUPLERS TO 800 WATTS, POWER COMBINERS, DIRECTIONAL COUPLERS AND A FULL LINE OF HIGH POWER RESISTORS AND TERMINATIONS. 

x RF Power 
s' Components, Inc.^ 

Distributed By: 

Richardson 
Electronics, Ltd. 

More than 50 worldwide locations, 

In the US and Canada (800)RF POWER, 
Infl Inquiries (630)208-2200, Fax (630) 208-2550. 
Internet: http://www.rell.com, E-mail: info@rell.com 
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Continued from page 16 
United Kingdom. Tel. +44-(0)1322-660070; 
Fax +44-(0)1322-661257. 

13-16 Power Requirements for Mobile Computing 
and Wireless Communications—Santa 
Clara, CA. Information: Giga Conference 
Group, Tel. (in the U.S.) 800-874-9980; 
(in the U.K.) 44-1582-405678; 
Fax 617-982-1724; 
E-mail conferences@gigasd.com. 

14-18 Test & Evaluation: Answering the 
Challenge—Seattle. Information: Chairman, 
Tel. 206-655-4832; Fax 206-655-7929; 
E-mail tethc@pony5.express.ds.boeing.com; 
Web site http://www.boeing.com/itea. 

16-17 Practical Spectrum Measurements 
Seminar—Portland. Information: Brochure 
9610, JMS, P.O. Box 25170, Portland, OR. 
Tel. 503-292-7035; Fax 503-292-0449. 

21-23 RF Design Seminar Series—Wakefield, MA. 
Information: Intertec Presentations, 6300 S. 
Syracuse Way, Suite 650, Englewood, CO 
80111. Tel. 303-220-0600; Fax 303-770-0253. 

23 Battelle’s Technology Intelligence 
Program—Chicago. Information: B-TIP, 
Tel. 614-424-4244; Fax 614-424-4260; 
E-mail BTIP@battelle.org. 

22-24 Wescon ’96 Technical Conference— 
Anaheim, CA. Information: Wescon, 8110 
Airport Blvd., Los Angeles, CA 90045. 
Tel. 800-877-2668 or 310-215-3976 
ext. 243; Fax 310-641-5117; 

E-mail wescon@ieee.org; 
Web site http://www.wescon.com. 

29-30 Radio Solutions ’96—Birmingham, UK. 
Information: LPRA Secretariat, Walker 
Mitchell Ltd., Brearley Hall, Luddenden 
Foot, Halifax HX2 6HS, United Kingdom. 
Tel. and fax +44 (0) 1422 88 69 50. 

29-31 Signal Processing Applications and 
Technology—Santa Clara, CA. Information: 
DSP Associates, 49 River St., Waltham, 
MA 02154. Tel. 617-891-6000; Fax 617-899-
4449; E-mail icspat@dspnet.com. 

November 4-6 Northcon Conference & Exhibition—Seattle 
Information: Electronics Conventions 
Management, 8110 Airport Blvd., Los 
Angeles, CA 90045. Tel. 800-877-2668 or 
310-215-3976; Fax 310-641-5117; 
E-mail northcon@ieee.org; Web site 
http://www.northcon.org. 

6-8 Plastics in Portable & Wireless 
Electronics—Phoenix. Information: 
Judy Wales, Donnelly. Tel. 520-321-7680; 
Fax 520-322-5635; E-mail 
judy@donnelly.ppp.theriver.com. 

18-22 IEEE Global Telecommunications 
Conference—London. Information: 
Vikki Pollard, Globecom, RT 10/5a, BT 
Laboratories, Martlesham Heath, 
Ipswich, Suffolk, IP5 7RE, United Kingdom. 
Tel. +44 1473 644799; Fax +44 1473 647488; 
E-mail pollarv@btliplO.bt.co.uk. 

High Quality ATTENUATORS 
ACCURACY, PERFORMANCE, LOW COST, DELIVERY... 

Manual Step Attenuators 

18 

839 Manual Step Attenuator 

4550 Programmable Attenuator 

837 5012 DC-1500MHz 0-102.5dB .5dB Steps 

839 5012 DC-2000MHz 0-101dB IdB Steps 

1/839 5012 DC-lOOOMHz 0-22. IdB IdB Steps 

847 7512 DC-lOOOMHz 0-102.5dB 5dB Steps 

849 7512 DC- 1500MHz 0-101dB IdB Steps 

1/849 7512 DC-500MHZ 0-22. IdB . IdB Steps 

860 5OÍ2 DC-1500MHz 0-132dB IdB Steps 

865 60012 DC- 1 MHz 0-132dB IdB Steps 

Programmable Attenuators 
4540 5012 DC-500MHZ ! 0-130dB lOdB Steps 

4550 5012 DC-500MHz 0-127dB IdB Steps 

1/4550 5012 DC-500MHZ 0-16.5dB IdB Steps 

4560 5012 DC-500MHZ 0-3 IdB IdB Steps 

4580 5012 DC-500MHZ 0-63dB IdB Steps 

For price list and FREE catalog, contact: 

Kay Elemetrics Corp. 
2 Bridgewater Lane, Lincoln Park, NJ 07035-1488 USA 
TEL: (201) 628-6200 • FAX: (201) 628-6363 
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Your Global Partner for the 21st Century 

Now you can leave the stacks of expensive, complex equipment back 

at the lab and get the job done at a fraction of the time and cost. 

Anritsu Wiltron's Site Master has all the capability you need to com¬ 

mission an antenna system right at your fingertips, including: »Precision VSWR and 

Return Loss measurements ’Accurate fault location ’Immunity to live site interference 

•Frequency range that covers all PCS/PCN and cellular bands. 

Site Master incorporates advanced measurement and analysis performance that 

other tools can't touch. Its exceptional noise immunity means accurate measurements at 

live sites. Once you've made the measurements, powerful software helps you quickly 

track down faults, monitor RF performance over time, and view data 

in Smith chart format. 

If you want to commission your sites for a fraction of the cost, size and weight of 

more complex systems, call us today for more information or a hands-on demonstra¬ 

tion of the most easy-to-use, portable cable and antenna tester available. 

/ïnritsu 
Wiltron 

Jnited States: (800) 230-2972, Canada: (613) 828-4090, Europe: 44 (1582) 418853, Japan: (03) 3446-1111, Asia-Pacific: 81 (3) 3440-2770, South America: 55-21-286-9141, Singapore: 65-2265206 
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OUR STANDARD MONOLITHIC CRYSTAL FILTERS 
All 2 pole and 4 pole monolithics ship from stock on hand. 

90
.0

 M
Hz

 
70
.0
 M
Hz

 
45

.0
 M
Hz
 

21
.4

 M
Hz
 

10
.7
 M
Hz

 

NO. 
POLES 

TEMEX 
P/N 

PASSBAND STOPBAND LOSS 
dB 

RIPPLE 
dB-MAX 

ULT. REJ. 
dB-MIN. 

TERM. 
ii/PF 

European 
contacts: dB ±KHz dB ±KHz dB ±KHz 

2 
4 

TE5000 
TE5010 

3 
3 

3.75 
3.75 

20 
30 

18.0 
14.0 -

2 
3 

1.0 
2.0 

50 
60 

1800//+4 
15000+3 

6 TE5020 6 3.75 60 12.5 - - 4 2.0 70 16000+3 
France or 
Benelux 
(Tel) 
(33)25.76.45.00 
(Fax) 
(33)25.80.34.57 

United Kingdom 
(Tel) 
(44)1.734.258.040 
(Fax) 
(44)1.734.258.050 

Germany 
(Tel) 
(49)89.51.640 
(Fax) 
(49)89.51.64.194 

Nordic 
(Tel) 
46)8.756.70.40 
(Fax) 
(46)8.756.70.44 

Italy 
(Tel) 
(39)2.761.101.68 
(Fax) 
(39)2.738.54.62 

All Others: 
(Tel) 
(33)25.76.45.00 
(Fax) 
(33)25.80.34.57 

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

TE5030 
TE5040 
TE5050 
TE5060 
TE5070 
TE5080 
TE5090 
TE5100 
TE5110 
TE5120 
TE513O 
TE5140 
TE5150 

6 
3 
3 
6 
6 
3 
3 
6 
6 
3 
3 
6 
6 

3.75 
6.50 
6.50 
6.50 
6.50 
7.50 
7.50 
7.50 
7.50 
15.0 
15.0 
15.0 
15.0 

60 
20 
30 
60 
60 
20 
30 
60 
60 
20 
30 
60 
60 

10.0 
30.0 
15.0 
19.5 
13.0 
35.0 
17.5 
22.5 
15.0 
70.0 
35.0 
45.0 
30.0 

90 

80 

80 

80 

12.5 

17.5 

20.0 

40.0 

5 
1 
2 
3 
4 
1 
2 
3 
3 
1 
2 
2 
3 

2.0 
1.0 
2.0 
2.0 
2.0 
1.0 
2.0 
2.0 
2.0 
1.0 
2.0 
2.0 
2.0 

80 
50 
75 
90 
100 
50 
75 
90 
100 
35 
60 
90 
100 

1500//+3 
270000 
310000 
310000 
310O//0 
3000//O 
330000 
330000 
3300//O 
5OOO//-1 
5000//-1 
5000//-1 
50000-1 

NO. 
POLES 

TEMEX 
P/N 

PASSBAND STOPBAND LOSS 
dB 

RIPPLE 
dB-MAX 

ULT. REJ. 
dB-MIN. 

TERM. 
Í2/PF dB ±KHz dB ±KHz dB ±KHz 

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

TE5180 
TE519O 
TE52OO 
TE5210 
TE5220 
TE5230 
TE5240 
TE5250 
TE526O 
TE5270 
TE5280 
TE5290 
TE5300 
TE5310 
TE5320 
TE5330 

3 
3 
6 
6 
3 
3 
6 
6 
3 
3 
6 
6 
3 
3 
6 
6 

3.75 
3.75 
3.75 
3.75 
6.50 
6.50 
6.50 
6.50 
7.50 
7.50 
7.50 
7.50 
15.0 
15.0 
15.0 
15.0 

15 
30 
60 
60 
15 
30 
60 
60 
15 
30 
60 
60 
15 
30 
60 
60 

12.5 
12.5 
12.5 
10.0 
20.0 
22.5 
22.5 
17.5 
25.0 
25.0 
25.0 
20.0 
50.0 
45.0 
45.0 
33.0 

80 

80 

80 

80 

12.5 

22.5 

25.0 

45.0 

2 
3 
4 
5 
2 
3 
4 
4 
2 
3 
4 
4 
2 
3 
3 
4 

1.0 
2.0 
2.0 
2.0 
1.0 
2.0 
2.0 
2.0 
1.0 
2.0 
2.0 
2.0 
1.0 
2.0 
2.0 
2.0 

50 
70 
90 
100 
50 
70 
90 
100 
50 
70 
90 
100 
45 
60 
90 
100 

8500+6 
8500+5 
8500+5 
8500+5 

1300//+2 
140000 
140000 
140000 
150000 
160000 
160000 
160000 
300000 
30000-1 
30000-1 
30000-1 

NO. 
POLES 

TEMEX 
P/N 

MODE PASSBAND STOPBAND LOSS 
dB 

RIPPLE 
dB-MAX 

ULT. REJ. 
dB-MIN. 

TERM. 
Í2/PF dB ±KHz dB ±KHz 

2 
4 
2 
4 
2 
4 
2 
4 

TE9420 
TE9310 
TE7420 
TE7430 
TE7440 
TE7450 
TE7730 
TE7740 

3-OT 
3-OT 
3-OT 
3-OT 
3-OT 
3-OT 
FUND 
FUND 

3 
3 
3 
3 
3 
3 
3 
3 

3.75 
3.75 
7.50 
7.50 
15.0 
15.0 
15.0 
15.0 

18 
30 
18 
40 
15 
30 
15 
40 

16.0 
12.5 
28.0 
30.0 
47.0 
50.0 
50.0 
60.0 

3 
3 
2 
3 
2 
3 
2 
3 

1 
1 
1 
1 
1 
1 
1 
1 

40 
70 
40 
70 
40 
70 
40 
70 

20000-1.0 
20000-1.0 
30000-1.0 
30000-1.0 
80000-1.5 
80000-1.5 
11000+1.5 
8000+1.0 

NO. 
POLES 

TEMEX 
P/N 

MODE PASSBAND STOPBAN 3 LOSS 
dB 

RIPPLE 
dB-MAX 

TERM. 
Í2/PF dB ±KHz dB ±KHz dB KHz 

2 
4 
2 
4 

TE10400 
TE10410 
TE10420 
TE10430 

3-OT 
3-OT 
3-OT 
3-OT 

3 
3 
3 
3 

7.5 
7.5 
10 

^10 

18 
35 
15 
35 

30 
25 
30 
40 

35 
80 
35 
80 

-910 
-910 
-910 
-910 

2 
3 
2 
3 

1 
1 
1 
1 

20000-1 
20000-1 
25000-1 
25000-1 

NO. 
POLES 

TEMEX 
P/N 

MODE PASSBAND STOPBAND LOSS 
dB 

RIPPLE 
dB-MAX 

TERM. 
Í2/PF dB ±KHz dB ±KHz dB KHz 

2 
4 
2 
4 
4 

TE10440 
TE10450 
TE10460 
TE10470 
TE10480 

3-OT 
3-OT 
3-OT 
3-OT 
3-OT 

3 
3 
3 
3 
3 

7.5 
7.5 
10 
10 
15 

18 
35 
15 
35 
30 

30 
25 
30 
40 
50 

35 
80 
35 
80 
80 

-910 
-910 
-910 
-910 
-910 

2 
3 
2 
3 
3 

1 
1 
1 
1 
1 

20000-1 
20000-1 
25000-1 
25000-1 
40000-1 

VISA AND MASTERCARD ACCEPTED 
MONOLITHIC CRYSTAL FILTER PROTOTYPING KITS ARE STILL AVAILABLE 
CONSULT TEMEX FOR ALL YOUR FREQUENCY CONTROL PRODUCTS 

IN THE UNITED STATES CONTACT: TEMEX ELECTRONICS, INC. 
3030 W. DEER VALLEY RD. PHOENIX, AZ USA 85027 

(602) 780-1 995 FAX (602) 780-2431 



ATOMIC CLOCKS 

FEATURING: 
LOW TEMPERATURE 

SENSITIVITY 

LOW PHASE NOISE 

EXCELLENT SHORT & 
LONG TERM STABILITY 

LOW POWER 

LIFE 

WITHAN INDUSTRY 
STANDARD 

CONSUMPTION 

FAST WARM-UP 

SMALL VOLUME 

RS 232 INTERFACE FOR 
CENTER FREQUENCY 
ADJUSTMENT AND 
MONITORING OF THE 

WORKING PARAMETERS 
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RF courses 
Henry Ott Consultants—Antenna Theory Simplified— 

Sept. 23, East Hanover, NJ; Common-mode Filter 
Design—Sept. 24, East Hanover, NJ; Electromagnetic 
Compatibility Engineering—Oct. 14-16, Palo Alto, CA. 
Information: Henry Ott Consultants, 48 Baker Road, 
Livingston, NJ 07039. Tel. 201-992-1793; Fax 201-533-
1442. 

Technology International—Achieving and Maintaining 
Compliance with the Medical Devices Directive—Oct. 
15-16, Boston; Nov. 20-21, Anaheim, CA; January 14-15, 
Denver; February 11-12, Dallas. Information: Kristin 
Eckhardt, Marketing Manager, Technology International, 
609 Twin Ridge Lane, Richmond, VA 23235, Tel. 804-560-
5334; Fax 804-560-5342; E-mail Eckhardt@TechIntl.com.; 
Web site www.TechIntl.com. 

UCLA Extension—Los Angeles. Spread Spectrum Wireless 
and IS-95 CDMA Digital Cellular Communications— 
Oct. 21-23; Radar Interferometry: Principles and 
Applications—Nov. 18-20; Communication Systems Using 
Digital Signal Processing—Nov. 18-22; Advanced Digital 
Communications: the Search for Efficient Signaling 
Methods—Dec. 2-3. Information: Dept, of Engineering, 
Information Systems and Technical Management, UCLA 
Extenion, 10995 LeConte Ave., Suite 542, Los Angeles, 
CA 90024. Tel. 310-825-1047; Fax 310-206-2815; E-mail 
mhenness@unex.ucla.edu. 

Communications Tech Training—1996 schedule for 
Orland Park, IL, Oct. 8-10, Nov. 5-7, Dec 3—5, Infor¬ 
mation: Andrew Corp., Dept. 355, P.O. Box 9000, San 
Fernando, CA 91341-9978. Tel. 800-255-1479 ext. 117. 

George Washington University—Washington. Wireless 
Infrastructure Network Engineering for Cellular, PCS, 
LE, and WPBX—Oct. 21-25. Information: George 
Washington University, Continuing Engineering 
Education, Academic Center, Room T-308, 801 22nd St. 
N.W., Washington, DC 20052. Tel. 202-994-6106 or 800-
424-9773; Fax 202-872-0645; E-mail 
ceepinfo@ceep.vpaa.gwu.edu. 

1996 CEI-Europe in Cambridge, United Kingdom— 
Wireless Digital Communications: Mobile, Cellular, 
Personal, Voice and Data Networks—Sept. 30-Oct. 4; 
Applied RF Techniques: Linear Circuits—Sept. 30-Oct. 4; 
Adaptive Synchronous Receiver Structures for Mobile 
Communications—Sept. 30-Oct. 4. 
in Baveno, Italy—Mobile and Wireless Personal 
Communications Networks —Oct. 14—18; Modern Digital 
Modulation Techniques—Oct. 14-18; Modeling and 
Simulation of Communication Systems—Oct. 15-18; 
Speech and Channel Coding for Mobile Communication— 
Oct. 21-23; Digital Cellular and PCS Communications: 
The Radio Interface—Oct. 21-25; Spread-Spectrum and 
CDMA—Oct. 21-25. 

22 
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Perfect Timing. 
VCXOs from Valpey-Fisher are the most advanced oscillator solution 

for demanding telecommunications and computer applications. Whatever 
your product design, our VCXOs can meet your exacting standards with 

such features as: 

Sta • Virtually no phase jitter 
• Wide pullability (up to ± lOOOppm) 

! K  • Tight stability to (± 20ppm) 
• Industrial temperature range 

/W (-40°C to +85°C) 
For custom requirements, our application engineers are 

j available to help you design specialized VCXOs tailored to 
your exact needs. If you need rapid turn-around on tight 

schedules, Valpey-Fisher can also provide quick delivery 
of oscillators in a choice of packages, including full-size 

Dll’ and miniature J-lead ceramic surface mount. 

" Valpey-Fisher. When nothing less than perfect 
timing will do. For more information, contact 

Valpey-Fisher 
75 South Street - r-
Hopkinton, MA 01748. I^LPEY-FISHERY! 
Voice: (800) 982-5737 ext. 285. A SUB5,D1ARY OF
Fax: (508) 497-6377. Technology and service since 1931 
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in Barcelona, Spain—Mobile Cellular and PCS 
Telecommunications Systems—Nov. 11-13; RF Circuit 
Components—Nov. 18-21; Receivers and Transmitters— 
Nov. 18-22; Advanced Digital Receivers for Wireless 
Communications—Nov. 18-21; Cellular and Personal 
Communications Infrastructure—Nov. 20—22. 
Information: CEI-Europe, P.O. Box 910, S-612 25 
Finspong, Sweden. Tel. 46 122 175 70; Fax 46 122 143 47; 
E-mail cei.europe@one.se. 

DSP Without Tears—Sept. 30-Oct. 2, San Jose, CA. 
Information: Z Domain Technologies, 325 Pine Isle Court, 
Alpharetta, GA 30302. Tel. 800-967-5034 or 770-587-4812; 
Fax 770-518-8368; E-mail dsp@mindspring.com. 

Celwave University—Marlboro, NJ. Modules offered 
include: Antenna Basics, Advanced Theory, Towertop 
Amplifiers, Bidirectional Amplifiers, Filters and 
Combiners. Information: Gail Magid, Celwave, 2 Ryan 
Road, Marlboro, NJ 07746-1899. Tel. Sales Engineering 
Dept. 800-235-9283. 

Georgia Tech Continuing Education—Near-field Antenna 
Measurements and Microwave Holography—Sept. 10-13, 
Boulder, CO; Advanced Electronic Warfare Principles— 
Sept. 24-26, Atlanta; Wireless Communication— 
Sept. 24-27, Atlanta; Radar Cross-section Reduction— 
Oct. 29-Nov. 1, Atlanta. Information: Dept, of Continuing 
Education, Georgia Institute of Technology, 
Atlanta, GA 30332-0385. Tel. 404-894-2547; 

E-mail conted@gatech.edu;Web site 
http://www.conted.gatech.edu. 

Johns Hopkins University Whiting School of 
Engineering—courses in Washington, DC. Cellular and 
Personal Communications Services (PCS): Systems 
Engineering and Perspective with Emphasis on CDMA 
Technology—Sept. 16-19; Wireless and Personal 
Communications Systems—Oct. 7-9; Wireless Digital 
Communications Systems: Specification, Test and 
Evaluation—Oct. 21-23; The Telecommunications 
Revolution and its Impact on Organizational Planning— 
Oct. 28-30. Information: OEI 14515 Barkwood Drive, 
Rockville, MD 20853. Fax 301-871-4942; E-mail 
info.oei@apl.jhu.edu. 

National Institute of Standards and Technology— 
Microwave and RF Measurements for Wireless 
Communications—Dec. 3—4. Information: Robert Judish, 
NIST, 325 Broadway, Boulder, CO 80303. Tel. 303-497-
3380; Fax 303-497-3970; E-mailjudish@boulder.nist.gov. 

Learning Tree International—Wireless Networks and 
Mobile Communications—Sept. 3-6, Washington; 
Sept. 10-13, Ottawa; Oct. 15-18, Washington; Dec. 3-6, 
Toronto; Dec. 17-20, Washington. Information: Learning 
Tree International, 1805 Library St., Reston, VA. Tel. 
800-850-9197 or 703-709-9119; 
E-mail uscourses@ learningtree.com; 
Web site http://learningtree.com. 

MICROWAVE COMPONENTS 
DIVISION 

Division of Mifa BV 

MIFA 
Aluminium bv 
P.O. BOX3111 
NL-5902 RC Venlo 
Deltakade 4-6 
NL-5928 PX Venlo 
Tel.: +31-77-3898888 
Fax: +31-77-3898989 
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RF news 
Cesium frequency standards 
supplied at WAAS sites 
Hughes Information Systems has 

selected Frequency and Time systems 
of Beverly, MA, to supply precision 
cesium atomic frequency standards for 
the Federal Aviation Administration 
(FAA)’s wide-area augmentation sys¬ 
tem (WAAS) for civil aircraft naviga¬ 
tion. The WAAS is designed to augment 
capabilities of the global positioning 
system (GPS) provided by the United 
States Department of Defense in order 
to provide an accurate navigation sys¬ 
tem that complies with the required 
navigation performance critical to flight 
safety. The first stage of the contract is 
to provide cesium frequency standards 
for the functional verification system to 
verify implementation, installation, 
functional and operational performance 
prior to implementation at all opera¬ 
tional WAAS sites. 

Frequency and Time Systems sup¬ 
plies cesium standards to the Depart¬ 
ment of Defense’s Navstar satellites. 

SpectrumMaster filter 
has successful field trial 

Illinois Superconductor held a suc¬ 
cessful field trial of the SpectrumMaster 
filter for cellular base stations. The trial 
of the superconducting cellular filter in 
an operational time-division, multiple¬ 
access (TDMA) digital-cellular network 
was conducted at a Southwestern Bell 

Mobile Systems commercial cell site 
in Dallas. Initial results of this trial 
indicate that the filters improve cellular 
call quality and reduce dropped calls, 
extending cell range and expanding call 
carrying capacity on digital networks. 
Digital networks are expected to com¬ 
prise an increasing proportion of new 
systems in both cellular and PCS 
systems. 

Western Wireless launches 
nation’s third PCS system 
Western Wireless’s VoiceStream cele¬ 

brated Utah’s statehood centennial by 
launching in Salt Lake City the nation’s 
third personal communications service 
(PCS) system. Mayor Deedee Corradini 
demonstrated the wireless service with 
a call from Salt Lake City to U.S. Sen¬ 
ator Robert Bennett in Washington, 
DC. Willy B. Hunsaker, a descendant of 
golden spike driver Abraham Hun¬ 
saker, also spoke to his nephew Hyram 
Hunsaker, who was in Washington 
with the senator. PCS technology, 
which allows both voice and data trans¬ 
missions, is the digital equivalent of the 
linking of the transcontinental telegraph 
and railroad in the late 19th century 
when the golden spike was driven in 
the transcontinental railroad in 1869. 
The first PCS system was launched 

in Washington, D.C. by Sprint Services. 
Western Wireless launched the second 
in Hawaii on Feb. 28 of this year. 

All account information is pro¬ 

grammed into a smart card, rather than 
the telephone. Users can access Voice-
Stream services from any VoiceStream 
phone and potentially from PCS phones 
in other countries using the same net¬ 
work technology. 

Contracts: 
Compact Software for Taiwanese 

Design Students—Compact Software 
has entered a 5-year agreement with 
the government-sponsored Chip Imple¬ 
mentation Center (CIC) in Taiwan. 
The company will provide computer-
aided engineering and computer-aided 
desipi (CAE/CAD) software to all CIC-
affiliated universities and colleges as 
the microwave and RF design software 
of choice. Compact Software and its Tai¬ 
wanese distributor, Evergo, will provide 
regular training on the software over 
the agreement period. 

National Emergency Alert 
System—RF Industries’ Neulink Tele¬ 
metry Division has received approval of 
the second phase of its $1 million con¬ 
tract to supply wireless receivers for the 
national emergency alert system (EAS). 
The Federal Communications Commis¬ 
sion (FCC) has mandated that the na¬ 
tion’s radio, TV and cable stations must 
convert from the established emergency 
broadcast system to the EAS. RF Indus¬ 
tries will be the sole supplier of AM, 
FM, UHF and VHF band receivers for 
the EAS products. 

Business Briefs 
TCSI Completes Software for Japanese Cellular 

Software Market—TCSI, based in northern California, has 
successfully completed development and testing of software 
for the Japanese personal digital cellular (PDC) standard’s 
revision C. This milestone is a result of a 1996 award of more 
than $1 million from a major semiconductor company to 
sponsor TCSI’s effort in the PDC cellular software market. 

CAM Software Changes Name—CAM Software 
Research has changed its name to Unicam Software to re¬ 
flect the name of the company’s flagship product. Unicam 
Software develops and distributes Windows-based software 
tools that link the design engineering and electronic manu¬ 
facturing process. 

Analog Devices Acquires Mosaic Group—Analog 
Devices, Norwood, MA, has acquired Mosaic Microsystems, 
Kent, United Kingdom and its wholly owned U.S. subsidiary, 

Mosaic. The Mosaic group designs and develops radio fre¬ 
quency and intermediate frequency integrated circuit prod¬ 
ucts used in digital-enhanced cordless telephone, direct-
broadcast satellite and other cellular telephony standards. 

Georgia Tech Tests RangeStar Designs—RangeStar 
Telecommunications has extended its antenna performance 
agreement with the Georgia Tech Research Institute (GTRI). 
GTRI will perform both analysis and testing of the antenna 
technology, using advanced computer modeling to evaluate 
and optimize RangeStar’s antenna technology designs. 

Motorola and Daniels Electronics Sign Licensing 
Agreement—Motorola’s Land Mobile Products Sector has 
agreed to license digital technology to Daniels Electronics, 
Victoria, British Columbia for the development and produc¬ 
tion of Associated Public-Safety Communications Officials’ 
Project-25 compliant public safety communications products. 
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DCSIGN FROM STRRT-TO-RRT 

1 GENESYS synthesis 

modules make it easy to 

create initial designs for 

L-C filters, matching 

networks, active filters, 

oscillators, printed and 

machined filters, 

amplifiers and group delay 

equalizers. The many design alternatives and 

quick evaluation of each help you save time 

and achieve higher performance. 

2 Schematics make it easy to enter your own designs, modify 

synthesis created designs and merge subcircuits. Schematics and 

simulation are integrated 

for back annotation. The 

GENESYS schematic 

module also writes 

Touchstone and Spice 

FcSC^C-

=SuperStor= 

UTILITIES 

SPICE NETLIST 

I =SCH€MfiX= 

ïiîïi-iiW 

2 =SuperStar= Professional redefines the circuit simulator 

standard. Step up to real-time tuning, statistical analysis, 

unrestricted global noise analysis, adaptive optimization, 

accurate models, unparalleled execution speed and the 

industry's easiest to use interface. Non-linear and time 

domain analysis is supported through the Spice interface. 

Our first program shipped in 1985. 

Today, with thousands of users 

worldwide. Eagleware is a 

recognized leader in RF and microwave 

design software for IBM and compatible PCs. 

Here are a few reasons why we feel GENESYS 

provides unequaled value: 

* Start-to art solution including synthesis 

* One easy to learn interface for all programs 

• Industry’s fastest execution means less waiting 

* Accuracy verified with in-house lab 

* Reads industry standard S-parametcr files 

* Free technical support with no annual fees 

» Low cost 

* 30 day money back satisfaction guarantee 

Eagleware products run on standard IBM and 

compatible PCs under DOS. Windows 3.1. 

Windows NT and Windows 95. Windows 

versions arc 32-bit for even faster execution. 

NEW! 
y The new layout 
module creates artwork 
on your plotter or 

printer and in DXF 

(AutoCad) and 

optimized Gerber file formats. Discontinuity and 

transmission line dimensioning, coplanar ground pours, 

multilayers, arbitrary polygons and user footprint libraries 

make RF and microwave layout easier than ever before. 

GENESYS 
Version 5.4 
=SuperStar= Professional simulator $999 
Simulator with schematic entry and layout $1990 
Complete GENESYS package with synthesis $5990 
Layout upgrade for current customers $699 
(Upgrade discounts available for a limited time) 

170 ^^3-1-1 
TEL 03-3988-1731 FAX 03-3988-1706 

SRMC PRI«S INTCRNATIONALLY 
DiflKTSRIG 5 USÉR SUPPORT 
svfRx.pHONPORieneR 

€RGL€UUAR€^= 
Eagleware Corporation 1750 Mountain Glen Stone Mtn, GA 30087 USA 
http://www.eagleware.com - eagleware@eagleware.com 

TEL (770) 939-0156 * FAX (770) 939-0157 
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HF LINEAR AMPLIFIERS - BROADBAND TRANSFORMERS 

2 METER VHF AMPLIFIERS 

35 Watt Model 335A. $ 79.95 Kit 
75 Watt Model 875A . $119.95 Kit 
AvMlabta >n kM or «wLImW 

HF AMPLIFIERS per MOTOROLA BULLETINS 

Complete Pert» List tor HF Amplfflef» Deecribed 
in the MOTOROLA R.F. Device Deta 
AN758 3OOW EB63 140W 
AN762 140W EB27A 300W 
AN779L 20W EB104 6OOW 
AN779H 20W AR3O5 300W 
AR313 300W 

NEW» 1K WATT 2-50 MHz Amplifier 
MOTOROLA AR347 

POWER SPLITTERS and COMBINERS 
2 30MHz 

600 Wett PEP 2—Port . $ 69.95 
1000 Watt PEP 2—Port . $ 79.95 
1200 Watt PEP 4—Port . $ 89.95 

100 WATT 420-450 MHz PUSH-PULL LINEAR 
AMPLIFIER - SSB-FM-ATV 
KEB67—PK (Kit). $159.95 
KEB67-PCB (PC Board) . $ 18.00 
KEB67—I (Manual) . $ 5.00 
We also stock Hard-to-Find parts 

CHIP CAPS KemeVATC 
METALCLAD MICA CAPS—Une Ico/Semco 
RF POWER TRANSISTORS 
MINI—CIRCUIT MIXERS 
SSL— 1 (1-500Mz). $ 6.50 
S8L—1X (10—1000MZ) . $ 7.95 

ARCO TRIMMER CAPACITORS 

Broadband HF Transformers 
Add $4.50 for shipping and handling. 

For detailed information and prices, call or write for our free catalog. 

508 Millstone Dove • Beavercreek. OH 45434-5840 • (513) 42&8600 
FAX (513) 429-3811 
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CHAMPION 
TECHNOLOGIES, INC. 

MasterCard 
J 

I 

FOR IMMEDIATE 

TCXO 
ANSWERS,YOUR SUPPLIERS 

ARE NUMBERED. 

When you need quick response Z 
to your TCXO challenges, Champion • 
Technologies outnumbers all others * 
with its industry-leading, 24-hour • 
technical support line. 

The only one of its kind, • 
Champion’s toll-free number gives • 
you direct access to its skilled * 
engineering department for answers • 
on specifications and applications W 

assistance. And with substantial 
design features like frequency trim, 
voltage controlled tuning and compact 
packaging, our full performance 
TCXOs offer tremendous stability -
fully operational over -40 to +85°C 
industrial temperature range. 

Immediate solutions to customer¬ 
specific needs - that’s what you can 
expect from Champion. Our numbers 
speak for themselves. 

800-888-1499 
CHAMPION'S EXCLUSIVE 
TECHNICAL HOTLINE 

For a free copy 
of our catalog, 
call us today at 
1-800-888-1499. 

With new products like a Stratum III TCXO 
reference clock. Champion otters a large 

product line for immediate delivery. 

CHAMPION TECHNOLOGIES, INC. 
2553 N. EDGINGTON STREET a FRANKLIN PARK, IL 60131 

847-451-1000 a FAX: 847-451-7585 
http:llwww.champtech.com 

The EAS features a digital signaling 
protocol, which functions as an elec¬ 
tronic mailing label to route messages 
quickly to the targeted emergency area. 
Radio and TV broadcasters and cable¬ 
casters are able to distribute emergency 
messages in a universal signaling for¬ 
mat. This structure enables state and 
local authorities and national agencies 
to issue emergency alert messages with 
a single transmission across the “emer¬ 
gency information superhighway.” 

RF Micro Devices and TRW 
Alliance—RF Micro Devices, Greens¬ 
boro, NC, and TRW Space and Elec¬ 
tronics Group, Redondo Beach, CA, 
have formed a strategic alliance to de¬ 
velop, produce and distribute low-cost, 
high-volume RF integrated circuits for 
wireless communications. The agree¬ 
ment grants RF Micro Devices an exclu¬ 
sive world-wide license to the GaAs het¬ 
erojunction bipolar transistor (HBT) 
technology for commercial wireless 
communications below 10 GHz. TRW 
will double the current capacity at the 
Redondo Beach HBT chip production 
facility and will invest in the establish¬ 
ment of a new RF Micro Devices facility 
to produce these chips in high volume. 

Litton’s Guidance and Control 
Systems Division Wins Contract— 
Litton’s Guidance and Control Systems 
division in Woodland Hills, CA, was 
awarded a $22.3 million contract by the 
U.S. Army to produce the AN/PPX-3B 
IFF interrogator sets for aircraft identi¬ 
fication. The lightweight, ground-based, 
battery-operated units are linked with 
individual shoulder-fired or vehicle¬ 
mounted aircraft weapon systems. 
The interrogator set’s transmit¬ 

receive antenna is mounted on the 
weapon and is aligned with the weapon 
sight. A coded signal directed at an air¬ 
craft activates a transponder on the air¬ 
craft, which returns a signal audible to 
the weapon’s operator on the ground. 
An aircraft not equipped with a prop¬ 
erly coded transponder will cause a dif¬ 
ferent audible signal, indicating a pos¬ 
sible foe. Codes are changed frequently. 
The interrogator is weatherproof, 

shockproof, and fungus resistant. A 
combination programmer and battery 
charger loads the code and charges the 
batteries that power the unit. The 
range of the interrogator is adjusted at 
the production facility to the range of 
the customer’s weapon. 
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• Integrated schematic, simulation 
and layout design environment 

• Power and speed of 32-bit 
simulation 

• Full RF to MMW coverage 

• Oscillator phase noise analysis 
and optimization 

• Complete 3-tone mixer 
intermodulation analysis 

• Unique Smith Chart design tool 
for amplifier and oscillator design 

• Uncompromising accuracy of 
EM-based microstrip, stripline 
and CPW models 

• Unique multiple coupled line 
model (for accurate filter & 
crosstalk analysis) 

• Complete set of industry 
standard MESFET, HBT, JFET, 
MOSFET, BJT and diode models 

• Extensive transistor libraries for 
RF and microwave devices 

• Available in Windows 95 and 
Windows NT with network 
licensing option 

• Complements Microwave 
Success for system simulation 

yna ffr 
œiT CnrnpßciiSnfteRL 
frying CAfE for 

PROUD PARTICIPANT IN U. S. GOVERNMENT 
MIMIC, HDMP, MHDL, SBIR AND MAFET PROGRAMS 
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Compact 
Software 

MICROWAVE, RF and LIGHTWAVE CAD SOLUTIONS 

201 McLean Boulevard • Paterson. New Jersey 07504 
Tel: (201) 881-1200 • Fax: (201) 881-8361 

email: sales@comsoft.com 
htto://www.comsoft.com 



If satellite communications 
is critical to your business, 

SCEC ‘96 is critical 
to your future. 

RF industry insight_ 

Miniaturization — 
the shrinking circuit 

Formerly the Satellite 
Communications Users Conference 

September 24 - 27, 1996 
Sheraton Washington Hotel 
Washington D.C., U.S.A. 

• 20 Educational 
Workshops and 
Roundtables 

• 100 Exciting Exhibits 
Featuring the Latest 
Satellite Technologies 

• 1000 New Ideas and 
Solutions for the 
Technical & Engineering 
Management Professional 

AU new, power packed confer¬ 
ence program provides practi¬ 
cal solutions to the challenges 
presented by today's changing 
SatCom technologies. 

For complete information on 
the conference, exhibitors, 
hotels, special events and 
more, call FAX-ON-DEMAND at 
1-800-601-3858, or 800-288-
8606. 

ATTENTION VENDORS: 
Prime exhibit space is going 
fast. For details on exhibiting, 
call Kim Greenway, Intertec 
Presentations, 770-618-0423. 

Sponsoring Magazine 

Satellite 
Managed and Produced by 

PRCSEHTATKWS 
A DAntion at Intertec PubAstung Corporation 

By Ernest Worthman 

W ile not new to most of us in the 
technology sector, the ability to 

miniaturize today’s high-performance 
circuits has become an expected part 
of the development cycle. Just around 
the corner, the next century promises 
to take miniaturization even further. 
The process of miniaturization is 
largely responsible for many technolo¬ 
gies being as prolific and as popular 
with consumers as they are today. The 
miniaturization process has made it 
possible for almost everyone to have a 
computer and cellular telephone. It 
has brought direct-broadcast satellite 
systems to the home. It has made elec¬ 
tronic engine control practical. It has 
added special effects, unheard of 20 
years ago, to audio and video technolo¬ 
gy. And it has made everyday appli¬ 
ances such as washers, dryers, stoves 
and refrigerators—“intelligent.” 
Of course, miniaturization is not the 

only factor in this evolution. In a more 
real sense, miniaturization is the nat¬ 
ural progression of the market forces 
that squeeze product development to 
become cost-conscious and efficient. 
Efficiency and competitiveness have 
forced engineers to seek component 
integration and new methods of manu¬ 
facturing that merge many different 
types of circuits into a single package. 
One classic example is the cellular 

telephone industry. First-generation 
cellular telephones of the early 1980s 
had a volume of about 90-in3. By 1994 
that volume had been reduced to 
about 6-in3. Much of the miniaturiza¬ 
tion was driven by the need for low-
power consumption and long battery 
life. Si-bipolar technology was 
replaced by GaAs-FET technology. 
Class-C power amplifiers were 
replaced by Class-F. Operating volt¬ 
ages were reduced from five volts to 
three volts. And hybrid filters were 
replaced by monolithic IC filters. Addi¬ 
tionally, other devices such as digital 
signal processing (DSP) chips under¬ 
went miniaturization. Very large scale 
integration (VLSI) technology reduced 

DSP power consumption from 900 
watts in the early 1980s to under 500 
mW by the early 1990s. 
Another industry where technologi¬ 

cal development is highly visible is 
the computer industry. In 1970, when 
the 4004 series microprocessor was 
introduced as the world’s first micro¬ 
processor, it contained a whopping 
2,400 transistors. By 1993, the Intel 
Pentium chip had evolved into a 3.1 
million transistor superscalar power¬ 
house with less than 15 times the 
original 4004 volume. Next came the 
P6, with 5.5 million transistors. In 
the near future (probably sometime 
in 1997), will come the P7, the next 
generation Intel chip, which likely 
will contain upwards of 7 million 
transistors. Again, much of this 
miniaturization is due to the evolu¬ 
tion of other technologies, such as the 
use of bi-polar complimentary metal-
oxide semiconductor (Bi-CMOS) 
material and thin-film wafer fabrica¬ 
tion technology. 

It is hard to find any industry or 
product that has gone untouched by 
the age of technology. One only needs 
to look at the watch that transfers its 
data to the computer via an infrared 
communications link. Or the pager 
that resides inside the form factor of a 
pen. 
We have portable cassette tape 

recorders that are not much larger 
than the size of the actual cassette 
tape, and we can pack an entire record 
album or 600 plus megabytes of data 
onto a rugged plastic disk, less than 5 
inches in diameter. As for the future? 
Even those of us on the cutting edge of 
technology have a hard time prognos¬ 
ticating accurately. One thing is for 
sure, however. Market forces, technol¬ 
ogy refinements, global competitive¬ 
ness, and certainly, some time soon, 
the development of new technologies 
will present a myriad of opportunities 
for the world of miniaturization. 
Excuse me ... I hear my wrist watch 
ringing. /y 
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PENSTOCK 
RF/MICROWAVE DISTRIBUTION 

AN AVNET COMPANY THE® MOTOROLA Semiconductor Products Sector 

FF PC F TEAM 
For Wireless Communication 

MRF6401 

•Frequency 1.5- 2.0 GHz 

• Power Output 3.5 Watts 

• Class A Operation 

• Gain (Typ) 10 dB/1880 MHz 

• Bias 20 Vdc/80 mA 

•Frequency 1.5 -2.0 GHz 

• Power Output 120 Watts 

• Class AB Operation 

• Gain (Typ) 88 dB/1880 MHz 

• Bias 26 Vdc/100 mA 

- 2.0 GHz 

30 Watts 

8.5 dB/1880 MHz 

26 Vdc/150mA 

PCS Base Station 

10 watt 

MRF891 

• Frequency 870 - 960 MHz 

• Power Output 5 Watts 

• Class AB Operation 

• Gain (Min.) 9 dB/900 MHz 

• Bias 24 Vdc 

MRF897R 

• Frequency 

• Power Output 

• Class AB Operation 

• Gain (Min.) 

• Bias 

870 - 960 MHz 

30 Watts 

10 dB/900 MHz 

24 Vdc 

MRF899 

• Frequency 870 - 960 MHz 

• Power Output 150 Watts 

• Class AB Operation 

• Gain (Min.) 8 dB/900 MHz 

• Bias 26 Vdc 

In Northern California Call 408-745-8100 In Canada call 61 3-592-6088 Today. 
© 1996 MOTOROLA, INC. ALL RIGHTS RESERVED. MOTOROLA AND ® ARE REGISTERED TRADEMARKS OF MOTOROLA. 

“Visit Penstock’s Website: WWW.PENSTOCK.AVNET.COM” 
INFO/CARD 17 



RF microstrip_ 
Microstrip bandstop filter 
cuts spurious carrier frequencies 
By Denis Jaisson 

Where spurious carrier frequencies 
cause a problem, a bandstop filter can 
be “thrown” on a microstrip line to cut 
them by 20 dB or so. Although the 
filter’s performance is not nearly as 
good as that of a structure with more 
poles, its narrow shape does not require 
changing the housing of the system into 
which it is integrated. 

mo reject unwanted carrier frequen-
1 cies in an intermediate frequency 
(IF) processing unit of a digital commu¬ 
nications system (DCS), a bandstop 
filter with multilayer microstrips was 
designed to operate around f = 1842.5 
MHz. It involves a double-layer mi¬ 
crostrip resonator coupled to a mi¬ 
crostrip line. This coupler was modeled, 
and the filter’s performance was pre¬ 
dicted. An experiment with the filter 
documented its actual performance. 

Figure 1 shows a microstrip line with 

OPEN 
STUB 

IN MICROSTRIP UNE OUT 

a parallel open stub, which centers a 
stopband at frequency fc. In microwave 
integrated circuits (MICs), where space 
is restricted, it might be preferable to 
have a somewhat narrower structure. 
One possibility is to rotate the open 

microstrip and to place it on top of the 
access line with an additional layer of 
substrate between them. (See Figure 
2.) Broadside coupling has been used 
for tight coupling between microstrips, 
with a third cover layer for improved 
directivity [1], Unlike broadside cou¬ 
pling, directivity is not critical where 
only two layers are needed. The struc¬ 
ture in Figure 2 was used as a band¬ 
stop filter. Using Malherbe’s model [2] 
and assuming a homogeneous cross¬ 
section in Figure 3 for this coupler, a 
simplified equivalent circuit was 
drawn. The behavior of the filter (its re¬ 
jection bandwidth) was related to the 
coupler’s parameters. 

Simple model: 
homogeneous MCPW 

Malherbe’s static electrical equiva¬ 
lent circuit for a unit length of a homo¬ 
geneous transverse electromagnetic 
(TEM) coupler is shown in Figure 4a. 
The model for the whole coupler shown 
in Figure 4b consists of two transmis¬ 
sion lines with a quarter-wavelength at 
f and respective characteristic imped¬ 
ances normalized to 50 Í2 and Z2

given by: 

_ y£r C)2 +C12 

c° (Cu)2

i— æ 
T ^r C 12 +C 22 —-

co 1C22 +C] |C12 +C22C12 

where c0 is the speed of light in free 
space. The voltage ratio of the ideal 
transformer is: 

£22 

C 12 
(2) 

By connecting the left end of the top 
strip to the bottom strip and by leaving 
its right end open (See Figure 2), the 
equivalent circuit in Figure 4b is fur¬ 
ther simplified to the equivalent circuit 
in Figure 4c. The parasitic effects 
brought about by the step in width and 
by the open end of the top strip have 
been neglected. At a frequency f = f. + 
Af close to f, the input admittance of 
the 50 Í2 loaded filter is: 

e _l_ -("-I)2 2/c 

(Z|)2 Z2 
(3) 

Assuming no losses, the transmis¬ 
sion factor is given by [3]: 

where: 

Figure 1. Open stub for bandstop effect. 

Figure 3. Cross-section of the filter. 

C„ 

o- -o 

LOWER STRIP I UPPER STRIP 

c„=c,-c,2 e?; = c2 - c 

From equations 3, 4 and 5: 

|S21|~ n
£2_ A/ 

(«-1)2Z, fc (6) 

The transmission factor is at most 
equal to I S2i I max over a bandwidth B 

Figure 2. Bandstop filter with multi-layer micro-
strips. 

Figure 4a. Homogeneous TEM coupler, unit length equivalent circuit. 
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Figure 4b. Homogeneous TEM coupler, equiva¬ 
lent circuit of the coupled lines. 

Figure 4c. Homogeneous TEM coupler, equiva¬ 
lent circuit of the filter 

Figure 5. Non-homogeneous coupler. 

defined as: 

where IS2iImax replaces IS2iI (I S21 1 in 
Equation 6 is frequency dependent, 
whereas I S2i I max is a constant arbi¬ 
trarily chosen by the designer). 

From equations 1, 2 and 6: 

ß= 2- (C¿- (8)

Jt CHC22 +CHC12 +C22C 12

Referring to Equation 8, it appears 
that, for a given I S2i I max , where 

I $21 I max replaces I S2i I ( I S2i I in 
Equation 8 is frequency-dependent, 
whereas I S2i I max is a constant arbi¬ 
trarily chosen by the designer), B is 
larger if Cn and C21 are small, and C22

is large. Consequently, the top strip was 
widened, and the bottom strip was nar¬ 
rowed where they are coupled to each 
other. (See Figure 2.) 
The model in Figure 4c helps to re¬ 

late qualitatively B to the parameters 
of the coupler,^but it is valid only if the 
coupler’s cros^-section is homogeneous, 
which is not the case in practice. 
Moreover, it does not account for dis¬ 
continuities. A more sophisticated 
model is, therefore, required. 

Non-homogeneous coupler 
The cross-section CS of the non-

homogeneous coupler used in Figure 2 
is shown in Figure 3, and its unit¬ 
length, quasi-static equivalent circuit is 
given in Figure 5 [4], Capacitances are 
computed in terms of cross-section 
geometry, substrate permitivity £, and 
conductor potentials, using a finite ele¬ 
ment method [5]: 
1) C/ç.) is computed for: 

V,= l (9) 
(All other conductors are grounded.) 

2) Setting V, = V2 = 1 yields a capaci¬ 
tance C3, so that: 

C12(er) = ̂ (Cl(er) + C2(er)-C3) (10) 

The symmetry of CS about plane x = 
0 is taken advantage of by treating this 
plane as a magnetic wall and by 
making only a half of CS into discrete 
finite elements. Inductances in Figure 
5 are given in terms of capacitances by 
removing the substrate (e; = 1). The fol¬ 
lowing formulas have been derived in a 
previous paper [6]: 

7L  = c02c12 (i) 
L 12 V 

C|(1)C2(1) 

C?2(l) 
-1 (11) 

and: 

L,=L 12^1. 
Cl2 (l) '-C,2(l) 

(12) 

Ci(l), C2(l) and C12(l) are obtained in 
the same way as Ci(e>), C2(fr) and Cíate) 
for £, = 1. 
Once the unit length capacitances 

and inductances are known, the coupler 
is modeled into a network of 10 of the 
cells in Figure 5 connected in series, 
where all values are multiplied by one¬ 
tenth of the total coupled length I. A 
short FORTRAN program was written 
for the coupler which: 

1) computes capacitances under the 
voltage conditions in Equations 9 and 
10. 

2) computes inductances according to 
Equations 11 and 12. 
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3) automatically updates a Touchstone circuit file for 
length Z to be optimized at fc. 
The Touchstone network for the filter is shown in Figure 6. 

The resonator open end is modeled as two open-end micro¬ 
strip line end effects (MLEFs). The one MLEF accounts for 
the capacitance to the groundplane, with width w2-w' (top 
view in Figure 7). The other, with width w', accounts for the 
capacitance to the dielectric-covered, 50 Q output line. The 
latter MLEF is connected through an ideal transformer be¬ 
cause the MLEF model of Touchstone is referenced to ground. 

Experiment 
The bandstop filter in Figure 2 was designed for f = 1842.5 

MHz on an FR4 substrate, with relative permitivity er = 4.7 
and substrate height h = 1.165 mm. Conductor thickness t = 
18 pm was neglected. Width w' = 1.57 mm of the dielectric-
covered 50Q output line was obtained for an air-filled mi¬ 
crostrip line with impedance [7]: 

^ z°=77m = 108Q (13) 
Co(-U) 

where C(l) is the unit length capacitance of the air-filled line. 
A B = 6.6% 20 dB rejection bandwidth was predicted around 
fc for w = 5 mm, g = 0.5 mm and I = 19.44 mm. The following 
values were obtained for the equivalent circuit in Figure 5: 

CJc,) = 0.192 pF/mm 
C2(er) = 0.116 pF/mm 
Cm(£r) = 0.0681 pF/mm 

L¡ = 0.274 nH/mm 
L2 = 0.546 nH/mm 
Lm = 0.161 nH/mm 

Figure 8. Filter measurements. 

Figure 8 shows measured I S2i I and ISn l (IS»! = ISU I 
by a half decibel up to fj. A minimum IS21 1 = -27 dB was 
measured at fm = 1836.8 MHz, that is 0.3% off design f.. 
Rejection is more than 20 dB greater than B = 6.3%. 
Transmission loss is less than a half-decibel up to 794 MHz, 
where ISnl, IS22 1 = —11 dB. ISnl, IS22 1 < —20 dB for f < 
410 MHz. 

Permitivity e, of FR4, as this material is commonly manu¬ 
factured, is known to suffer a larger spread than that of sub¬ 
strates that were first introduced for microwave applications 
such as filters, where low tolerance on er is important. 
Fortunately, a good agreement was observed between simu¬ 
lated and measured values of fc. Full-wave modeling of the 
filter with a 3D electromagnetic simulator, combined with an 
accurate measurement of Er, would give a better idea about 
the accuracy of the model in Figure 6. 

Conclusion 
For use when spurious carrier frequencies are a problem, a 

bandstop filter can easily be “thrown” on a microstrip line to 
knock them off by 20 dB or so. Although its performance does 
not approach that of structures with more poles, its narrow 
shape does not require any change in the housing of the 
system into which it is integrated. 
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microstrip_ 

Linear simulators offer 
successful microstrip modeling 
for Wilkinson power-splitters 
By Sean R. Mercer, Ph.D. 

Using a simple model compatible 
with most commercial linear simula¬ 
tors yields effective first-time designs. 
The technique avoids difficult imple¬ 
mentations commonly shown in text¬ 
books. Layout, resistor and fabrication 
technology choices make an important 
difference. 

Successful Wilkinson power-splitter 
design results have been achieved 

for a two-way power-divider and com¬ 
biner. The model for those microstrip 
circuits can be used with most commer¬ 
cial linear simulators, such as HP-
EEsofs Touchstone and Compact 
Software’s Supercompact. This model 
has resulted in first-time design suc¬ 
cess at frequencies up to and including 
X-band. 
The design of a hybrid power-splitter 

was presented by Wilkinson [1] in 
1960, and a functional description has 
appeared in many subsequent texts [2, 
3, 4, 5, 6]. Many textbooks, unfortu¬ 
nately, show a physical implementation 
that is difficult to model with the li¬ 
brary components available with most 
linear simulators [2, 4, 6]. 
A common textbook representation of 

the reciprocal, passive, Wilkinson 
power-splitter and combiner is shown 
in Figure 1. The 50 ß terminating im¬ 
pedances at ports 2 and 3 each are 

transformed to 100 G impedances at 
node A. These two 100 Q impedances 
appear in parallel at node A so that 
port 1 has a 50 Q input impedance. 
Signals incident at port 1 are split 
equally between ports 2 and 3 so that 
half of the incident power appears at 
each of these ports. 
The 100 ß resistor is included to iso¬ 

late the two output ports. Any out-of-
phase signals reflected back into the 
power splitter will be out-of-phase 
across the 100 ß resistor and, there¬ 
fore, will be dissipated in the resistor. 
Reflected signals that are in-phase 
across the resistor will, on the other 
hand, be passed back to the input port 
(port 1). 

Layout Considerations 
Electromagnetic simulators or finite 

difference techniques can be used to 
model complex and compact geometries 
accurately, but these tools are not 
available to all designers. The layout 
used by Gedney [7] is compact, but it 
employs junctions between the 50 and 
70.7 ß lines that cannot be modeled ac¬ 
curately using linear simulators such 
as Touchstone or Supercompact. 
Moreover, there will be significant cou¬ 
pling between the two closely spaced, 
parallel, quarter-wavelength trans¬ 
former sections. To achieve good corre¬ 

lation between modeling with a 
linear simulator and actual cir¬ 
cuit performance, the design 
should be restricted to use only 
elements that accurately can 
be modeled by the available 
software. 
Furthermore, the layout 

should be arranged carefully to 
minimize unwanted coupling or 
interactions that do not appear 
in the simulation. To avoid sig¬ 
nificant undesirable coupling 
between two microstrip lines, a 
good rule of thumb is to main¬ 
tain a distance of at least twice 
the substrate thickness be¬ 
tween any two lines where cou¬ 

pling is unintended. No line should be 
closer than twice the substrate thick¬ 
ness to the edge of the substrate. This 
precautionary step will minimize 
changes in characteristic line imped¬ 
ance caused by fringing fields coupling 
to a ground plane. In addition, a reli¬ 
able and repeatable fabrication process 
is essential to produce accurate mi¬ 
crostrip circuits. 

Resistor choice 
The implementation of the 100 ß re¬ 

sistor is crucial to the success of the 
power-splitter and combiner. Many 
past designs have provided no specific 
attachment points for the resistor. 
Although it is not impossible to 
achieve good performance with this 
technique, repeatable performance 
and correlation with the simulation 
can be harder to achieve if resistor 
placement can vary for lack of a pre¬ 
cisely defined attachment point. This 
problem is easily overcome by pro¬ 
viding resistor attachment pads and 
by modeling the effects of the disconti¬ 
nuities presented by these pads. 
The reasoning assumes the use of an 

ideal resistor with no electrical length 
and ignores the resistor’s physical size 
and power rating. At higher frequen¬ 
cies, the resistor’s physical dimensions 
are important because they become a 
significant fraction of a wavelength. 
Higher-power resistors have a larger 
surface area and, therefore, they ex¬ 
hibit greater capacitance to ground 
than small, low-power resistors. 
The optimum choice for the resistor 

is usually one that is as small as pos¬ 
sible and that still meets the power¬ 
handling requirements of the design. 
For higher-power applications, where 
the resistor is of the type that is bolted 
to a heatsink, it can be beneficial to 
compute a set of s-parameters for the 
resistor and use those for the design. 
The use of this type of resistor in a 
Wilkinson power-splitter is rare at fre¬ 
quencies above 2.0 GHz because of 
their significant shunt capacitance and 

38 September 1996 



One for digital. One for analog. 
Both for 5 kHz to 6 GHz. 
Communications signal generators 

Whether you're into digital or analog communications, 
we have a signal generator to meet your needs into 
the next century. 
Today you may be working on a GSM or 
DCS 1800 application. But what frequency 
range will tomorrow's applications cover? 
How do you meet your immediate needs and 
stay flexible for the future? With the SME06 
digital signal generator. Allowing all types 
of modulation from 5 kHz to 6GHz. 
With excellent spectral purity and extremely short 
frequency setting times and fast IEC bus. Helping you 
maximize production throughput. Now and in the future. 
Or maybe you're working on an analog application 

such as EMC? Or testing receivers? Take a look at the 
SMT06 analog signal generator. Future-safe with a 

frequency range way up to 6 GHz. With 
sweep and programmable level correction. 
Excellent broadband FM with deviation up to 
40MHz. Upgradable with a range of options 
to exactly meet your measuring needs. Setting 
new standards with impressive RF properties 
and excellent cost/performance. 
Interested? Simply call our Hotline on +49 89 

4129 3774 or fax us on +49 89 4129 3777. 
Or send a brief note to Rohde & Schwarz, Mühldorf¬ 
strasse 15, 81671 Munchen, Germany. We'll make 
sure you get the information you need. 

©
 b
y 
R
&
S
 8
2
E
.
M
9
6
 

ROHDE&SCHWARZ 
FAX: Argentinian 3272332 Australia 2 7481836 Austria (1) 6026141-14 Belgium (2) 7250936 Brazil ( 11 ) 5055793 Bulgaria (2) 656833 Canada Tektronix (416) 747 9799 

China (10) 8425507 Chile (2) 2278775 Czech Republic (2) 328841 Denmark (43) 437744 Finland (0) 531604 France (1) 41361010 Greece (1) 7215198 Hongkong (2) 8275656 
Hungary ( 1 ) 2030282 India ( 11 ) 4626324 Indonesia (2 1 ) 8307403/04 Iran (2 1 ) 8730283 holy (6) 41598270 Japan Advantest (3) 33420905 Malaysia (3) 7033439 Mexico (5) 575338 1 

Netherlands (30) 6048 122 New Zealand (4) 2379195 Norway (22) 658021 Pakistan (2 1 ) 5680908 Philippines (2) 8105807 Poland (22) 6353544 Portugal (11) 4120172 Romania 
(1)3122013 Russian Federation (095) 9549087 Saudi Arabia (1)4656428 Ext. 229 Singapore 2876577 Slovenia (61) 123461 1 South Africa ( 12| 8042009 Spain ( 1 ) 7662773 Sweden 

(8)941978 Switzerland (31)9218101 Taiwan (2) 701 7068 Thailand (2) 9532245 Turkey (216) 3851918 United Kingdom (1252) 81 1447 USA Tektronix (503) 627-2565 Vietnam (4) 346188 

INFO/CARD21 



THE WORLD'S LARGEST SELECTION 

2kHz- 10GHz from$295
Choose from over 480 standard off-the-shelf models 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! 

C3 Mini-Circuits’ US INTL 66

P.O Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718)332-4661 INTERNET http://www minicircuits, com clfKLE SERVICE CAW 
For detailed specs on all Mini-Circuits products refer to • 740- pg. HANDBOOK • INTERNET • THOMAS REGISTER • MICROWAVE PRODUCT DATA DIRECTORY • EEM 

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



relatively long electrical length at 
higher frequencies. 

Fabrication technology 
The choice of fabrication technology 

influences the design strategy. The use 
of 99.6% A12O3 (Alumina) ceramic sub¬ 
strate with a 50 O-per-square resistive 
layer is probably the simplest to model. 
The 100 ß resistor then can be imple¬ 
mented as a rectangular area of resis¬ 
tive material (typically Tantalum 
Nitride) with a length equal to twice 

the width. Resistor power-handling can 
be increased by increasing the resistor 
dimensions. This type of resistor can be 
modeled successfully using the thin-
film resistor model in the linear simu¬ 
lator (the TFR model in Touchstone 
and Supercompact). 
A model of a Wilkinson power¬ 

splitter for use in a linear simulator is 
shown in Figure 2. All of the elements 
in this model are available with most 
linear simulators. A 50 ß microstrip 
line connects port 1 to a microstrip T-

junction at node A. The two 70.7 ß 
quarter-wavelength impedance trans¬ 
formers are connected to this T-
junction. The opposite ends of these 
70.7 ß lines are connected to microstrip 
T-junctions at nodes B and C. The 50 ß 
output lines are connected to these T-
junctions, too, with the third leg of 
these T-junctions set to the width of the 
resistor termination pad. A short mi¬ 
crostrip line of width equal to the width 
of the chosen resistor is connected to 
the third leg of these last T-junctions to 
form resistor attachment pads. A thin-
film resistor with a width equal to the 
resistor attachment pads is connected 
between these two attachment pads. 
Note that the models for a mi¬ 

crostrip T-junction in Touchstone and 
Supercompact use different reference 
planes, so take this into account when 
trying to compare simulations of the 
same physical circuit with these soft¬ 
ware packages. 

Curved vs. straight lines 
The model shown in Figure 2 shows 

the 70.7 ß quarter-wavelength imped-
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A new option in quality 
cable assemblies 

All products are custom made to order. 
You never pay extra for exactly what you need. 

Any cable and connector combination is available. 
You specify the component parts when ordering. 

Any length cable, from any supplier, is available. 
You specify the length and supplier when ordering. 

All coaxial cable meets MIL-c-17 specifications. 
You can trust in the quality and reliability. 

All assemblies are guaranteed to meet your specifications. 
We will supply test data upon request. 

LAP-TECHInc. 
230 SIMPSON AVE. 

BOWMANVILLE, ONTARIO 

CANADA L1C2J3 

TEL: 905-623-4101 

FAX: 905-623-3886 

• CLOCK OSCILLATORS 0.25 ■ 170 Mhz 
TTL, HCMOS ANO ECL 
Hermetic packages with through hole 
and surface mount configurations 

• EMERGENCY SERVICE DELIVERY 

• QUALITY * 
ISO 9002 pending 

-

Our knowledgeable staff is ready to help you 
select the most effective, cost efficient, 
custom tailored cable components. 
Call for a quote today-
same day snipping M 
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Street 
Smarts 

From Wall Street to MSAG®-Lite technology and a 
Rodeo Drive, two-way paging is 
finally a reality. And when it comes 
to the RFIC power amplifiers you 
need to get the job done, the word 
on the street is ITT. 

Our new 3.3 volt power 
amplifier is proof. It's designed 
especially for the 890 to 942 MHz 
ISM and paging frequency bands. 
Put it into your two-way pagers 
and it'll deliver 1.2 watts of RF 
power into an easily matched 50 
ohm load. 

There's more. It works smart. 

16-pin narrow body SOIC plastic 
package, you can pack more 
features in less space. 

Our power amplifiers know 
how to survive on the street. In 
fact, ITT guarantees both stability 
and ruggedness. And the low cost 
will surprise even the toughest 
Wall Street banker. 

So if you need a power 
amplifier with real street smarts, 
you're looking at it. To take a closer 
look, call us at 540-563-3949 or 
fax us at 540-563-8616. 

It operates on a single battery. 
And it's small. Thanks to ITT's 

ITT GTC 
7670 ENON DRIVE 
ROANOKE, VA 24019 

ITT GTC 
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What Other Manufacturer or 
Distributor Has the RF Leadership of 
Penstock and Motorola? 
In Stock for Immedate Delivery 

MRFIC2001 Down Converter LNA/Mixer (SO-8) 

•Frequency 500 to 1000 MHz 

• Supply Voltage 2.7 to 5.0 Vdc 

• Supply Current (On Mode) 4.7 mA (typ) 

• Conversion Gain 23 dB (typ) 

• Single Sideband Noise Figure 5.5 dB (typ) 

• P out 1 dB Gain Compression -10 dBm (typ) 

MRFIC2003 GaAs Antenna Switch (SO-8) 
* Frequency 100 to 1000 MHz 

• Supply Voltage 2.8 to 6.0 Vdc 

• Supply Current <10 mA (typ) 

• Recommended Input Power 17 dBm 

* Insertion Loss (RF1 to RF2)/ 

(RF1 to RF3) 0.8/0.5 dB (typ) 

* Isolation (RF1 to RF2)/(RF1 to RF3) 23/20 dB (typ) 

MRFIC2101 Tx-Mixer/Exciter (SO-16) 

To receive your NEW RF Selector Guide, Fax to 602-966-6122 

NAME TITLE 

• Frequency 900 MHz 

• Supply Voltage 5.0 Vdc 

• High Linearity IP’o = 23 dBm (typ) 

• Low LO. Drive Required = -15 dBm (typ) 

• Power Down Supply Current = 2.0 pA (typ) 

COMPANY 

PHONE 

ADDRESS 

CITY. STATE. ZIP 

To 

-Z— 
APPLICATION EST. QUANTITY 

“Visit Penstock’s Website: WWW.PENSTOCK.AVNET.COM” 

• Externally Adjustable Exciter Bias Current 

PENSTOCK 
RF/MICROWAVE DISTRIBUTION 

AN AVNET COMPANY 

1-800 PENSTOCK. 
In Northern California Call 408-745-8100 

In Canada call 61 3-592-6088 Today. 
M) MOTOROLA 

Semiconductor Products Sector 

© 1996 MOTOROLA, INC. ALL RIGHTS RESERVED. MOTOROLA AND ® ARE REGISTERED TRADEMARKS OF MOTOROLA. 
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anee transformers as single-line ele¬ 
ments. In practice, though, each of 
these lines is made up of four sections 
as shown in Figure 3. The first 70.7 Q 
line segments are orthogonal to the 
input T-junction and are 180° apart 
from each other. They need to be 
curved back together to allow the at¬ 
tachment of a physically short resistor 
between the resistor attachment pads. 
This can be achieved easily by using 
two straight-line sections and two 
curved sections as in Figure 3. The dis¬ 
tance between the parallel straight sec¬ 
tions is maximized (at least twice the 
substrate thickness apart) to minimize 
unwanted coupling between these 
traces. The use of curved microstrip 
lines makes this layout more compact 
than the layout shown in Figure 2. 
Moreover, the center frequency for 
maximum coupling between the shorter 
parallel 70.7 Q line sections is much 
higher than for a layout where coupling 
can occur along the entire length of the 
70.7 Í2 lines; therefore, the use of the 
curved traces in the layout helps to re¬ 
duce undesirable in-band coupling be¬ 
tween the lines. 

The curved traces do, 
nevertheless, add an extra 
complication because they 
appear to be electrically 
shorter than a straight 
conductor with the same 
physical length. This 
means that there will be 
poor correlation between 
simulation and practical 
results for a circuit mod¬ 
eled as shown in Figure 2, 
but implemented as 
shown in Figure 3. The 
modeling of curved traces 
has been documented in 
literature [8, 9], and some 
linear simulators do 
include models for curved 
traces. Use these models if 
they are available, and 
optimize the lengths of 
the straight sections of 
70.7 Q line to compensate 
for the contractions in 
electrical length in the 
curved traces. Tightly 
curved lines have a short¬ 
er effective length than 
gently curved lines with a 
greater bend radius. 

If your linear simulator 
does not include a model 
for curved microstrip line, 

the 70.7 Q lines should be modeled as in 
Figure 2. The layout still should be 
arranged as shown in Figure 3, but the 
total length of the 70.7 Q lines has to be 
altered to compensate for the effects of 
the curved lines. Some formulas have 
been derived that account for the effects 
of curved lines [10], and using a ratio of 
arc radius-to-microstrip line width of 
five is advised to avoid the use of tightly 
curved lines. In this case, the effective 
arc radius is approximately equal to the 
actual arc radius reduced by 20% of the 
width of the curved trace. The difference 
between the actual arc lengths and the 
effective arc lengths should be added to 
the straight lengths of 70.0 Q line to 
compensate for the effective length con¬ 
traction caused by line curvature. 
As an example, a curved, 0.23 mm-

wide microstrip line with a ratio of arc 
radius to line width of five has a radius 
of 1.15 mm to the center of the line. 
The effective radius for this curved line 
will be 1.104 mm. This radius is used to 
calculate the effective length of the 
curved line. The effective length of a 
semicircular arc for this line would be 
0.145 mm shorter than its actual phys-

Turn your 
shielded room 
into a reverb 
chamber 

at frequencies from 
30 to 1000 MHz. 

Our Cavitenna' cavity-exciter uses 
the wall or ceiling as its ground¬ 
plane, and delivers field strengths 
you usually associate with anten¬ 
nas bigger than your room. 

This 4-foot-wide top-loaded 
monopole, with typical gain over 
5 dB, is especially welcome in the 
“difficult” mid frequencies 
between 30 and 150 MHz, where 
other fractional-wavelength anten¬ 
nas don’t measure up. Accepting 
input power as high as 3500 watts, 
the Cavitenna cranks out well over 
700 volts per meter at 100 MHz, 
and even more at 200 MHz. 

Magnetic mounting clamps 
make installation and relocation in 
the shielded room fast and easy. 
Easy, too, is the price. 
You should talk volts/meter and 

rf power with someone who knows 
your language and most often 
knows your problems. That’s one 
of our applications engineers, 
who’ll pick up the phone when you 
call, toll-free, 1-800-93^8181. 

www.ar-amps.com 

nmpiiFiCR 
nescnncii 

160 School House Road 
Souderton, PA 18964-9990 USA 
215-723-8181 • Fax 215-723-5688 

For engineering assistance and 

service throughout Europe, call 

EMV GmbH • Munich • 89-614-1710 

EMV Ltd. • London • 908-566-556 

EMV S.A.R.L. • Paris • 1-64-61-63-29 
16685 
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25 WATTS 
RF POWER 

1-500 

NEW, ALL SOLID STATE 
AMPLIFIER WORKS INTO 
ANY LOAD IMPEDANCE. 

The 525LA is an extraor¬ 
dinarily versatile source of 
power that will find wide ap¬ 
plication in virtually all RF 
labs. Covering the frequency 
range of 1 to 500 MHz, with 
a flat 50 dB of gain, the 
525LA is driven to its full 
Class A linear output by any 
signal or sweep generator. 

Like all ENI amplifiers, the 
525LA features unconditional 
stability, absolute proteaion 
from overloads, and it will 
work into any load im¬ 
pedance. So if you need a 
rugged source of RF power 
for RFI/EMI, RF transmission, 
component testing, NMR or 
transmitter design, the 525LA 
amplifier could just be the 
most useful tool in your 
laboratory. 

For more information, or a 
full-line catalog, contaa us at: 

ENI 
A Division of Astee America, Inc. 
100 Highpower Road, 
Rochester, NY 14623-3498 
(716) 427-8300 
Telefax: (716) 427-7839 

ical length. Half of 
the difference of 
0.145 mm must be 
added to each of 
the straight 70.7 £2 
line sections to 
compensate for the 
effective reduction 
in line length of 
this curved line. 
Remember to apply 
this compensation 
to both curved lines 
in each 70.7 £2 arm 
of the layout shown 
in Figure 3. 

Substrate 
It is possible to 

use an Alumina 
Figure 4. Bottom view of 100 Q chip resistor. 
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substrate without a resistive layer and 
attach a high-quality chip resistor. The 
thin-film resistor model can be used, 
but some additional discontinuities 
must be considered. An examination of 
a chip resistor under a microscope re¬ 
veals a construction similar to that in 
Figure 4. Solder terminations at either 
end of the resistor are the full width of 
the body of the resistor. A thinner, 
lossy transmission line runs between 
these terminations. In most cases, this 
line is approximately twice as long as 
its width for a 100 £2 resistor, indi¬ 
cating the use of 50 £2, square-shaped 
resistive material. 

Resistor attachment pads are pro¬ 
vided for the metalized ends of the re¬ 
sistor as shown in Figure 2. The attach¬ 
ment pads do not need to be any longer 
than the metalized ends of the chip re¬ 
sistor. The length of the lossy transmis¬ 
sion line on the chip resistor is used to 
define the length of the gap in the art¬ 
work between the resistor attachment 
pads. The result is step discontinuities 
between the resistor attachment pads 
and the lossy transmission line. The 
thin-film resistor model still is used to 
model the resistive material, but step 
discontinuities (MSTEP in Touchstone 
or STEP in Supercompact) are included 
at either end of the resistor to model 
the discontinuity in width between the 
attachment pads and the resistive 
material. 

The same technique can be applied 
to soft substrates. At lower frequencies 
(below 3 GHz), it is possible to use a 
simple 0805-package 100 £2 chip re¬ 
sistor with a 125 mW power rating for 
low-cost applications. At these frequen¬ 
cies, it is possible to model the resistor 

as though it were an ideal resistor in 
series with an ideal inductor. An induc¬ 
tance of 0.15 nH/mm of resistor length 
provides reasonable correlation be¬ 
tween simulation and implementation 
when using a 0805-chip resistor. This 
simplistic model fails at higher fre¬ 
quencies and is best avoided. 
The design strategy for a single¬ 

section Wilkinson power splitter is 
summarized as follows: 

1. Choose the substrate material and 
the 100 £2 isolation resistor. The phys¬ 
ical dimensions of the resistor must be 
known to determine the correct gap 
length to be left in the artwork for the 
resistor. 

2. Determine the line widths for 50 
and 70.7 £2 lines on the chosen sub¬ 
strate. Determine the length of a 
quarter-wavelength 70.7 £2 line at the 
center frequency of operation. Choose 
the dimensions for the resistor attach¬ 
ment pads equal to the width of the 
resistor. 

3. Implement the model shown in 
Figure 3 in your linear simulator. If a 
chip resistor is to be used, remember to 
include the step discontinuities be¬ 
tween the resistor attachment pads 
and the resistive material as shown in 
Figure 4. 

4. Optimize the length of the 70.7 £2 
lines to compensate for the effects of 
the resistor, curved lines and junction 
discontinuities. If models for curved mi¬ 
crostrip lines are not available, the 
power-splitter should be simulated as 
shown in Figure 2. The curved line 
lengths for the artwork represented in 
Figure 3 then are calculated as previ¬ 
ously described. 

5. Lay out the design to minimize 
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The Standard for Performance 
For over fifteen years engineers and 

OEMs alike have relied on FT'S 
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 

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

PROGRAMMED TEST SOURCES, INC. 
9 Beaver Brook Road, Littleton, MA 01460 

Tel: 508 486-3008 Fax: 508 486-4495 
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unwanted couplings and substrate edge 
effects. 

Conclusion 
This model has been used success¬ 

fully to construct single-section power¬ 
splitters at frequencies as high as X-
band. It should be a simple matter to 
expand the method to design broad¬ 
band, multisection power-splitters in 
circuits with more resistors and, conse¬ 
quently, more discontinuities that can 
lead to poor circuit performance when 
they are modeled incorrectly. /y 

Acknowledgment 
The author thanks F. Traut for 

useful discussions. 

References 
1. Wilkinson, E.J., “An N-Way hy¬ 

brid power divider,” IRE Trans, on 
Microwave Theory and Techniques, Vol. 
8, No. 1, January 1960, pp. 116-118. 

2. Vendelin, G., “Design of Amplifiers 
and Oscillators by the S-Parameter 
method,” John Wiley & Sons, 1982, p. 101. 

3. Gonzalez, G., “Microwave 
Transistor Amplifiers—Analysis and 
Design,” Prentice Hall, 1984, p. 181. 

4. Malherbe, J.A.G., “Microwave 
Transmission Line Couplers,” Artech 
House, 1988, p. 24. 

5. Ostroff, E.D., M. Borkowski, H. 
Thomas, and J. Curtis, “Solid State 
Radar Transmitters,” Artech House, 
1985, pp. 149-150. 

6. Nibler, F. and co-authors, “High 
Frequency Circuit Engineering,” IEE, 
London, UK, 1996, pp. 274—275. 

7. Gedney, S.D., “Finite Difference 
Time-domain Analysis of Microwave 
Circuit Devices on High Performance 
Vector/Parallel Computers,” IEEE 
Trans, on MTT, October 1995, vol. 43, 
pp. 2510-2514. 

8. Weisshaar, A., S. Luo, M. 
Thorburn, V.K. Triparthi, M. Goldfarb, 
J. Lee and E. Reese, “Modeling of 
Radial Microstrip Bends,” IEEE MTT-
S International Microwave Sym¬ 
posium Digest, Vol. 3, May 1990, 
pp. 1051-1054. 

9. Weisshaar, A., V.K. Triparthi, 

“Pertubation Analysis and Modeling of 
Curved Microstrip Bends,” IEEE 
Trans, on MTT, Vol. 38, no. 10, October 
1990, pp. 1449-1454. 

10. Texas Instruments GaAs Foundry 
Services Design Guide, Version 3.0, 
Chapter 10, p. 10-3. 

About the author 
Sean Mercer is a principal engi¬ 

neer at Racal Canada where he is 
involved in the design and develop¬ 
ment of HF transceivers. He re¬ 
ceived a Ph.D. from the University 
of Cape Town in 1990. He has co¬ 
authored several patents, and he is 
a member of the Institute of Electri¬ 
cal Engineers and the Institute of 
Electrical and Electronic Engineers. 
He can be contacted via e-mail at 
mercer@racalcanada.com or at 
Racal Canada, 1495 Franklin, Brit¬ 
ish Columbia, V5L 5B6, Canada. 

Other suppliers may promise you 
quality and reliable service.... 
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BNC, TNC, MCX, Mini 
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nipple. RCA, UHF, 
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B + K PRECISION 

Guaranteed 
Specs 

RF PRODUCTS GROUP 

Spectrum Outstanding 

Analyzer Series 
With The Features 
n̂egeDynamit And Prices 
You Really Need! 

When choosing a new spectrum analyzer, it's easy to end up buying features you'll never 
use. That's why B+K Precision is proud to offer the 2600 Series Spectrum Analyzers. We 
give you the features and performance you really need at less than a third 
of the price of ;

comparable units. : ~ a 

Our NEW Spectrum Analyz^ 
Series is ideal for RF testin; 

and troubleshooting. 

V \ 1 V f ' 

With the 2600 Series, you 
don't have to pay for the 
"bells & whistles" you 

don't need 

Compare these specifications and prices: 
Model Bandwidth Resolution Dynamic Maximum Drift AM/FM Tracking Retail 
Number (MHz) Bandwidth (kHz) Range* Input (kHz/Hour) Demod Generator Price 

2615 

2620 

2625 

2650 

500 

500 

1,050 

1,050 

12.5 & 250 

12.5 & 250 

20 & 400 

20 & 400 

113* dB 

113* dB 

113* dB 

113* dB 

+20 dBm 

+20 dBm 

+20 dBm 

+20 dBm 

<150 

<150 

<150 

<150 

$1,795 

$2,195 

$2,595 

$3,395 

*with attenuation (-100 dBm to +13 dBm) 

Compare the 2600 Series to the competition and you'll see why they are the 
best value in Spectrum Analyzers available. 

B+K Precision has been 
providing high quality elec 
tronic test and measuremei 
equipment for over 40 year 

RF PRODUCTS GROUP 

Domestic and International Sales: 
6470 W. Cortland St, Chicago, IL 60635 
Tel: 312-889-1448 • Fax: 312-794-9740 
Canadian Sales: DCS Electronics, Ltd. 
Tel: 905-683-4500 • Fax: 905-683-8074 

For the name of your 
nearest B+K Distributor, 

call 1-800-462-9832. 
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microstrip_ 

Use matrix models 
to make analysis easy 
for microstrip matching circuits 
By R. Partha 

Despite the availability of many computer-aided design 
(CAD) tools, many RF product designers still prefer the old-
fashioned Smith chart for starting a design. Matrix models 
offer a way to represent four common microstrip networks 
with more sophistication than Smith chart methods, yet with 
easy computability. 

Microstrip matching circuits traditionally have been de 
signed using the normalized impedance-and-admittance 

Smith chart. Although the simple Smith chart method is suf¬ 
ficient for checking a result at a single frequency, it is inade¬ 
quate for an analysis over a range of frequencies. Such 
analysis is provided by powerful microwave computer-aided 
engineering (CAE) packages that offer accuracy and versa¬ 
tility. Unfortunately, these software packages are expensive, 
and they call for a dedicated investment in a laboratory’s in¬ 
frastructure. A straightforward evaluation technique offers 
greater sophistication than operations on a Smith chart and 
allows easy computability. 
The following information describes common impedance¬ 

matching configurations in terms of cascade connections ex¬ 
pressed in matrix form. These descriptions will enable RF or 
microwave designers to develop their own analysis programs. 
Such programs, based on matrix formalism specific to a 
matching circuit, need not be elaborate and may be confined 
to the task at hand. Matrix representation for microstrip net¬ 
works involving the following elements are described: 

1. Series microstrip transmission line. 
2. Shunt-connected, open-circuited transmission line. 
3. Shunt-connected, short-circuited transmission line. 
4. Quarterwave transformer. 
I am assuming that you already have the ability to design 

a microwave circuit to perform a particular task. The focus is 
on analyzing and optimizing any particular microstrip¬ 
matching circuit. The need arises when ready-pattern layouts 
with dimension details are obtained from microwave tran¬ 
sistor catalogs for amplifier or oscillator applications. It be¬ 
comes necessary to derive the matching load or source imped¬ 
ance point (R ± jX) from the layout dimensions and, possibly, 
to evaluate the response across a frequency band. It may be 
necessary to cross-check a matching network developed with 
graphical aids such as the Smith chart or with any cut-and-
try approach. 

While bench-testing a particular design, it is often normal 
practice to add tuning stubs or to shorten stub lengths for op¬ 
timum performance. The circuit then requires reappraising 
with the modifications in place. Analytical computations 
using the matrix tool come in handy in all of these situations. 

Ultimately, an understanding of the design enhances an RF 
engineer’s efficiency, and the result is reflected in the hard¬ 
ware performance. 

Transmission line representation 
The ABCD matrix for a transmission line of length I, char¬ 

acteristic impedance Zo, shown schematically in Table 1, is 
well-known and is expressed as: 

cosh(Y|) Zosinh(Y|) 

sinhivi) . . 
— - cosh(Yi ) 

¿o 

where y = « + jß, Y is the propagation constant, a the at¬ 
tenuation constant, and ß the phase constant per unit 
length. 

If the transmission line is assumed to be lossless, i.e., a = 
0, then the matrix is written as: 

cos(ßt) jZosin(ß,) 

jsin(ßl) lñ \ 
7 cos(ßi) 
¿o 

The input impedance Z„„ expressed in terms of ABCD para¬ 
meters for any two-port network terminated in a load ZL is 
given by: 

_ AZl+B 
1,1 czl + d (1)

From Equation 1, the input impedance of the transmission 
line of length I terminated in a short circuit (Z,. = 0) is: 

g 
Zin = d = jZ0 tan(ß] ) (2) 

When the transmission line is left open-circuited (ZL ==), 

A+ B
Zin =- ^ = ̂  = -jZoCOt(ß,) 

c+— c
ZL
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• SEMINAR SERIES 

Tlffi Bill WAVE OF 
As today’s wireless marketplace continues to be redefined, 
so do the strategies that are needed to bring these products 
to market. Industry leaders are seeking opportunities to 
reach the greatest number or prospects. The new RF Design 
Seminar Series provides decision-makers with the most cost 
effective educational experience available to the RF indus¬ 
try. 
Catch the new wave of RF October 21-23, 1996 in 
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The chain matrix representation of 
the transmission line can be extended 
to the microstrip line because the mode 
of propagation on the microstrip is al¬ 

most transverse electromagnetic 
(TEM). For the limited purpose of ana¬ 
lyzing commonly used matching config¬ 
urations (description of series and 

z.(F.) zjrj 

Figure 1. Block diagram of RF amplifier. 

shunt elements), open and short stubs 
as listed in Table 1 are considered to be 
sufficient. 

Applications 
Supplying maximum power to the 

load in an amplifier is important. It calls 
for the design of optimum matching net¬ 
works at the input and output of the ac¬ 
tive device (Figure 1). Load networks 
that cause instability are necessary to 
make devices oscillate, which in turn re¬ 
quires the load point to be located in the 
unstable region of the relevant stability 
circle. In all of these applications, combi¬ 
nations of microstrip line lengths, open 
or short stubs and single- or multiple¬ 
section impedance transformers are 
used to construct the networks. Some 
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You don't need a belljar to get 
vacuum-sealed OCXO performance... 

Vectron's new EMXO (Evacuated 
Miniature Xtal Oscillator) does it 

than can be attained with any other 
technology. With its ruggedized 

for you! 

Representing a new 
generation of 
OCXO technology 
for precision 
applications, 
Vectron's EMXO 
utilizes the 
ideal insulating 
properties of a 
vacuum with 
a cold weld 
enclosure to achieve 
performance levels 
significantly better 
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stability, the new EMXO is the ideal 
oscillator for high reliability, fast 
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Call us today 
for more 

information! 
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The Crystal Oscillator Company 

a : : oovr n technologies company 

166 Glover Avenue 
Norwalk, CT 06856-5160 

Tel: 203/853-4433 
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Figure 2. Matching with series line and shunt open stub. 

examples of matching circuits analyzed with the aid of rela¬ 
tively easy computer calculations are based on matrix models. 

• Example 1: series line with shunt open stub — Consider a 
bipolar transistor that is potentially unstable at 2.5 GHz. Its 
output stability circle between the emitter and collector is 
shown in Figure 3. A load circuit (corresponding to rL) located 
in the unstable region of the stability circle would ensure a 
negative resistance at the input port. The layout in Figure 2 
has been designed graphically and is taken as a good starting 
point for verification and further optimization. Begin by cal¬ 
culating the impedance the circuit presents to the emitter. 

At any plane from A toward the 50 G termination R, the 
impedance seen is 50 G itself. This length of line is not impor¬ 
tant to the analysis. The impedance seen from A' is to be de¬ 
termined. The relevant microstrip configuration consists of a 
series transmission line cascaded with a shunt open stub. The 
overall matrix for this combination is derived from Table 1. 

Figure 3. Impedance trace of matching circuit. 

cos^Z/) jZ^in^Zj 

Z 1 

1 0 

jtan(ß2/2) i

. z2 J 

= 

which is deep into the unstable region as desired. The imped¬ 
ance trace for a frequency sweep from 2.2-2.6 GHz is plotted 
on the Smith chart. 
Computing for different lengths and impedances allows 

you to construct an optimum circuit, keeping overall oscillator 
(or amplifier) design considerations in mind. Clearly, such vi¬ 
sualization is not possible with the use of graphical tech¬ 
niques that give no guarantee that the best circuit has been 
achieved. 

• Example 2: series line with balanced open stub — 
Designers prefer to lay out shunt stubs in balanced configura¬ 
tions to minimize transition interactions between the shunt 
line and the series transmission line. This example offers a 
study of balanced stub representation. 
The schematic of a load circuit for a 2 GHz oscillator is 

shown in Figure 4. The load circuit is required to locate the 
reflection coefficient seen by the output port. The cascade of 
the microstrip line length with the balanced stub needs to be 
considered, so the layout has been redrawn in Figure 5 to 
show a hypothetical length l3, separating the two sections of 
balanced stubs. The overall matrix is written as: 

series microstrip line shunt open stub 

(R / 1 Zisin(ßiM tan(ß2z2) 
Mßl^ )- ÿ-

Z 2 

jZisin(ß,/;) 

jsin(ßi//) + jtan(ß2Z2)tan(ß,//) 

z i Z2
, AR + B 
'A' " CR + D 

cos(ßi/;) 

cos^Z/) jZjsin^Z/) 

Z] J 

1 0 
• 

jsin(ß2Z2) (

. Z2 J 

A (R / 1 Z 1 sin(ßl /z) tan(ß2/2) A = COs(ß|/y )- --
Z 2 

B = jZ1sin(ß1Z/) 

jsin(ßi/;) jtan(ß2Z2)tan(ß,Z/) 

z, + z2

D = «»(ß^/) 

Computing with a simple program, the impedance seen 
from the emitter terminal works out to 15.6 -j 114.42 Q, 

cos(ßi/5) jZ1sin(ßIZj) 1 0 

líM , 

z i JL z2

cos(ßi//) 

jsin(ß|/;) 

Z! 

jZ1sin(ß1Z/) 1 0 

ZR i 1 J2sin (P2/2) . cos(ß,Z/) - -- 1 
Z 2 
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HIGH POWER DIRECTIONAL COUPLERS 
10 KHz -1000 MHz 

w hen your RF Power Measurement requirements 
include unpredictable load VSWR applications, such as EMI 
testing and plasma research, you need a directional coupler 
that’s up to the challenge. Werlatone’s response is a new line 
of Mismatch Tolerant couplers which, through innovative 
design techniques, allows our customers 100 percent reserve 
power handling capability. 

Specify Werlatone Mismatch Tolerant couplers for 
uncompromising, high power, multi-octave performance. 

Werlatone 
DECADES AHEAD 

ERLATONE Inc. • P.O. Box 47 • Brewster, NY 10509 • Telephone: (914) 279-6187 • FAX: (914) 279-
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Figure 4. Matching with constant VSWR line and balanced stub. 

Z,,(, 

a Zr/1 2Zlsin(ßl//)tan(ß2Z2) 
A = cos(ß,// )- ——- i 

¿2 

B = jZ1sin(ß)Z/) 

c = jsin(ß|Zz) + j2cos(ßl/j)tan(ß2/2) 

Zi z2
D = COs(ß|Z;) 

Applying Equation 1, the impedance seen from the emitter 
works out to be 24.32 -j 105.24 Í2, which corresponds to a load 
reflection coefficient rL of 0.84Z -48.9°. 

• Example 3: shunt stub with quarter-wave transformer — 
An input match for an amplifier involving a shunt-shorted 
stub and a quarterwave transformer is shown in Figure 6. 
The first step is to determine the source reflection coefficient. 
The overall matrix is simply: 

Figure 5. Balanced stubs separated by hypothetical line 13. 

1 o cos(ß2Z2) jZ2sin(ß2Z2) 

-j . jsin(ß2Z2) 
[z.tan^Zj J z2 coS(ß2/2) 
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Z,, 4 

Z„ I, 

DETAILS: 

X, = 119.55 mm 
Z, = 53.2 Q 
/, = 14.94 mm 

K = 
Z. = 

I 

I 

The impedance 
(Equation 1) is 
computed to be 
23.69 + j 14.5 Q, 
which corresponds 
to a r, of 0.4Z1400. 

118.07 mm 
40.35 Í2 

A = 20.52 mm 

K = 1.8 GHz, £ = 2.32 
substrate 1/32" 

Figure 6. Matching with shunt-shorted stub and À/4 transformer 

Conclusion 
Despite the avail-

ability of many 
CAD tools, many 
RF deigners still 
prefer the old-fash¬ 
ioned Smith chart 
for starting a de¬ 
sign. Operations on 

were used in each example, the method 
can be applied to analyze more complex 
schemes comprising several cascade 
stages of open or shorted stubs and line 
lengths. 

Reference 
1. J. O. Scanlon and J. D. Rhodes, 

“Microwave Circuits,” Microwave Solid 
State Devices and Applications, Peter 
Peregrinus, 1980. 

A = cos(ß2Z2) 

B = jZ2sin(ß2/2) 

C = 
—jcos(ß2/2) jsin(ß2/2) 

D = 

Zi tan(ß1//) 

Z2sin(ß2/2) 

Z1tan(ß,//) 

7-2 

+ cos(ß2/2) 

the Smith chart easily can become ob¬ 
scure, especially when line impedance 
changes are affected. The expressions 
derived for the A, B, C and D matrix ele¬ 
ments for various microstrip element 
combinations provide an analytical 
method for verification and optimiza¬ 
tion. Matrix models can be used to com¬ 
pute the impedance presented by 
common microstrip matching networks. 
Although only two matching elements 
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Subharmonic Mixing 
Conventional Mixing 

synergy offers 

Modulators 

Jtilizing a patented, unique 
iesign, the subharmonic 
nodulators provide typical carrier 
ejection of 35 dB with +10 dBm carrier drive level and -10 dBm RF input. These devices, specifically 
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UE cover story_ 

Microwave integrated circuits 
meet HF project demands 
for high-dynamic range 
By Adrian I. Cogan, Donald Apte, Frank Sulak, Thomas Wei, Jim Spear and Lee B. Max 

Figure 1. The 50 and 75 Í2 power modules. 

Figure 2. The l-V characteristics. 

Figure 3. The AM-FM antenna amplifier. 

RF engineers who need cost-effective, 
medium-power amplifiers with a wide 
dynamic range for applications at fre¬ 
quencies as high as 100 MHz may find 
a suitable device among a family of sur¬ 
face-mount, silicon field-effect transistor 
(FET) modules. 

Requirements for higher capacity in 
next-generation wireless systems 

means that RF system designers must 
find active components with higher-
than-ever linear dynamic ranges and 
the lowest noise figures. Oh yes . . . and 
the project must be low-cost. 
A new family of low-cost, high-

performance silicon FET gain blocks in 
SO8 packages meet such requirements. 
They deliver power levels from 0.2-2 W 
across the HF band. They are designed 
for 50 or 75 G operation and are avail¬ 
able in single-ended and 
push-pull configurations. 

Applications include re¬ 
verse cable TV (CATV) am¬ 
plifiers, RF cable modems, 
intermediate frequency (IF) 
amplifiers for personal com¬ 
munications service (PCS) 
base stations, windshield 
antenna preamplifiers and 
receiver front ends, in¬ 
cluding those used for mag¬ 
netic resonance imaging 
(MRI) receivers. 
The series was designed 

to meet the critical and chal-
lenging performance re¬ 
quirements defined for 
second- and third-order in¬ 
tercept points, third-order 
intermodulation distortion 
products, spectral purity, 
harmonic products and 
noise figure. 
The internally matched, 

silicon FET, high-dynamic-
range gain modules use 

thin-film, hybrid-circuit technology. 
The self-biased modules are internally 
temperature-compensated. They have 
suitable linearity with low-noise figures 
across the HF and VHF frequency 
range in applications at frequencies as 
high as 100 MHz. 

Because the modules are self-biased 
and internally matched, they require 
fewer external components. Circuit 
simplicity conserves board space, im¬ 
proves reliability and reduces cost. 

Circuit and operation 
Transistor chips used by the modules 

are silicon FETs called solid-state tri¬ 
odes (SSTs) [1]. These FETs require the 
same biasing polarities as GaAs metal 
semiconductor field effect transistors 
(MESFETs). As shown in Figure 1, a 
source resistor inside provides the gate-

Figure 4. The push-pull power modules. 
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MODEL f (MHz) Gp (dB) NF (dB) P-1 (dBm) IP3 (dBm) IP2 (dBm) Vdd (V) Idd (mA) Z(£2) 
single-ended, 50 (2 <50 12 4.5 33 44 46 12 250 50 
single-ended, 75 12 <50 11 4.5 31 42 44 12 150 75 
single-ended, AM/FM antenna 0.1/100 11 4.5 26 39 41 12 100 var. 
push-pull, 50 £2 <50 12 4.5 33 46 80 12 175 50 
push-pull, 75 12 <50 12 4.5 30 44 76 12 175 50 
SHO3PP <100 12 1.2 27 41 74 9 200 50/75 

Table 1. Performance characteristics of for the family. The data is specified at tamb. 25°C. 

biasing voltage required to select the 
operating point. This operating point is 
optimized for the best trade-off among 
RF power gain, linearity and dynamic 
range. The source resistor provides 
negative feedback, which results in im¬ 
proved linearity and improved temp¬ 
erature stability. The input resistor is 
selected to provide the required input¬ 
matching level. 
The I-V characteristics are shown in 

Figure 2, which highlights the rela¬ 
tively small current vs. Vds variation. 
Remember that the single-sideband 
transmission has nonsaturated I-V 
characteristics [1]: The strong negative 

RF OUT, 

Figure 5. The internal circuits of the push-pull 
power amplifiers. 

feedback developed across the source 
resistor is responsible for the drain¬ 
current saturation. 

Another circuit version is shown in 
Figure 3. The passive elements were 
selected to provide an input impedance 
that varies with frequency in a prede¬ 
termined manner. In the example, the 
resulting impedance values meet the 
requirements of a broadband AM-FM 
antenna match: high-magnitude capac¬ 
itive impedance over the 500-1,700 
MHz AM range and approximately 50 

over the 85-108 MHz FM range. 
A third group of modules is config¬ 

ured as push-pull amplifiers, assem¬ 
bled in miniature surface-mount SO8 
packages. (See Figure 4.) The internal 
circuit of the push-pull amplifier is 
shown in Figure 5. 

Performance summary 
The family consists of five models, as 

follows: single-ended, 50 Q power mod¬ 
ule (Figure 1); single-ended, 75 Í2 
power module (Figure 1); single-ended, 
AM-FM antenna amplifier (Figure 3); 
push-pull 50 £2 power module (Figure 
5); push-pull 75 £2 power module 
(Figure 5). Table 1 lists the significant 
electrical characteristics. 

In addition to the self-biased ampli¬ 
fiers, a “transistor-only” version is 
available in single-ended and push-pull 
configurations. The last line in Table 
1 indicates typical performance 
achieved with a low-noise, push-pull, 
transistor-only amplifier. Its low noise 
figure makes these devices suitable for 
HF receiver application. Other applica¬ 
tions include MRI front-ends and IF 
amplifiers. 

Application examples 
The single-ended circuit is shown in 

Frequency (MHz) 

Figure 7. The power gain vs. frequency for a 
single-ended 50 £2 amplifier. 

Figure 8. The IMD3vs. output power performance 
for the single-ended 50 £2 amplifier. 

Figure 9. The P-1 dependence upon the drain 
biasing voltage for a single-ended 50 It amplifier. 

VDD+12.5V 

LPS170 ± 0.1 pF 

Figure 10. The push-pull circuit. 
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Figure 11. A typical antenna circuit using the 
single-ended AM-FM antenna amplifier. 

Figure 6. Only two DC-blocking capaci¬ 
tors and an RF choke are required to 
put together a single-stage HF ampli¬ 
fier. The power gain vs. frequency char¬ 
acteristics for the amplifier are shown 
in Figure 7. Figure 8 shows the IMD3 
vs. output power performance. The P-1 
dependence upon the drain-biasing 
voltage is shown in Figure 9. 
The basic push-pull circuit is shown 

in Figure 10. The output transformer 
also is used in the biasing path, further 
simplifying the application circuit. As 
shown in Table 1, the push-pull am¬ 
plifier exhibits satisfactory IP2 perfor¬ 
mance. Levels above 80 dBm can be 

Figure 12. A front-end receiver using the SST chips for a medical device. 

amplifiers with 1 dB noise figures in 
single-ended, impedance-matched gain 
stages. These devices also are used as 
push-pull circuits. The example in 
Figure 12, which operates over the 
2-50 MHz band, was designed as an 
input stage for front-end receivers used 
in medical equipment. The amplifier, 
biased at 8V, draws 300 mA, and it has 
a P-1 of 32 dBm, with an IP2 of over 70 
dBm. The noise figure is less than 2 dB. 
The module is used in wireless mi-

achieved easily with prematched 
devices. 

Low-noise, broadband operation 
make this component work well in low-
cost preamplifier stages in AM-FM car 
radios, especially when used as part of 
the windshield antenna. A typical an¬ 
tenna circuit using the amplifier is 
shown in Figure 11. 
The same SST chips used inside the 

modules can be used to fabricate HF 

a. ANTENNA LOCATION 

Figure 13. A wireless microphone block diagram. 

crophones and active LF and VHF whip 
antennas. Figure 13 is a wireless mi¬ 
crophone block diagram [2]. Figure 14 
is another application in which the de¬ 
vice is used in a biomedical instrumen¬ 
tation amplifier [3]. 

Only a few years ago, the HF-VHF 
applications engineer had only one 
“linear” transistor choice: the bipolar 
junction transistor (BJT). Today, the 
difficult task involves selecting among 

a variety of bipolar 
junction transistors 
(BJTs), heterojunc¬ 
tion BJTs (HBTs), 
metal oxide semi¬ 
conductor field-ef¬ 
fect transistors 
(MOSFETs), 
MESFETs and re¬ 
cently, SSTs [1], 
Some of these tran¬ 
sistors are fabri¬ 
cated on silicon, 
others on GaAs. 
The selection pro¬ 
cess is further com-
plicated by the 
availability of low-
cost integrated cir¬ 
cuits [5, 6] supplied 
with or without in¬ 
ternal matching. 
Furthermore, the 
selection process 

Figure 14. A biomedical instrumentation 
amplifier. 

must take into account electrical and 
thermal performance, electrostatic dis¬ 
charge (ESD) sensitivity, reliability and 
cost. 

Presently, the competition comes 
from GaAs-based monolithic microwave 
integrated circuits (MMICs). The main 
versions are an HBT Darlington [5] and 
a Si Darlington [7] (Figure 15), and 
a MESFET-based circuit [6] . The figure 
indicates that the Darlington input 
biasing resistor network (Figure 15a) 
draws a “parasitic” current: some 20% 
of the total bias current. As shown 
in this figure, the “wasted” power 
roughly translates into a 2 dB output 
power advantage for an SST-based cir¬ 
cuit (Figure 15b) with a 75 Í2 load 
impedance. 

Another advantage of the series is its 
low ESD sensitivity. In addition, when 
comparing thermal characteristics, sil¬ 
icon devices exhibit a lower thermal re¬ 
sistance than GaAs devices. 
A final product selection is made, of 

course, on the performance trade-offs of 
the competing technologies. Iff 
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Sinewave Amplitude 
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RF tutorial_ 

Intermodulation in coaxial connectors 

By John King 

Increased demand from the mobile communications in¬ 
dustry for greater channel capacity coupled with the increased 
sensitivity of receivers has exposed a condition within RF 
coaxial connectors referred to as intermodulation distortion 
(1MD). This condition occurs when non-linearities within the 
connectors act as imperfect diodes to generate other frequen¬ 
cies known as intermodulation products (IMP). Some of these 
frequencies appear within the receive band and effectively 
block the channel. This tutorial outlines basic causes of inter¬ 
modulation and presents some techniques than can be under¬ 
taken to minimize the problem. 

Modern developments in base stations built for global 
system for mobile communications (GSM), digital com¬ 

munications systems (DCS) 1800 and personal communica¬ 
tions service (PCS) 1900 have necessitated the use of 7-16, 
4. 1/9.5 and type N connectors because of the increased power 
requirements. The performance requirements typically are in 
the order of -160 dBc to -163 dBc (when working in dBc) or 
-120 dBm (when working in dBm), both with 2 x +43dBm 
tones. The requirement is so stringent because the connectors 
are used in post-filtering sections of the transmit path (be¬ 
tween the diplexer and the antenna), and also because the 
system is full-duplex where the multiple-carrier transmit 
path is also the receive path. In a truly linear system, the 
output is directly proportional to the input, following the form 
of y = mx + c. (See Figure 1.) Coaxial connectors traditionally 
have been viewed as following this pattern. In reality, non¬ 
linearities always have been present in coaxial connectors. 
These were not readily apparent because the resultant IMPs 
were significantly below the system noise floor as a result of 
relatively weak carrier signals. This situation becomes ap¬ 
parent when the incident power is raised above 30 dBm. 
The small non-linearities have a characteristic similar to a 

Figures 1 and 2. Linear vs. non-linear response. 

square law. (See Figure 2.) The distortion to the waveform is 
evident, the positive one-half-cycle being significantly greater 
in amplitude than the negative one-half-cycle. When con¬ 
verted to the frequency domain, this waveform consists of the 
desired fundamental plus a decaying series of related har¬ 
monics that, in themselves, interact with other carriers pre¬ 
sent on the transmission line. 
The effect of this interaction produces additional frequen¬ 

cies, some of which occur where they are least wanted. (See 
Figure 3.) The 2Fj- F2(third-order IMP, IMP3), 3Fj- F2 (fifth¬ 
order IMP, IMP5) and 4Ft- F2 (seventh-order IMP, IMP7) 
products all can manifest themselves in the receive band and, 
if sufficiently large, they can effectively block a channel by 
making the base-station receiver perform as though a carrier 
were present when one is not. 

Potential causes of IM in coaxial connectors 
Identified below are the most likely factors that can affect 

intermodulation performance in RF coaxial connectors: 
• Contaminated plating solution 
• Insufficient plating thickness 
• Corrosion 
• Dissimilar metals in intimate contact 
• Magnetic materials in the signal path 
• Low contact pressure 
• Less than 360° contact 
• Poor surface finish 
• Debris and dust within the connector 
• Convoluted signal path 

Remedies for IM in RF coaxial connectors 
To combat these IM sources, the following precautions 

should be taken during the design and manufacture of the 
product: 

• High-quality plating to 6pm for IM-sensitive products — 
The plating must be free from contaminants and must be 
properly passivated with a chromate passivate. Silver has 
been the preferred plating material because it possesses the 
lowest practical resistivity, thereby minimizing interface con¬ 
tact resistances. An alternative material is a white bronze 
plating finish, which provides excellent durability, tarnish re¬ 
sistance and non-magnetic properties that are ideal for low 
intermodulation. During testing with a system noise floor of 
—145 dBm, the difference in performance between silver¬ 
plating and white bronze is not discernible. 

• Restrict materials to copper and its alloys — This ensures 
maximum plating adhesion and minimum electrochemical po¬ 
tential difference between the base materials and their over¬ 
platings. 

• Avoid the use of stainless steel, nickel and ferrites in the 
signal path — Magnetic and para-magnetic materials only 
compound non-linearites and give poorer interface contact re-
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NEW " 

AMPLIFIERS 
(up to +19dBm output) qty) 

Mini-Circuits ushers-in a new era of technology and economy with ERA 
monolithic GaAs amplifiers. Just check the specs! These surface mount and drop-in 
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Frequency (MHz) 

Figure 3. Spectrum of products in a two-tone system. 

sistances. During experimentation, a 
degradation in performance of 20 dB 
was discovered when nickel plate was 
used. Moreover, the presence of mag¬ 
netic or para-magnetic materials cause 
the forward IMP figure to differ from 
the reverse IMP. 

• Quality machining — Surface 
finish is paramount. The signal propa¬ 
gates within a “skin.” If this skin is too 
rough, the signal repeatedly transitions 
through metal- and surface-oxide 
layers, thereby creating the same effect 
as a poor panel contact. (See Figure 4.) 
For IM-sensitive designs, 0.4 mm is the 
maximum. 

• Contact design — This primarily 
affects the connector interface. Repeat¬ 
ed matings can generate small a-
mounts of plating from the individual 
parts. These oxidize and interfere with 
the mechanical (and therefore elec¬ 
trical) mating of connectors. The oxi¬ 
dized debris gives further rise to metal¬ 
and surface-oxide junctions and, conse¬ 
quently, to higher IM products. 

• Ensure, by design, a properly de¬ 
fined contact interface at connector, 
panel and contact interfaces — Insuf¬ 
ficient contact force gives rise to 
metal-oxide junctions. The classic rec¬ 
tifiers were metal oxide by composi¬ 
tion. Axial-maximum material condi¬ 
tion at the connector interface is 
critical to ensure minimum mismatch 
and maximum potential of a butt¬ 
contact. Panel interfaces generally 
concern the physical contact of the 
connector body to the panel. In this 
case, it has been determined that a 
protruding feature as close as possible 
to the body bore gives the best IM per¬ 
formance. The applied mounting force 
is concentrated in the surface area of 
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Figure 4. Effect of surface roughness. 

the protrusion which, on engagement 
with the panel, punctures the existing 
oxide layer to give a metal-to-metal, 
gas-tight junction. 

• Avoidance of crimps — Crimps, 
by nature, can only give multiple-point-
contact, rather than 360° contact, and 
can cause a variability in the position 
of electrical contact during dynamic 
testing. IM products, therefore, will 
be greater. It has been found that 
soldered-center contacts and clamp-and-
solder outer contacts give the best static 
and dynamic IM performance. 

Commonly-asked questions 
1. Why is intermodulation such a 

concern for cellular infrastructure 
equipment? 
The primary concerns for cellular 

service providers are channel efficiency 
and clarity of transmission. Growth in 
demand for mobile communications has 
created a need to operate equipment at 
greater capacities and reliability to 
serve the competitive market. Inter¬ 
modulation deteriorates or limits the 
ability of the service provider to operate 
at optimal performance levels and ulti¬ 
mately may cause subscribers to expe¬ 
rience poor call quality. Intermodula¬ 
tion has become an important factor in 
system selection to ensure the best pos¬ 
sible network service. 

2. Where is intermodulation most 
likely to occur in cellular infrastructure 
equipment? 
Intermodulation typically is of 

greatest concern between the filtering 
elements of the system and the an¬ 
tenna. The introduction of higher 
power levels for the transmit side of the 
equipment creates greater potential for 
intermodulation. This is why the pri¬ 

mary focus for intermodulation con¬ 
cerns 7-16, type N, surface-mount and 
4. 1/9.5 connector interfaces. 

3. Is intermodulation a recent devel¬ 
opment? 

Intermodulation always has been 
present in RF coaxial connectors, but it 
may be relatively imperceptible in 
some devices for a variety of reasons. 
The amount of power applied to an RF 
connector determines the relative IM 
threshold that can be observed. Inter¬ 
modulation, therefore, is more likely to 
cause concern in a higher-power system 
using as an example, a 7-16 connector 
interface, rather than an equivalent 
low-power product. The trend toward 
higher-power, digital cellular systems 
creates the need for greater intermodu¬ 
lation sensitivity. 

4. What is the best method of cable 
attachment for IM-sensitive cable as¬ 
sembly applications? 

Soldering and clamping are pre¬ 
ferred methods because of the 360° 
point of contact created at the cable-
to-connector interface. Such intimate 
contact improves the overall contact re¬ 
sistance leading to improved IM char¬ 
acteristics. It also is better to solder the 
center conductor of the connector to the 
cable rather than to use crimping be¬ 
cause of the improved contact resis¬ 
tance path and because of the elimina¬ 
tion of voids. 

5. Are there ways to test for intermod¬ 
ulation in an RF coaxial connector? 

Sophisticated methods are needed to 
test for intermodulation in RF connec¬ 
tors. The test system must use ex¬ 
tremely sensitive filtering or clean am¬ 
plification so that the equipment itself 
has a low intermodulation noise floor. 
There is no standard approach to test-
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ing, although an international com¬ 
mittee has been formed in the con¬ 
nector industry to address the situa¬ 
tion. A state-of-the-art test facility 
exists where designs are optimized for 
low-intermodulation performance and 
where further analysis on the effects of 
this phenomenon can be studied. 

6. Is intermodulation in coaxial con¬ 
nectors frequency-dependent'? 

No. Because coaxial connectors are 
broadband, there is no frequency de¬ 
pendency. Some apparent variability 
can be detected during testing, but not 
because of the connector. The imped¬ 
ance matches of the output diplexer 
and triplexer and terminations are the 
causes of the variations. Causes should 
not be incorrectly attributed to the con¬ 
nector or assembly. By varying the im¬ 
pedance match of the test-station ter¬ 
mination, a device under test (DUT) 
can show 15 dB better IMP3 than what 
really exists. 

7. IMP3 in mixers follows a 3dB/dB 
relationship. What is it for connectors? 
The relationship is identical. Taking 

the third-order (2Ft - F2): Varying the 
power of F2 gives an IMP3 relationship 
of IdB/dB, whereas varying the power 
of Fj gives a relationship of 2dB/dB be¬ 
cause the IMP is derived from the 
second harmonic of Fv This gives a to¬ 
tal of 3dB/dB when symmetrically 
varying both carrier powers. 

8. I am buying a complete cable as¬ 
sembly. How do I interpret the IMP re¬ 
sult now? 
With caution! When testing devices, 

some companies have a policy to move 
away from the normal static test to a 
dynamic test where the cable termina¬ 
tion interfaces are mechanically exer¬ 
cised during live IM conditions. Fur¬ 
thermore, it is also a good indicator to 
customers of the “build quality” of the 
assemblies. A dynamic evaluation has 
shown 15dB degradation in IMP perfor¬ 
mance for poor assemblies and even as 
much as 50 dB for bad ones. It there¬ 
fore is strongly advised to state IM-
performance figures in the context of a 
dynamic measurement. 

Improving IM connector design 
The pursuit of design techniques that 

improve intermodulation performance to 
address the emerging tele-communica¬ 
tions market needs continues. A state-
of-the-art intermodulation test facility 
and participation on the international 
committee (IEC SC46D WG5) to develop 
standard test practices ensures a com-

mitment to the understanding of inter¬ 
modulation characteristics. This ap¬ 
plied technology base is instrumental 
in developing innovative low-intermod¬ 
ulation products for 7-16, Type N, 
surface-mount and 4. 1/9.5 connector 
interfaces. of 

About the author 
John King is a technical manager 

in charge of intermodulation and 
lightning protection at M/A Com in 
Harlow, United Kingdom. 
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amplifiers_ 

CDMA signals: 
A challenge for power amplifiers 
By Klaus D. Tiepermann 

I Channel Pilot PN Sequence 
1.2288 MHz sln l10*) ¡Q 

Figure 1. Generating the pilot signal of a base station. 
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Figure 2. CDMA spectrum. 
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Figure 3. Statistical power distribution of a pilot signal where the probability 
of occurance for instantaneous envelope power values is given in decibels 
above the average power. 

Code-division, multiple-access (CDMA) signals place strin¬ 
gent requirements on the linearity of power amplifiers. 

Theoretically, the peak power may attain 100 times the av¬ 
erage power, depending on the number of CDMA channels 
transmitted at the same time. In addition, the crest factor 
and the statistical distribution of the power amplitudes is of 
particular interest. These aspects have to be taken into con¬ 
sideration when selecting a suitable signal source for per¬ 
forming measurements on power amplifiers. 
The following signal characteristics are important for the 

development of CDMA power amplifiers: frequency and 
bandwidth; average power, peak power or the statistical dis¬ 
tribution of power amplitudes in general; and effects of non¬ 
linear distortions. 
The most important CDMA mobile radio network from a 

commercial point of view was defined in Interim Standard 
IS-95 [1] by the Telecommunications Industry Association 
(TIA). This standard specifies the air interface parameters, 
including modulation, baseband filtering and spread of the 
spectrum. The following discussion is in reference to this 
standard. 

Analysis of CDMA signals 
Figure 1 shows the generation of the pilot signal of a base 

station (IS-95, forward channel). Quadrature phase-shift 
keying (QPSK) modulation is used for the RF carrier. 
Baseband filtering is defined in IS-95 in terms of a digital fi¬ 
nite impulse response (FIR) filter. The user data in the pilot 
channel and the bits of the Walsh function are all zero, 
causing only the in-phase (I) and quadrature (Q) pilot se¬ 
quence to be modulated. 

Figure 2 shows the resulting RF spectrum. The baseband 
filtering additionally comprises a phase equalizer to simplify 
the design of the receiver filter in the mobile station. Because 
the filter is an allpass filter, the spectrum is not influenced. 

Figure 3 shows the probability of the occurrence of power 
peaks to average power for an individual CDMA channel 
(pilot signal). The graph shows that, for example, the instan¬ 
taneous power value exceeds the average power (0 dB) by 3 
dB for 10% of the time. For the power signal, only power 
peaks of more than 6 dB above the average power occur with 
less than 0.1% probability. The highest peaks are about 6.5 
dB above the average power. This value is called the crest 
factor of the signal. The baseband signal consists of addi¬ 
tively superimposed 64 code channels at maximum, with 
each channel having a different Walsh function for the spec¬ 
trum spread. (See Figure 1.) The spectrum is not changed be¬ 
cause of this superimposition, but the crest factor is consider¬ 
ably increased. 

Figure 4 shows the measured distribution functions for two 
and nine CDMA channels. The signals were generated with a 
Rohde & Schwarz model SMHU 58signal generator. A 
Helwett-Packard peak power analyzer was used for mea-
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WHEN IT COMES TO MICROMINIATURE 
CONNECTORS, WE STAND PRETTY TALL. 

Utilized in wireless applications including cellular, PCN, GPS and personal data 
communications, DC-6 GHz. 
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Right Angle Jack Cable 

Part 
Number 
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Cable Length' 
mm/inches 

Pigtail 

Quantity Pricing 
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50-2000mm:±(2mm ♦ 1% of cable length) 

Crimp Attachment Straight Cable Plug 
Non-Captured Center Contact 
Part 
Number Cable 
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Crimp Attachment Right Angle Cable Plug 
5837-5003-10 RG-188/U, 316/U, 

RG-174/U, RG-179/U, 
RG-187/U 
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5834-7388-1 0 RG-1 74/U, RG-1 79/U, 
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100/4 
200/8 
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$3.50 
$3.50 
$3.50 

Consult Penstock for non-standard cable lengths. Cable length tolerance: 
50-2000mm ± (2mm + 1% of cable length) 

ror wireless applications including GPS, 
test and measurement and data 
communications, DC-6 GHz. 

Surface Mount 

Quantity Pricing 
10 Pcs. Each 
$3.45 
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Receptacle' 
Part 
Number 

$2 .35 
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OSMT is a trademark of M/A-COM, Inc. 

cellular, PCN 

Quantity Pricing 
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Part Quantity Pricing 
Number 10 Pcs. Each 
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Printed Circuit Board Right Angle Jack Receptacle 
5864-5001-10 $5.90 

Part 
Number 
5881-2241-00 

5882-2241-00 

Description 
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to SMA Plug 

Quantity Pricing 
10 Pcs. Each 
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interest. For nine channels, peak levels above 10 dB only 
occur with probabilities less than 0.05%. 

In comparison, the conditions at the mobile station are not 
as demanding. Only one CDMA channel is sent. Because 
offset QPSK modulation is used, a crest factor of only 4.5 dB 
is attained, although the power amplifier of a mobile station 
has to cope with the so-called power gating. For data rates 
below 9,600 bps, the transmission is interrupted for the 
length of individual power control groups (1.25 ms). For data 
rates of 4,800 bps, for example, a duty cycle of only 50% is ob¬ 
tained for a mobile station’s transmit signal. 

Figure 4. Statistical power distribution for a signal with two and nine 
CDMA channels. Curve (a) represents the pilot and traffic channels 
(P„.m = Pw  - 3dB). Curve (b) represents the nine-channel CDMA signal. 

Noise as a test signal 
Spectrally, CDMA signals are similar to band-limited 

white noise. Therefore, a noise generator that can generate 
band-limited noise with Gaussian amplitude distribution 
(known as amplitude gaussian white noise or AWGN) is often 
recommended as a test signal source. 
The probability density function fG of an average-free 

Gaussian noise signal sG(t) is: 

suring the power. The analyzer determines the magnitude of 
the instantaneous power by continually measuring and sta¬ 
tistically evaluating the samples of the RF signal envelope. 
For the power amplifier design engineer, the peak power 
range of 6 to 10 dB above the average power is of particular 

where: 
a2 = variance 

The envelope of a band-limiting noise signal can be derived 
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Figure 5. A comparison of statistical power distributions. Curve (a) represents 
the exponential distribution as theoretical distribution function of AWGN. 
Curve (b) represents a measured distribution of an AWGN signal. Curve (c) 
represents a nine-channel CDMA signal. 

from the formulation of a complex Gaussian process. In this 
case, the real part s'(t) and the imaginary part s"(t) are to be 
taken as uncorrelated Gaussian-distributed random 
processes. The magnitude of the complex envelope is: 

|s(t)| = |s'(t)+js"(t)| = ̂s'(t)2 +s"(t)2

The resulting probability density function fR of the ampli¬ 
tude X = I s(t) I then becomes a Rayleigh distribution (also see 
[2]): 

X2

2 X 2 
fR(x) = —5-c °” forx>0 

f R ( X ) = 0 for amplitudes x < 0 

The probability density function fE of the envelope power P 
= I s(t) 12 is an exponential distribution: 

p 

fE(p) = —L ep>»8 forP>0 
Pavg 

where P,vg = average power. 
The statistical distribution function FE for the envelope 

power of band-limited Gaussian noise is then: 
p 

fE(P)=l-e Pavg forP>0 

Figure 5 shows 1- FE with logarithmic scaling for the enve¬ 
lope power on the X-axis and the associated probability as a 
percentage on the Y-axis. The representation corresponds to 
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that of Figure 3. In addition to the the¬ 
oretical noise distribution, a measured 
distribution is also shown. The associ¬ 
ated AWGN signal was generated 
using the SMHU 58 with a CDMA 
coder. The distribution function of the 
nine-channel CDMA signal is illus¬ 
trated for comparison. 

It is clear to see that peak values 
that are 6 to 10 dB above the average 
value (the critical range for power am¬ 
plifiers) occur with a far higher proba¬ 
bility for the CDMA signal than for the 
AWGN signal. This applies even 
though the crest factor of an AWGN is 
higher. Theoretically, the crest factor 
can even approach infinity. A compar¬ 
ison with Figure 4 shows that the 
AWGN distribution in the interesting 
range of 6 to 10 dB roughly corresponds 
to the distribution with only two 
CDMA channels. 
Two conclusions can be drawn: 
1. A noise generator with a Gaussian 

amplitude distribution is not a com¬ 
plete substitute for a multichannel 
CDMA signal, even if the AWGN has a 

high crest factor. 
2. For measurements with AWGN or 

with a two-channel CDMA source, a 
test level of at least 1 dB higher should 
be used to approximate the statistical 
distribution of the nine-channel signal 
in the range of 3 to 10 dB. 

Linear distortions 
Linear distortions cause amplitude 

response and nonlinear phase response 
(group-delay distortion). A limit value 
for deviations from the ideal phase tra¬ 
jectory in a base station is defined in 
IS-95. Accordingly, the root mean 
square deviation from the ideal phase 
trajectory in the complete transmitter 
from the baseband filter to the RF 
output may be 0.01 rad2. This para¬ 
meter is determined by the integration 
of the baseband range from 1 to 
630 kHz: 

630 kHz 2

<Perr = J [‘PÍO-'PideaUf)]^ °' 
1 kHz 

This parameter must be considered, 

in particular, when designing baseband 
lowpass and RF bandpass filters. 

Nonlinear distortions in amplifiers 
Nonlinear distortions are, however, 

of much greater importance for power 
amplifiers. Nonlinear distortions of the 
third order cause intermodulation 
products in the adjacent-frequency 
channel. Two measurements on a 
power amplifier with a maximum 
power of 10 W (1 dB compression 
point) clearly underline this. 

Trace a in Figure 6 indicates the 
output spectrum of an individual 
CDMA channel (pilot) at an output 
power of 1 W (average). Trace b shows 
the spectrum with two CDMA chan¬ 
nels again at an output power of 1 W 
(sum of the two channels). It can 
clearly be seen how intermodulation 
products are generated as a result of 
higher peak amplitudes despite a 10 
dB margin to the maximum power. 
The adjacent-channel power (AGP) 
thus increases. 
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Figure 6. CDMA spectrum with intermodulation sidebands at the output of a power amplifier. Curve (a) 
represents a pilot signal with an output power of 1 W. Curve (b) represents pilot and traffic channels (-3 
dB) with a total power of 1 W. 

ACP are stipulated by FCC regula¬ 
tions as well as by IS-97 [3] and IS-98 
[4], IS-97 stipulates for the first adja¬ 
cent channel, for example, that the 
ACP measured with a resolution band¬ 
width of 30 kHz shall be at least 45 
dB below the total average output 
power. 

All distortions affect the signal 
quality of the modulation signal. For 
the measurement of the signal quality, 
the waveform quality factor p (pro¬ 
nounced rho) for the pilot signal has 
been defined, p is a measure for the cor¬ 
respondence of the ideal and the actual 
transmit signal. It is evaluated from 
the cross-correlation between a calcu¬ 
lated ideal signal and a measured 

Figure 7. Configuration menu for multichannel CDMA signal. 

transmit signal. In the ideal case, p = 1. 

CDMA test source 
Based on the above discussions, the 

following requirements are to be ful¬ 
filled by a signal generator for mea¬ 
surements on CDMA power amplifiers: 

• CDMA modulation according to IS-
95 

• Forward-link transmit signal with 
several code channels and QPSK modu¬ 
lation 

• Reverse-link transmit signal with 
offset QPSK modulation and power¬ 
gating 

• Waveform quality p > 0.966 (IS-98 
specification for standard test equip¬ 
ment) 

• High-level accu¬ 
racy with error < 1 
dB, level of indi¬ 
vidual code channels 
can be set separately 

• Large frequency 
range, including 900 
MHz band and per¬ 
sonal communica¬ 
tions service (PCS) 
band (1,900MHz), as 
well as intermediate 
frequencies 

• Spectral purity 
for ACP measure¬ 
ments 

• One suitable 
signal generator in¬ 
cludes a CDMA coder 

as a one-box solution. It has two freely 
configurable CDMA channels (forward 
channel) and an integrated noise gener¬ 
ator. A reverse channel signal can be 
generated as well. 
A measuring system consisting of a 

signal generator, an arbitrary waveform 
(ARB) generator and software for gener¬ 
ating CDMA test signals with more 
than two code channels can be config¬ 
ured. The ARB generator generates I 
and Q signals that can then be used as 
input signals for the IQ modulator of 
the signal generator. The software is 
used for the calculation of IQ signals [5]. 
A multichannel signal with as many 

as nine channels can be defined by 
means of a convenient menu (Figure 7). 
The menu was created in line with the 
specification of a base-station test model 
in IS-97. After defining the channel 
levels and the desired Walsh functions, 
the IQ signals can be calculated and 
transmitted to the ARB generator. 
Lowpass filters should follow the ARB 
generator to suppress aliasing products. 
The analog IQ signals generated in this 
way are modulated in the signal gener¬ 
ator. An RF frequency range from 1 to 
2000 MHz is then available. 
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Engineer's ] 
Notebook 
Inductive tuned oscillator 
By Dien M. Nguyen 

In establishing inexpensive modem links for communica¬ tions, low-cost resistive-capacitive (RC) oscillators are 
popular. RC oscillators have some disadvantages, such as 
temperature drift and frequency-pushing susceptibility. 
Frequency drifts can be as high as 1,500 PPM per degree 
Celsius. In designing products for outdoor environments such 
as cable TV distribution equipment, circuits are required to 
operate over an extended temperature range. A small drift in 
center frequency beyond the deviation frequency results in 
the failure of the communications link. Another problem that 
haunts CATV systems is the low regulation of ferro-resonant, 
coaxial power supplies. Thus, voltage-controlled oscillators 
(VCOs) must have good “pushing” or power supply rejection 
capability. To improve these deficiencies, we must resort to a 
higher-Q oscillator. 

Choosing an oscillator topology 
The oscillator used (Figure 1) is a capacitive-feedback Clapp 

oscillator. Depending on bias constraints, other topologies can 
be used. This oscillator requires a single positive supply. 
Resistors Ri, R2, and R3 set the DC bias point for Qb You can 
optimize these values to maximize transisitor gain. The domi¬ 
nant timing mechanisms are set by Li and C4. (C2 and CE are 
set to be approximately 10 times the value of C4.) The in¬ 
ductor choice has the greatest effect on the quality factor of 
the oscillator. The traditional method of tuning a VCO circuit 
uses a varactor diode. Varactors pose disadvantages, such as 
lowering the Q factor of the VCO, because of their inherent 
series resistance. Also, at lower frequencies, VCO tuning 
range is limited by varactors’ small capacitance values and 
dynamic range. Overall, active devices and their associated 
components are mostly capacitive, thus the variation of ca¬ 
pacitance with a varactor is mostly a secondary effect in 

varying frequency. The primary choice for any broadband 
VCO would be to vary inductance. 

Inductive coupling of LC tank 
In a frequency-shift keying (FSK) application, when modu¬ 

lating high data rates, coupling data to the varactor can pose 
a problem. A diplex filter is necessary to prevent RF loading 
or leaking of the oscillator tank while transferring the fast 
data edges to the varactor. These two constraints contradict 
one another, especially when the edge’s rise time approaches 
that of the carrier frequency. If an RF choke or a large-value 
resistor is used to inject data to the varactor, then the edges 
of the data will be severely distorted by RC or inductive-
capacitance (LC) time constants. The loss of these rise times 
may result in duty-cycle distortion as seen by the threshold 
level detector in the receiver. 
To improve upon the traditional VCO techniques, varying 

the inductor provides increased tuning sensitivity and better 
resonator Q. Inductive tuning uses the coupling or leakage in¬ 
ductance characteristics of a transformer. Thus, tuning capac¬ 
itor C4 can be changed to a fixed, high-quality capacitor. A use 
of a negative temperature coefficient capacitor here can bal¬ 
ance out the active device’s capacitance variation with temper¬ 
ature. The tuning inductor Lj is now a transformer. At about 
48 MHz, it is a 9-turn, center-tapped coil of AWG28 wound on 
a T25-10 Micrometals core. Other transformers also can be im¬ 
plemented, depending on operating frequencies and perfor¬ 
mance requirements. The Q for this inductor is about 100, 
which is more than sufficient to isolate the active device from 
pulling the oscillator tank over the extended temperature 
range of —40°C to 85°C. The inductance variation or stability 
with temperature is dependent on the core material of Lb

Temperature stability 
Inductance of toroidal transformer Li may be calcu¬ 

lated as follows: 
4itpN2Ae

L = —n— -nH (1) 

where: 
A- = effective core cross sectional area (cm2) 
le = effective magnetic path length (cm) 
N = number of turns 
it = pi 
p = effective permeability of core material 

Figure 1. A capacitive-feedback Clapp oscillator. 

Inductance can be calculated using toroidal dimensions 
of OD, ID, and Ht, but it is more accurate to use the 
manufacturer’s A and L (or AL) values. Most manufac¬ 
turers have already accounted for the toroid edge radius 
or roundness factors in their data. Because the physical 
parameters (le, A, and N) do not change with tempera-
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ture, it is safe to say p is the only temperature-dependent 
variable. The toroid core material, Carbonyl iron powder (p = 
6.0), was specified to have a temperature stability of 150 
PPM/°C. Relative to RC oscillators, this is an order of magni¬ 
tude better in temperature stability. 

Operational theory 
When the secondary winding of transformer Lj is left uncon¬ 

nected or open (or if Q2 is off), the primary inductance sets the 
oscillation frequency with C4. When it is shorted or grounded 
(Q2 is on), the primary inductance will change to a lower value 
that power supply engineers call leakage inductance. Ideally, 
this value is equal to zero, but because of parasitic inductance, 
the oscillation frequency can be varied. Thus, transistor Q¿ 
serves to short out or load the secondary winding of Li at the 
rate of the data to vary the output frequency for modulation. 
Coupling capacitor C6 serves to prevent heavy Q-loading of the 
primary tank, and it also serves as a secondary resonator tank 
oscillating with L/s secondary inductance. The second res¬ 
onator is set at a higher frequency than the primary because 
the value of L/s primary inductance can be lowered only when 
the secondary is loaded. Thus, when Q2 turns on, the primary 
tank is pulled toward the higher frequency of the secondary 
tank. As an additional benefit, the high impedance of Q2’s col¬ 
lector is excellent for isolating the data line from the high-
impedance RF oscillator node. 

FSK amplitude balance 
The amplitude balance between the two modulating fre¬ 

quency states can be adjusted by resistor R4. When Q2 is open, 
the primary resonator is undisturbed and has the highest res¬ 
onating Q. When Q2 is closed, the deviated frequency will have 
lower output amplitude because of the decrease in total Q. The 
lower Q is attributed by core losses, copper losses and Q2’s par¬ 
asitic losses. The purpose of resistor R4 is to set the Q for both 
oscillating states equal by slightly lowering the Q of the pri¬ 
mary tank when Q2 is open. This way, the output amplitudes 
of the ones’ and zeroes’ state (frequency) will be balanced. 

Frequency deviation 
The frequency deviation using this implementation was 

measured to be as high as ±2 MHz for a center frequency of 
48 MHz. Adjustment of frequency deviation can be accom¬ 
plished in two ways. One way is to limit how hard Q2 turns 
on; the other way is to vary the coupling level between the 
primary and the secondary windings. To accomplish the 
latter, you must physically vary (compress or spread) the turn 
spacing of the windings on the core of Lb You can see that 
most of the design was optimized in the laboratory. My expe¬ 
rience with magnetics using iron powder cores tells me that 
time is better spent characterizing a transformer on labora¬ 
tory equipment than on simulation or by number crunching 
on the computer. Because of numerous variations between 
physical winding techniques and material tolerances, a 

closed-form equation may not be practical. 
To address the power supply sensitivity and temperature 

variation, you must pick a transistor (Qi) with a high enough 
fT so that oscillation is sustained throughout the operating 
temperature range. A general-purpose transistor can work 
sufficiently, but any RF transistor similar to the MRF581 will 
guarantee temperature tolerances at 48 MHz. 

Linear FM applications 
Although the application of this circuit is used for digital 

FSK modulation where linearity is not so important, it also 
can be applied to linear FM systems. If used in this way, Q2 

would need to be biased to its linear operating point, and the 
slope of KVCO (modulation sensitivity) can be controlled by 
the gain of the amplifiers that drive Q2. 
For better load-pulling performance or output-matching, a 

buffer is highly recommended. Capacitor C5 is a -10 dB tap 
for the output port. I have measured as high as -5 dBm (Vcc 
of 5 V) of output power into a 50 Í2 load at 48 MHz. 

Conclusion 
Based on designs by the grandfathers of all oscillators, a few 

inexpensive transistors still can compete in both cost and per¬ 
formance with today’s semiconductor manufacturers. I hope 
this idea has helped to open another avenue of thought re¬ 
garding the established or mature theory of VCOs. On the 
other hand, the subject of naming oscillator topologies has been 
disputed for many years between Colpitts, Clapp, Armstrong 
and Hartley. Maybe I’ll throw another wrench in the pool of 
names and call this design the “Nguyen VCO.” 
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LPKF CAD/CAM Systems 
1-800-345-LPKF 

http://www.LPKFCADCAM.com 
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An ultra¬ 
thin, surface¬ 
mount iso¬ 
lator from 
Hitachi 
Metals is less 
than 2 mm 
high in a 
“gapless 
structure.” 
This 7 mm 

square component, available from 
800 MHz to 2 GHz on tape and reel, 
provides high-isolation, high han¬ 
dling power and low-loss charac¬ 
teristics. 

Hitachi Metals America 
847-364-7200 
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Amplifier 
Research’s 
model AT1080 
log-periodic 
antenna 
sweeps the full 
80-1,000 MHz 
frequency 
band required 
by IEC-1000-4-
3. The AT1080 
features 6.5 

dBi minimum gain, maximum power 
input of 750 W and suitable for up to 
600 V/m susceptibility testing. 

Amplifier Research 
Souderton, PA 

800-933-8181: www.ar-amps.com 
INFO/CARD 175 

A 20-page 
catalog of 
quartz crys¬ 
tals and 
clock oscil¬ 
lators fea¬ 
tures HC-
49UP, SMX-
500 and -
301, HC-49 
and 50/U, 
HC-49/US, 
HC-43U, 

Dragon Wave 
circuit simula¬ 
tion software 
for PowerMac 
by GigaSim is a 
filter synthesis 
package that 
goes from speci¬ 
fication to phys¬ 
ical dimensions 
in one step. 

RF Design 

HC-25 and -18CU, UM-1, TO-5, LPO, 
HCMOS, TTL, FTTL, ECL and 
VCXO. 

Standard Crystal, El Monte, CA 
818-443-2121: FAX 818-443-9049 

INFO/CARD 176 

Features include schematic entry, 
full-noise analysis, custom models, 
optimization and data sheet layout. 

GigaSim 
Melbourne Beach, FL 

407-725-5987: FAX 407-725-6071 
www:http://www .gigasim.com 

INFO/CARD 177 
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THEMOSTPROFITABLE 

S u r ft r i m 
sapphire 
dielectric 
surface-
mount trim¬ 
mer capaci¬ 
tors (GPY 

series) from Sprague-Goodman mea¬ 
sure 5.2 X 4.3 X 3.2 mm and features 
O-ring seals, four capacitance range, 
a Q of greater than 450 at 100 MHz, 
a temperature range of -40°C to 
85°C, a rated voltage of 65 VDC and 
are available in carrier-and-reel or 
bulk pack. 

Sprague-Goodman Electronics 
Westbury, NY 

516-334-8700: Fax 516-334-8771 
INFO/CARD 178 

Coaxial 
connector 
types offered 
by Alpha 
Products 
include 
SMA/B/C, 
BNC, TNC, 
F, MCX and 
nano-coaxial. 
The connec¬ 

3DAYSY0U1LSPEND 

FORYOURCOMPANY 

VF/FE and VF/FH series minia¬ 
ture ceramic SMT crystals are only 
1.8 mm high. The frequency range is 
10,000-100,000 MHz, and the J-
leaded molded plastic package is 
available in two land patterns. Prices 
are less than $1 each in 1,000-piece 
quantities. 

Valpey-Fisher 
508-435-6831 ext. 234 
Fax 508-497-6377 

INFO/CARD 180 

KF PRODUCTS GROUP 

Programmers for PROM, EPROM, 
EEPROM, Flash, PALs, GALs and 
microcontrollers are undated by soft¬ 
ware. Models 840 (one device) and 
841 (four devices) handle more than 
500 EPROM devices. Models 842 
(plug-in board) and 843 (parallel 
port) handle more than 1,800 devices 
of all types. Prices begin at $229. 
B+K Precision 
INFO/CARD 182 
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tors are manufactured to stringent 
Mil-C-39 or -12 specs. Specialized 
cable assemblies are available that 
are tested at frequencies as high as 26 
GHz. Custom connectors can be made 
to order. Ask for catalog #238. 
Alpha Products 
INFO/CARD 179 

Model PA2500 spectrum analyzer 
allows any PC to function as a full-
featured spectrum analyzer. Basic 
coverage is from 100 kHz to 1.2 GHz, 
extendable to 2.5 GHz. Battery oper¬ 
ation allows field use with a notebook 
host for as long as one hour. 
DKD Instruments 
INFO/CARD 181 

ICM manu¬ 
factures special 
and hard-to-
find frequency 
control prod¬ 
ucts including 
low frequency 

crystals from 8 kHz to 200 MHz. 
Unusual holder styles and sizes such 
as the TO-5 (HC-35) and gull wing 
surface mount, HC-49/U, HC-45/U are 
available in small quantities for quick 
delivery. Also available are pager crys¬ 
tals, crystal filters, channel elements 
and TCXO, VCXO, TCVCXO, 8- and 
14-pin dip oscillators. 

International Crystal Mfg. 
1-800-725-1426 

rWEL ESS 
Oct. 30 • Nov. 1 • Orlando, Florida 
Orange County Convention Center 

100+ Expert Speakers 
300* Exhibits 

1000* New Ideas 

Welcome to the “must attend” event of 

the year in wireless. The fastest-growing 

exhibition and conference in the industry, for 

one of the most dynamic and challenging new 

industries in the world. Sponsored by the 

authorities you trust the most for practical, 

up-to-the-minute guidance on how to 
succeed in the competitive wireless arena. 

Cellular carriers, PCS licensees and 

applicants, paging service providers, 

retailers, dealers, resellers, manufacturers, 

large volume end-users—anyone whose 

future is affected by the new age of wireless 

voice and data communications—will find 

hundreds of new ideas at the WirelessWorld 

‘96 Exhibition & Conference. 

For complete information on the conference, 

hotels, special events and more, call: 

FAX-ON-DEMAND 
1-800-601-3858 

or INTERTEC PRESENTATIONS 
303-220-0600 

WirelessWorld is organized by Intertec 
Presentations division of Intertec Publishing, 

and EJ. Krause & Associates. 

Sponsored by: 

CELLULAR BUSINESS 
WIRELESSWORLD 

MOBILE RADIO TECHNOLOGY 
CELLULAR & MOBILE INTERNATIONAL 

TELEPHONY 
INFO/CARD 183 
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RF/IF MICROWAVE COMPONENTS 

IS LOAD INSENSITIVE 
200 to 380MHz linear tuning, low -100dBc/Hz 
(typ) phase noise at 10kHz offset, and 
excellent -24dBc (typ) harmonic suppression 
are important characteristics of Mini-Circuits 
new ZOS-400 connectorized voltage 
controlled oscillator. Main and auxiliary 
ports have excellent isolation from the 
main oscillator (50dB typ), and frequency 
settings are virtually independent of the 
load. Applications include PLL circuitry 
and production testing. The operating 
temperature range spans -55°C to 
+85°C and worldwide shipment is 
guaranteed within one week. 

12dB FIXED ATTENUATOR 
IMPROVES IMPEDANCE MATCH 
Mini-Circuits low cost PAT-1 2 fixed attenuator 
operates in a wide DC to 7000MHz band¬ 
width offering a 12dB± 0.6 nominal attenuation 
value with 0.6dB maximum midband 
flatness. VSWR is excellent throughout 
the entire band (example: VSWR 1.4 max. 
midband at +25°C case temp.). The surface 
mount device is housed in a rugged 
ceramic package and can be used in 50 ohm 
environments for power leveling and 
impedance match improvement. Available 
in tape and reel. 

SMALL, LEVEL 13 (LO) MIXER 
IS USABLE TO 7.5GHz 
Mini-Circuits SKY-60MH microwave mixer 
has the technology to travel the broad 
2500MHz to 6000MHz frequency range 
with typically low 6.2dB conversion loss, 
high 28dB L-R, 14dB L-l isolation (IP3; 19dBm), 
and features IF response usable to 2.5GHz. 
Low in cost, this versatile surface mount 
component stands only 0.10” high, allowing 
for greater board density and design 
efficiency. Includes a 5 year Ultra Rei® 
guarantee. Available tape and reel. 

DESIGNER'S 
GUIDE 

l&Q DEMODULATOR HAS GOOD 
AMPLITUDE/PHASE UNBALANCE 
This low cost JCIQ-895D l&Q demodulator 
from Mini-Circuits spans the 868MHz to 
895MHz frequency range with typically 
good amplitude unbalance of 0.2dB, phase 
unbalance of 1 degree (both measured at 
-5dBm RF), and 8.6dB conversion loss. 
Typical 3rd and 5th order harmonic 
suppression is excellent at -45dBc and 
-65dBc respectively. The surface mount 
device is housed in a shielded metal case 
measuring only 0.80x0.87x0.25 inches and 
is equipped with solder plated J leads for 
strain relief. Available in tape and reel. 

Call Today 
718 934-4500 

Fax 718 332-4661 

LOW COST MM 1C AMPLIFIERS 
FOR COMMERCIAL USE 
The wide DC to 4000MHz bandwidth of 
Mini-Circuits ERA-4 and surface mount 
ERA-4SM monolithic amplifiers eliminates 
the need for costly compensation networks 
and extra gain stages while providing up to 
19.1 dBm power output (at 1dB comp), 
and 38.5dBm IP3 (both typ. at 1GHz). The 
drop-in version exhibits 1.62:1 in, 1.38:1 
out VSWR (typ) and 1.60:1 in, 1.33:1 out 
for the surface mount design. Both 
typically deliver high 13.9dB gain 
(±0.1 OdB flat to 2GHz). The SM unit is 
available in tape and reel packaging. 

Mini-Circuits US INT ! 

CIRCtE READER SERVICE CARD 

P.O Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718)332-4661 INTERNET http://www. minicircuits, com 
For detailed specs on all Mini-Circuits products refer to • 740- pg. HANDBOOK • INTERNET • THOMAS REGISTER • MICROWAVE PRODUCT DATA DIRECTORY • EEM 

CUSTOM PRODUCT N E E D S.. Let Our Experience Work For You. F 231 Rev Orig 



Reproducís 
Electric field probe 
monitors RF fields from 1-800 V/m 
The EMC 20 electric field 

probe from Chase EMC moni¬ 
tors RF electric fields from 
1-800 V/m over the frequency 
range 100 kHz to 3 GHz 
without bandswitching. The 
EMC 20 has an isotropic 
sensor measuring three or¬ 
thogonal axes. Data from each 
axis is internally combined to 
give a non-directional summa¬ 
tion, making the EMC 20 sat¬ 
isfactory for field monitoring. 
The probe is compact and bat¬ 
tery-operated and has a built-
in optical interface allowing 
each of the three axes to be 

evaluated separately. It has 
complete remote control of all 
instrument functions via a 
standard RS232 personal 
computer (PC) serial data 
communications port. The 
EMC 20 uses a zeroing facility 
that is valid even in the pres¬ 
ence of high field strengths. 
By using the Chase data 
transfer windows software, 
data can be tabulated or 
recorded in spreadsheet form 
for further processing and pre¬ 
sentation. 
Chase EMC 
INFO/CARD 184 

SAW oscillators 
for workstations 
The CMD 5000 series DIL 

surface acoustic wave (SAW) 
clock oscillators from C-MAC 
are designed for use as high¬ 
speed processor clocks in 
high-performance worksta¬ 
tions or as pixel dot clocks on 
graphics cards in high-
performance workstations. 
The CMD 5000 series is avail¬ 
able in a range of frequencies 
from 250-800 MHz. These 

PC board standoffs 
protect components 
M. M. Newman offers a 

line of Teflon tubing in a 
wide variety of sizes that can 

frequencies are generated di¬ 
rectly, thereby minimizing 
possible degradation to per¬ 
formance, which typically re¬ 
sults when starting with a 
lower frequency and using 
multipliers. These devices 
feature low jitter achieved 
through the use of SAW res¬ 
onators operating at the 
output frequency, frequency 
stabilities of ±200 ppm and a 
high degree of reliability. 
C-MAC Quartz Crystals 
INFO/CARD 185 

be cut to length and supplied 
as PC board standoffs for 
raising and protecting com¬ 
ponents and for improving 
solder flow. These standoffs 
are used for raising compo¬ 
nents on plated through-
hole PC boards and for 
drawing solder into the 
holes by capillary action. 
Helping to prevent electrical 
discontinuities, they can be 
supplied cut to length in 56 
standard sizes ranging from 
AWG #30 to AWG #0 with 
varying wall thicknesses. 
Featuring a 2.1 dielectric 
constant and 1,400 v/mil 
strength, these standoffs are 
chemically inert and non¬ 
flammable, and they operate 
from -450°F to 500°F. 
M. M. Newman 
INFO/CARD 186 

Digital transmitter 
chip for wireless 
The GC4114, a four 

channel, all-digital trans¬ 
mitter chip from Graychip, 
digitally up-converts four ex¬ 
ternal signal sources to user-
programmable center fre¬ 
quencies. The GC4114 is suit¬ 
able as a transmitter build¬ 
ing block in digital cellular 
telephony, personal commu¬ 
nications systems (PCS) and 
other wireless telecommuni¬ 
cation systems. The GC4114 
features four identical up-
converter channels. Input sig¬ 

Chip low-pass filters 
keep unwanted 
harmonics out 

The LTF series of chip 
low-pass filters for personal 
communications systems is 
designed to keep unwanted 
harmonics out of the 
system. It offers a miniature 

86 

nals can be supplied in a 
variety of formats. The 
GC4114 also features an 80 
dB spur-free dynamic range 
(SFDR) and a 70 dB noise 
power ratio (NPR). The unit 
is priced at $60.63 in quanti¬ 
ties of 10,000. 
Graychip 
INFO/CARD 187 

1206 footprint (3.2 x 1.6 
mm) and a low profile of 1.4 
mm. The LTF series from 
Toko America features a 
typical insertion loss of 0.35 
dB, an impedance of 50 Q 
and a carrier frequency 
range of 800 MHz to 2.6 
GHz with standard part 
numbers for most common 
systems including cellular 
and personal communica¬ 
tions systems (PCS). 
Toko America 
INFO/CARD 188 
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TEST EQUIPMENT 

Frequency synthesizer 
supports wireless 
The PTS W800 is the first in a series 

of high-performance frequency synthe¬ 
sizers from Programmed Test Sources. 
Spanning 800-960 MHz, the synthe¬ 
sizer provides coverage for all current 
and emerging wireless communica¬ 
tions technologies. The instruments 
feature fast frequency switching (20 
ps), low phase noise (-110 dBc at 1 
kHz offset), fine-frequency resolution 
(0.1 Hz) and low spurious outputs (-65 
dBc). The unit is priced at $4,800 in 
OEM configuration and at $5,100 with 
manual control. 
Programmed Test Sources 
INFO/CARD 189 

cluding measurement and control engi¬ 
neering and mechanical engineering. It 
also can be used in medical information 
technology equipment and in the auto¬ 
motive and communications industries. 
Tektronix 
INFO/CARD 191 

DISCRETE 
COMPONENTS 

Sprague-Goodman 

Communication analyzer 
tests PHS and PDC formats 
The MT8801A radio communication 

analyzer from Anritsu Wiltron quickly 
evaluates all transmitter and receiver 
parameters of personal digital commu¬ 
nications (PDC) and personal handy¬ 
phone systems (PHS) digital cellular 
formats. The single instrument plat¬ 
form performs dozens of tests that pre¬ 
viously required several types of 
interconnected instruments. In 1.5 sec¬ 
onds or less, the MT8801A tests the fol¬ 
lowing: adjacent channel power, 
occupied bandwidth, origin offset, fre¬ 
quency and frequency error, leakage 
power during carrier off, modulation ac¬ 
curacy, antenna power and go or no-go 
decision of rise-and-fall edge character¬ 
istics with template. The MT8801A fea¬ 
tures a frequency range of 300 kHz to 3 
GHz and is priced at $46,100. 
Anritsu Wiltron 
INFO/CARD 190 

EMI test receiver 
can cover 9 kHz to 2.5 GHz 
The ESPC, a compact, lightweight 

electromagnetic imaging (EMI) test re¬ 
ceiver for pre- and post-certification 
measurements from Tektronix, covers a 
frequency range of 150 kHz to 1 GHz 
with optional frequency extensions 
from 9 kHz to 2.5 GHz. The unit fits 
electronic certification applications in¬ 

Current-sensing resistor 
suits high-volume use 
The BVS low-ohmic, surface-mount, 
current-sensing resistor from Isotek is 
designed for high-volume applications 
that are price-sensitive and that can ac¬ 
comodate a resistance tolerance of ±5%. 
The BVS features a thermal resistance 
of less than 6°C/W and is available with 
resistance values of 0.3, 0.5, 1, 2 and 3 
mil. BVS prices start at 38 cents each 
in quantities of 100,000. The minimum 
order is 1,000. 
Isotek 
INFO/CARD 192 

Box capacitors offer 
5.0 and 7.5 mm spacings 
The MMKS (7.5 mm) and MMKT 

(5.0 mm) series of metalized polyester 
box capacitors feature operating volt¬ 
ages from 50 to 630 Vdc. Manufactured 
by Seacor, they offer tolerances from 
±5% to ±20% and are supplied with 
tinned copper leads from 6-18 mm in 
length. Rated values are from 
0.001-1.0 mfd with custom modifica¬ 
tions on request. 
Seacor 
INFO/CARD 193 

SMD crystal for wireless 
data-com applications 
The CXI series of quartz crystals 

from Micro Crystal is designed for use 
in wireless data-communications in¬ 
cluding modems, pagers, local area net¬ 
works (LANs) and Personal Computer 
Memory Card International Association 
(PCMCIA) applications. The crystals 
come in a ceramic package and are 
available in the frequency range of 10 
kHz to 2.1 MHz. The crystals feature 
low power dissipation, good stability 

Glass and Quartz 
Pistoncaps 

• Designed to meet MIL-C-1 4409D 
• QPL models 
• Extremely stable over temperature, 

frequency, voltage, etc. 
• Cap ranges: 0.5-3.0 pF to 1.0-120 pF 
• Zero backlash multiturn adjust 

mechanism 
• Operating temp: -55° to +125°C 

(models to + 200°C) 
• Qto 1500 at 20 MHz 
• Wide variety of configurations for PC 

and panel mounting 
• Voltage ratings from 500 to 5000 V 
Phone, fax or write today for 
Engineering Bulletin SG-205 

SPRAGUE 
Gooomon 

1700 Shames Drive. Westbury. NY 11590 
Tel: 516-334-8700 • Fax: 516-334-8771 

INFO/CARD 62 

Sapphire 
Pistoncaps8
• Q to 4000 at 250 MHz 
• 6 mounting styles suitable for all 

RF structures 
• Designed to meet MIL-C-1 4409D 
• Operating temp: -55° to +125°C 
• Cap ranges: 0.3-1 .2 pF to 0.8-8.0 pF 
• Subminiature size 
• Multiturn resolution 
• Extremely stable over temperature, 
frequency, voltage, etc. 

Phone, fax or write today for 
Engineering Bulletin SG-207 

SPRAGUE 
GOODmAA 

1700 Shames Drive. Westbury. NY 11590 
Tel: 516-334-8700 • Fax: 516-334-8771 
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I* Hot 
Software 

Filter Synthesis 
FIL r ROI D 

over their temperature range and high 
shock and vibration resistance. 
Micro Crystal 
INFO/CARD 194 

High-frequency inductors 
for wireless communications 
Models IMC-1210-100 from Dale 

have a wide range of high-frequency 
circuit applications including imped¬ 
ance matching, bandpass filtering, am¬ 
plifier biasing, resonant circuits and 
noise filtering. They are available in an 
inductance range from 0.01-0.1 pH 
with self-resonant frequencies as high 
as 2.5 GHz. They are available with tol¬ 
erances ranging from ±5% to ±20%, 
and they measure 0.098" x 0.126" x 
0.087". 
Dale Electronics 
INFO/CARD 195 

critical. The EC2500 and EC2600 se¬ 
ries have a frequency range of 
1.5-66.667 MHz. 
Ecliptek 
INFO/CARD 197 

VCXO frequency error 
never exceeds ±25 ppm 
VCXO models M203 1/2/3 from MF 

Electronics are tested and are individu¬ 
ally guaranteed to have less than 25 
ppm frequency error (deviation) at 2.5 
V control voltage. Frequency capture 
ranges of 50 ppm, 100 ppm and 150 
ppm are guaranteed from 0°C to 70°C. 
They feature a frequency range of 
1-175 MHz and a first year aging of 
3-5 ppm, dropping to 1 ppm per year 
thereafter. 
MF Electronics 
INFO/CARD 198 
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Filter Analysis 
SIGNAL PROCESSING 

COMPONENTS 
SIGNAL SOURCES 

Multiplexers 

Filtroid 
• Easy menu-driven interface 
• Pole-placed. G & KQ values 
• Equalizers & multiplexers 
• Insert, flip, transforms, scaling 
• Distributed dimensions 
• Output TS, EW circuit files 
• Worst case power analysis 

i^wGigaSim 
Inc. 

203 Elm Avenue. Melbourne Beach, FL 32951-2419 
Tel: (407) 725-5987 Fax: (407) 725-6071 
email: info@gigasim.com www: http://www.gigasim.com 
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OCXO covers 
10-30 MHz range 
Model 4598T from Oak Frequency 

Control has many commercial applica¬ 
tions including personal communica¬ 
tions service (PCS) base stations, 
cellular base stations, synthesizers and 
test equipment. The 4598T features a 
10-30 MHz frequency range, aging of 
±0.05 ppm per year and a temperature 
stability specification of ±5 x IO-9 over 
0 to 70°C. It measures 38.1 x 27.2 x 
20.0 mm. At 10 Hz, the phase noise is 
-110dBc/Hz. 
Oak Frequency Control 
INFO/CARD 196 

Sub-miniature oscillators 
cover 1.5-66.667 MHz range 
Model EC2500 and EC2600 sub¬ 

miniature ceramic oscillators from 
Ecliptek arq available at working volt¬ 
ages of 3.3 or 5.0 V, and they measure 
7.5 x 5.0 x 1.8 mm. These oscillators 
are suited for Personal Computer 
Memory Card International Associa¬ 
tion (PCMCIA) cards, disc drives, per¬ 
sonal digital assistants (PDAs), laptop 
computers, or any application where 
space and low-power consumption are 

Surface mount LC filters 
feature 1.3 dB insertion loss 
Model 8342 from PTI has a center 

frequency of 600 MHz and offers a 1.5 
dB bandwidth of 300 MHz. The unit 
features an insertion loss of 1.3 dB and 
high-side rejection of 20 dB at 833 
MHz. The unit is packaged in a 1.45" x 
0.50" x 0.42" enclosure. 
Piezo Technology 
INFO/CARD 200 

Bias tee covers 
45-6,000 MHz range 
A bias tee from Sierra Microwave 

Technology features a frequency range 
of 45 MHz to 6 GHz. It has an insertion 
loss of 1 dB maximum, a voltage 
standing-wave ratio (VSWR) of 1.4:1 
and a DC current capability of 2.5 A. In 
addition, a 2-18 GHz and a 0.1-26.5 
GHz model is available. 
Sierra Microwave Technology 
INFO/CARD 201 

400-18,000 MHz directional 
coupler for test systems 
A directional coupler from Merrimac 

features a nominal 13 dB coupling that 
has been designed for an ultra-wide 
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bandwidth of 400 MHz to 18 GHz and 
for exceptionally high directivity, typi¬ 
cally in excess of 20 dB. A directional 
coupler is a passive device that samples 
a small fraction of the power from a 
signal, with minimum disturbance to the 
transmission path. It differs from a 

simple resistive tap in that the coupled 
power is always proportional to the 
signal power being transmitted in one di¬ 
rection only. The package measures 5.8" 
X 0.8" X 0.53" and weighs 4.4 ounces. 
Merrimac Industries 
INFO/CARD 199 

Voltronics 

debunks 

the myths 

There's 
nothing 
new in 

high-voltage 
trimmers. 

How about a voltage 
rating of 2000 V, 
capacitance values to 50 pF, 
and an order of magnitude 
greater reliability? 

to Attend 
the 2nd IEEE 

MTT-S International Topical 
Symposium on Technologies 
for Wireless Applications 
25-27 February 1997 
Vancouver, BC, Canada 

Thanks to Teflon 
between their 
rings, Voltronics 
HV trimmers 
have no air gap, so 
you can get 50 pF, 
2,000 V, 1 GHz 
coverage, and 
high Q_ And 
you’ll never have 
to worry about 
shorting between 
rings or ionization 
at high altitudes and in space. 

Over 6,000 communications 
PROFESSIONALS FROM OVER 70 

COUNTRIES WILL ATTEND! 

The meeting will include a 
FOCUSED TECHNICAL PROGRAM ON 

Wireless Technologies. 

Topics will be: 

X Systems Design Tradeoffs 
X High Speed Digital 

Processing 
X Components for 
Consumer Products 

X Manufacturing 
Technologies 

X Devices and Circuits 
X Design for Testing 
X Design for Manufacturing 
X Antenna and Path Design 
X Packaging and 

Interconnection 
Technologies 

Each body style fits into the 
same space as a conventional air trimmer, and is 
available with maximum capacitance of 4, 10, 16, 23, 
40 and 50 pF Voltronics patented design is far more 
reliable too, and it eliminates the end caps that fall off 
lesser designs, exposing precision parts to moisture, dust, 
or dirt. So if you need the best possible performance in 
a high-power trimmer, you should be talking to 
Voltronics. Call us today at (201) 586-8585. 

Voltronics 
delivers: Any 
model stock to 

4 weeks! 

The Program 
and Registration Forms 

will be available in 
November. 
Please circle 

the reader service number 
below on the reader 

service card to be put on 
the mailing list. 

Voltronics^ 
CORPORATION 

The Trimmer Capacitor Company 

100-10 Ford Road 
Denville, NJ 07834 
201.586.8585 
FAX 201.586.3404 
e-mail: voltron@styx.ios.com 

WRITE, CALL OR 
FAX FOR CATALOGS 

INTERS 
COMtilM ÜillllllüS 

INFO/CARD 75 INFO/CARD 72 

RF Design 89 



KF software 
Software service provides 
shareware and freeware 

Dynacomp’s software service supports 
mathematical, scientific and engineer¬ 
ing computing. A technically oriented 
collection of more than 550 volumes on 
more than 750 disks of public domain 
shareware and freeware for MS-DOS 
and Windows is available on CD-Rom, 
or it may be ordered by specific volume. 
Dynacomp 
INFO/CARD 153 

Software for Macintosh 
simulates circuits 
GigaSim has acquired the Dragon-

Wave circuit simulation software for 
Macintosh from Nedrud Data Systems 
and offers Dr agon Wave 7.0 for Power 
Macintosh. GigaSim also has acquired 
Microwave Lab from Lightwave Tech¬ 
nologies. Microwave Lab’s extensive ele¬ 
ment model library will be incorporated 
into a DragonWave upgrade later this 
year. GigaSim is moving into the filter 
synthesis market with its acquisition of 
the Filtroid design software from Gees-
aman Software. Filtroid goes from spec¬ 
ification to physical dimensions in one 
step. 
GigaSim 
INFO/CARD 154 

Block diagam simulator 
comes in Windows version 

Tesoft’s PC telecom simulator Tesla 
is available to Windows users. Tesla 
lets users simulate modems, synthe¬ 
sizers, spread spectrum and other 
telecom systems at the block diagram 
level. It supports nonlinear, mixed-
analog and digital-time simulation. 
Spectrum analysis also is included. 
The Windows interface displays re¬ 

sults graphically. After a simulation, 
users can plot spectra, waveforms, bit¬ 
error ratio (BER) test results, eye¬ 
patterns and logic analyzer style 
graphs. Multiple plot windows can re¬ 
main open on the screen along with the 
block diagram. 
Tesoft 
INFO/CARD 155 

Custom DSP technology 
becomes portable 

Hyperception, a provider of digital 
signal processing (DSP) technology, has 
enhanced its Hypersignal real-time inte¬ 

grated development environment (RIDE) 
visual DSP design tool with a Personal 
Computer Memory Card International 
Association (PCMCIA) interface adap¬ 
ter for portable DSP applications. The 
combination of the visual programming 
software and Communication Automa¬ 
tion and Control’s Bulletdsp PC card al¬ 
lows engineers to develop real-time 
signal processing applications with a 
floating point DSP processor using a 
graphical interface. Custom DSP appli¬ 
cations can be designed and executed 
on laptop computers at remote sites and 
in mobile environments. 
Hyperception 
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Products support 136 
cellular interface standard 

TCSI’s simulation, DSP algorithm 
and microprocessor software supports 
the North American time-division 
multiple access (TDMA) 136 cellular in¬ 
terface standard (IS-136). The DSP 
algorithms and simulations software en¬ 
ables developers to determine how best 
to process the cellular signal when it 
comes off the air. Developers tune the 
numbers on a computer rather than on 
the actual device to achieve the best per¬ 
formance possible. 
The simulation software is written for 

the COSSAP signal processing environ¬ 
ment. The baseband DSP software is 
the implementation of the algorithms. 
The software sits on the chip and func¬ 
tions as a low-level assembler language. 
It converts real-world (analog) signal to 
digital technology and back again at 
high speeds. 
The protocol microprocessor software 

ensures that the cellular device is com¬ 
patible with and can talk to any other 
cellular device in the world. It complies 
with applicable standards. The software 
configures and controls how the DSP 
converts signals at high speed. The mi¬ 
croprocessor determines responses to 
input such as when the device rings, 
when the screen light goes on and 
whether the call will be analog or digital. 
TCSI 
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Software supports wireless, 
networking, products 

Software from Alta Group of Cadence 
Design Systems addresses the wireless 
communications arena including per¬ 
sonal communications services (PCS), 

wireless local area network (LAN), ad¬ 
vanced messaging, satellite communi¬ 
cation and digital cellular standards 
such as IS-95, IS-136 and global system 
for mobile communications (GSM). The 
software, EnWave, focuses on specifica¬ 
tions for networking, wireless and mul¬ 
timedia product design. 
The software is built upon Alta’s 

Convergence Simulation Architecture 
and provides continuous development 
from system-level specifications through 
links to hardware and software imple¬ 
mentation. The software includes core 
modeling and simulation environment; 
application-tuned communications li¬ 
braries containing hundreds of algo¬ 
rithmic elements for exploration of 
wireless communications designs in 
both floating and fixed-point simula¬ 
tion; a radio-frequency library allowing 
designers to model distortions and non¬ 
linearities in the RF portion of a wire¬ 
less design; analysis tools; and standard 
verification environments. The user can 
move from initial design capture, simu¬ 
lation and analysis through hardware 
and software implementation. 

Previous designs may be reused, or 
the user may access off-the-shelf intel¬ 
lectual property, saving time with each 
wireless design. The software test 
benches allows the user to create proto¬ 
types. 
Alta Group 
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Software automates 
measurements 
EMI Consulting’s commercial mea¬ 

surement program, EMICMP, Version 
2.0 is a DOS-based, menu-driver pro¬ 
gram that operates with an Anritsu 
MS2601B spectrum analyzer to auto¬ 
mate EMI-type measurements as pre¬ 
scribed by all current regulations. The 
EMICMP performs both precompliance 
and final compliance measurements for 
E-field, H-field and conducted-type 
measurements over the frequency 
range of 9 kHz to 2 GHz. 
Measurement options permit the se¬ 

lection of three measurement levels: 
trace only; trace and peak of individual 
signals and trace; peak and quasi-peak 
or average of individual signals. Other 
options include automatic calibration at 
four levels. EMI offers custom instal¬ 
lation, training classes and customized 
versions of the program. 
EMI Consulting 
INFO/CARD 159 
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RF literature 
Chip inductor 
engineering bulletin 
Sprague-Goodman is offering a 10-

page engineering bulletin covering Surf¬ 
coil SMT chip inductors. Bulletin SG-
800D contains specifications, outline 
drawings, Q, current ratings and DC re¬ 
sistance on its present line and includes 
its new GLW, GLX and GLY series. 
Sprague-Goodman Electronics 
INFO/CARD 160 

Surface-mount clock 
oscillator data sheet 
MF Electronics has a comprehensive 

data sheet detailing the company’s 
ClockChip ASIC for building time-and-
frequency reference clock oscillator cir¬ 
cuits. It includes specifications, dimen¬ 
sions and packaging. 
MF Electronics 
INFO/CARD 161 

Coaxial connector catalog 
includes installation tips 

San-tron has a 28-page catalog of 
coaxial connectors with supplemental 
performance and material data, dimen¬ 
sional specifications and outline draw¬ 
ings for plugs, jacks, receptacles and 
dust caps. Also included are detailed 
cable assembly instructions and recom¬ 
mended panel cutout diagrams. 
San-tron 
INFO/CARD 162 

Catalog has 
electromechanical switches 

Loral Microwave-Narda’s RF and mi¬ 
crowave electromechanical switches are 
covered in a 108-page catalog. New to 
this catalog are low-cost models, hot-
switching models, switches for wireless 
applications and a matrix section com¬ 
plete with worksheet. 
Loral Microwave-Narda 
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Catalog lists connectors 
for telecom, broadcast use 

Hirose’s Connectors for Communica¬ 
tions and Broadcast Applications fea¬ 
tures connectors for exchange and 
transfer as well as for broadcast and 
cable television (CATV). Main-edge con¬ 
nectors for exchange and transfer appli¬ 
cations include inter-board connectors 
for high-speed transfer. Backplane ca-

ble connectors feature 50Í2 and 75Í2 co¬ 
axial ribbon connectors for high-speed 
transfer. Connectors for broadcasting 
and CATV include optical and electrical 
coupling connectors using a self-shutter 
mechanism, 75Í2 set-top coaxial connec¬ 
tors and high-frequency devices, in¬ 
cluding micro-miniature signal dis¬ 
tributors for surface-mount technology. 
Hirose 
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Wireless data handbook 
covers integrated circuits 
The 1996 Semiconductors for Wire¬ 

less Communications Data Handbook 
(IC-17) provides technical information 
on Philips Semiconductors’ wide range 
of integrated circuits for wireless com¬ 
munications. The handbook includes 
data sheets, application notes and 
system solution references. Also cov¬ 
ered is information on wireless system 
chipsets, RF front-ends and paging 
receivers, amplifiers, intermediate-
frequency (IF) systems, frequency syn¬ 
thesizers and prescalers, transmitters, 
baseband processors, compandors, dis¬ 
crete transistors and power modules. 
Application notes describe products 
used in cellular radio, high-performance 
receivers, cordless telephones, two-way 
communications and wireless local area 
networks. The handbook is free and is 
available on CD-Rom. 
Philips Semiconductors 
INFO/CARD 165 

Miniature surface-mount 
capacitors catalog 
A new issue of Voltronic’s catalog 

of miniature, one-half-turn, surface¬ 
mount trimmer capacitors includes im¬ 
proved documentation. The publication 
lists technical specifications and me¬ 
chanical dimensions. 
Voltronics International 
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Book details 
microstrip antennas 
CAD of Microstrip Antennas for Wire¬ 

less Applications by Robert A. Sainati 
details why microstrip antennas are 
suitable for low-profile, low-cost com¬ 
mercial applications using RF and mi¬ 
crowave systems. The book includes a 
description of microstrip antennas; per¬ 
tinent technology; analysis and mod¬ 
eling techniques to sharpen insight into 

the operation of various elements and 
arrays; step-by-step coverage of the de¬ 
sign of various single-element radia¬ 
tors; discussion of the interaction be¬ 
tween design parameters and antenna 
performance; an in-depth explanation 
of simple array design, including perfor¬ 
mance and calculations, types of archi¬ 
tecture and specific design aspects; and 
a discussion of advanced feeding tech¬ 
niques that provide increased design 
flexibility and performance. 
The 256-page hardback comes bun¬ 

dled with IBM-compatible diskette con¬ 
taining 18 stand-alone computer pro¬ 
grams and a guide illustrating sample 
design cases and expected results. A 286 
processor or higher and VGA monitor 
are required for the software. 
Artech House 
INFO/CARD 167 

Fault-finding guide has tips 
for using basic gear 

Practical Electronic Fault-finding and 
Troubleshooting, a 240-page paperback 
by Robin Pain, describes the funda¬ 
mental principles of analog and digital 
fault-finding and gives practical tips, 
hints and rules of thumb for fault¬ 
finding using only the basic equipment— 
a digital multimeter and an oscilloscope. 
Butterworth Heinemann 
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Handbook aids 
inductor specifications 
The Inductor Handbook by Cletus J. 

Kaiser combines inductor and trans¬ 
former theory and construction with 
practical circuit-application informa¬ 
tion. Chapters cover fundamentals and 
applications of all inductors; ferrites 
and transformers, including application 
information on pot cores, toroids, beads, 
chokes and slugs; electromagnetic in¬ 
terference (EMI) suppression; data-line 
filtering and power applications; power 
and signal transformer applications, 
with a section on switching-power mag¬ 
netics. Also included are a glossary, 
symbols and equations, conversion ta¬ 
bles, a ferrite-material constant chart, 
ferrite-selection guidelines and a com¬ 
prehensive index. This 170-page, soft-
cover reference book complements the 
author’s other passive-component hand¬ 
books on capacitors and resistors. The 
price is $15.95 plus $4 (U.S.) shipping. 
C J Publishing 
INFO/CARD 169 
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GaAs MMIC SWITCHES 

3 VOLT - INTEGRATED DRIVER -
EXTENDED FREQUENCY RANGE 

Configuration 

SPOT 

Operating 

Frequency (GHz) 

DC- 2.0 

’Insertion toss 

WB) 

.5 

’ Isolotion 

(dB) 

23 

Feotures 

3 volt positive con¬ 

trol; economy priced 

Port 

Number 

SW-373 

SPOT DC- 2.0 .5 33 
Extended frequency; 

industry standard 
SW-239* 

SPOT .8 -2.0 .9 38 
ntegrol CMOS Driver 

SW-335 

SPOT DC-2.5 .5 39 
Ferminated internally 

SW-338-

■Typicol parameters ot 1GHz. 

HIGH POWER HANDLING 
Configuration Operating 

Frequency(GHz) 

‘Insertion loss 

(dB) 

’Isolation 

(dB) 

Features Port 

Number 

SPOT DC- 2.5 .5 32 + 33dBm, P-ldB SW-277 

SPOT DC- 2.0 .5 17 
2 Watt power SW358 

handling; single /SW359A 
neg/pos control 

’Typical parameters ot 1GHz. 

The GaAs IC 
Name You 
Know, 

From The 
Distributor 
You Trust 

OFF THE SHELF 
GaAs MMICs 
We have all the M/A-COM GaAs MMICs 

you need in stock and ready to be shipped 
today. 

THE ONLY FULL LINE 
M/A-COM DISTRIBUTOR 
In addition to these products we also carry the 

full line of M/A-COM GaAs IC control devices, 

including all GaAs digital attenuators, amplifiers 

and mixers. 

THE KNOW-HOW COMPANY 
Our field support is the most highly regarded 

in the industry. We can give you fast expert 

advice, whether you're developing applica¬ 

tions like CDPD, interactive CATV, wireless 

telemetry or MMDS. 

You know that M/A-COM has earned a 
reputation as a world leader in GaAs IC 

control devices. And at Penstock, we 

make it our business to be the leader in 

product availability, ease of ordering, 

on-time delivery and customer service. It's a 

combination that OEMs of any size demand today. 

What's more, our technical support and product knowledge 

are unmatched in the industry. 

GaAs MMIC ATTENUATORS 

ISO 9001 SUPPLIER 
CERTIFIED 
We are certified in accordance 

with the highest international 

standards of ISO 9001 . , Call For F»«® 
Catalog 

DIGITAL ATTENUATORS 

Configuration Operating 

frequency (GHz) 

’Attenuation 

(dB) 

’Insertion Loss 

(dB) 
Features 

Port 

Number 

5 Bit Digita DC- 2.0 1,2,4,8,16 1.6 Highly otea-
AT-210 

4 Bit Digita DC- 2.0 2,4,8,16 1.6 
rate 

attenuation; 
low power 

consumption 

AT-220 

3 Bit Digital DC- 2.0 4,8,16 1.6 
AT-230 

’Typicol parameters at 1GHz. 

VOLTAGE VARIABLE ATTENUATORS 

Configuration Operating ’Attenuation ’Insertion Loss . Port 

Frequency (GHz) (dB) (dB) Number 

VVA .5 - 2.0 0 - 35 3.2 Best linearity, single 

positive control 
AT- 108 

VVA DC- 2.0 0 - 35 7.2 18 dBm IP3 AT-635 

VVA DC- 2.0 0-15 3.2 
Economical; 

small size (50T-14B) 
AT-259 

’Typical parameters at 1GHz. 

PENSTOCK 
.... . „ ..... —-— Penstock is an Avnet Company 
Visit Penstock s Website: WWW.PENSTOCK.AVNET.COM" 

8 0 0 
(1 .800.736.7862) In northern California, contact us at 1.408.745.81 00. And in Canada, call 1.61 3.592.6088. 
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■i RF Literature/Product Showcase SM 
RF POWER AMPLIFIERS 

1 MHz-2GHz 1W-1KW 

SysCalc 3.1 for Windows 

Nonlinear RF and digital simulation with fast 

spec trum analysis. Call now for a free 3O-day trial. 

800-631 -1113 http://www.tcsoft.com 

TESOFT Inc. 770-751 -9785 Fax770-664-581 7 
PO Box .305 Roswell GA 30077 

INFO/CARD 100 

• Small Size • High Efficiency • Durable 

• Module and Rack Mount Systems 

• Customization Available 

Organize system block 
diagrams into subsys¬ 
tems using unique 
NoteBook metaphor. 
Drag and drop block 
icons from the Tool Bar 
View Noise figure and 
intermodulation “bottle¬ 
necks" displayed on a 
block-by-block basis. 
Specify BER require¬ 
ments for various mod¬ 
ulation schemes (BPSK, 
QPSK, PI/4 DQPSK, 
DPSK, FSK, OOK, MSK). 
Do “what if" scenarios 
instantly 

only $249“° http://wwwuirdentech.com 

for a fully functional demo 

RF POWER AMPLIFIERS 

651 Via Alondra, #712 
Camarillo, CA 90312 USA 

TEL: (805) 388-8454 
FAX: (805) 389-5393 

Arden Technologies, Inc. 
PO Box 286 • Forest. VA 24551 

Voice 804-525-6837 Fax 804-525-5376 
e-mail: arden@ardentech.com 

INFO/CARD 102 

INFO/CARD 101 

-ru Ideal for Wireless Products 

-n- 1008 & 0805 Models 

-rL- High Q & Self Resonant Frequency 

S-Parameters data on disk 
1.112.0 GHz Portable Spectrum Analyzers 
•PS - 5A 0.1-1100MHZ, PS - 5B 0.1-1100MHZ & 900-2000MHZ 
In one scan (span: 0 - 100MHz/Div in 11 steps) 

• 5 digit center/marker frequency display at 0.1 MHz resolution 

• Measurement range: -108 to 4-20 dBm 
•5 resolution bandwidths: 10KHz - 1MHz 
•50 dB input attenuator in 10 dB steps 
• 2 /10 dB log scale display with base line clipper 
• Built-in AM I FM demodulation with speaker 
•Tracking generator (optional TG-01) 
• AC / DC / Battery powered (optional 4-12 V battery pack) 
•Lightweight - Portable operating. Size: 11.5“ x 5.4“ x 12.9“ 

USA • Tel: 619 674 8100 • FAX: 619 674 8262 
Europe • Tel: 353 93 24107 • FAX: 353 93 24459 

Asia • Tel: 65 741 5277 • FAX: 65 741 3013 
World Wide Web • http://www.pulseeng.com 

Introductory price from $1975 (PS - 5A) 

V.Tech Instruments, Inc. Tel: (201)546-7635 
171 Burns Ave, Lodi, NJ 07644 Fax: (201 ) 546-7651 

INFO/CARD 104 

GOULD EPS 

W LITHIUM 

3CXXXM 

Thin Rectangular Format 
Solder/Pressure Contact 
Customized Capacity 
A. 8. C, Sizes 

4 • 3 and 6 Volts 
• Lightweight 

Gould Electronics Inc., Powerdex’ Division 
34099 Melinz Pkwy., Eastlake. Ohio 44095-4055 
216-918-6100 800-722-7890 Fax:216-918 6030 
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INFO/CARD 103 

LOW COST 
HIGH PERFORMANCE 
FREQUENCY SOURCES 

CRYSTAL OSCILLATOR-MULTIPLIER 

/ MODEL VS A- $195.00 .01 GHz TO 1.0 GHz 
/ MODEL USA -$245.00 i.oghztoi.ighz 
/ MODEL SSA - $295.00 i ighz to4.2Ghz 
RF OUTPUT: +8dBm min., at any spot frequency 

in above ranges 
FREQ. STABILITY: t30ppm, -20'c to +60c 
B.:.12lo+16VDC 

IMilmonon K¡lul10 ®®21 
WIIIHclHLU iaO5j 523-2390 FAX f805) 523-0065 

GaAs MMIC 

SPOT Switch 
iPositrve/Negative Control 

Voltage 

> DC-2.5 GHz 

i For DCS1800,Wireless LAN. 

Radio and Cellular Equipments 

iSMTSO-8 Package 

1 Tape and Reel available 

call 1-888-H EXAWAVE or fax 1408-378-4630 

INFO/CARD 106 INFO/CARD 107 

RF Design 

HIGH PERFORMANCE 
DISTRIBUTION AMPLIFIER 
APPLICATIONS 
♦ Reference frequency distribution 
♦ Atomic frequency standards 
♦ Atomic time scales 
FEATURES (Typical) 
♦ 1-20 MHz 
♦ Unity gain 
« 1 in, 5 out 
♦ LowVSWR 
♦ High islolation -125 dB 
♦ Low phase noise: -160 dBc/Hz 10 Hz 

-173 dBc/Hz Floor 
♦ Low distortion: -48 dBc (13 d Bm) 
♦ High output: 17 dBm 
♦ Low temperature coefficient: 3 ps/°C 
♦ Flexible packaging options 

SpectraDynamics, Inc. 
723 West Cannon Place 
Lafayette, CO 80026 

Phone: (303) 665-1852 ♦ Fax: (303) 605-6088 

INFO/CARD 108 
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RFmarketplace 
Classified display ads are available at $125 per column inch. Frequency rates available for multiple 
insertions. Please call for further information, 303-220-4288. Or fax your ad copy for a rate quote to: 
(303) 793-0454. 

'areer Opportunities 

...YOUR CAREER 
Mgr. Component Products: Responsible for P&L of 30mm component business providing 

RF/MW product modules to the wireless communications industry. 

Product Marketing Manager: Lead the technical marketing effort for the Wireless Communi¬ 
cations Group; develop business/marketing plans, manage customer relationships, perform 

market analysis, develop sales/marketing material. 

CATV Design: Rf Design experience should include LC filter, microstrip, amplifier, circuit 

modeling and system analysis in the 5-1000Mhz range. BS/MSEE fiber optics a plus 

Project Leader Base Station: Design, fabricate, test and develop rf/mw components, circuits 
and subsystems for cellular basestation front-ends. BSEE/MSEE. 

Baseband Analog Circuit Design: Baseband analog circuit designers for cordless telephony 

MICRO •DEVICES 

RF Micro Devices is an emerging 
world leader in wireless communica¬ 
tions components. Drawing from a 
diversified set of semiconductor 
fabrication and packaging technolo¬ 
gies, we are providing the building 
blocks necessary to lead the revolu¬ 

systems at 900 MHz and 46/49 MHz BSEE 5 yrs._ 

Regional Field Sales: Aggressive individuals to create and serve new accounts. Positions are located throughout the 
U.S.A. An engineer who wants to enter sales world is acceptable. Base salary, commission and car. BSEE._ 

RF Microwave Test Engineers: Develop and refine automated RF/Microwave test methodologies for product 
characterization, production test, system test and FCC Certification BSEE 

RF Engineers: Positions available for individuals with a minimum of 2 years PCS, GSM, CDMA/TDMA and all other 
areas of RF design, development and test experience Candidate must also have solid experience in domestic and 
international protocols_ 

Sr. Project Antenna Design: 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/MS 
with 5 years experience. 

tion in wireless communications. Since our founding in 1991, a unique combination 
of technology, innovation, and quality leadership has contributed to unprecedented 
market growth - capturing significant market share in virtually all types of commer¬ 
cial wireless communication systems. From manufacturers of cellular phones, which 
operate at any world standard, to makers of wireless data networks and wireless 
security systems, our customers have come to expect nothing short of the best 
technical and price performance available. If you are a highly motivated, top-notch 
individual who is accustomed to leading the pack, we can put your skills to good use 
in one of the following challenging positions: 

RF Design Manager: Lead a team of RF engineers from initial design and implementation through product integra¬ 
tion and testing into high volume production. 8+ years of RF design with emphasis on low cost radio design. BS/MS 

• Regional Sales Manager 
Regional sales of standard and custom products. Provide technical support, 
leadership, and product training to independent sales representatives. Esta¬ 
blish close customer relationships to help facilitate product design in efforts 
and assure 100% customer satisfaction. Requires an engineering degree with 
technical sales and sales management experience with RF components. 

Sr. MMIC Design: Design highly integrated GaAs MMICs for advanced cellular products. Circuits to be designed 
include: power amplifiers. LNAs. mixers. IF amplifiers, buffer amplifiers. RF frequencies are 900 and 1800 MHz 

Product Line Manager Wireless: Specific responsibilities include product line strategic planning, establishing rev¬ 
enue and price objectives, setting internal cost targets and oversight of internal product realization schedules 

RF PA Engineers: Requires 3+ years experience in design, test and manufacturing of high efficiency GaAS MESET 
and HBT class A and C power Amplifiers (c2watts) in the frequency range (-2GHz). Experience in both discrete and 
MMIC design a plus. 

Sr. Analog IC Designen: Responsible for conceptual circuit design and developing new analog/mixed signal ic's. 
BS/MS experience in A/D D/A. ASIC's bipolar and BiMOS. 

• Key Account Manager 
Work closely with key customers on custom IC development projects. 
Manage all phases of project development: schedules, resources, and technical 
goals. Requires an engineering degree and experience with project manage¬ 
ment methods and tools. 

Filter Design Engineer Development of microwave high *Q* coaxial cavity and machine filter designs for PCS base 
stations. BS/MS familiar with simulation and modeling tools, three plus years filter design 
experience with direct "O’ designs (6-8000 O's). 

Applications Engineer: 5 years of directly relevant RF/MW engineering applications and 
measurement techniques Strong presentation and instructor skills; must be able to 
communicate effectively with individuals and groups of all levels of technical expertise and 
experience. 

Digital/RF Design: You will be responsible for architecture and implementation of 
RF transmitter and reciever design effort, including selection stages, architecture 
and implementation of modulators and demodulator ASIC designs, error correction 
and channel equalizers BS/MS._ 

I E} COMMUNICATIONS ■■■■¥■ I IT EXECUTIVE SEARCH 
We specialize in the placement of wireless, RF, microwave communications nationally. 

FOR THESE AND OTHER OPENINGS 800 Turnpike St. • North Andover. MA 08145 
CALL COLLECT: TEL: 508-685-2272 E-mail; micsearch@aol.com FAX: 508-794-J0BS 

• Applications Engineer 
Provide technical product support to customers worldwide. Includes 
characterizing and documenting performance parameters for RF and IF 
components such as modulators, demodulators, mixers, amplifiers, and 
switches. Also, performing design of external matching and support com¬ 
ponents for RF and IF IC’s. Requires an electrical engineering degree and 
minimum 3 years RF design/product experience. 

If you would like to participate in the most exciting opportunity for growth in the 
wireless communications marketplace today, please mail or fax your resume and 
references to: Greg Thompson 

RF Micro Devices, Inc. 
734 1-D West Friendly Avenue 
Greensboro, NC 27410 
FAX (910) 299-9809 

NO PHONE CALLS PLEASE! 

I HAVE 30 YEARS EXPERIENCE 
As a Nationwide RF Specialist, Microwave. Amplifiers, 

Transmitters, Receivers. Synthesizers. Filters, NMIC, 

L-Band, KU-Band, Satellites. Antennas. Audio, Video, 

Telecomm, CATV, Wireless, VHF, UHR Radio, Commercial 

or military Communications. 

Call, Fax, Mail Resume to: Bill Elias, Dept. RF 

RO. Box 396, East Brunswick, NJ 08816 

Phone: 908-390-4600 Fax: 908-390-9769 

ELIAS ASSOCIATES 
Annually A National Award Winning Search Firm 

RF EXPLOSION 

YOUR FUTURE STARTS NOW! 

Career Networks 
Recruiters for the Wireless 
& Telecom Industries 

800-JOB LINK 
Specializing in Sales, Marketing, 
Technical, Engineering, Operations 

& Executive Placements 

RF state of the Art Developer seeks degreed engineers to join 
expanding staff Positions available for the following: Fiber Optics, 

CATV, Cellular, Wireless, Analog/Digital, Test. MMIC, Mgmt. 

Additional oppts. available for Packaging, Mechanical Design, 

Power Supply, Acoustic, HW/SW, Systems Integration. 

For consideration send your resume to: 
Louis Schwartz, Technical Employment Consultants 
52 E. Street Road • Suite C1 • Feasterville, PA 19053 

Ph: 2I5-396-I840 • Fax: 2I5-396-I5OI 

R.F. ENGINEERS: NATIONWIDE 
KEY CAREER OPPORTUNITIES FOR QUALIFIED 

R.F. ENGINEERS. NETWORK ENGINEERS 
SYSTEMS ENGINEERS, TECHNICAL MANAGERS 

MIXTEC GROUP 
LEADERS IN EXECUTIVE SEARCH 

Phone:(619) 773-0717 • Fax:(619)862-9207 

% 
Gables One Tower, Suite 801 

1320 S. Dixie Highway 
Coral Gables, FL. 33146 

jablink@aol.com 

Fax Resume to (800) JOB-FAXX 

R.F./CELLULAR/WIRELESS/PCN/PCS 
CDMA/TDMA/SPREAD SPECTRUM/VSAT 
STAFF & MANAGEMENT POSITIONS 

Respond to: CTH, Ltd. 
440 Harlem Ave-Glenview, IL 60025 

Ph. 847/657-0102 Fax 847/657-0061 
_ email <cthQais.net> 
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Start-up Opportunities 
We are a consulting firm specializing in advanced 
product test methods in the telephone and wireless 
communications industry. Currently, we are work¬ 
ing with a multi-billion dollar company to create a 
high-performance test engineering team to support 
a new advanced product development and manu¬ 
facturing operation. Location is the Northwestern 
U.S., with potential future expansion to multiple 
sites nationwide. 

paced, and oriented to a concurrent engineering 
approach. We are seeking the following: 

RF Test Engineers 

Recent MSEE/BSEE graduates with strong 
career interests in RF circuit design and test. 

Engineers and Technicians in areas of digital 
test and functional test. 

The organization will conduct high volume, build-
to-order manufacturing operations employing 
advanced principles, technology, and systems. The 
products are leading edge, and targeted for new, 
high-growth telecommunications applications. 
Advanced test equipment and leading-edge test 
methods such as BIST, Boundary-Scan, and DSP¬ 
based test will be utilized. This is an outstanding 
career opportunity in a world-class company. 
The work environment is entrepreneurial, fast-

Information system experts in manufacturing 
and quality areas. 

Email or fax your resume for confidential consid¬ 
eration. Highly competitive salaries, benefits, 
bonuses, and options. To apply, fax or email your 
resume and cover letter clearly describing your 
career goals and salary expectations. Email: 
bistric@worldnet.att.net. Fax: (800) 669-7494. We 
are an equal opportunity employer. 

BIST Technologies 
New Test Paradigms 

• PCS • CELLULAR * 
Employer Inquires Welcome 

Engineering • Operations • Technical • Sales/Marketing 

- VISIT: http://www.firstsearch.com 
OR SEND RESUME TO: 

6584 N.W. Hwy., 1st Fl., Suite 1-RF, Chicago, IL 60631 
Phone (312) 774-0001 • FAX (312) 774-5571 

e-mail: fsihunter@aol.com 

DIRECT & CONTRACT POSITIONS 

ENGINEERING 
PERSONNEL SERVICES 

• RF/ Analog & Digital Circuit Design 
• Hardware I Software Design 
• Cellular / PCS System Design 

Send resume to address below 

ALL LEVELS OF POSITIONS FILLED GLOBALLY 

Employer inquiries welcome. 

^^munication Resources, Inc. 
The Communication Personnel Specialists 
P.O. Box 141397, Cincinnati. OH 45250 
606-491-5410 

k E-Mail. Careercom®AOL.com 
FAX 606-491-4340 

OPENINGS 

RF COMMUNICATIONS EQUIPMENT DESIGN ENGINEERS 
BS/MS. 2-8+ yrs. experience, base-bend to 3.0 Ghz, in any of the 
following: Receivers. Transmitters. Power Amplifiers, Synthe¬ 
sizers. Spread Spectrum. RF ASIC/MMIC Design, Modems. 
Communications DSP. Reply with assured confidentiality to: 

Don C. Gallagher 
Gallagher & Associates 

2033 McCoy Road, Suite 206, Sun Prärie, Wl 53596 
(608) 837-5647 Fax (608) 837-6096 

Review many of our engineering openings on the Web at: 

_ http://www.midwestcareers.com_ 

APEX Wireless, Inc., a leader in 
the field of low cost Part 15 data communica¬ 
tions design, is expanding in Boulder, CO and 
is seeking a talented ... 

RF Design Engineer: 
• 3+ years experience in the design of low 
cost RF transmitters and receivers. 

• Circuit level experience from UHF to low 
microwave frequencies. 

• Familiar with PLL synthesizers, spread 
spectrum, and FCC Part 15 regulations. 

• BS/MSEE required. 
Please respond to: 

APEX 
WIRELESS, INC. 

A subsidiary ot Apart Systems, Inc. 

2465 Central Ave., Suite 106, Boulder, CO 80301 
(303) 443-6699 FAX (303) 443-4974 

E Mail: 75017.3120@compuserve.com 

National High Magnetic Field 
Laboratory 

Florida State University 

Seeking an RF Specialist. The 
position involves the design and 
development oversight of high 
frequency RF (MHz and GHz), 
possibly including high tempera¬ 
ture superconducting technology 
and high speed digital electronics 
for magnetic resonance technologies 
(Nuclear Magnetic Resonance, 
Electron Spin Resonance and Ion 
Cyclotron Resonance). Experience 
in the areas of RFCAD software 
and digital interfacing preferred. 
A minimum of a Master's degree 
in electrical engineering, physics 
or chemistry is required. 
Salary will be commensurate 

with experience. 
Applicants should send their 

resume and three letters of 
reference to: 

T.A. Cross, NHMFL 
1800 E. Paul Dirac Drive 
Tallahassee, FL 32310. 

Reference position #55729 
(official university title will be 
Assistant in Engineering or 
Assistant in Research). 

The State of Florida is an Affirmative 
Action/Equal Opportunity Employer. 
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SCTE 
Sustaining 
Member 

roehlich & Co. 
cutive search 

Communications Positions: 

Designers, Engineers, Managers 
Wireless/Telecomm/CATV/Video/Voice/Data 

RF Equipment and Systems Design: Transmitters, 
receivers, amplifiers, mixers, filters, synthesizers, 

modulators, demodulators, PLL's, VCD's. Skills^ 
include: PCS, PCN, Spread Spectrum, DSP, 
CDPD, TOMA, CDMA, QPSK, QAM & others. 

Digital/Analog, DC to 2 GHz. ◄ 

Join The PCS Revolution! 
Join the world's leading companies with 
Teleconsult Teleconsult, Inc. is an estab¬ 
lished international engineering company 
and has been providing services to its 
Fortune 500 clients for over 25 years. Great 
compensation and career opportunities 
available immediately for experienced 
wireless professionals ( I + yrs exp.). 

Domestic & International PosmoNS 
Permanent and Contract 

CELLULAR- PCS -GSM 

Nationwide. 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 

r/j J : i 
STATES 

• Design Engineers 
• Systems Engineers 
• Switch Engineers 
• Interconnect Engineers 
• RF Engineers 
• RF Technicians 
• Network Traffic Engineers 
• Program Mgrs./Directors 

Send confidential resume to: 

> California 
I Arizona 
» Oregon 

► Colorado 
» Texas 
» Washington 

Director - Wireless 
Fax: (202) 337-7534 

RF-Wireless Communication 
Digital Cellular; Cordless PCN 
DSP: Video, Audio, Multimedia 
Custom VLSI Design-CMOS 

IC Design: Digital, Analog, Mixed Signal 
ASIC/FPGA Design (VHDL, XILINX) 

Email: 7222652@mcimail.com 

Toleconsult 
Teleconsu t Inc. 27 15 M. Street N.W. 

Washington, DC 20007 

ROBERT MILLER & ASSOCIATES 
5850 Oberlin Drive #310 • San Diego, CA 92121 

PH: 619-566-4325 
FAX: 619-566-4376 

email: millerasc@aol.com 

MANAGEMENT 
RECRUITERS 14
OF BOULDER, INC. 
The search and recruiting specialists 

WINDY BRADFIELD 
RF I MICROWAVE SPECIALIST 

CONTINENTAL BLDG., SUITE 301 
1401 WALNUT STREET, P.O. BOX 4657 

BOULDER, COLORADO 80306 
(303) 447-9900 

FAX(303) 447-9536 

CAREER OPPORTUNITIES 
WORLDWIDE 

RF Communications (Test, Design, Applications), 
Cellular & Wireless System & Equip. 
Design, CATV, Data Transmission, ICS, 
Digital & Analog Design Engineers, Electro¬ 
Optics. Active Components, many more. 
Resume to: Peter Ansara, c/oABF, PO 239, W. 
Spfld., MA01090.Tel (413)733-0791 Fax(413) 
731-1466 or pa@ansara.com. See our home 
page: http://www.ansara.com 
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YOUR 
RECRUITMENT 

EFFORT 
SHOULD START 

HERE 
Go with one of the nation's most 

established search firms, the leader in the 
Wireless Industry. We have earned the 

respect of America's Wireless 
organizations through a reputation built on 

experience, integrity and results. 
Let F-O-R-T-U-N-E work for you. 

800.875.2230 

^KU-o-r-t-u-n-e 
Communications Group 

Div. of Fortune Personnel Consultants 
18552 MacArthur Blvd. #345 

Irvine, CA92715 
Fax:714.250.8535 
Fax: 71 4.250.8046 

ENGINEERING 
- OPPORTUNITIES “ 
Nationwide positions available for 
Engineering, R & D and Management 
candidates with our Communications 
Clients in Venture Capitol to Fortune 
100 corporations. 

Reply confidentially to: 

EXECUTIVE SEARCH NETWORK 
7 E. Milner St. • Dept. RF3 
Arlington Heights, IL 60004 

Fax (847) 394-1841 11891 (alternate) 
E-mail: esn@ais.net 

READY 
WHEN YOU ARE 
Î

As soon as you’re ready, you can reach over 40,000’ technical 
professionals with the subscriber list from RF Design. 

Professionals from all segments of the marketplace rely on RF Design for 
the latest in industry developments and for your ad message. 

Don’t keep them waiting. Call Lori Christie today and put your n 
advertising message directly in front of your customers. I 

♦Based on the December 1995 BPA International Statement 

Lori Christie 913-967-1875 • Fax 913-967-1897 

Redesign 

September 1996 
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SIEMENS 

Six 
COMPELLING 
Facts. 

One 

EXCEPTIONAL 
Company. 

To survive in today’s changeable market takes unprecedented Over-the-Top 

Technology, and a fervent assessment of new industry trends. Through 

Intrepid Innovation, we separate the fleeting from the timeless. We 
research and evaluate market needs to understand and meet the demand. To effectively 

respond, we manage an Expansive Scope of products and services. To 
succeed, we maintain the trust and respect of our customers, providing them with 

Unsurpassed Service and Support, to supply the highest 
calibre products and services possible, we prove, polish, perfect and monitor ourselves 

through Measurable Marketability. Above an the most 
significant reason for our success is attributable to the human element. Our 

Proactive People are the champions of a culture they continue to create, 
develop, and define daily They are the thinkers, the planners, the motivators — the 

catalyst that propels our continued success. Exceptional opportunities exist here, and with 

your creativity and achievement you will be part of the design and development team 

responsible for the creation of GSMA or CDMA digital mobile handsets for the North 

American standards market. 

RF ENGINEERS 
Your responsibilities will include the development of low cost RF/analog circuits for high 

volumemanufacturability in PCS terminals based on GSM or CDMA; and the design, 

simulation, layout and testing of discrete RF circuitry. 

• BSEE/MSEE 

• 3-5 years of design and/or improvement of low cost RF circuits (2 Ghz) 

• Analog and RF circuit design of receiver and/or transmitter circuits 

• Familiarity with impedance matching and distortion problems 

• Experience with design for mass production 

• Job Code: RF/RFD 

SOFTWARE ENGINEERS 
Your responsibilities will include the design, implementation and validation of software for 

microcontroller systems/embedded controller systems. 

• Fundamental knowledge of C/C++ and Assembler required 

• 5-10 years of experience with microcontroller software development and firmware 

programming for data transmission required 

• BSCS/BSEE with some industry experience required, MSCS/MSEE preferred 

• Knowledge of telephony, GSM or CDMA features, mobile terminals or DSP desired 

• Work with international team 

• Job Code: SW/RFD 

HARDWARE ENGINEERS 
Your responsibilities will include the development of hardware for GSM or CDMA mobile 

terminals and accessories; and the development of hardware for data transmission and 

IR-interface. 

• BSEE/MSEE 

• 2-3 years of experience in hardware development for mobile terminals or 

data transmission interface 

• 2-3 years of experience in GSM or CDMA and data transmission 

• Good knowledge of DSP and microcontrollers 

• Job Code: HW/RFD 

If you're an over-the-top performer with an expansive scope of wireless technology; the 

creativity to inspire intrepid innovation; and you consistently contribute unsurpassed team 

effort resulting in measurable results, then you are the kind of proactive person we want to 

join our exceptional company. 

Siemens Wireless Terminals is a division of Siemens 
ROLM Communications. We offer highly competitive salaries and industry 

leading benefits that include immediate, affordable medical/dental insurance and 

both 401 (k) and retirement plans. Please send your resume with salary 

requirements to: Siemens Wireless Terminals, Attn: Technical Recruiting, 

(Job Code), 2220 Campbell Creek Blvd., Suite 100, Richardson, TX 75082-

4420. We are an equal opportunity employer. 

Siemens WirelessTerminals 
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Introducing the ultimate network 

of connections to get you places. 
HNS Internet Address: resumes@hns.com 

(ASCII format; no attachments) 

HNS WWW Home Page: O 
http://www.hns.com Jj| 

National Staffing Center Fax: 
(301)428-1699 Bk -X-: 

4 

One of the world's fastest-grow¬ 
ing telecommunications compa¬ 
nies, Hughes Network Systems 
(HNS) provides wide-area net¬ 
work solutions that set the pace 
in the industry. With our unique 
combination of wireline and wire¬ 
less technologies — including 
satellite, cellular communica¬ 
tions, PCS and enterprise net¬ 
work switching — we’ve grown 
at a compounded rate of nearly 
40% over the last seven years. 
And the opportunities for future 
growth in the international, com¬ 
mercial market are unlimited. 
Connect with HNS — multiple 
positions exist in the following 
areas for qualified candidates: 
• Hardware Engineers 
• Firmware Engineers 
• Test Engineers 
• Software Engineers 
• Applications/Product/ 
Project Engineers 

■ Sales & Marketing Managers 

• Systems Engineers 
•Field Engineers -

( Dorrtest ic/lntemational) 
• Marketing Managers 
• Senior Product Engineers 
• CDPD Product Line 
Manager 

• Product/Program 
Managers 

• Software Engineering 
Manager (ICO) 

• Digital Design Engineers 
• International Marketing 
Manager 

• Product Manager 
• Program Manager 
• RF Designers 
• Real-Time Operating 
Systems 

• Software Configuration 
Manager 

• Software Testing Engineers 
• Unix Tools Developers 

• Wan Marketing Managers 
• Product Line Manager 

Use one of the HNS 
connections listed above 
to forward your resume 
(ASCII format: no attach¬ 
ments) or find out more 
about HNS. 
Or mail your resume, indicating 
locator preference, to: Hughes 
Network Systems, Dept. 
ATRFCES, 11717 Exploration 
Lane. Germantown, MD 20876; 
or San Diego: Hughes Network 
Systems. Dept. ATRFDES, 
10450 Pacific Center Court, San 
Diego, CA 92121. An equal 
opportunity employer. 

HUGHES 
NETWORK SYSTEMS 

A HUGHES ELECTRONICS COMPANY 

ITS Corporation 
A Subswliary of AOC TMcommunoibons. Inc. 

"Accelerating the migration to broadband 
infrastructures" 

ITS Corporation, a subsidiary of ADC 
Telecommunications Inc., one of the world's fastest 
growing telecommunications firms, has openings in 
the Pittsburgh area. ITS Corporation designs and 
manufactures broadband wireless and broadcast 
television transmitter systems. We are seeking 
candidates for the following position: 

RF DESIGN ENGINEER 
This position involves the design and development 
of circuits for a line of UHF/VHF television 
transmitters. A BSEE is required. Please send 
resume and salary requirement to: 

ITS CORPORATION 
HR DEPARTMENT 

375 VALLEY BROOK ROAD 
MCMURRAY, PA 15317 
FAX (412) 941-1603 

_ EOE_ 
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Wide area networks. Wide open opportunities. 

COI 
CDI Telecommunications is part of 
a large public corporation (NYSE) 
serving customers nationwide. 

We are seeking experienced personnel 
for the following positions: 

CELLULAR & PCS 

— FLEETWOOD^ 
Fleetwood is a leader in the 

wireless communications market 

ELECTRONICS 
RF ENGINEER 

This position has responsibilities to design 
and develop new products in support of key 
company programs. The holder of this posi¬ 
tion will use advanced RF electronic design 
techniques to develop creative new product 
concepts and will seek to expand the com¬ 
pany’s overall core competencies. 
We are looking for someone with a 

demonstrated skill in design and develop¬ 
ment of RF, analog and digital circuits. A 
familiarity with antenna designs from VHF 
through C Band microwave is desirable. A 
highly creative person that enjoys new 
product design and development and has 
experience in designing RF transceivers. 
Candidates should have an engineering 

degree and 5 years experience with RF 
design in telecommunications related prod¬ 
ucts. If you are interested, please send your 
resume to: 

Human Resources 
Fleetwood • P.O. Box 1259 
Holland, MI 49422-1259 

Founded on, and dedicated to, Christ 
and Christian business principles 

RF DESIGN 
radio • data ■ phone 

RF design from circuit to 
system level. Analog, digital, 
ASIC, DSP, spread spectrum. 

Lanni Johnson, CPC 

OF ALR'QIERQIE. 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 

Check Out 

The Display Classifieds 

Program Managers Real Estate Specialists 
RF Engineers Technicians 

Network Engineers Installers 

Call: (800) 669-1890 ext. 396 
or Fax resume to: 

CDI Telecommunications, Inc. 

800-875-1904 
P.O. Box 4056 Dept. RFD 

Scottsdale, AZ 85261-4056 
E.O.E. 

PCS/PCN/CELLULAR/CDPD 
RF/HW/SW/FW/DSP 
Terminals/Systems 

TTZPñTRICK & ASSORTES 
16540 East Ashbrook Dr. • Fountain Hills. AZ 85268-2832 

E-Mail: FITZPAT@ix.netcom.com 

FAX: (602) 956-7644 

Call Terri Stenson To Reserve Ad Space Today! 
(303) 220-4288 • FAX (913) 793-0454 
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MARKETING 
Aim your 

advertising 
at the right 
audience! 

Terri Stenson 
303-220-4288 

PLL-DataSender® - PLL Universal Programmer 
“For engineers who design PLL frequency synthesizers” 

• A book-sized, stand alone, hand held unit. 

• Provides immediately programming solutions for serial 
input PLL ICs supplied by Fujitsu, Hitachi, IC Works, 
Mitsubishi, Motorola, Philips, Plessey, Qualcomm, Sanyo, 
Siemens, Telefunken, Toshiba and other manufacturers. 

• Customized programmers also available. 

MYcom Instruments 
Tel: 408-946-1973 Fax: 408-262-4763 
142 N. Milpitas Blvd., Suite 277, Milpitas, CA 95035 

Recruitment A-COMM ELECTRONICS 

COMMUNICATIONS 
^■MENGINEERS 
Our clients are hiring RF engineers with 
the following skills: 
Wireless Telecomm, 
Cellular, Mobile, Tele¬ 
phony, NPCS, spread 
spectrum, DSP, AMPS, 
SMR, GSM, CDPD, 
TDMA, CDMA, WLAN, 
WPBX, Transmitters, 
Recievers, modulators, 
demodulators, low 
noise amps, mixers, 
oscillators, filters, DDS, 
synthesizers, 900/1900 
MHz. 

Brei & Associates, Inc. 
P.O. Box 445 Marion, IA 52302-0445 
(3 19) 377-9 196 Fax (3 19) 377-92 19 

RBREI@NETINS.NET 
http://www.NETINS.NET/showcase/RDBREI/ 

♦ Never a fee 
to applicants 

♦ Positions 
available 
nationwide 

♦ Send email, 
fax or call 

Randy Brei today! 

Redesign 

PROMOTE 
YOUR 

PRODUCTS 

AND 

SERVICES. 

Contact: Terri Stenson 
RF Design 

MARKETPLACE 
(303) 220-4288 

FAX: 
(303) 793-0454 

RF Design 

Refurbished Test Equipment 
DC-26ghz HP CR Wavetek Tektronix 

Send for Catalog Listing: 
71 98 S. Quince Street 
Englewood, CO 801 12 

303-290-801 2 • FAX 303-290-81 33 

Part 15 Wireless Designs 

Use one of our 
proven RF 

designs for your next I 
wireless project. Apex 
offers over 70 years 
of combined wireless 
rte^ion ovnerienre anrt . 
extensive test and 
simulation A 
capabilities 

■ Spread Spectrum 
Systems 

■ Portable, 
Low Power, 
Small Size Devices 
■ RF Identification 
Devices 
■ Pagers 
■ GPS 
■ Keyless Entry 

24001 iniuai Avi ., Sum A, Hot il i h«tf W HU 
(303) 443-6699 FAX (303) 443-4974 
_ I Mau : 750 17.3 120 "< < imi*i isi uvi .< < im 

get 
the 
EDGE 
over 
your 
competitor! 

Advertise 
in 
An INTERTEC^/K-III Publication 

Redesign 

magazine! 

RF Design is the only technical 
publication written exclusively 
for engineers working in radio 
frequencies (RF), where the 
electronic behavior of circuits and 
systems requires specialized design 
techniques. 
Coverage spans the portion of 
the spectrum between audio 
frequencies and microwaves, 
encompassing virtually all of 
the new wireless portable and 
personal communications systems. 
RF design presents both classical 
and leading-edge RF design 
methods using a practical, 
instructional approach - bridging 
the gap between general concepts 
taught in the engineering 
curriculum and the specific 
practices required for the 
successful design of products 
using RF technology. 
The broad range of RF applications 
includes communications, 
navigation, medical and industrial 
systems for commercial, consumer, 
aerospace and military uses. 

Your sales message in 
RF Design reaches more 
than 40,000* engineers 

and engineering managers. 

Contact Terri Stenson to place a 
classified ad today: 303-220-4288. 

•December 1995 BPA Statement 



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 
Regular Listing $22.00 $264.00 
Additional Line_ $19.00 $228.00 
Bold Listing $25.00 $300.00 
Additional Line_ $21 .00 $252.00 
1"Ad $200.00 $2,400.00 
Drop Out In White $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 1-303-220-4288. 
Ask for Terri Stenson. 

DISCRETE COMPONENTS SYSTEM SUBASSEMBLIES 

CAPACITORS 
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 

CRYSTALS/RESONATORS 

ANTENNAS 
Sinclair Technologies, Inc., Oriskang Dr., Tonawanda, NY 14150 . (800) 288-2763 

RF TRANSMISSION COMPONENTS 

Custom & Specialty 
Myers Engineering International, Inc. 

P.O. Box 15908. Ft. Lauderdale, FL 33318 . (954) 345-5000 Fax: (954) 345-5005 

For your SC-cut crystals requirement frequency 4-20 Mhz 3rd overtone. High Q. low 
aging 5x10 " - 1x10 10 per day, calibration ±0.5 ppm. G-sensitivity up to <3x10 "/g 
Holders HC37, HC40. 

11 Beith Hadfus St., Jerusalem 95483 Israel Tel. +972-2-6510082 Fax.+972-2-6510292 

Oak Frequency Control Group, 
100 Walts St., PO Box B, Mt. Holly Springs, PA 17065 . (717) 468-3411 

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 

HIGH POWER DIODE SWITCHES 
Hill Engineering. 461 Boston Rd.. Topsfield. MA 01983 .. (508) 887-5754 Fax 887-7244 

INTEGRATED CIRCUITS/MCM 
California Eastern Laboratories, 
4590 Patrick Henry Dr.. Santa Clara. CA 95054-1817(408) 988-3500 Fax (408) 988-0279 

Micro Hybrids. Inc., 2864 Route 112. Medford, NY 11763 . (516) 732-3448 

Site 
OAPA, Deleware Park Centre. Suite 6, Olean. NY 14760 . (800) 325-DAPA 

FILTER ASSEMBLIES 
Low Pass 
Coil Specialty Co. 
2730 Carolean Ind. Dr.. PO Box 978, State College. PA 16801 . (814) 234-7044 

RF TRANSMISSION COMPONENTS 

ISOLATORS/CIRCULATORS 

AEROTEK COMPANY LIMITED 
Manufacturers of Circulators and Isolators 
Coaxial and Drop-in types, 400 MHz-18 GHz 
"TOP QUALITY, REASONABLE PRICE" 
1756 Sukhumvit 52, Sukhumvit Rd., Bangkok, Thailand. 

AEROTEK Tel: (662) 31 14448, 332-5035 Fax: (662) 332-5034 

RF, Analog & Mixed-Signal ASICs 
Full-Custom Designed ICs: Bipolar; CMOS, BiCMOS 

Frequency Synthesis, Mixers, Amplifiers, ADs, D/As, Switch Cap Circuits 

Coaxial Connectors. Inc. 
1500 N.W. 62nd St, Ste. 501, Fr. Lauderdale, FL 33309 . (305) 772-2664 

Airtron Corp.. 200 E. Hanover Ave., Morris Plains, NJ 07950 . (201) 539-5500 

MICROWAVE CONNECTORS 
Southwest Microwave. Inc., 2922 S. Roosevelt St.. Tempe. AZ 85282 ... (800) 587-5995 

PRECISION RF CONNECTORS 
Molex, Inc., 2222 Wellington Ct, Lisle, IL 60532 . 800-MOLEX78 

Specialty Connector Company, 

RTG Inc. TEL: (3I0) 534-3016 • FAX: (310) 534-3728 
RO. Box 3986, Torrance, CA 90510 • E-MAIL sales@rtg.com 

2100 Earlywood, Franklin, IN 46131 . (317) 738-2800 Fax:(317) 738-2858 

SURGE & TRANSIENT PROTECTORS 

FILTERS 

MODULAR COMPONENTS 
Lightning Suppressors ■ D.C. - 26 GHz 

Coaxial • Powerline • Digital 

FISCHER CUSTOM COMMUNICATIONS, INC. • (310)891-0635 | 

Delta Microwave Inc.. 840 Vira Alondra, Camarillo. CA 93012 . (805) 987-6892 

RF Microwave 
Microwave Circuits, Inc.. 6856 Eastern Ave.. NW. Washington. D.C. 20012 . (800) 642-2587 

OSCILLATORS 
Crystal 
Oak Frequency Control Group, 
100 Watts St., PO Box B, Mt. Holly Springs, PA 17065 . (717) 486-3411 

Wenzel Associates. Inc., 1005 La Posada Dr., Austin, TX 78752 . (512) 450-1400 

Phase Locked 
Mode Space Digital 
235 Circle Drive, State College. PA 16801 . (814)466-3327 FAX: (814) 466-6577 

VCOs & Synthesizers 

SWITCHES 
Electromechanical 
Dow-Key Microwave Corp., 1667 Walter St, Ventura, CA 93003 . (805) 650-0260 

MBF Microwave, Inc., Rt. 2, Box 252A, Hardy. AR 72542 . (501) 856-2685 

TEST SOCKETS & TEST FIXTURES 
Condel Microwave Technology 

19925 Stevens Creek Blvd., Cupertino, CA 95014 . (408) 253-1811 

VACUUM CAPACITORS 
COMET North America. 11 Belden Ave., Norwalk, CT 06850 . (203) 852-1231 

VACUUM TUBES 

100 

www.wireless-radio.com 

WIRELESS RADIfA 
OSCILLATORS VF 

PH 313-669-290 1 FAX 313-669-2902 
Svetlana 
ELECTRON DEVICES 

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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RETRANSMISSION COMPONENTS 

WATTMETERS & LOADS 

■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■i 

SWS mWSW Wattmeters, Elements, Directional 
■ U Couplers, Loads, Attenuators, etc. 

¡»Stock 
HENRY RADIO TOU FRH (800) 877-7979 

2050 S Bundy Dr., Los Angeles. CA 90025 • Phone (310) 820-1234 • FAX 310-826-7790 

■ "I'M f The Products & Services I It *!■ ■ Directory is a convenient 
■1 lull guide to suppliers of prod-
I ? I ■ 11 I ucts and services for the 
iwnttifi ™C/ESD industry. 
iLülaÜLjIün Products & Services 

on an annual basis. 
For information on rates, 
closing dates and details 
on a special Introductory 
Offer, call 1-303-220-4288. 

Directory listings are sold Ask for Terri Stenson. 

ELECTRONIC COMPONENTS AND EQUIPMENT 

WAVEGUIDES & COMPONENTS 
Electromechanical 
MBF Microwave, Inc., Rt. 2, Box 252A. Hardy. AR 72542 (501) 856-2685 

MATERIALS AND HARDWARE 

PACKAGING/CRYSTAL HOLDERS 
Crystal Holders 
United Glass to Metal Sealing, Inc., 

11A Executive Park Dr., North Billerica, MA 01862 . (508) 670-6494 

PC BOARDS 
Laminates. Polyester Cooper Clad 
Glasteel Industrial Laminates, RO. Box 910, Collierville, TN 38027 . (901) 853-5070 

PRODUCT DEVELOPMENT 

CUSTOM OEM PRODUCT DEVELOPMENT/SUPPLY 
Locus, Inc. 1842 Hoffman St., Madison, Wl 53704 . (608) 244-0500 

TEST EQUIPMENT 

EMI SUPPRESSION COMPONENTS 
EMI/RFI Filters 
RtroN Corp., P.O. Box 743 Skokie, IL 60076 . (708) 679-7180 

ESD AND SURGE CONTROL COMPONENTS 
Lightning Arrestors 
Fischer Custom Communications, 2905 W. Lomita Blvd., Torrance, CA 90505 .(31 0) 891 -0635 

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., PO Box 711719, Santee, CA 92072-1719 .. (619)449-9492 

Anechoic Chambers 
Advanced Electromagnetics. Inc., PO Box 711719, Santee, CA 92072-1719 .. (619)449-9492 

Current Probes 
Fischer Custom Communications, 2905 W. Lomita Blvd., Torrance, CA 90505.. (31 0) 891-0635 

Racal Instruments, 4 Goodyear St., Irvine, CA 92718 . (800) 722-2528 

ANTENNA TEST & RF INSTRUMENTATION 
Anritsu Wiltron Co., 

490 Jarvis Dr., Morgan Hill, CA 95037 . (408) 776-8300 Fax (408)776-1744 

Grayson Electronics, 

306 Enterprise Dr., Forest, VA 24551 . (800) 800-7463 Fax (804) 385-7692 

SERVICES 

Ion Physics Corp., 11 Industrial Way, Atkinson, NH 03811 . (603) 893-6687 

Line Impedance Stabilization Networks 
Fischer Custom Communications, 2905 W. Lomita Blvd., Torrance. CA 90505.. (310) 891-0635 

Power Amplifiers 
Applied Systems Engineering Inc., 8623 Hwy. 377 S., Fort Worth, TX 76126 . (817) 249-4180 

ESD TEST EQUIPMENT 
ESD Event Detectors 
TREK INC., 3932 Salt Works Rd., P.O. Box 728, Medina, NY 14103 . (800) FOR-TREK 

Surface & Volume Resistivity Meters 
TREK INC., 3932 Salt Works Rd., RO. Box 728, Medina, NY 14103 . (800) FOR-TREK 

EMC/EMI TESTING 
TUV Rheinland of North America, Inc., 

12 Commerce Road, Newtown, CT 06470 . (203) 426-0888 Fax (203) 270-8883 

RF DESIGN CONSULTANTS 
Matrix Micro Systems, Inc., P.O. Box 675, Northport, NY 11768 . (516) 754-1155 

RF/Microwave Circuit Design, PC Design, Prototyping . email: fk@ix.netfcom.com 

Locus, Inc., 1842 Hoffman St., Madison, Wl 53704 . (608) 244-0500 

TELEMENTRY SYSTEMS & ENGINEERING 
Telemetry Technologies, Inc., 3307 West St., Rosenberg, TX 77471 . (713) 344-9000 

MATERIALS, HARDWARE AND PACKAGING 

SOFTWARE & SYSTEMS, CAD/CAE 

Circuit Simulation 
ingSoft Ltd.-the providers of the RF Designer® Solution . (416) 730-9611 

213 Dunview Ave., North York, ON M2N-4H9, Canada . Fax: (416) 226-0861 

SYSTEM SIMULATION 
RHR Laboratories, 207 Harding Blvd. W., Richmond Hill. Ontario. CN L4C 8X6 . (905) 884-2392 

SHIELDING MATERIALS 
Conductive Adhesives 
Venture Tape Corp., 30 Commerce Rd., Rockland. MA 02370 .. (800)343-1076 Fax: (617)871-0065 

Conductive Fiber/Fabric 
Venture Tape Corp., 30 Commerce Rd.. Rockland, MA 02370 .. (800)343-1076 Fax: (617)871-0065 

Gasketing Materials 
Venture Tape Corp., 30 Commerce Rd., Rockland. MA 02370 .. (800)343-1076 Fax: (617)871-0065 

Laminates 
Venture Tape Corp., 30 Commerce Rd.. Rockland, MA 02370 .. (800)343-1076 Fax: (617)871-0065 

Shedding Foils and Tapes 
Venture Tape Corp., 30 Commerce Rd., Rockland, MA 02370 .. (800)343-1076 Fax: (617)871-0065 

ESD ENVIRONMENTAL CONTROL 
Antistatic or Conductive Flooring 

TARGET 
YOUR 
ADVERTISERS! 
Place a classified ad today! 

Redesign 

nora® ESD Safe Rubber Flooring for Work Areas 
1-800-332-NORA 

Nora Rubber Flooring 

TEST LABORATORIES AND CONSULTANTS 

LABORATORIES 
TUV Product Service, Inc., 1775 Old Hwy. 8, New Brighton, MN 55112 . (800) 888-0123 

CONSULTANTS 
Kimmel Gerke Assoc. Ltd., 1544 N. Pascal. St. Paul, MN 55108 . (612) 330-3728 

EMC Design/Troubleshooting-Medical, Industrial, ITE, Vehicles & More-50+ years exp. 

TERRI STENSON - CLASSIFIED SALES MANAGER 
303-220-4288 • FAX 303-793-0454 

CONTACT TERRI STENSON TO RESERVE SPACE IN RF DESIGN'S 
BUYER'S GUIDE OR PRODUCT & SERVICES DIRECTORY. 

303-220-4288 • FAX 303-793-0454 
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AVXERS 
UNRREŒDENIH) mww. 

$425 
All Ceramic 2 to1900MHz from! <qty 1049) 

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 FREQUENCY (MHz) Conv. Isolation $ea. 

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-1LH +10 2-500 DC-500 5.75 55 45 8.45 
JMS-1 MH +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-11X +7 5-1900 5-1000 6.7 35 37 4.25* 

Note: *10-49 qty. 

£□ Mini-Circuits 
P.O Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718)332-4661 INTERNET http://www. minicircuits, com CIRCLE READER SERVICE CARD 

For detailed specs on all Mini-Circuits products refer to • 740- pg. HANDBOOK • INTERNET • THOMAS REGISTER • MICROWAVE PRODUCT DATA DIRECTORY • EEM 
CUSTOM PRODUCT NEEDS... Let Our Experience Work For You. F 205 Rev Orig 



...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 

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 

+7 dBm PidB @ 1-9 GHz 

UPC2771T 
Wideband Amplifier 

100 MHz -2.1 GHz 

21 dB Gain and 

+ 11.5 dBm PidB @ 900 MHz 

...plus a wide variety of Silicon Devices 
for 5 Volt applications, including: 

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 

UPC2709T 
Wideband Amplifier 

100 MHz-2.3 GHz 

23 dB Gain 

+8 dBm PidB @ 900 MHz 

UPC2766GR ̂ 33^^ 
IQ Demodulator 

35 dB AGC Dynamic Range 

Flat Response to 1 GHz RF 

DC-100 MHz I/Q Output 

the semiconductors we stock. 

We also stock 5 Volt ICs — plus NEC’s huge family 

of discrete devices. Many of these transistors are charac-

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 

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 product literature, call your nearest CEL Sales 

Office. Or better yet, call anytime, 24 hours a day: 

CEL/Fax 800-390-3232 

...plus dozens of discrete transistors 
including three new small signal bipolar series: 

Part* NF (dB) Ga (dB) V/lc ítest(GHz) 
NE68619 1.7 10.0 2V/3mA 2.0 

NE68719 1.5 8.0 iV/3mA 2.0 

NE68819** 1.6 8.0 3 V /7mA 2.0 

* Available in six different plastic packages, including the ultraminiature NEC "19" package 
** Low Phase Noise Device 

CEL k California Eastern Laboratories NEC 
Visit us' at 
Wireless 

Technology 
.Booth 623 . 

CEL Headquarters 4590 Patrick Henry Drive, Santa Clara, CA 95054-1817; (408) 988-3500 FAX (408) 988-0279 http//www.cel.com 

Sales Offices Santa Clara, (408) 988-7846 Los Angeles, CA (3») 645-0985 San Diego, CA (619) 450-4395 Bellevue, WA (206) 644-3307 

Richardson, TX (214) 437'5487 Olathe, KS (913) 780-1380 Woodridge, IL (708) 241-3040 Timonium, MD (410) 453-6600 

Middleton, MA (508) 762-7400 Hackensack, NJ (201) 487-1155 Snellville, GA (770) 978-4443 Altamonte Springs, FL (407) 774-7682 

INFO/CARD 48 




