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No compromise 
necessary. 

Uncompensated AT Cut 
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(XO) 
Murata Erie 
ASIC-Based 
DCXO 
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Temperat 

Murata Erie’s new 
ASIC-based DCXO 

Excellent frequency stability has been a fact of life 
with crystal oscillators for years. So has small size (a 
relative term), low cost and flexibility. But, did you ever 
try to get everything that you needed in a single oscillator/ 
package? No way. One, maybe two desirable charac¬ 
teristics but certainly not all. You had to compromise. 

Now, compromise no more. 

Murata Erie has the solution. . .our new ASIC-based, 
digitally compensated crystal oscillator is exceptionally 
stable, truly tiny, low in cost and extremely flexible. 
It is basically everything that you always wanted in a 
crystal oscillator but always had to compromise to get. 

Check some of these features and specifications: 
■ To +0.25ppm stability 
■ Less than 5.0 cubic centimeters volume 
■ 100 mW max power 
■ Built-in interface for reconfiguration 

capability and software 
■ Single +5VDC power supply 

SPECIFICATIONS 

DC2210AH 

Frequency Range 10MHz to 25MHz 

Stability over -40°C to +85°C ±0,5ppm 

Output “HC'CMOS 

Power Dissipation +5V@15mA 

Short Term Stability 1x10E-9@T=1 sec. 

Package Size 0.79" X 0.79' X 0.45". PC PINS 

Find out more about how you can take the compro¬ 
mise out of your crystal oscillator specifications. Write 
for complete details on Murata Erie’s new ASIC-based 
DCXO or call 1-800-831-9172, FAX: 1-404-684-1541. 

MURATA ERIE NORTH AMERICA 
Marketing Communications 
2200 Lake Park Drive 
Smyrna, GA 30080 
Delivering Technology Worldwide™ 
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Demodulated FM carrier 

GET THE TOTAL PICTURE 
WITH AN IFR SPECTRUM ANALYZER 

In addition to being a full-featured 22 GHz spectrum 
analyzer, the AN930 is a powerful measurement tool 
that can perform frequency or time domain analysis 
on the complex signals found in many modern 
communications systems. 

A 30 MHz resolution bandwidth filter combined with 
a powerful set of time domain measurement functions 
provides the AN930 with a unique ability to capture and 
analyze pulsed and digital transmissions that previously 
has been unavailable in any other spectrum analyzer. 

A built-in, sensitive FM/AM receiver with modulation 
measurement scales enables direct measurements of 
FM deviation or AM percent modulation. The accompa¬ 
nying high-quality audio output aids in identification 
of unknown or interfering signals. 

Other standard AN930 features include an automatic 
limits test function for unattended detection of random 
or intermittent signals, a built-in frequency counter for 
precise frequency measurements, RS-232 and IEEE-488 
interfaces, and operation from DC power sources. 

Optional features including a built-in 2.9 GHz tracking 
generator, quasi-peak detector, high stability time base, 
and a rechargeable battery pack add even greater 
flexibility for solving your unique measurement 
requirements. 

RENT DIRECTLY FROM IFR 
Call 316/522-4981, Ext. 207 for details 

Contact IFR or your local 
IFR representative for more 
information or to arrange for a 
demonstration of the AN930. 

IFR SYSTEMS, INC. 

usa cwrto with mot m 10200 West York Street / Wichita. Kansas 67215-8935 U.S.A. 
Phone 316/522-4981 / TWX 910-741-6952 / FAX 316/522-1360 
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POWER 
SPUTTBiS 
COMBINERS 
the world’s largest selection 
2KHz to 10GHz from $295
With over 300 standard models, from 2-way to 48-way, 0°, 90° and 180°, 
50- and 75-ohms, covering 2KHz to 10GHz, Mini-Circuits offers the world’s 
largest selection of off-the-shelf power splitter/combiners. And, with rapid 
turnaround time, we'll also supply “special” needs, such as wider band¬ 
width, higher isolation, lower insertion loss and phase matched ports. 

Available for use in military and commercial requirements, models 
include plug-in, flat-pack, surface-mount, connectorized standard 
and custom designs. New ultra-miniature surface mount units 
provide excellent solutions in cellular communications, GPS 
receivers, Satcom receivers, wireless communications, and 
cable systems. 

All units come with a one-year guarantee and unprecedented 
“skinny” sigma unit-to-unit and production run-to-production run 
repeatability. All catalog models guaranteed to ship in one week. 
Mini-Circuits... dedicated to exceed our customers’ expectations 

finding new ways .. 
setting higher standards 

C3 Mini-Circuits 
■ ■ ■ ■ PO Box 350166. Brooklyn. New York 11235-0003 ( 718)934-4500 Fax (718) 332-4661 

Distribution Ceniers NORTH AMERICA 800-654-7949.417-335-5935 Fax 417-335-5945 EUROPE 44-252-835094 Fax 44-252-837010 
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For detailed specs on all Mini-Circuits products refer to 

THOMAS REGISTER Vol. 23 • MICROWAVES PRODUCT DIRECTORY 
• EEM • MINI-CIRCUITS’ 740-pg HANDBOOK. 
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WE’RE 

We've been the leader for 26 years and keep getting better. 
Whether its small quantities direct from stock or all 
encompassing blanket agreements... We have creative 
solutions to meet your price, quality and delivery objectives. 
Were in control and we're there for you. 

Stock Switches 

Con¬ 

fi« 

Freq 
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IL 

dB 

Iso 

dB 

Switch 

Speed 

pSEC 

Max 

Con¬ 

trol 

Package Part No. 

SP2T 20-2000 0.7 85 3.000 TTL SMA CDSO622 

SP2T .5-4000 1.0 79 0.035 TTL SMA CDSO882 

SP4T 20-2000 0.9 72 3.000 TTL SMA CDSO624 

SP2T 10-2000 0.60 82 1.000 TTL 14 Pin DIP DSO052 

SPST 10-2000 1.8 67 0.035 TTL 14 Pin SMP DSO790 

SP2T DC-2000 0.7 50 0.200 TTL TO-5 DSO813-T 

SP4T DC-2000 1.7 70 0.075 TTL 14 Pin DIP DSO874 

Stock Digital Attenuators 
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Sec¬ 
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dB 

IL 

dB 

Switch 

Speed 

pSEC/ 

Max 

Con¬ 

trol 

Package Part No. 

4 10-1000 1-15 1.9 0.030 TTL SMP DAO784-1 

6 10-1000 1-63 4.2 0.050 TTL 24 Pin DIP DAO886 

7 DC-1000 0.S63.5 7.1 0.100 TTL 38 Pin DIP DAO897 

7 10-1000 0.563.5 6.4 0.035 TTL SMA CDAO867 

WE ACCEPT VISA AND MASTERCARD 

DAICO INDUSTRIES, INC. 
2453 E. Del Amo Blvd.. Rancho Dominguez, CA 90220 

" Telephone 310/631-1143 • FAX 310/631-8078 

SWITCHES ATTENUATORS PHASE SHIFTERS MMICS BIT DETECTORS COUPLERS MODULATORS AMPLIFIERS 
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33 Improved Design Equations for 

Part 15/ISM Microstrip Band¬ 
pass Filters 
Statistical analysis reveals a systematic dis¬ 
crepancy between the designed and mea¬ 
sured center frequencies of microstrip band¬ 
pass filters designed using equations from 
the literature. Regression analysis yields a 
design equation more accurate and robust 
with respect to dielectric constant and sub¬ 
strate thickness. — Theodore S. Rappaport 

and Alan S. Fox 

45 Limits of Range Calculations 
A model for path loss incorporating the 
effects of obstacles provides more realistic 
predictions than previous models. Actual 
measurements of signal strength along paths 
between buildings confirm the new model’s 
superiority in cluttered environments. 

— Bernard Kasmir 

cover story 
60 RFIC Chip Set Targets 900 MHz Transceivers 

Handheld communicators will be expected to have small size, long talk time, 
landline quality and low cost. A new Motorola chip set strives to meet all 
these requirements. The chip set includes five devices: an antenna switch, 
downconverter, upconverter, driver/ramp/inverter and power amplifier. All 
chips are designed for 3 V operation and have single-ended inputs and out¬ 
puts. — Jeff Ortiz, Sheryl Zavion and Paul Holmes 

tutorial 
80 Classes of Power Amplification 

The starting point for many RF power amplifier designs is the selection of 
amplifier class. This tutorial introduces the basic characteristics of the most 
common classes. — Gary A. Breed 
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84 Program Performs Symbolic Circuit Analysis 

Starting from a circuit’s netlist, this program will produce the circuit’s transfer 
function. The transfer function can be graphed and transformed between dif¬ 
ferent representations in the frequency and time domains. The program’s 
unique analysis method allows accurate modeling of switching circuits. 

— Henry Yiu 

90 A 25 Mbps Differential Receiver with 1000 Volts of 
Isolation 
Designed for the transmission of high-speed data over 300 ft. cables within 
the Boeing 777 aircraft, two pairs of mixers and an LO provide isolation from 
common mode surges of 1000 volts while transmitting data at 25 Mbps. 

— Pavlo Bobrek 
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HIGH POWER 
QUADRATURE 
HYBRIDS 

RF editorial 
Will New 
RF Markets 
Create or 
Cost Jobs? 

FREQ. RANGE 100-1000 MHz 
POWER 250 WATTS CW 

TYPICAL SPECIFICATIONS 

MODEL QH3198 100-300 MHZ 
MODEL QH3199 300-1000 MHZ 

LOSS . 0.5db. max. 

AMP.BAL. ± 0.3db max. 

ISOLATION . 20db typ. 

PHASE. 90±2deg. 

VSWR . 1.3:1 max. 

CONNECTORS . N 

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

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

WERLATONE INC. 
DECADES AHEAD 

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

By Gary A. Breed 
Editor 

Many potential new RF markets 
involve consumer products and 

widely- used commercial products. 
Since these types of electronic products 
are typically manufactured offshore, isn’t 
this really just an opportunity for the 
Pacific Rim and other regions to take 
more dollars from U.S. consumers? 
How about another question: If ser¬ 

vices like shop-at-home, pay-per-view 
and banking-by-phone become as popu¬ 
lar as some would predict, wouldn’t they 
eliminate jobs in retail stores, entertain¬ 
ment establishments and banks? 
There are a lot of RF applications 

being developed that could radically 
change the way people go about their 
personal and business lives. We would 
all like our own parts of the RF business 
to be successful, but are there effects 
on the rest of the country that we should 
be concerned about? Here are some 
ideas to consider: 

First, regarding offshore manufactur¬ 
ing of consumer products — If there are 
no changes in our business practices, 
new consumer products will be manu¬ 
factured outside the U.S. and have little 
benefit for our industries. We can avoid 
catastrophe by taking the initiative. Part 
of the excitement surrounding these 
new products is that they represent new 
markets big enough to justify investment 
in advanced manufacturing. Motorola 
and Philips have had notable success in 
large-scale U.S. electronics manufactur¬ 
ing, as have Honda and Nissan in the 
automotive industry. It is my feeling that 
there is no inherent disadvantage to 
manufacturing in the U.S. — but we're 
sadly out of practice and we need some 
new equipment. New RF products may 

be the excuse we need to catch up 
again. 
On the subject of services that cut 

jobs out of the traditional buying and 
selling scheme, I have other thoughts 
entirely. I don’t believe that such stay-at-
home services will become universal (at 
least, not for a long time). Some of 
these services will find enough users to 
support them, while others will never 
reach critical mass. Humans are social 
animals and the marketplace is a natural 
gathering place, whether it is a bazaar in 
Marrakesh or the local shopping mall. 
Although there are video stores on 
every corner, films are bringing in record 
revenues. Despite video games in every 
home, amusement parks are full and 
sporting events are sold out. No, I don’t 
think there is a job threat. 
These two questions illustrate the two 

sides of the market. First, paying cus¬ 
tomers decide whether an application is 
a success. They will decide on the value 
of 500 cable channels or the ability to 
order new shoes from the beach using a 
wireless personal digital assistant. On 
the other hand, where successful prod¬ 
ucts are manufactured is not important 
to the customer. He or she only wants 
the right combination of price, perfor¬ 
mance and quality. If U.S. industry 
wants a larger number of these products 
to be made here, now is the time to quit 
talking and start acting. 
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There’s Strength in Numbers. 
Backed by the 
Strength and Stability 
of Hewlett-Packard, 
the New Avantek is 
Committed to Serving 
its Customers in a 
Whole New Way. 
It’s a new world out there. 
A world shaped by change. 
A world of new alliances, 
new borders, and new com¬ 
mitments. 
Avantek, as part of the 
Hewlett-Packard family, is 
committed to meeting these 
changes by bringing new 
capabilities and long-term 
stability to our customers. 
A commitment expressed 

in the form of major new 
investments in our GaAs Fab, 
manufacturing systems, and 
information systems. 

The Strength of 
Avantek Technology. 
For 28 years, Avantek has 
proudly served the RF and 
Microwave electronics needs 
of the defense and aerospace 
industries with focus, deter¬ 
mination, and unmatched 
technological leadership. 
Today, with HP’s support, we 
are investing in the next 
generation of our core GaAs 
and thin-film technologies. 
The result: no other company 
can offer you the technology, 

expertise, and product breadth 
of the new Avantek. 
The Strength of 
HP Support. 
HP brings to Avantek a long¬ 
term commitment to quality 
in its products, service and 
support. Building on these 
strengths, Avantek has in¬ 
stalled its own tough standards, 
systems, and infrastructure to 
ensure you receive a superior 
product delivered on time and 
to your specifications. At the 
new Avantek, customer satis¬ 
faction is our top priority. 

A Strong Commitment 
to Your Success. 
Your success depends on find¬ 
ing the right business and 
technology partners. Avantek 
is committed to heading up 
your list of trusted, dependable 
suppliers. Whatever it takes. 
Strong words, but we have 
never been better prepared to 
back them up. 
Call 1(800)227-1817 ext. 
7432 to find out more about 
Avantek. In Europe, FAX to 31 
2979-8 41 83. You’ll find there’s 
strength in our numbers. 

AVK08301 

©AVANTEK 
A Subsidiary of Hewlett-Packard 

In Canada call: I (800) 387-3867 Dept. 7432 
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Such simplicity and breadth! 
With this one compact system, you enjoy 

complete E-field monitoring capability up 
to 40 GHz, for fields from one to 300 volts 
per meter. 

Inside your shielded room: A probe with 
frequency response from 10 kHz to 
1 GHz (enough bandwidth for 82% of 
susceptibility-test applications); and 
another probe with a range from 80 MHz 
to 40 GHz. Both probes have rechargeable 
batteries for operation up to 40 hours. 
Outside the shielded room, connected 

through glass fiberoptic cables that can 
carry signals as far as 1,000 meters, is the 
remarkable new FM2000 monitor — offer¬ 
ing you total flexibility for measuring and 

leveling fields around the 
EUT. 
The FM2000 accom¬ 

modates up to four 
probes of either or both 
frequency ranges, for 
placement at various 

locations in the shielded room. Each probe 
delivers its own signals through an input 
card to the control console, and you can 
select HI/LO/AVG readings from multiple 
probes at the touch of a finger on the key¬ 
pad. Outputs are provided to IEEE-488 and 
RS-232 interfaces and 0-4 Vdc, giving you 
the widest choice for automatic field con¬ 
trol — plus audible signal and SPDT con¬ 
tact closure for excessive-field-level or 
low-battery alarm. 
With European and American immunity 

requirements increasing daily, you need a 
reliable ultra-broadband field-monitoring 
system, available from stock now, for your 
susceptibility testing. Get all the technical 
data you need on the FM2000 system. One 
of our applications engineers will pick up 
the phone himself when you call, toll-free, 
1-800-933-8181 
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84-inch probe stand (easily 

cut to lower height) lets you 

position probes where you 

want them. One screw clamp 

included with each stand, 

additional clamps available. 
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Souderton, PA 18964-9990 USA 
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Nothing is more important in business today than reliability. Your product... 
and your reputation...depend on it. 
So do ours. That’s why we take 

every step we can to ensure that when you 
put our RF and microwave connectors and 
cable assemblies in your products, you can 
trust them as if you had built them yourself. 

We’ll work with you from Day One to 
design, develop and manufacture products to 
meet the most demanding specs. We have a 
state-of-the-art RF test lab as well as on-site 
plating facilities. We use performance testing 
to ensure that our connectors work in your 
environment. We provide superior quality 
control. And MRP manufacturing helps keep 
your inventory and costs in check. 
What does that get you? An extensive line 

of RF connectors and cable assemblies 
including standard SMA, SMB, SMC, 
SSMB, SSMC, K, TNC, N, Slide-on, QPL 
and Between-Series adapters as well as cus¬ 
tom designs built to meet the most exacting 
standards. All delivered on time. Every time. 

Take, for example, our MCX connectors. 
Lighter and more compact than SMBs, 
they’re an ideal choice for small, portable 
50 ohm applications ranging to 3 GHz. And 
for a low-cost, easy assembly cable junction 
to printed circuits, take a look at our two-
piece coaxial terminators. They come in a 
variety of styles for popular RG series and 
similar cable types and allow pre-assembly 
to simplify wave soldering. 
And we’ll keep adding smart designs like 

these so that, whether you need RF connec¬ 
tors and assemblies to meet industry, commu¬ 
nication-grade, aerospace or military stan¬ 
dards, ITT Cannon Sealectro is ready. 

Rely on it. 

For more information, call or write us 
with your specifications: 

ITT/Cannon/Sealectro 
585 East Main Street 
New Britain, CT 0605 1 
800-532-3750 • 203-223-2700 

ITT Cannon 
SEALECTRO 

A company committed to continuous improvement and customer satisfaction. 
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Giga-tronio 

8540 
Universal 

Power 
Meter 

Incredibly Fast and Accurate 

CW and Peak Power Measurements 
At A Truly Incredible Price. 

UNIVERSAL POWER 
MEASUREMENT 

Incredible is credible when describing 

the 8540 Series of Universal Power 

Meters. 

From Giga-tronics, the new power 

in power meters. 

For the very first time, you can make 

CW and peak power 

an exclusive Burst Mode capturing 

more than 2,000 readings in the same 

tick of a clock. 

And because the 8540 Series uses 

diode sensors, you can measure all the 

way from -70 to +20 dBm with the 

same sensor, and without range 

changing delays. 

If you’re worried about 

having to write new code for 

your computer controlled 

FAST, EASY PEAK POWER 
MEASUREMENT 

14 

testing, don’t be: The 8540 Series 

uses the same GPIB command set as 

HP’s 436A, 437B and 438A. 

Think about what all this will do 

for your ATE productivity as well 

as for your company’s bottom line. 

Now, an easy-to-use CW power meter 

can also measure pulsed RF signals with 

the simple addition of a peak power 

sensor. 

There are no time-consuming, 

unreliable duty cycle corrections, and 

you’ll get the same accuracy and speed 

you’d get with a much-more-

expensive dedicated peak power 

meter. 

View the pulsed signal’s amplitude 

profile on a scope and see the exact 

power measurement point on the 

pulse. Measure the overshoot. 

Measure the droop. 

The two-line display also lets you set the desired resolution 
and select either Un or Log readout for each line. 

measurements quickly and accurately 

with a single meter—a Universal Power 

Meter. 

And all for about the same price 

you’d pay for the competitor’s CW 

only power meter. 

POWER MEASUREMENTS 
INSTANTLY 

Imagine seeing display updates 

instantly: measurement speeds over 

the GPIB exceeding 200 

readings per second and 

© 1993 Giga-tronics Incorporated 

Eiga ironies 

CALIBRATOR 

H 

ZERO 
CAL FREQ REL 

MENU dB/mW RECALL 

dB pi 
dB 

’he 8540 Series features intelligent design and sophisticated software The 
a simplified front panel and extensive built-in capabilities that prevent many common 
operational mistakes that typically lead to inaccurate measurements. 



You’ll be confident of your peak 

power readings, and still have all the 

benefits of an incredibly fast CW 

power meter. 

ONE OR TRUE TWO CHANNEL 
OPERATION 

If a single-channel meter is what you 

need, the Model 8541 is the meter for 

you. But if you need two-channel capa¬ 

bility, the Model 8542 lets you see read¬ 

ings from both channels simultaneously 

The Secret Is The Sensors. 

Surface Mount technology 
assures greater sensor 

accuracy and reliability. 

Just look 
at the incred¬ 

ible improvement 
in speed you’ll get with 
o-tronics’ diode sensors. 

access to extensive built-in capabilities. 

For example, you use the same key 

to zero and calibrate the power 

sensors. The meter automatically 

determines the function you want by 

detecting whether a sensor is 

connected to the calibrator. 

Imagine all this power and perfor¬ 

mance. But why just imagine? Get the 

truly incredible Giga-tronics 8540 Series 

Universal Power Meter, and start 

10 20 

SIMPLE, INTELLIGENT 
OPERATION 

The 8540 Series has only half as 

many controls as other power meters, 

but don’t let that fool you. Intelligent design 

and sophisticated software give you easy 

12 Power Meter 
FREQ CORR 

OFFSET 

CAL FACTOR 

AVG 

FREQ CORR 

OFFSET i 

CAL FACTOR 

AVG 

REMOTE 
SRQ 
TALK 
LISTEN 

POWER 

ON xi J I 
OFF -O-L—J 

iiiiiiihtiiiiiii 

The Giga-tronics 8540 Series delivers 

incredible performance by taking full 

advantage of the speed and dynamic 

range of diode sensors. 

What’s more, Giga-tronics has solved 

the challenge that previously limited 

diode sensors to the “square law” 

region—below -20 dBm—by utilizing 

a built-in power sweep calibration 

system. So you get speed and a 

full 90 dB dynamic range 

without sacrificing 

accuracy. 

measuring CW and peak 

power in a fraction 

of the time. 

A two-line back lit LCD display I ■ 
provides you more data in less time. 1 — 

K 14. 75 dBh 
010 UÍ 

Call us toll-free at 

I 800 726 GIGA. 

Outside the U.S. 

call your local 

Giga-tronics 

representative, or 

The peak sensor adds a ca|| 001 408 734 5780. We’ll send you 
marker on a monitor output . , , 
r more information or arrange for an 
for setting an exact measure- ° 
ment point on pulsed signals, incredible hands-on demonstration. 
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• Load Mismatch Protection - Kalmus amplifiers are 
protected from any load mismatch. Our amplifiers 
continue to deliver power into severely mismatched 
loads and cannot be damaged with open or shorted 
loads. With severe mismatch the amplifier can be front 
panel selected to operate at reduced output or to 
shut down. 

• ±0.5 dB Leveling - An ALC leveling circuit maintains 
output to ±0.5 dB across the full bandwidth of the 
amplifier. Fast and slow ALC response times are front 
panel selectable. 

• Front Panel Designed for the User - All controls and 
indicators are front panel mounted for user conve¬ 
nience. Highly visible, long life, LED lights indicate 
activated functions. 

• Over Temperature Protection -All amplifier module(s) 
are protected by thermal switches so you don't have to 
worry about internal temperature. 

• World-Wide Power Requirements - Two power line 
voltage ranges are internally selectable, 95 to 132 V AC 
or 187 to 265 V AC, 47 to 440 Hz. 

• Remote Control - All front panel controls and indicators 
are available at the rear panel for the optional IEEE-488,' 
RS-232 remote interface or for your remote control. 

• Extreme Reliability and Heavy Duty Construction -
Several Kalmus amplifier models were used 24 hours a 
day during Operation Desert Storm and other 
Government assignments with complete satisfaction. 

The amplifiers are built with rugged metal housings 
and standard 19 inch rack mount front panels with heavy 
duty metal handles. 

• Variety - More than 200 standard models to choose from 
to suit your specific need. 

• Warranty - Eighteen (1 8) month unconditional warranty 
is offered on all Kalmus RF Amplifiers. 

• Price - Guaranteed to be the LOWEST! 

Call for your New Edition Kalmus Catalog. 
1-800-344-3341 
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ly fetters TCXOs 
Letters should be addressed to: Edi¬ 
tor, RF Design, 6300 S. Syracuse 
Way, Suite 650, Englewood, CO 
80111. Published letters may be 
edited for length or clarity. 

More Simple RF Calculations 

Editor: 
I read with interest the article by 

Andrzej Przedpelski on “A Comparison 
of Simple Software Methods for RF Cal¬ 
culations”, (RF Design, May 1993). I 
have for many years searched for less 
expensive and better software for both 
my private consulting practice and my 
engineering students. I have used 
Lotus™ and taught/consulted on Math-
cad™ . The one I have found most use¬ 
ful is PSPICE™ . Its cost is dependent 
on what version/features are used. The 
student version was less than $100 in 
1992. It has a wide variety of features 
including noise, transient and Monte 
Carlo analysis. I have enclosed the solu¬ 
tion to the example given in the article, 
obtained with the student version of 
PSPICE. 
To produce this solution, I first wrote a 

.cir file showing the defining nodes and 
links with the proper values. The file 
RFCAL515 is defined in Figure 1. From 
there on it was simply a matter of doing 
the analysis per the program’s proce¬ 
dures. Figure 2 shows the resulting 
impedance magnitude plot. [Plots show¬ 
ing series and parallel resonance were 
also produced, but are not reproduced 
here. Ed.] The weakness in this student 
version is that the graphics are rather 
primitive, however, a cursor feature 
allows fine analysis. 

G. Burton Harrold, P.E. 
Manlius, NY 

© 

© 
RFCAL515 

RFCAL515 G. B. Harrold May 15,1993 
RDC 1 0 9000000 
RI 1 2 42 
Cl 2 3 0.0003042pF 
C2 1 0 2pF 
LI 3 0 10«H 
VI 1 0 AC 1 
.AC lin 100 91.248aeg 91.26aeg ; *ipsp* 
.PLOT AC I(VI) 
.probe ; *ipsp* 
.options nundgt =8 ; *ipsp* 
.END 

Figure 1. 

Figure 2. 

Early Single Sideband 

Editor: 
I enjoyed your article entitled “A His¬ 

toric Look at RF Modulation Methods” in 
the February, 1993 issue of RF Design. 
At the risk of being called a “nit-picker”, 
I’d like to offer a slight correction. You 
implied that single-sideband modulation 
was developed after WW II, when in fact 
it was already in commercial use by 
AT&T for trans-Atlantic radiotelephone 
service in the 1930’s. 
My first exposure to SSB was in 1943, 

when I studied it at various AT&T facili¬ 
ties as part of my Signal Corps training. 
Later on, I was NCO-in-Charge of a 
major Army transmitting station in Aus¬ 
tralia where, among other equipment, 
we used a Western Electric D-1 56000 
SSB transmitter on our circuit to San 
Francisco. (The SSB receiver was at a 
different facility several miles away.) 
A unique feature of the W.E. system 

was the use of both sidebands. The 
upper SB carried six two-tone RTTY 
channels, and the lower SB was used 
for a voice “order wire”. (It was neces¬ 
sary to change frequency several times 
a day, and this was coordinated over the 
order wire.) The LSB was also used for 
a special super-secret scrambled voice 
circuit popularly referred to as the 
“Green Hornet”, because it sounded like 
a swarm of angry insects. Supposedly, 
General MacArthur used it to talk direct¬ 
ly with the Pentagon. 
An IRE paper explaining the AT&T 

system was published in the Proceed¬ 
ings of the IRE, Volume 26, pp. 1431-
1454, Dec., 1938. 

Elmer P. Orvis, KD5KE 
Sherwood, AR 

On Time. 
Anytime. 

Let Champion Technologies put our 
proven delivery record to work for you and 
your next TCXO application. Champion 
K1602 Series TCXOs provide excellent 
stability of ±2ppm over an operating 
temperature of -40°C to +85°C in a 
compact metal DIP to meet your most 
demanding space requirements. Plus 
Champion offers the best lead times in the 
industry, which means you have your 
TCXOs when you need them. 

The K1602 Series of TCXOs is 
available with both sinewave and TTL 
output and the frequency can be 
mechanically adjusted + 10ppm via an 
internal trimmer. The K1602 operates on a 
5V supply while drawing less than 2mA. In 
addition, the K1602 Series of TCXOs 
meets the following specifications: 
► Frequency: 3.0 to 25.0 MHz (TTL output) 

12.0 to 25.0 MHz (sinewave output) 
► Temperature Stability: t2ppm 

(-40 Cto+85 C) 
► Aging: <1.0ppm/yr. 
► Package Size: 0.99" x 0.56" x 0.3"max. 

not including standoffs 
► Low Phase Noise 

Why let your oscillator supplier control 
your production schedule? Specify 
Champion and have your TCXOs 
when you need them. 

Call our engineering hotline for 
direct access technical assistance, 

1-800-888-1499. 
Ask for an applications engineer 

for assistance with custom products. 

Non-Stop 

CHAMPION 
TECHNOLOGIES, INC. 

A 2553 N. EDGINGTON STREET ▲ 
▲ FRANKLIN PARK. IL 60131 A 

▲ 708-451-1000 A FAX: 708-451-7585 A 
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The New Motorola MRFIC Line 
Applications: CT-1 / CT-2 cordless telephones, remote control, video 
and audio short range links, low cost cellular radios, and ISM spread 
spectrum receivers. 

MRFIC2001 
• Low Supply Current Drain 5 mA 
* Low Operating Supply Voltage 

(2.7 - 4.0 volts) 
• No Image Filtering Required 

• UHF LNA/Mixer 
• Down Converter 
• 800-1 GHZ 

MRFIC2002 
• Supply Current Drain 5.5 mA 
■ Low Operating Supply Voltage 

(2.8 - 4.0 volts) 
• No Matching Required for RF OUT Port 
* All Ports are Single Ended 

1 GHz up Mixer 

I X200H 
' ® XYAA322 

MRFIC2003 
* Surface Mount SOIC 8 package 
• Low Power Consumption 
• 50 mW Power Handling Capacity 
• Single Source Low Operating Supply 
Voltage (2.8 - 6.0 volts) 

• Low Cost 

MRFIC2004 
• 45 dB Gain 
* On Chip Inverter Function 
• Low Operating Supply Voltage 

(2.7 - 5.0 volts) 
• Input/Output VSWR Unaffected by 
Gain Control 

UHF GaAs 
Antenna Switch 

Drive, Ramp and Inverter 

MRFIC2006 
• Typical Gain = 20 dB at 900 MHz 
* Bias Current Externally Adjustable 
* Class A/AB Operation 
• Low Operating Voltage (2.9 - 5.1 volts) 
• SOIC Leaded Plastic Package 

900 MHz 2 Stage PA 

Test Kits Available: 
Richardson Electronics Ltd. has avail¬ 
able from stock the entire line up of 
new Motorola RF IC's. Also available: 

TESTKITRFIC 

• Spec Sheets 
• Test Kits 
• Test Fixtures 
• Stock Devices 
• Application Support 

Richardson ~ 
Electronics, Ltd. 
Motorola's Largest RF Distributor 

Call 1-800-RF POWER (mu.s.) 
1-800-348-5580 (In Canada) 



RF calendar 
August 

18-21 

18-21 

24-26 

25-2 

30-3 

September 
6-9 

6-9 

6-10 

8-11 

12-16 

IEEE 1993 International Geoscience and Remote Sensing 
Symposium (IGARSS ’93) 
Tokyo, Japan 

Information: Mr. Natsuhiko Motomura, Remote Sensing Tech¬ 
nology Center of Japan, 7-15-17 Roppongi, Minato-ku, Tokyo 
106, Japan. Tel: +81-3-3403-1761. Fax: +81-3-3403-1766. 

International Symposium of Radio Propagation (ISRP ’93) 
Beijing, P.R. China 

Information: Prof. Zong Sha, China Research Institute of 
Radiowave Propagation, P.O. Box 138/93, Xinxiang, Henan 
453003, China. 

Advanced Microelectronic Qualification/Reliability Work¬ 
shop 
Denver, CO 

Information: Dorthy Kelly, GTS, Inc., 3100 Route 138, Wall, NJ 
07719. Tel: (908) 544-3231. Fax: (908) 389-3992. 

XXIV General Assembly of the International Union of Radio 
Science (URSI) 
Koyoto, Japan 

Information: Prof I. Kimura, c/o Osaka Office, Business Center 
for Academic Societies of Japan, 10th Tabuchi Bldg, 6-3 Mat-
sugaecho, Kita-ku, Osaka 530, Japan. Tel: (81) 6-356-6041. 
Fax: (81) 6-356-6190. 

European Conference on Circuit Theory and Design 
Davos, Switzerland 

Information: Prof. J. Neirynck or Mrs. Renate Agotai. Tel: (41) 
1-256-51-93. Fax: (41) 1-262-08-23. 

23rd European Microwave Conference and Exhibition 
Madrid, Spain 

Information: Microwave Exhibitions and Publishers, 90 Calver-
ley Road, Tunbridge Wells, Kent TN1 1BR, England. 

Third International Symposium on Antennas and EM Theo¬ 
ry (ISAE ’93) 
Nanjing, P.R. China 

Information: Prof. Wen Xun Zhang, Chairman of TPC, ISAE 
’93, Southeast University, Nanjing 210018, P.R. China. Fax: 
(86) 25-713-019. 

IREECON 1993 
Melbourne, Australia 

Information: TWI, International Exhibition Logistics, 3190 
Clearview Way, San Mateo, CA 94402. Tel: (415) 573-6900. 
Fax: (415) 573-1727. 

NAB Radio Show 
Dallas, TX 

Information: Andy Peluso, NAB Radio Show Registration ’93, 
1771 N Street, NW, Washington, DC 20036-2891. Tel: (202) 
429-5350. Fax: (202) 429-5406. 

International Electronics Packaging Conference 
San Diego, CA 

Information: I.E.P.S., 114 N. Hale Street, Wheaton, IL, 60187. 
Tel: (708) 260-1044. Fax: (708) 260-0867. 

RF Design 

Ceramic Dielectric 
Trimmer Capacitors 
Rugged 5 & 7 mm types 

Operating temp: -55° to +125°C 
Cap ranges: 1.3-2.0 pF to 12-160 pF 

Miniature types suitable for hybrids 
Operating temp: -25° to +85°C 
3 series: 2.0 x 1.2 mm; 3.0 x 1.5 mm; 

5.0 x 2.0 mm 
Cap ranges: 2.5-10 pF to 5.5-40 pF 

Microwave types 
Operating temp: -55° to 85°C 
Cap ranges: 0.5-2.0 pF; 1-4.0 pF; 2.0-10 pF 
Q > 500 at 100 MHz 

Plastic encased 4 x 4.5 mm and 5 mm types 
Designed for volume applications 
Surface mount and printed-thru-hole models 
Cap ranges: 1.7-3.0 pF to 10-50 pF 

Phone, fax or write today for 
Engineering Bulletin SG-305B. 

SPRAGUE 
GOODmpn 

134 Fulton Ave., Garden City Park, NY 11040 
Phone: 516-746-1385 • Fax: 516-746-1396 
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Sprague-Goodman 

Airtrim® 
Air Dielectric 

Multiturn Trimmers 
• Q (min): 5000 at 100 MHz 
• Nine mounting styles including 

surface mount 
• Designed to meet MIL-C-14409D 
• Operating temp: -65°C to +125°C 
• Standard cap ranges: 0.35 to 3.5 pF, 

0.6 to 6 pF, and 0.8 to 10 pF 
• Multiturn resolution 
• Extremely stable over temperature, 

frequency, voltage, etc. 
• Rated voltage: 250 VDC 
• Self-resonant frequency: >5 GHz 
• Insulation resistance: >106 MÍ2 
Phone, fax or write today for 
Engineering Bulletin SG-660. 

SPRAGUE 
GOODmAA 

134 Fulton Ave., Garden City Park, NY 11040 
Phone: 516-746-1385 • Fax 516-746-1396 
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MAGNUM 
MICROWAVE 

CORPORATION 

NEW PRODUCTS 

RF courses_ 
Radar Design Workshop 
August 17-19, 1993, Atlanta, GA 

Information: Georgia Institute of Technology, Continuing Edu¬ 
cation. Tel: (404) 894-2547. 

TO - 8 VCOS 

HV92T-1 HV93T-1 
4.6 to 5.4 GHz 4.7 to 6.0 GHz 

RF and High Speed Digital Circuit Components: 
Measurements, Models and Data Extraction 
August 16-20, 1993, Los Angeles, CA 

Information: UCLA Short Course Program Office. Tel: (310) 
825- 1047. Fax: (310) 206-2815. 

HYPERABRUPT VARACTOR 

SPECIFICATIONS 
Power Output 
(50 ohm load) 
+7.0 dBm, min. 
Operating temperature 
-30°C to +75°C 

HYPERABRUPT VARACTOR 

SPECIFICATIONS 
Power Output at 25°C 
(50 ohm load) 
+7.0 dBm, min. 
Operating temperature 
0°C to +65°C 

High-Speed Communication Networks 
August 16-18, 1993, Santa Cruz, CA 

Compression Technologies: Image, Video & Associated 
Standards for Computers, Communications & Consumers 
August 19-20, 1993, Santa Cruz, CA 

Information: University of California Extension, Santa Cruz, 
Tel: (408) 427-6600. Fax: (408) 427-6608. 
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V111T-1 
9.0 to 10.0 GHz 
FUNDAMENTAL FET 

SPECIFICATIONS 
Power Output at 25°C 
(50 ohm load) 
+7.0 dBm, min. 
Operating temperature 
-30°C to +70°C 

HV103T-1 
5.5 to 7.0 GHz 
HYPERABRUPT VARACTOR 

SPECIFICATIONS 
Power Output at 25°C 
(50 ohm load) 
+7.0 dBm, min. 
Operating temperature 
0°C to +65°C 

MIXERS 

MM134MG/PG-1 MM44MS-1 
RF: 1.5 to 26.5 GHz RF: 1.5 to 9.0 GHz 
LO: 1.5 to 26.5 GHz LO: 1.5 to 9.0 GHz 
IF: DC to 1250 MHz IF: 0.01 to 4.0 GHz 
LO Power +9 dBm LO Power: +10 dBm 

Telecommunication Traffic Engineering 
August 16-18, 1993, Washington, DC 

Multispectral Electronic Warfare: Technical & Operational 
Aspects 
August 23-27, 1993, Washington, DC 

Modern Receiver Design 
August 23-27, 1993, Washington, DC 

Microwave Radio Systems 
August 25-27, 1993, Washington, DC 

Introduction to Wireless Telecommunications: 
Technologies, Applications, Regulatory Issues, 
and Market Dynamics 
August 30-September 1, 1993, Washington, DC 

Mobile Satellite Communication Systems 
August 30-September 1, 1993, Washington, DC 

Information: The George Washington University, Continuing 
Engineering Education, Merril A. Ferber. Tel: (202) 994-8522 
or (800) 424-9773. 

EMC Seminar 
August 17-18, 1993, Denver, CO 

Information: Technology International, Inc., 1993 Seminar 
Series, Tel: (800) 242-8399. Fax: (804) 560-5342. 

FREQUENCY 
DOUBLERS 
FD34SM-1 
MINIATURE SURFACE 
MOUNT MIXER DOUBLER 
Input: 5 to 2800 MHz 
Output: 10 to 5600 MHz 
Input Power +1 1 dBm 

DRO 
MDR6513 Series 
18.088 GHz 
PHASE LOOKED 
EXTERNAL REFERENCE 
Output Power 
+20 dBm min. (25°C) 
Operating Temperature 
-40 to +70cC 

MAGNUM MICROWAVE CORP. 
4575 CUSHING PARKWAY 
FREMONT, CALIFORNIA 94538 
Telephone: 510/657-9898 
Fax: 510/490-3351 
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Linear Design Seminar 
August 17, 1993, Iselin, NJ 
August 19, 1993, Orlando, FL 

Information: Texas Instruments. Tel: (800) 477-8924 x3443. 

RF Circuit Components: Measurements, Models and Data 
Extraction 
August 16-20, 1993, Los Angeles, CA 

RF Circuit Design: Passive and Active Linear Networks 
August 24-27, 1993, Los Altos, CA 

RF Fundamentals and Passive Circuits 
August 24-27, 1993, Los Altos, CA 

Linear and Large-signal Amplifiers 
August 30-September 1, 1993, Los Altos, CA 

RF Design: Nonlinear Circuits and Devices 
August 30-Sept 2, 1993, Los Altos, CA 

RF Receivers: Oscillators, Mixers and Low-noise 
Amplifiers 
September 2-3, 1993, Los Altos, CA 

Information: Besser Associates, Tel: (415) 949-3300. Fax: 
(415) 949-4400. 

August 1993 



ANY KIT 
OR LESS 

FOR OVERNIGHT DELIVERY ON TOKO PROTOTYPING KITS 
Fixed Inductors $9900 LL Chip Inductors M900 

Surface Mount Inductors $9900 5MM Surface Mount Coils $9900 

5MM Coils $5900 7MM Coils $59°° 10MM Coils $59°° Molded Coils $5900

r^TOKO PENSTOCK 
RF/MICROWAVE DISTRIBUTION 
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TRAK Commère 
Designed For Quality. Built For Per 
Unbeatable Quality Enter the Commercial Products Division 
For many years engineers designing circuits over the VHF Now TRAK’s Commercial Products Division offers these 

to microwave spectrum have recognized TRAK as a supplier well-known TRAK qualities at highly competitive prices for 

of top quality components and subsystems. 

These products have been used in many 

applications from the earliest space 

programs to fighter aircraft to missiles to 

communication systems. 

Leading Edge Engineering 

TRAK is recognized for its innovations 

in RF and microwave product design. 

Our engineers have shrunk sizes while 

maintaining high performance and have 

introduced innovative packaging 

techniques now emulated by others. 

commercial applications. If you don’t require the high 

Cellular Radio Circulator 
Parameter Performance 

Frequency 860-900 MHz 

Isolation 25 dB Minimum 

Insertion Loss 0.3 dB Maximum 

VSWR 1.19:1 

Operating Temp. 0-40'C 

Average Power 300 Watts 

Peak Power 1 KW 

Size .960 Diameter x .250 High 

overhead expense that comes with MIL-

Q-9858A or BS5750 you don’t have to 

pay for it — but you get the same high 

quality! 

Products 

TRAK is producing circulators, 

isolators, crystal controlled oscillators 

and phase locked oscillators for Cellular 

Radio, Wireless Telephone, Microwave 

Links, and Test Equipment. TRAK 

Commercial Products Division also 



Priced For Competition. 
offers frequency multipliers, comb generators, IF amplifiers 

and synthesizers. 

American and European Manufacturing 
Our plants in Tampa, Florida and Dundee, Scodand give 

you a choice. Get the same high quality at commercial prices. 

ft TRAK AUCROWMVE 
CORPORATION 

IRAK COMMERCIAL PRODUCTS DIVISION 

Call or write: 
Jim Riddle 
TRAK Microwave Corp. 
4726 Eisenhower Blvd. 
Tampa, FL 33634 
Tel: 813-884-1411 
FAX: 813-886-2794 

Ken Allstaff 
TRAK Microwave Ltd. 
4 Lindsay Court 
Dundee, Scotland DD2 1TY 
Tel: (0382) 561509 
FAX: (0382) 562643 
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REnews 
Virginia Tech 
Symposium Spotlights 
Young Professors 
The Third Virginia Tech Symposium 

on Wireless Personal Communications 
was held on the Virginia Tech Blacks¬ 
burg campus June 9-11. The sympo¬ 
sium is held to exchange both theoreti¬ 
cal and experimental research results in 

wireless communications. The confer¬ 
ence has become a major forum for pre¬ 
sentation of work done by young profes¬ 
sors and their graduate researchers at 
many different universities. Most pre¬ 
sentations addressed the errors that 
arise from RF transmission in an envi¬ 
ronment subject to fading, multipath and 
interfering signals. These papers 
describe error-correction methods, 

CT-2 / PCN 
CELLULAR APPLICATIONS 

The QBS-130 is a 
6-channeI combiner 
for base station use 
in 866 MHz CT-2 sys¬ 
tems. Thiscombiner 
allows up to six trans¬ 
ceivers to share a com¬ 
mon antenna, while 
providing gain in 
transmit and receive 
modes. Output power 
is +17 dBm per chan¬ 
nel, and receiver gain 
is 10 dB with noise 
figure of 6 dB and 
high immunity to 
out-of-band interfer¬ 
ence. 

The QBS-131 is a 
dual 2-Way Com¬ 
biner for 1900 MHz 
PCN band base sta¬ 
tions. Each combiner 
allows two transceiv¬ 
ers to share an an¬ 
tenna, while preserv¬ 
ing dynamic range. 
Features low DC 
power consumption 
and multiplexed RF 
inputs and outputs. 
Over the 1921 to 
1929 MHz band, re¬ 
ceiver gain is lOdB, 
and the noise figure is 
4.5 dB. 

Both of these combiners operate from 13-16 VDC, and fit in a 
standard VME bus slot. The specified operating temperature range 
is -30°C to +90°C. Please call for complete specifications. 

Q-bit Corporation 
2575 Pacific Avenue NE • Palm Bay. Florida 32905 

Main ^407/727-1838 • Sales TF 800/226-1772 • « 407/727-3729 
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transmission path simulation, beam¬ 
steering, adaptive coding and other spe¬ 
cific methods for improvement of signal 
integrity. Papers of particular interest to 
RF designers include a description of 
the modulation method and system 
architecture used by MTEL for its 
newly-approved 24 kbit/s paging system 
with talk-back/acknowledgement capa¬ 
bility. Also, a research group from UCLA 
described progress on an ARPA-funded 
915 MHz handheld communicator, 
which utilizes custom 3-volt CMOS inte¬ 
grated circuits for all transceiver func¬ 
tions, including the RF front-end. Pro¬ 
ceedings have been published, and all 
papers will be included in an upcoming 
book. To obtain these publications con¬ 
tact the Mobile and Portable Radio 
Research Group at Virginia Tech, tel. 
(703) 231-5643. 

MTEL Receives Paging 
System Approval 
The Federal Communications Com¬ 

mission has granted a pioneer’s prefer¬ 
ence license to Mobile Telecommunica¬ 
tions Technologies Corp. (MTEL) for 
their Nationwide Wireless Network pag¬ 
ing system. The MTEL system will oper¬ 
ate on 50 kHz channels in the 900 MHz 
band. A unique multicarrier modulation 
scheme allows a high data rate in a mul¬ 
tipath environment. For each channel, 
eight sub-transmitters are spaced at 5 
kHz intervals, each transmitting a 4-FSK 
data signal. Four-of-eight on-off keying 
of the transmitters results in a total data 
transmission rate of 24 kbit/s. This high 
data rate allows much more information 
to be transmitted than conventional pag¬ 
ing, allowing longer messages or 
images to be transmitted. The system 
also includes a talk-back feature which 
allows each user to send an acknowl¬ 
edgement or reply message. 

325 Attend Frequency 
Control Symposium 
The 1993 IEEE International Frequen¬ 

cy Control Symposium, held June 2-4, 
drew 325 attendees to Salt Lake City. A 
description of the new U.S. Primary Fre¬ 
quency Standard, NIST-7 was present¬ 
ed, as was a fast, new way of making 
phase noise measurements. Among the 
other topics discussed at the sympo¬ 
sium were time and frequency coordina¬ 
tion using GPS, and the application of 
piezoelectric transducers for pressure 
and viscosity sensing. The 1994 Fre¬ 
quency Control Symposium will be held 
June 1-4, 1994, in Boston, MA. 

August 1993 
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Compact Software again leads the 
ANALOG DESIGN AUTOMATION 
field with its new EASi Interface. 

The exciting EASi Interface makes it even 
simpler to use our circuit simulators, 
Super-Compact and Microwave Harmonica. 

EASi (Environment for 
Analog Simulation) provides 
you with the most advanced 
user interface tools available 
today for workstation CAD. 
Using X-Windows and Motif 
standards, EASi presents you 
with a uniform environment -
a “look and feel” with clear

As EASi as 

statistical analysis and more. EASi interfaces with 
our linear and nonlinear engines, including our new 
Super-Spice, as well as our electromagnetic simu¬ 

lator, Explorer, providing 
highly-acclaimed accuracy 
and efficiency of computa¬ 
tions. You switch from one 
engine to another with the 
mere “click” of a mouse 
button and when the 
simulations are complete, 
EASi guides you through the

menus, fill-forms, and editor windows that take you 
quickly through analysis, tuning, optimization. 

almost limitless possibilities of tabular and 
graphical outputs. And it’s network compatible too! 

WELCOME to a new world of high-productivity using Compact's EASi Interface. 

Compact” 
Software 
The Leader In CAD Software 

483 McLean Boulevard, Paterson, NJ 07504 USA 
TEL: (201) 881-1200 or FAX: (201) 881-8361 

In Europe, contact the European Support Center 
TEL: (49) 7309-5075 or FAX: (49) 7309-3275 
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REnews continued 
SME Education Foundation 1993 
Grants Awarded — The Manufactur¬ 
ing Engineering Education Foundation of 
the Society of Manufacturing Engineers 
recently announced its 1993 grant win¬ 
ners. MEEF awarded $11.3 million in 
grants, equipment and software to 102 
universities and technical institutions 
across the country. Total gift distribution in 
1993 included $10.8 million to support in 

kind equipment including CAD/CAM soft¬ 
ware, milling machines, lathes and robots. 
Cash grants totaled $490,810 in five fund¬ 
ing areas: capital equipment, student 
development, faculty development, cur¬ 
riculum development and research initia¬ 
tion. Applications for 1994 funding will be 
available in October from the SME Foun¬ 
dation by calling Dora Murray, grants 
coordinator, (313) 271-1500 ext. 512. 

SAW Filters 
0 
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Typical Device Characteristics 

Center Frequency: 

Insertion Loss: 

3 dB Bandwidth: 

Amplitude Ripple: 

Group Delay Variation: 

45 MHz 

7.5 dB 

330 kHz 

0.1 dB 

600 nsec (p -p) 
(across 200 kHz) 

Frequency (MHz) 

Sawtek, the leader in SAW technology, is now leading the 
industry with filter technology for the communications market. 
Recent advancements in SAW filter technology provide low 
insertion loss at price levels previously unthinkable. Now Sawtek 
offers low-cost, low-loss filters for a variety of applications like 
GSM, PCN, CT-2, CDMA, TDMA, DECT, wireless LANs, DBS, 
pocket pagers, ID tags, GPS, and keyless entry systems - just to 
name a few. Your products can benefit from the advantages 
provided by these low-loss filters, such as: 

/ Single-level, low-cost transducer architecture 
Low-profile, surface-mount packaging 

X Simple, standard matching networks 
/ Excellent amplitude and phase characteristics 
/ Quartz temperature stability 
/ Quick delivery 

For specifications and pricing information, contact us today. 
Telephone: (407)886-8860 Fax: (407)886-7061 

Orlando, Florida 

Comlinear and TriQuint Form 
Alliance — Comlinear Corporation and 
TriQuint Semiconductor recently 
announced the formation of an alliance 
to commercialize Acoustic Charge 
Transport (ACT) technology. ACT, fabri¬ 
cated in GaAs, is a high-speed analog 
signal processing technology that brings 
massive computational power to chal¬ 
lenging electronic opportunities such as 
data storage, digital audio broadcast, 
and other potential applications includ¬ 
ing speech processing, wireless com¬ 
munications, video processing and colli¬ 
sion avoidance. Both companies will be 
jointly seeking strategic partners in spe¬ 
cific application areas in order to devel¬ 
op multichip modules of GaAs and sili¬ 
con that work together as complete 
solutions. 

Oak Industries and the Sural 
Group Announce Crystal Venture 
— Oak Industries Inc. and the SURAL 
Group have announced the formation of 
a strategic alliance between Oak’s 
McCoy and Croven crystal operations 
and SURAL’s Alfa Quartz affiliate. The 
initial focus of the venture will be to mar¬ 
ket and sell high quality quartz crystal 
blanks and other related products manu¬ 
factured by Alfa Quartz and used in the 
production of frequency control devices 
such as crystals, filters and oscillators. 
The venture will market and sell its prod¬ 
ucts worldwide under the name of 
McCoy International. 

Development of a New Transfer 
Standard — A long-standing problem 
for measuring microwaves has been pro¬ 
viding a meaningful traceability between 
NIST’s primary (six-port) microwave mea¬ 
surement system and automated vector 
network analyzers used extensively in 
government and private industry. Existing 
methods require numerous connections 
to the six port system; these connections 
are time consuming and a major source 
of measurement error. A new NIST coop¬ 
erative research and development agree¬ 
ment with ATN Microwave calls for the 
partners to use programmable multistate 
tuners as a transfer standard. This 
requires only one connection and should 
reduce significantly the amount of opera¬ 
tor effort needed. NIST will initially evalu¬ 
ate the stability of ATN’s tuner and then 
work with the company to develop state-
of- the-art statistical methods for uncer¬ 
tainty analysis. For more information, 
contact Bob Judish of NIST at (303) 497-
3380 or Mike Fennelly of ATN Microwave 
at (508) 667-4200. 
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Raltron manufactures its 

compact VC 7025 Voltage 

Controlled Crystal Oscillator 

to meet your Phase Locked 

Loop specifications, deliver¬ 

ing deviation sensitivity or 

pullability of up to ±100 

PPM/V. Big performance in 

a small package. At a price 

you’ve been looking for. 

Telecommunications: 

VCXO WITH PULLABILITY 
Raltron manufactures a 

complete line of the highest 

quality VCXO’s to both 

standard and custom speci¬ 

fications. Send us your 

VCXO specifications today 

or call (305) 593-6033 for 

more information. 

Raltron Electronics Corp. 
2315 NW 107th Avenue. Miami, Florida 33172 U.S.A. 

Fax (305) 594-3973 Telex 441588 RALSEN 
(305) 593-6033 

Crystals 
Crystal Oscillators 
Crystal Filters 
Ceramic Resonators 

RAITR+il 
Only Raltron has it all. 
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Renews continued 
New Company Formed — Watch¬ 
band RF Contact Springs is a new 
company formed to manufacture helical¬ 
ly wound springs with wide flat surfaces 
for use in high power RF contact 
applications as well as EMI/RFI shield¬ 
ing. Their address is Watchband RF 
Contact Springs, 1485 Roosevelt Trail, 
Raymond, ME 04071. Tel: (207) 655-
3259. 

Portable Two-Way Radio Cele¬ 
brates 50 Years — The FM two-way 
portable radio was developed fifty years 
ago at the request of the U.S. Army Sig¬ 
nal Corps. Motorola developed the 
SCR-300 “walkie-talkie” backpack radio 
using a design that incorporated FM cir¬ 
cuits. The radio was developed in the 
midst of World War II and reached the 
battlefields in 1943. The first FM 

SWITCH To ARROWSMITH? 
For All Your Microwave Switch Needs -
The N-Series Microwave Switches from 

Arrowsmith Shelburne 

OfSfGM W HIGH QUAUTY AMD 
SUPERfOR PERFORMAMCE AT A 

REASOMABLE COST 
The N series switches 
are available with 50 or 
75 ohm impedance SMA, 
SMB, BNC, TNC, F, 
and N type connectors. 
Custom voltages are 
available. Other options 
include TTL compara¬ 
bility, self de-energizing, 
indicator circuitry and 
suppression diodes. 
Please contact a sales 
representative for price 
and availability today. 

Shelburne, Inc. 
2085 Shelburne Road • Shelburne, Vermont 05482 

802-985-8621 • FAX: 805-985-2070 

Motorola's SCR-300 “walkie-talkie” 
backpack radio was among the most 
significant communications advances of 
World War II. Designed for the U.S. 
Army Signal Corps in 1943, it was the 
world’s first FM two-way portable radio. 

two-way portable radios had a range 
of 10 to 40 miles, weighed 35 pounds, 
and could operate over multiple frequen¬ 
cies. 

Bell Atlantic Mobile to Provide 
Cellular Digital Packet Data — 
Based on sophisticated Cellular Digital 
Packet Data (CDPD) technology, being 
developed by a consortium of the 
largest cellular carriers, Bell Atlantic 
Mobile plans to deploy the service 
in its six regions nationwide by the 
end of 1994. Bell Atlantic Mobile has 
selected AT&T Network Systems to 
help bring its wireless digital data 
service to Washington, DC customers 
in November 1993. CDPD technology 
finds unused space in a network 
of voice messages and fills it with 
the “1s” and “0s” of digital code. The 
new service will allow people on the 
move to transmit high-speed bursts of 
information — inserted before and after 
voice conversations — on a single, wire¬ 
less channel, using a laptop or pen¬ 
based computer or personal digital 
assistant. 

Broadcasters Initiate Electromag¬ 
netics Study — The National Associ¬ 
ation of Broadcasters is seeking bids to 
develop new techniques that will help 
radio and TV stations comply with pro¬ 
posed safety guidelines relating to elec¬ 
tromagnetic fields caused by broadcast 
tower emissions. The new techniques 
are needed to help broadcasters meet 
new RF exposure guidelines proposed 
by the FCC. The FCC guidelines were 
proposed as part of ET Docket 93062. 
The Commission is proposing to adopt a 
voluntary industry standard called ANSI 
C95. 1-1992. NAB plans to submit the 
results of the study as part of its own 
comments to the FCC due later this 
year. 
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Break the RF testing speed limit 
without paying a penalty. 

©1993 Hewlett-Packard Co. TMNMD114/RFD 

The new HP 871 1A 
makes faster RF testing 
affordable. 
To beat the competition in RF 
manufacturing, you have to get 
products tested and out the door 
faster, while keeping costs down. 
And with the new HP 8711A 
network analyzer you can do 
just that. 

The HP 871 1A brings fast trace 
update and synthesized accuracy 
together for the first time. So you 
can tune in “real-time” from 300 
kHz to 1300 MHz—without 
frequency drift. 

Selectable broadband/narrow-
band measurement modes let you 
test conversion loss of frequency 
translators and mixers. And 
make high dynamic range (90dB) 
measurements on filters and 
switches. All with the same in¬ 
strument. You don’t even need a 
computer. Built-in automation 
lets you race through tests 
without one. 

As for cost control, the HP 8711A 
is just $13,500? At that price, the 
only penalty is not having one. 

So, move fast. If you'd like more 
information on the HP 871 1 A, 
call 1-800-452-4844. Ask for 
Ext. 2518, and we’ll send you a 
free video and brochure that 
show how you can afford to go 
a lot faster. 

There is a better way. 

HEWLETT 
PACKARD 

•U.S. Price only. 
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RF news continued 
SOITEC Establishes U.S. Head¬ 
quarters — Silicon-on-lnsulator Tech¬ 
nologies (SOITEC), recently announced 
the formation of SOITEC/USA. A com¬ 
mercial spinoff of LETI (the French tech¬ 
nology and instrumentation laboratory), 
SOITEC is a producer of very high quali¬ 
ty silicon-on-insulator substrates for use 
in making advanced semiconductor 
devices. SOITEC/USA is located at 2 

Centennial Drive, Peabody, MA 01960. 
Tel: (508) 531-2222. 

Frequency Electronics Sell Prod¬ 
uct Lines — Frequency Electronics, 
Inc. has entered into an agreement 
to sell their components, detector 
log video amplifiers and digital frequen¬ 
cy discriminator product lines to the Sig¬ 
nal Technology Corporation. The 

300 MHz -4.8 GHz 
Solid, durable construction makes Trans-Tech's Ceramic 

Coaxial Transmission Line Elements a rugged alternative to 
classical parallel LC circuits. Performance benefits include: 
higher circuit Q, greater temperature stability and circuit minia¬ 
turization, together with reduced microphonics, fewer 
environmental effects on frequency and excellent solderability. 
Typical applications involve wireless communications, 
nationwide pagers, and Global Positioning Satellite (GPS) 
applications. Call for more information... today I 

Trans Tech m 
5520 Adamstown Rd. ■ Adamstown, MD 21710 

Tel. (301) 695-9400 ■ Fax: (301) 695-7065 
Trans-Tech. Inc. is a subsidiary of Alpha Industries, Inc 

ED Alpha 

Winner of the 
1993 American 

Ceramic Society 's 
Corporate Technical 
Achievement Award. 

divestiture of these product lines 
leaves the company with a broad capa¬ 
bility in all areas of microwave assem¬ 
blies for spacecraft and ground station 
converters in addition to a dominant 
position of Frequency Electronics in the 
time and frequency control markets. 
Financial terms of the contract were not 
released. 

ADC Kentrox Acquires Waseca 
Technology — ADC Kentrox has 
announced the acquisition of Waseca 
Technology Inc., an RF development 
company. Details of the contract were 
not disclosed, however company 
sources indicate that the two companies 
have been working closely over the past 
year on their recently introduced City-
Cell™ Digital Microcell System. 

Monitor Receives NASA Contract 
for TCXOs — Monitor Products 
recently announced that they were cho¬ 
sen by NASA to supply hybrid oscillators 
and discrete tight tolerance TCXOs for 
the Fast Auroral Snapshot Explorer 
(FAST) Satellite. The oscillators are key 
elements in controlling the heart of the 
FAST control and data handling system, 
Small Explorer Data System. The FAST 
satellite, which weighs approximately 
400 pounds is scheduled to be launched 
into Earth orbit in August 1994 by an 
Enhanced Pegasus expendable launch 
vehicle. 

Harris Wins Saudi Radio Contract 
— Harris RF Communications has been 
awarded a $52 million contract by the 
U.S. Army Communications Electronic 
Command (CECOM), to provide HF 
radio systems to the Saudi Arabian 
National Guard. The contract calls for 
Harris to supply RF-5000 FALCON-
Series HF digital tactical radio systems. 
They will be installed in vehicles and 
base station sites. Harris will provide 
Arabic-language data terminals, turn¬ 
key logistical support and technical 
assistance. 

Stanford Telecom to Supply Viter¬ 
bi Decoders — Stanford Telecommu¬ 
nications, Inc. has announced that its 
ASIC & Custom Products Division has 
entered into an agreement with Scientif-
ic-Atlanta, Inc. to develop and supply a 
specialized ASIC device for use in deliv¬ 
ering Scientific-Atlanta's MPEG-based 
digital video compression over satellite 
for the cable TV and other markets. 
Financial terms of the agreement were 
not disclosed. 
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Reach for selection in SAW devices. 
Specify Siemens for 
SAW filters and resonators. 

Specify Siemens for a wide 
selection of SAW filters and 
resonators from 30MHz to 
several GHz. Siemens 
standard and custom SAW 
devices offer these 
key advantages: 

•Wide package selection: 
plastic, metal,and surface 
mount. 
•Low insertion loss. 
•Precise amplitude and 
phase characteristics. 

• Low temperature drift. 
•Excellent reliability and high-
volume reproducibilty. 

For your most demanding 
applications, select from a broad 
Siemens line that includes: 

• RF and IF Filters for mobile 
and cordless phones. 

•Single and Dual Bandpass 
Filters for satellite receivers. 

•Spectrum Shaping and 
Clock Recovery Filters for 
digital communication. 

•Vestigial Sideband Filters for 
CATV equipment. 

•Resonators for keyless entry 
and security systems. 

•Intercarrier and Split Sound 
Filters for TVs. 

Siemens has produced 200 
million SAW devices - your 
assurance of product 
consistency and delivery for 
high volume applications. 

Call: Siemens Components, Inc. 
for literature or technical 
assistance. 1-800-888-7729 

SCI-1016 INFO/CARD 26 



RF industry insight_ 

New Services Overhead 
By Andy Kellett 
Technical Editor 

Makers of RF equipment for satellite 
systems have their choice of mar¬ 

kets to which they can sell. Large geo¬ 
synchronous satellites are still being 
built to satisfy the needs of regions 
which are striving to connect to the rest 
of the worldwide telecommunications 
network. Low Earth Orbit (LEO) systems 
such as Motorola’s Iridium will connect 
individual users’ voice and data traffic to 
the telecommunications net from any¬ 
where in the world. Direct Broadcast 
Satellite (DBS) is already an established 
provider of television programming in 
Europe, Asia and South America, and is 
about to be launched in the U.S. In addi¬ 
tion to these communications systems, 
NAVSTAR Global Positioning Service 
(GPS) is emerging as a widely used util¬ 
ity. Military systems, (of which GPS is 
one) are also an important part of 
today’s satellite electronics market. 

Satellite Services 
Geosynchronous satellites, and their 

associated ground station equipment, 
continue to be a large part of the satel¬ 
lite communications market. According 
to David Hartshorn, editor of Satellite 
Communications magazine, there is 
pent up demand for connection to the 
rest of the worldwide communications 
network in places like Eastern Europe, 
Asia, Latin America, and the Middle 
East. “These countries know that do¬ 
mestic and international connectivity 
drive hard currency earnings, so they 
are trying to accelerate their entry to the 
global marketplace by getting satellites 
up as fast as they can or by accessing 
existing orbital capacity.” Keith Morrison, 
Regional Sales Manager for Trak Mi¬ 
crowave noted that not only do they sell 
oscillators, isolators, circulators and mul¬ 
tipliers into new Asian and Eastern Eu¬ 
ropean satellites, they are also selling 
parts for next generation satellites in es¬ 
tablished systems like Intelsat and In¬ 
marsat. 
Another service which primarily em¬ 

ploys geosynchronous satellites is DBS. 
Virtually unknown to consumers in the 
U.S., DBS is established in Europe, Asia 
and South America, and is probably the 
biggest market for manufacturers of 
satellite communications equipment. 
DBS transmits television programming 
to earth stations in the Ku band. The 

higher frequency allows DBS receivers 
to use antennas a only few feet across. 
“We sell a large number of components 
into DBS terminals,” notes Gary LaBelle, 
Product Marketing Manager for Wireless 
Components at Hewlett-Packard Co. 
According to Satellite Communication’s 
Hartshorn, the first high-power, U.S. 
consumer version of this service will 
debut next year. 

In addition to DBS, other satellite sys¬ 
tems are trying to find a market in the 
United Sates. The U.S. is well covered 
by wired and cellular telecommunica¬ 
tions, but where these systems leave 
gaps, satellite services are vying to fill 
in. For this type of service, many com¬ 
panies are planning to employ LEO 
satellites. These satellites are smaller 
and less expensive than geosynchro¬ 
nous types. Mostly deployed in “constel¬ 
lations” of a dozen or more spacecraft, 
LEO satellites are placed in polar orbit 
so that several satellites are constantly 
visible to receivers on earth. The 66 
LEO satellites belonging to Motorola’s 
Iridium constellation are planned to pro¬ 
vide voice and data communication any¬ 
where on earth. Scientific Atlanta, as 
part of the group producing Iridium, will 
supply gateway terminals along with 
telemetry, tracking and control termi¬ 
nals. “Iridium is truly a revolutionary con¬ 
cept in the satellite communications 
area,” says Theodore R. Wieber Jr., 
President of the Electronic Systems Di¬ 
vision of Scientific Atlanta. “It brings 
what is traditionally NASA and DoD 
types of technology, namely orbiting 
rather than geosynchronous technology, 
to a commercial communications appli¬ 
cation.” 
Now that smaller, rapidly developing 

conflicts are the main concern of the 
U.S. military, real-time intelligence is 
more important than ever to U.S. tactical 
forces. “The military is still a major play¬ 
er in the satellite business,” says Roger 
Lesser, Editor of Defense Electronics 
magazine. According to Lesser, the re¬ 
tirement of older reconnaissance aircraft 
like the SR-71 Blackbird has put more of 
the intelligence gathering burden on 
satellite systems. In addition to recon¬ 
naissance, the military also has a need 
for communication satellites. Modern 
weaponry produces torrents of data. In 
some instances, satellites are used to 

relay this data from the battlefield to the 
command center. Many of these military 
satellites are now being designed to pro¬ 
vide civilian services also; these pro¬ 
grams are said to have “dual-use”. 
The prototypical example of a dual¬ 

use system is NAVSTAR GPS. From its 
inception in the mid 1970’s, GPS was in¬ 
tended to be a military system which af¬ 
forded some use by civilians. Today, 
GPS is viewed as a utility. Using differ¬ 
ential GPS it is even possible to attain 
military accuracies (less than 1 meter) 
with the civilian, C/A coded signal. 
Users can calculate their own differential 
GPS fix, or they can use Pinpoint, a 
Magnavox project which transmits GPS 
corrections over local FM radio broad¬ 
cast subcarriers. In addition to its use as 
a navigational and surveying tool, GPS 
is finding use as a time base. 

Satellite Technology 
Satellite systems are touched by most 

of the same technological advances that 
are affecting the rest of the RF industry. 
Digital transmission and digital signal 
processing are the norm across the 
satellite industry. Among the most 
important processing for satellite users 
is video compression using the MPEG 
and JPEG standards. Video compres¬ 
sion under these standards provides 
three times or more the traffic capability 
of uncompressed video. Higher integra¬ 
tion is bringing the cost of complex sys¬ 
tems down. GEC Plessey is one of a 
few companies producing chipsets for 
GPS receivers. Their four chip set in¬ 
cludes a SAW filter, downconverter, au¬ 
tocorrelator and processor. According to 
Dan Sowin, Plessey’s Marketing Manag¬ 
er for Navigation Systems, “Now it is a 
matter of reducing GPS receiver size, 
power consumption and cost. I think 
through high integration technologies 
like these we have the answer to those 
issues.” 
Once the province of governmental 

and semi-governmental agencies, satel¬ 
lite systems are entering a new era in 
which market forces can demand new 
systems and technology can supply 
them at an affordable price. RF 

For reprints of this report, contact 
Cardiff Publishing at (303) 220-0600. 
Ask for the Circulation Department. 
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MIXERS 
UNPRECEDENTED 

IN VMUE. 
4.5 SIGMA 

REPEATABILITY GUARANTEED 

ALL-CERAMIC PACKAGE 
cover pull strength 
in excess of 20 lbs. 

SURFACE MOUNT 
board area .25x 30" 

tape and reel available 

SOLDER PLATE 
OVER NICKEL METALIZATION 
improves solder reflow reliability 

and eliminates leaching 
••V 

actual size 

AUTOMATED ASSEMBLY 
for low-cost and 

1 week shipment guaranteed 

ULTRA-REL“ MIXERS 
5 YEAR GUARANTEE 

RUGGED CONSTRUCTION 
passes MIL-M-28837 

shock and vibration tests 

ALL-WELDED 
INTERNAL CONSTRUCTION 

withstands up to 240°Cfor 5 minutes 

ALL-CERAMIC 5 to 3000MHz *395
Now you can buy very low-cost, high-performance 

commercial mixers with the ruggedness and reliability 
required for military applications. That’s value! 

... Only from Mini-Circuits. 

Model 

finding new ways 
setting higher standards 

RMS-1 1X 
RMS-11 F 
RMS-30 
RMS-25MH 

Midband, dB 
LO Freq. (MHz) Conv. Isol 

(dBm) LO,RF IF Loss L-R L-l 
+7 5-1900 5-1000 7.1 29 31 
+7 350-2000 DC-400 5.5 31 30 
+7 200-3000 DC- 1000 6.5 26 22 
+13 5-2500 5-1500 7.5 32 32 

$ea. 
(10-49) 
3.95 
4.95 
6 95 
7.95 

n Mini-Circuits 
1 Dn Oft« o.ftfti.i . , - v„,i. xxftn -.ft. . 

WE ACCEPT AMERICAN EXPRESS AHO VISA 

PO Box 350166. Brooklyn. New York 11235-0003 (718) 934-4500 Fax (718) 332-4661 
Distribution Centers NORTH AMERICA 800-654-7949 » 417-335-5935 Fax 417-335-5945 EUROPE 44-252-835094 Fax 44-252-837010 

For detailed specs on all Mini-Circuits products refer to • THOMAS REGISTER Vol 23 • MICROWAVES PRODUCT DIRECTORY • EEM • MINI-CIRCUITS' 740-pg HANDBOOK 

CUSTOM PRODUCT NEEDS.. Let Our Experience Work For You. 
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You don’t always get 
what you pay for. 

With PTS synthesizers, you get more. 
Because we’re synthesizer specialists, we give 
you more for your money in more ways than one. 
From our economy PTS xlO, to our space¬ 
saving PTS 310, to our top-of-the-line PTS 1000, 
we have more models to cover your source needs 

But wait, there’s less! 
All of our synthesizers feature low power 
consumption, low spurious output (as low as 
-75 dBc), low phase noise, and fast frequency 
switching (as fast as 1 psecond). 

from 100 KHz to 1 GHz. 
And more options, including: 

• OCXO, TCXO or external standard, 
• choice of resolution from 
100 KHz to 0. 1 Hz, 

• DDS with phase-
- continuous switching, 
• digital phase rotation, 
• BCD or GPIB 
remote control, 

and almost a hundred 
others to let you specify a 
synthesizer so well-tailored 
to your requirements that 

And all of our models are available, at a lower 
price, in a remote-only OEM configuration for 
easy integration into your OEM system. 

Our full catalog has all the information you 
need to specify the 
most synthesizer for 
your money. 

Call or FAX us for your 
copy, or for immediate 
engineering assistance. 

it’s like having one custom made for you. 
Our priority in design and manufacturing is to 
make our synthesizers more reliable, and this 
has led to a demonstrated MTBF of 25,000 
hours. That’s why we can back them with our 
all-inclusive 2-year warranty, along with a flat¬ 
rate service charge for eight years following the 
warranty period. 

PROGRAMMED TEST SOURCES 
P.O. Box 517 Littleton, MA 01460 

508/486-3008 FAX 508/486*4495 
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RF featured technology_ 

Improved Design Equations for Part 
15/ISM Microstrip Bandpass Filters 
By Theodore S. Rappaport and Alan S. Fox 
Virginia Polytechnic Institute and State University 

It is well known that microstrip trans¬ 
mission line coupling can provide reli¬ 
able and inexpensive filtering at mi¬ 
crowave frequencies (1,2,3). As fiber 
optic communications and personal 
wireless communications systems 
evolve, microstrip filters designed on a 
wide variety of dielectric materials and 
board thicknesses will be required in mi¬ 
crowave sub-carrier transmission equip¬ 
ment (4) and pocket-sized two-way 
radio equipment (5). 

In this work, the basic equations and techniques for designing microstrip fil¬ 
ters were extracted from the published 
literature (1-3, 6-15) and implemented in 
a design procedure. Approximately 100 
filters within the 900 MHz to 5800 MHz 
range were designed and constructed 
from published equations using different 
substrate thicknesses and er values. We 
found that the measured responses of 
these filters consistently showed errors 
in center frequency when a variety of 
substrate thicknesses or er values were 
used. These errors have led us to at¬ 
tempt to relate theoretical design tech¬ 
niques to experimental results. The 
large data base of measured filter re¬ 
sponses was analyzed using regression 
techniques to find qualitative relation¬ 
ships between center frequency error 
and numerous design parameters. The 
data indicate that a correction factor for 
the length of microstrip resonators is 
needed, and that this length correction 
is a function of both center frequency 
and substrate thickness. From this work, 
we propose that the well accepted mi¬ 
crostrip bandpass filter design equations 
given previously in References such as 
(2,3,10,11 and 14) include a modified 
length correction factor to facilitate more 
accurate microstrip filter design for a 
wide variety of microstrip filters. While 
this experimental study has concentrat¬ 
ed on a relatively small class of filters 
(i.e. Butterworth filters having fewer than 
six poles, designed on inexpensive sub¬ 
strates for use in the low microwave re¬ 
gion), it offers insight into the design and 
error analysis of microstrip filters in gen¬ 
eral, and may have applications to fu¬ 

ture edge correction techniques. 

Microstrip Bandpass Filter 
Design 
The filter design method for microstrip 

filters studied in this paper uses a 
lumped-element, lowpass prototype 
technique to derive the necessary band¬ 
pass transmission characteristics for a 
Butterworth (maximally flat) filter. A 
mathematical mapping is made between 
the transmission characteristics of the 
desired bandpass response and those 
of the lowpass prototype (3). The low-
pass prototype parameters are lumped 
element values (capacitances and in¬ 
ductances). These capacitances and in¬ 
ductances are paired and act as res¬ 
onators. The prototype parameters are 
then converted to inverter parameters, 
which are then converted to mode im¬ 
pedances. The mode impedances are 
used to determine the dimensions of the 
filter resonator pairs. We used published 
techniques from (2,3 and 10) to explicitly 
compute the mode impedances for a 
wide variety of filters using different er 
values, thicknesses, and frequencies in 
the low microwave region. Then, an iter¬ 
ative method described in (16) was used 
to find appropriate design dimensions. 
Length and width corrections were then 
determined for the resonator segments 
by measuring the tuning needed to 
eventually provide the desired center 
frequency response. 

Length Correction Factors 
The length of the resonator pair seg¬ 

ments, Lr, are theoretically one quarter 
wavelength long at the center frequency 
of the filter. The wavelength used in this 
calculation is that found by using the fre¬ 
quency dependent effective dielectric 
constant. That is, 

factors to predict the necessary length 
subtraction at the end of each resonator 
segment in microstrip filter designs. The 
adjustment of the resonator length af¬ 
fects the resonant frequency of the res¬ 
onator, and therefore, the center fre¬ 
quency of the filter. 
A correction factor cited in (3) and (12) 

accounts for fringing capacitance at the 
ends of each resonator. This correction 
factor, d, is only a function of the sub¬ 
strate thickness, and is given by, 

d = -0.165h (2) 

That is, for a specific center frequen¬ 
cy, equation 2 suggests microstrip filters 
should use resonator segments with Lr = 
Àg/4 + d = Àg/4 - 0.1 65h. However, as 
described in (12), equation 2 was exper¬ 
imentally justified by the measured re¬ 
sponse of just one stripline filter (10). 
Stripline is similar to microstrip, except 
the substrate and ground plane sand¬ 
wich the resonators. Experimental re¬ 
sults published in (13) give a correction 
factor for microstrip filters as 

d = - 0.33h (3) 

which is exactly twice the value of equa¬ 
tion 2. It is not clear from (13) how many 
filter responses, substrate thicknesses 
or center frequencies were used to de¬ 
termine the experimentally based cor¬ 
rection factor in equation 3. 
Unfortunately, in previous work deal-

2.1 2.2 2.3 2 4 2.5 2.6 2.7 2.8 2.9 3.0 3.1 

Frequency (GHz) 

RF Design 

In practice, the actual length of each 
resonator is not exactly a quarter-wave¬ 
length, due to electrical lengthening of 
the resonator by fringe capacitance. Au¬ 
thors have proposed length correction 

Figure 1. S„ (return loss) of filter 
2440200A. Measured center fre¬ 
quency is about 4 percent higher 
than the desired 2440 MHz center 
frequency. 
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5790 %AL r 
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%AL, 
%ALr 

%ALr* 
%ALr* 

X 

T 
F 

BP 
P 
T 
T 
T 
T 
T 
T 
F 

BP 
P 
F 
T 

Ao A, r 

-0.155 16.6 0.60 
-1.75E“3 10.8 0.59 
0.125 3.88 0.15 
0.104 4.68 0.02 

-0.076 14.1 0.72 
-0.162 21.0 0.80 
-0.118 13.9 0.89 
-0.161 15.8 0.87 
-0.268 19.8 0.88 
-0.164 16.6 0.62 
-1.86E'3 10.5 0.61 
0.139 3.17 0.17 

-7.1 4E~3 4.32 0.001 
-1.80E'3 10.1 0.60 
-0.155 15.8 0.59 

2440200A. Despite error in center 

Notes: 
* denotes plot without data points corresponding to CEM-1 substrate 
F = Center Frequency (MHz) BP = Percentage Bandwidth (B/F) 
Lr = Resonator Length (mils) P = Number of Poles 
B = 3 dB Bandwidth (MHz) L = Insertion Loss (dB) 
T = Substrate Thickness (mils) 

Table 1. Linear regression equation (y = A0X + A,) coefficients ana cor¬ 
relation coefficients (r) for the data base of 60 filters. 

frequency, the passband is very 
flat. 

ing with length correction factors, little 
information is available concerning the 
exact design methodology used to de¬ 
termine the uncorrected resonator 
lengths, and therefore it is unknown 
what values of eef)(f) were used in length 
calculations. Therefore, one of the goals 
in this work was to carefully evaluate the 
major parameters for a class of filters 
using an extensive data base of mea¬ 
sured responses. 
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Filter Measured Response S,, 10dB 
Name fc BW A f L Bandwidth 

(MHz) (MHz) (dB) (MHz) (dB) (MHz) 

91450C-42 915 45 20 842/1004 2.6 30 
914100D-42 920 112 20 752/— 4.3 79 
914200A-42 930 184 15 748/— 0.7 134 
244050B-42 2416 82 15 2218/2706 2.6 24 
24401 00D-42 2460 98 25 2270/2646 12.9 98 
400050A-42 3950 160 10 3715/4269 6.2 24 
4000400B-42 3988 523 15 3579/4433 2.4 — 
57901 00C-42 5921 251 10 5669/— 4.6 88 
5790200A-42 5653 223 10 5293/5902 8.5 — 
57901 K2B-42 6036 1332 10 4997/6921 2.8 745 
91450C-42P 903 54 20 820/1006 4.3 37 
914100D-42P 918 114 20 747/— 4.3 85 
914200A-42P 930 174 15 752/— 0.7 125 
244050B-42P 2450 102 15 2231/2714 2.4 34 
24401 00D-42P 2456 101 25 2267/2626 13.7 84 
400050A-42P 3921 146 10 3695/4354 6.7 — 
4000400B-42P 3993 457 15 3614/4450 1.9 97 
57901 00C-42P 5962 346 10 5641/— 5.2 191 
5790200A-42P 5603 275 10 — /5867 8.4 271 
57901 K2B-42P 6060 1323 10 4988/6953 2.0 1277 

Figure 3. Scatter plot of percent 
resonator length error versus 
substrate thickness for 60 filters. 

Table 2. Measured responses of two batches of bandpass filters de¬ 
signed with new resonator length correction factor given by equations 
5 and 6. 

CAD of Microstrip Bandpass 
Filters 
To design a microstrip bandpass filter 

for a specific operating characteristic, it 
is necessary to determine the widths, 
spacings, and lengths of all filter res¬ 
onator pairs and input/output feed lines. 
These dimensions depend on several 
substrate characteristics as well as the 
desired filter response. 
The required parameters for microstrip 
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bandpass filter design are: 

Center Frequency (fc in MHz) 
3 dB pass band bandwidth (BW in MHz) 
Stop Band Attenuation (a in nepers, or A 
in dB) 
Stop Band Frequency (fstop in MHz) 
Characteristic Impedance (Zo in ohms) 
Relative Epsilon (er) of the substrate 
Substrate Thickness (h in mils) 
Conductor Thickness (t in mils) 

The desired transmission response is 
derived from a lowpass prototype re¬ 
sponse. After the desired bandpass re¬ 
sponse is determined, a conversion is 
made to a lowpass prototype response. 
The design procedure is well document¬ 
ed in the literature (i.e. (2)), and comput¬ 
er program implementations for the de¬ 
sign procedures used in this work are 
given in (16). 
The odd and even mode impedance 

values, Z0o and ZOe , for a pair of mi¬ 
crostrip coupled lines can equivalently 
be modeled as the odd and even mode 
impedances for a single microstrip line 
(2,17). These impedances are then 
used to obtain design ratios w/h and s/h. 

Finally, width and length correction fac¬ 
tors are applied to the design ratios, 
which are then multiplied by the sub¬ 
strate height to yield physical dimen¬ 
sions for filter construction. 

Experimental Evaluation of 
Design Equations 
Our original hypothesis was that the 

published design techniques outlined in 
the previous section were robust with re¬ 
spect to dielectric substrate thickness, 
substrate dielectric constant, and filter 
center frequency within the low mi¬ 
crowave frequency regime. This hypoth¬ 
esis was based on the fact that we did 
not find published results which consid¬ 
ered such parameters explicitly in the 
design equations. To test the robust¬ 
ness of bandpass filter design tech¬ 
niques to substrate thickness, dielectric 
constant, center frequency, and pass¬ 
band bandwidth, we fabricated over 100 
microstrip filters with center frequencies 
between 900 MHz and 5800 MHz. The 
filters we tested used between 1 and 5 
poles, and were fabricated using rubilith 
mask and a photoetching procedure 

which produced reliable line widths and 
spacings to within a mil. To ensure ac¬ 
curate fabrication using etching tech¬ 
niques and reproducibility with hand tap¬ 
ing techniques, microstrip line widths 
and spacings exceeded 10 mils for all 
filters. We found that by using careful 
hand taping procedures, it was possible 
to consistently recreate filters within sev¬ 
eral mils of photoetched counterparts. 
The three types of substrate used for 

filter fabrication in this work are listed 
below. 

1) CEM-1 is a substrate supplied by 
Norplex/Oak, Inc. and uses a core of 
cotton linter paper and surface plies of 
woven glass fabric. CEM-1 has typical er 
of 4.7, and is commonly used for inex¬ 
pensive printed circuit board applica¬ 
tions. Recently, it has been used for in¬ 
expensive no-tune microstrip filter de¬ 
sign (18,19). Substrate height of 62 mils 
was used. 

2) Rogers Duroid 6010 PTFE is a 
PTFE-based substrate with er values 
near 10. Heights of 50, 75 and 100 mils 
were used for substrates with nominal er 
= 10.5. 
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Figure 4. Scatter plot of percent 
resonator length error versus 
nominal center frequency for 60 
filters. 

3) Rogers Duroid 6010 PTFE with 
nominal er of 10.8 and h = 100 mils was 
used to study the responses of several 
of the first fifteen bandpass filters devel¬ 
oped in this work. 
Using the design procedure outlined in 

Section 2, fifteen filters were first de¬ 
signed and fabricated with a variety of 
length correction factors. Experiments 
revealed that a length correction factor 
which is independent of frequency re¬ 

sulted in filter resonances which differ 
from desired values by as much as 10 
percent over the 900 MHz to 5800 MHz 
range, depending on the substrate ma¬ 
terial or thickness used. Insertion loss 
values, passband widths, and passband 
shapes of the fabricated filters, however, 
were very close to values predicted by 
published design equations (16). Experi¬ 
mentally observing the length correction 
factor’s frequency dependence led us to 
conduct controlled experiments using a 
variety of frequencies and substrates in 
the low microwave frequency region. 

Sixty filters, with desired center fre¬ 
quencies of 914, 2400, 2440, 4000 and 
5790 MHz and with desired 3 dB pass 
band bandwidths of 50, 100, 200, 400, 
800 and 1200 MHz were developed on 
all three substrates and thicknesses list¬ 
ed above. The correction factor given in 
(3) was used to determine resonator 
lengths for all filters. 
The insertion losses and return losses 

for all fabricated filters were reasonably 
close to desired specifications (insertion 
losses were within a couple dB of theory 
for most filters, and return losses were 

well below 10 dB throughout a large por¬ 
tion of the pass band for all filters). As 
an example, Figures 1 and 2 show the 
return loss (S,,) and transmissivity (S21 ) 
of filter 2440200A, a filter with a desired 
center frequency of 2440 MHz and 200 
MHz 3 dB passband bandwidth, built on 
Rogers Duroid 100 mil substrate with er 
= 10.5. Figures 1 and 2 were measured 
using an HP 8510, and describe the 
characteristics of a filter using resonator 
lengths derived from the correction fac¬ 
tor given by equation 3. The figures, 
which are typical of measured data, 
show that the measured frequency is 
several percent higher than desired. As 
shown subsequently, our work shows 
that equation 3 yields center frequencies 
which are consistently higher than de¬ 
sired, except for filters designed at fre¬ 
quencies above 4 GHz on the 100 mil 
substrate. That is, equation 3 overesti¬ 
mates the length subtraction needed to 
provide resonance at the appropriate 
frequency for a majority of the filters we 
constructed, and under-estimates the 
length subtraction for other filters. The 
next section shows that the appropriate 
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correction is a function of both substrate 
thickness and desired center frequency. 
Other measured parameters, such as 
stopband attenuation and passband 
bandwidth, agree closely with design 
specifications. 
The need for a length correction factor 

which holds for a broad family of filters 
became evident from the actual re¬ 
sponses of a large number of filters de¬ 
veloped using methods described in the 
literature. Our filter data base involved a 
large number of filter responses made 
with a wide variety of resonator lengths 
and substrates which have permittivities 
differing by over a factor of two. From 
the wide range of measured center fre¬ 
quencies for the filters, we found that 
the actual center frequencies of the fil¬ 
ters ranged between -5 percent and 5 
percent of the desired design frequency 
(16). Thus, we strived to develop an ac¬ 
curate length correction factor which 
could be represented as a percentage of 
the uncorrected resonator segment 
length (i.e. Xg/4) for the wide range of 
frequencies, permittivities, and substrate 
thicknesses used in our work. 
A set of sixty filters was built using 

resonator lengths of Lr = Xg/4 with no 
resonator length correction factor. From 
the resulting measured filter responses, 
scatter plots were made using percent¬ 
age center frequency error or percent¬ 
age resonator length error as the depen¬ 
dent variable, and the following filter pa¬ 
rameters were each considered as the 
independent variable: center frequency, 
3 dB bandwidth, percentage bandwidth, 
number of poles, dielectric constant, and 
substrate thickness. From these scatter 
plots, it was possible to see which filter 
design parameters were most acutely 
affected (i.e. were highly correlated with) 
center frequency error. Linear regres¬ 
sion analysis (20) was used to statisti¬ 
cally analyze and quantize the results of 
the new set of filter responses in order 
to determine how the length correction 
factor is affected by various design pa¬ 
rameters. Some design parameters, 
such as the specified stop band attenua¬ 
tion and stop band frequency, were im¬ 
plicitly accounted for by the number of 
poles. The conductor thickness had a 
negligible effect on design dimensions, 
and was therefore not considered. Loss 
tangent and conductor conductivity were 
used only in the calculation of theoreti¬ 
cal insertion loss, and were not consid¬ 
ered as causes for center frequency 
error. Details of the various analyses are 
given in (16). For brevity, only the impor¬ 
tant results are given here. 

Enhanced Resonator Length 
Correction Factor 

Linear regression analysis for one in¬ 
dependent variable was used to find 
correlations between the dependent 
variable and the above mentioned filter 
design parameters. The correlation co¬ 
efficient, r, is an estimate of how well the 
given data is approximated by the re¬ 
gression curve, and is defined in (20). 
For each scatter plot, two graphs were 
made: one with data points correspond¬ 
ing to the center frequencies and dielec¬ 
tric constants, and one with data points 
corresponding to the filter bandwidths. 
These plots allowed us to quickly de¬ 

termine if the independent variable had 
a significant effect on the center fre¬ 
quency accuracy. We used percentage 
differences, rather than absolute differ¬ 
ences, so the operating wavelength or 
frequency did not bias the error statis¬ 
tics. Examples of such plots are given in 
Figures 3 and 4. The linear regression 
equation coefficients and the correlation 
coefficient for Figures 3 and 4 are given 
in Table 1. The far right column of Table 
1 represents the correlation coefficient 
between the filter parameters in 
columns X and Y. Ao and A, denote co¬ 
efficients for the best-fit line through the 
scatter plots, and Y is the dependent 
variable which depends on the indepen¬ 
dent design parameter X under test. 
Previous work has produced length 

correction factors which are dependent 
solely on substrate thickness. Our data 
confirms that the length correction in¬ 
deed depends on substrate thickness. 
Table 1 shows there is a high correlation 
(0.72 < r < 0.89) between %ALr, which 
we call the percent error in resonator 
segment length defined as the percent 
difference between the uncorrected res¬ 
onator length and the actual corrected 
resonator length needed to provide the 
desired center frequency response) and 
T (the substrate thickness). The correla¬ 
tion coefficient decreases slightly to 0.62 
when all filter responses are lumped to¬ 
gether without regard for center frequen¬ 
cy. The scatter plot in Figure 3 shows 
the relationship of substrate thickness to 
resonator length error. It can be seen 
that for smaller values of T, the uncor¬ 
rected length is consistently too large, 
and that this error is largest at the lower 
frequencies. For filters built on T = 100 
mil substrates, however, the error has 
zero mean, and for the highest frequen¬ 
cy tested (5790 MHz), it appears that 
resonator length must be increased over 
the uncorrected length. 
Our data also show that there is a 

high correlation between %ALr and the 
operating frequency F, as indicated by 
Figure 4 and the correlation coefficient 
value of 0.61 in Table 1. Figure 4 shows 
that over a wide range of passband 
bandwidths (i.e. number of poles), there 
is a higher spread of resonator length 
error at higher frequencies. Figure 4 
also shows how the average resonator 
length error is a strong function of the 
center frequency. Thus, we conclude 
that both thickness and the center fre¬ 
quency should be included in a res¬ 
onator length correction factor. In (16), 
we show that %ALr is also weakly affect¬ 
ed by passband bandwidth, as well. This 
can be seen from Table 1, where the 
percentage bandwidth of the filters show 
a correlation of 0.17 with the resonator 
length correction factor needed for prop¬ 
er center frequency operation. 
Having determined that correction fac¬ 

tors are highly correlated (r>0.5) with 
both substrate height (T) and frequency 
(F), we use dual variable linear regres¬ 
sion to determine the best linear fit for 
the data base. The dependent variable 
was %ALr, and the independent vari¬ 
ables were substrate height and desired 
center frequency. From (16), the best 
(minimum mean square error) resonator 
design length was found to be 

Lr = (Xg/4)[1 - %ALr/100] 

= - £- ¿1 - %AL/100l (5) 

where the correction factor %ALr is 
given by 

%ALr = (-1.8352 x10"3)fc

+ (-1.6146 X 10~1)h + 22.627. (6) 

and fc is the desired center frequency in 
MHz and h is the substrate thickness in 
mils. The dual-variable normalized cor¬ 
relation coefficient for equation 6, which 
was found using the entire data base of 
filter responses, is r = 0.75, which is 25 
percent higher than the correlation coef¬ 
ficient calculated 'or the single variable 
linear regression performed on either 
the center frequency or substrate thick¬ 
ness alone. This high value of correla¬ 
tion confirms that the correction factor is 
a function of both center frequency and 
substrate thickness. The standard error 
of estimate is on the order of 2 percent 
for the dual variable regression result in 
equation 6, compared with approximate¬ 
ly 9 percent for each of the single vari-
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able cases. The frequency dependence 
of equation 6 indicates it is necessary to 
decrease the designed resonator length 
as both frequency and substrate thick¬ 
ness decrease. We note that equation 6 
should not be considered valid for de¬ 
signs which use filter parameters much 
different than those considered in this 
study, but it may turn out that similar be¬ 
havior occurs in a broader class of filters 
than those considered here. 
To test the correction factor in equa¬ 

tions 5 and 6, we redesigned 10 filters 
from the original group of 60 using the 
design techniques used earlier, except 
equations 5 and 6 were was used in¬ 
stead of equation 3 to determine cor¬ 
rected resonator segment lengths. The 
10 filters, which were carefully hand 
taped, represented a random sampling 
of the data base that incorporated all 
frequencies, pass band widths, and sub¬ 
strates used in this study. The result 
was a set of filters which exhibited sig¬ 
nificantly less error between desired and 
actual operating frequency as compared 
to the same filters built using standard 
correction factors, although the filters at 
5790 MHz experienced center frequen¬ 
cy errors on the order of ±3 percent, 
even with the new correction factor. 
Table 2 lists the measured responses 

of two separate batches of the 10 filters, 
which were designed using equations 5 
and 6 in a computer program called US-
TRIP4.2 (16). The last 10 filters listed in 
Table 2 were hand taped by a new grad¬ 
uate student in order to verify the re¬ 
peatability of manual fabrication tech¬ 
niques. it can be seen from Table 2 that 
by using equations 5 and 6, the average 
center frequency error is well below 0.5 
percent for filters operating at and below 
4 GHz, as compared to about 5 percent 
frequency error for the original filter data 
base. 

Conclusion 
A microstrip bandpass filter design 

procedure has been developed from 
equations available in the literature. We 
found that filters using previously pub¬ 
lished length correction factors consis¬ 
tently exhibited discrepancies between 
measured and desired center frequency 
over the 900 MHz to 5800 MHz band 
when a variety of substrates were used. 
This work developed an enhanced 
length correction factor based on the 
measured responses of many edge-
coupled Butterworth microstrip filters. 
From the data base of filter responses, 
we performed linear regression to find a 
new length correction factor, equations 

5 and 6, that is a function of both sub¬ 
strate height and desired center fre¬ 
quency. This correction factor improves 
the center frequency performance of mi¬ 
crostrip filters in the low microwave re¬ 
gion. Specifically, the new correction 
factor reduces average center frequency 
error from 5 percent to less than 0.5 per¬ 
cent for several frequencies and sub¬ 
strate types. A PC-based design pro¬ 
gram that uses the enhanced correction 
factor for Butterworth microstrip filter de¬ 
sign has been developed (16) and is 
available from the authors. RF 
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RF featured technology_ 
Limits of Range Calculations 
By Bernard Kasmir 
Alarm Device Manufacturing Co. 

In evaluating the performance of a 
radio system, it is desirable to calculate 
theoretical performance, and then to 
measure performance to verify the theo¬ 
retical values. Operating range, or dis¬ 
tance of reliable communications is an 
important parameter. For Part 15 com¬ 
munications systems, usually operating 
in indoor conditions, we would find that 
the measured operating range is signifi¬ 
cantly poorer than the theoretical val¬ 
ues. 

The theoretical range is calculated by 
the path loss equation: 

PPL = 20 log(F) 
+ 20log(S)-G1 -G2-27.6 (1) 

Where, F = frequency in MHz, S = dis¬ 
tance in meters, and G1,G2 = antenna 
gains of the transmitter and receiver (in 
dB). 
Knowing the allowable path loss, the 

range “S” is calculated. This is calculat¬ 
ed on the basis of path attenuation fol¬ 
lowing a 20 dB/decade slope. This as¬ 
sumption is true with sufficient antenna 
height. However, at short distances 
above ground, studies (1) have found 
that the attenuation slope may be con¬ 
siderably greater. 

In this study, a line-of-sight equation 
consists of a piecewise linear model 
where the slope starts off at 20 
dB/decade until it hits a break point. 
Hereafter the slope becomes 40 
dB/decade. The equations for this model 
are: 

. + 20 log(d/Rb), d < Rb (2) 
Lu - >-b + 40 |Og(d/Rb), d > Rb

, . +25 log(d/Rb), d < Rb
b + 20 + 40 log(d/Rb), d > Rb

In addition, a discontinuity or blockage 
of the signal path not only produces a 
step in signal level, but the attenuation 
slope beyond this point becomes steep¬ 
er. 

Figure 1 shows expected path attenu¬ 
ations both for equation 1 and equation 
2. Equation 1’s path attenuation starts 
and remains at 20dB/decade. Equation 
2’s path attenuation is 20 dB/decade 
until a break point (in this example, 100 
feet). The slope then becomes 40 
dB/decade until the signal encounters a 
blockage (in this example, 10 dB). 
Thereafter, the attenuation continues at 
a slope of 60 dB/decade. Discontinuities 
can occur at any distance. One or more 
discontinuities occur in an indoor instal¬ 
lation. 
The break point, Rb, is dependent 

upon frequency and height of transmitter 
and receiver antennas. For conve¬ 
nience, only the upper bound of equa¬ 
tion 2 is shown on the curve. From this 
equation, note that the lower bound 
starts with 20 dB more attenuation and 
follows a 25 dB/decade curve until the 
break point. 
Table 1 shows some typical attenua¬ 

tions caused by various structural mem¬ 
bers. The actual signal attenuation is 
usually considerably more than the the¬ 
oretical 20 dB/decade. By using the 
chart of Figure 1 as a template, a sys¬ 
tem’s performance can be evaluated 
and compared to the theoretical values. 
A numerical example would be useful: 

The following parameters are given: 
Transmitter power = 100 mW 
Transmitter antenna gain =1* 
Receiver sensitivity = -1 10 dBm 
Receiver antenna gain = 1 * 
Frequency =915 MHz 
‘-isotropic for this example. 

The transmitter field intensity is 

E - (3) 
o 

Where P = transmitter power 
G = antenna gain (1 for this ex¬ 
ample) 
S = distance measured (usually 

3 meters) 

Using these numbers, the field intensi¬ 
ty at 3 meters is: sqrt(30 x 0.1 x 1) x 
1x106/3 = 577,305 uV/m. 
For the receiver, -110 dBm sensitivity 

is 0.69 uV into 50 ohms. The antenna 
factor is: 

AF (numerically) = 9.75/XaG) (4) 

Where G is antenna gain and X = 
300/frequency in MHz. For this example, 
the antenna factor = 29.7. Therefore, the 
receiver sensitivity = 50 ohms sensitivity 
x antenna factor = 20.49 uV/m. 
Using linear interpolation, the field in¬ 

tensity at any distance from a field 
source can be calculated by multiplying 
the field intensity at a defined point by 
the ratio: (source to defined-point dis-
tance/source to desired-point distance). 

If we have a field intensity of 577,305 
uV/meter at 3 meters, and the receiver 
sensitivity is about 20.5 uV/m, then the 
range would be: 577,305 x 3 / 20.5 = 
84,431 meters, or 277,000 feet, or 52.4 
miles. In this example, the maximum at¬ 
tenuation from an anchor point of 10 
feet, (about 3 meters), would be 20 
log(577,305/20.5)=89 dB. The following 
graphs have normalized path attenua¬ 
tion over a range of 85 dB. By scaling 
the Y axis to the path loss value of 88.5 
dB (85 for convenience), we can look at 
the measured value at any distance and 

Rb—4hbhm/X 

Lb= abs(20 log((X2)/8nhbhm)) 

Where: 
hb=height of transmitting antenna 
hm=height of receiving antenna 
d=distance in meters 
X=wavelength in meters 
Rb=breakpoint in the bound 
Lb=upper bound 
Li=lower bound 

Structure 
a) Through window in brick wall 
b) Through metal frame in glass wall 
c) Through metal frame, glass wall into bldg 
d) Through office wall 
e) Through metal door in office wall 
f) Through cinderblock wall 
g) Through metal door in brick wall 
h) Through brick wall next to metal door 

Attenuation 
2 dB 
0 dB 
6 dB 
6 dB 
6 dB 
4 dB 
12.4 dB 
3 dB 

RF Design 

Table 1. Attenuations caused by typical structures. 
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When you're 
chances are you 

From cellular base stations to automotive 
sensors, from the global positioning system 
to pen-based computers, you'll find 
M/A-COM's components, subsystems and 

systems wherever you find today's most 
^''anced RF and microwave 

technology. 
Since we combine 

proven technological 
expertise with innovative 

high-volume, low-cost 
manufacturing capabilities, M/A-COM is, 
increasingly, the technological partner of 
choice for the world's most competitive 
companies. In fact, we are the only 
independent RF and microwave company 
with both the products you need to 
compete successfully today and the 
technology you'll need to stay in the 
forefront tomorrow. 

silicon 
process. 

We cover the spectrum. 

Our new products and our new semi-
conductor-based design, manufacturing 
and packaging technologies offer customers 
unequalled advantages. 

Our integrated-solutions approach begins with 
predictive, physics-based, computer-integrated model¬ 
ing and design methods that substantially reduce 
development risk, time and expense. Advances such as 
our unique ability to link on-wafer testing with contin¬ 
uous flow manufacturing not only cut production costs 
but also enhance performance and predictability. The 

result is hardware that meets or surpasses 
market requirements, and also complies 

with budget, time-to-market and 
volume considerations. 

M/A-COM's GaAs technology sets 
the industry standard. 

We speak digital. 

Today, we are integrating the worlds of digital and 
microwave technology and creating the 
seamless communications and trans¬ 
portation networks of tomorrow. 

Microwave coaxial 
surface mount connector. 

As applications for wireless 
technology increase, the interface 
between microwave and digital tech¬ 
nology becomes increasingly important. Our digital 
signal processing capabilities transparently link 



out in front, 
'11 get there first. 

with the products and solutions they 
require. At competitive prices. 

At M/A-COM, the changing de¬ 
mands of the marketplace don't 
come as a surprise because our 
R&D initiatives are structured to 
encompass both near term and 
longer range product develop¬ 
ment. In this way, we can 
anticipate change and ensure 
reliable, predictable transitions 
from initial product concept to timely 
delivery. 

Choose your partner. 

The most important technological choices 
and decisions are made in the earliest 
stages of the product development 
process, and demand an understanding 
and awareness of each system and its 
unique technological needs. This is when 
M/A-COM's strengths and experience 
are of greatest benefit to customers. Our 
expertise, our ability to adapt to the 
changing needs of noth commercial and 

Switch, 
Limiter 
and LNA 
integrated 
into a 
common 
medium. 

microwave technology to the digital world. And make 
possible the highly integrated, multifunction solutions 
which will become the standards of the wireless 
industry. 

We're thinking smaller. 

Lower power consumption, reduced size, lessened 
noise, and increased efficiency are all critical attributes 
of today's portable, high-performance products. 
Because we have expertise in areas such as high-speed 
digital signal processing, voice and data compression, 
miniaturization, and end-to-end systems modeling and 
simulation, we can provide the portable marketplace 

government industries, and our commitment to our 
customers make us your best choice as a technology 
partner. A partner you can count on to help you get to 
your destination first. 

But whether you are currently looking for solutions 
designed in at board level or off-the-shelf components, 
vou will benefit from calling us at 1-800-366-2266. In 
Europe: +44 (0344) 869 595. In Asia: +81 (03) 3226-1671. 
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compare that with the theoretical 20 
dB/decade attenuation slope. 

If the desired range of this system 
were 500 feet, from Figure 1, the signal 
margin at 20 dB/decade would be about 
49 dB. This means that the signal level 
is 49 dB higher than the minimum signal 
level for detection. At 40 dB/decade, the 
signal margin would be 38 dB, and at 60 
dB/decade, the signal margin would be 
23 dB. 
This signal margin can be related to 

systems reliability. According to the 
Rayleigh probability distribution model, 
reliability in terms of signal margin can 
be expressed as follows: 

Margin Reliability 
0 50% 
20 90% 
30 99.9% 
40 99.99% 

Figure 2 shows the actual path attenu¬ 
ation measured between two buildings. 
Measurements were made at different 
locations, not necessarily in a straight 
line. As a result, the curve has some 
perturbations. Basically, the curve initial¬ 
ly follows 40 dB/decade, then becomes 
20 dB/decade. After encountering block¬ 
ages in the signal path, the curve finally 
follows a 60 dB/decade slope. At 500 
feet, signal margin is 10 dB. 

Figure 3 shows path attenuation at an¬ 
other industrial site. This time, measure¬ 
ments were essentially made in a straight 
line. Measurements were made from the 
inside of one building, down the street 

Figure 1. Plot of attenuation vs. 
distance for equations 1 and 2, 
with arbitrary breakpoints insert¬ 
ed in equation 2. 
and into the inside of a second building. 
Again, the attenuation initially follows 
about 40 dB/decade. Upon entering the 
second building (at a distance roughly of 
400 feet), the attenuation curve exceeds 
the 60 dB/decade slope. At 500 feet, the 
signal margin is about 22 dB. 

In practice, it is difficult to predict 
break points and attenuation slopes. 
Each site must be surveyed to deter¬ 
mine if there is sufficient signal margin 
at the desired distance. 
One could measure range simply by 

separating the transmitter and receiver 
until the receiver no longer decodes (or 
some defined bit error rate is reached). 
This may be useful in comparing two dif¬ 
ferent systems. If the two systems have 
identical measurment conditions and 
performance criteria, then the system 
with the greatest measured distance 
may be considered the better system. 
However, to simply walk out the sys¬ 

tem until there is no more communica¬ 
tion yields little useful information on the 

system’s performance at any intermedi¬ 
ate position. A “go/no-go” test for maxi¬ 
mum distance tells nothing of perfor¬ 
mance in the range of operation. As 
noted earlier, the only significant mea¬ 
surement is the signal margin at some 
defined distance. 
The moral of this story is that we can¬ 

not use “best case,” theoretical values to 
predict actual operation in a hostile envi¬ 
ronment. The bottom line is that a sur¬ 
vey of the proposed site is required to 
determine if the actual signal margin at 
the maximum distance is acceptable. 
The calculated theoretical range (which 
may be in miles) is not a good predictor 
of performance within the anticipated 
range of operation. 
Not only does the attenuation curve 

deviate from the theoretical 20 
dB/decade, but each obstacle produces 
an attenuation step plus a steeper atten¬ 
uation curve. RF 
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Distance in (pel 
Figure 2. Measured received signal strength along 
path between transmitter inside one building to re¬ 
ceiver in another building. 

Figure 3. Measured normalized signal level along 
straight-line path between transmitter in one build¬ 
ing and receiver in another building. 
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ELECTRICAL SPECIFICATIONS Hr Power 
Components Inc. 

MODEL 
FREQUENCY 
RANGE 
(MHz) 

AMPLITUDE 
BALANCE 
(dB) Max. 

PHASE 
BALANCE 
DEG. Max. 

POWER 
WATTS 
(CW) 

ISOLATION 
(dB) Min. 

MAXIMUM 
VSWR 

INSERTION 
LOSS 

(dB) Max. 

DROP-IN 
STYLE 

CONNECTOR¬ 
STYLE 

R F P-88-108-90-200 

88-108 

±0.3 ±1.5 200 23.0 1.15:1 0.3 205A 305 

R F P-88-108-90-400 ±0.3 ±1.5 400 23.0 1.15:1 0.3 205B 305 

R F P-88- 108-90-800 ±0.3 ±1.5 800 23.0 1.15:1 0.2 205C 305 

RFP-101-501-90-200 
100-500 

±0.6 ±1.5 200 20.0 1.15:1 0.5 205D 305 

RFP-101-501-90-400 ±0.6 ±1.5 400 20.0 1.15:1 0.5 205C 305 

RFP-251-102-90-200 
250-1000 

±0.5 ±1.5 200 20.0 1.15:1 0.5 205D 305 

RFP-251-102-90400 ±0.6 ±1.5 400 20.0 1.15:1 0.5 205C 305 

RFP-201 -401-90-200 

200-400 

±0.5 ±1.5 200 23.0 1.15:1 0.3 202 302 

RFP-201-401-90-400 ±0.5 ±1.5 400 23.0 1.15:1 0.3 203 303 

RFP-201-401-90-800 ±0.5 ±1.5 800 23.0 1.15:1 0.4 204 304 

RFP-401-102-90-200 

400-1000 

±0.5 ±1.5 200 25.0 1.20:1 0.3 201 301 

RFP-401-102-90-400 ±0.5 ±1.5 400 20.0 1.20:1 0.3 203 303 

RFP-401 -102-90-800 ±0.5 ±1.5 800 20.0 1.25:1 0.3 204 304 

RFP-501-102-90-200 

500-1000 

±0.5 ±1.5 200 25.0 1.20:1 0.3 201 301 

RFP-501-102-90-400 ±0.5 ±1.5 400 20.0 1.25:1 0.3 203 303 

RFP-501-102-9O800 ±0.5 ±1.5 800 20.0 1.25:1 0.3 204 304 

RFP-102-202-90-200 
1000-2000 

±0.5 ±1.5 20C 20.0 1.20:1 0.3 201 301 

RFP-102-202-90-400 ±0.5 ±1.5 400 20.0 1.20:1 0.3 203 303 

R F P-202-402-90-200 2000-4000 ±0.5 ±1.5 200 18.0 1.25:1 0.3 201 301 

NOTES 
1. Above data applies with tests performed in properly designed microstrip test fixtures and terminated into 50 ohms. 

2. Precautions should be taken for high power applications at the lead interface to avoid voltage breakdown and arching; conformal coating 
is recommended. 

3. Couplers must lay flat on the mounting surface for good ground plane contact and thermal path. Mechanical relief for eyelet projection 
is necessary. 

4. For power derating, refer to the chart at right. 

5. All dimensions are in inches. 

6. Mechanical tolerance: ±.02", unless otherwise specified. 

7. Lead material: Gold-plated copper per MIL-G-45204, minimum 
length .15". 

8. Package material: Aluminum alloy 6061-T651. 
Drop-in units are treated with clear irridite per MIL-C-5541A 
Type 1, Class 1. 
Connectorized units are painted as per MIL-E-15090, Class 2. 

9. Standard connectors as per outline; other connectors, frequencies 
and configurations are available upon request. Please contact the 
factory for technical support when selecting a coupler for a specific 
application. 



TRÆC AflCROMHVE 
Crystal Controlled Oscillators 
60 MHz-18 GHz Miniature Crystal Controlled Oscillators 
and Oscillator/Multipliers 

ELECTRICAL SPECIFICATIONS (general) 
Frequency set accuracy at room temperature +0 001% 
Frequency stability: +0.003% 
Aging rate: +0 0005% per year 
Power variation with temperature +2 dB 

Power supply +15 VDC (other voltages optional) 
Load VSWR 1 5:1 maximum 
Temperature Range -55 to +85° C (to +125°C 
with degradation) 
Contact factory for other frequencies and/or 
power levels (A 1 watt output series is available ) 

10 MILLIWATTS MINIMUM OUTPUT 

FREQUENCY 
RANGE 

CURRENT 
mA. nom 

at ♦ 15 VOLTS 
PC BOARD MOUNT 
MODEL NUMBER 

MICROSTRIP 
MODEL NUMBER 

BASE PLATE MOUNT 
MODEL NUMBER 

HARMONICS OF CRYSTAL 
OSCILLATOR UP TO 2nd 
HARMONIC OF OUTPUT 

FREQUENCY 

60 - 120 MHz 25 5040 - 1056 5140 - 1057 5040 - 1057 > 30 dBc 

121 - 240 MHz 35 5041 - 1056 5141 - 1057 5041 ■ 1057 > 30 dBc 

241 • 360 MHz 35 5042 ■ 1056 5142 - 1057 5042 - 1057 > 30 dBc 

361 - 720 MHz 50 5043 - 1056 5143 ■ 1057 5043 ■ 1057 > 30 dBc 

721 - 1200 MHz 50 5044 - 1056 5144 1057 5044 ■ 1057 > 30 dBc 

1.2 - 1.7 GHz 60 5044 - 1110 >40 dBc 

1.7 - 2.0 GHz 65 5044 - 1111 > 40 dBc 

2.0 - 2.3 GHz 65 5044 - 1310 > 40 dBc 

2.3 - 2.5 GHz 75 5044 - 1313 > 40 dBc 

2.5 - 4.0 GHz 100 5044 - 1311 > 40 dBc 

4.0 • 6 0 GHz 110 5044 - 1611 > 40 dBc 

6.0 ■ 8.0 GHz 110 5044 ■ 1615 > 40 dBc 

8 0 - 10.0 GHz 120 5045 ■ 1911 > 40 dBc 

10 0 - 12 0 GHz 140 5045 - 1913 > 40 dBc 

12.0 - 18 0 GHz 150 5045 ■ 1240 > 40 dBc 

100 MILLIWATTS MINIMUM OUTPUT 

FREQUENCY 
RANGE 

CURRENT 
mA. nom 

at * 15 VOLTS 
PC. BOARD MOUNT 
MODEL NUMBER 

MICROSTRIP 
MODEL NUMBER 

BASE PLATE MOUNT 
MODEL NUMBER 

HARMONICS OF CRYSTAL 
OSCILLATOR UP TO 2nd 
HARMONIC OF OUTPUT 

FREQUENCY 

60 - 120 MHz 40 5040 - 1086 5140 • 1087 5040 - 1087 > 20 dBc 

121 - 240 MHz 50 5041 - 1066 5141 - 1067 5041 • 1087 > 20 dBc 

241 - 360 MHz 50 5042 - 1086 5142 ■ 1087 5042 - 1067 > 20 dBc 

361 - 720 MHz 70 5043 ■ 1086 5143 ■ 1087 5043 - 1087 > 20 dBc 

721 • 1200 MHz 70 5044 • 1086 5044 - 1087 > 20 dBc 

1.2 • 1.7 GHz 80 5044 - 1120 > 40 dBc 

1.7 - 2.0 GHz 90 5044 - 1121 >40 dBc 

2.0 ■ 2.3 GHz 90 5044 - 1320 > 40 dBc 

2.3 - 2.5 GHz 100 5044 - 1321 > 40 dBc 

AVAILABLE OPTIONS: 
• Gating • Frequency Trim 
• Heater Control • One watt versions are available 

NOTE: Size may vary with options. 
Contact Factory. 

SC Cut Crystal Controlled Oscillators 
These oscillators are similar to those above but offer the advantage of higher stability over temperature 
(2 ppm from -54 to +85'C) and lower phase noise under vibration. See our complete catalog or contact 
our representative or the factory for complete specifications. 

Frequency Power Output Power Out 
Range +10 dBm MIN. +20 dBm MIN. 
(MHz) MODEL NO. MODEL NO. 

60- 120 5091-1000 5092-1000 
121- 240 5091-1001 5092-1001 
241- 360 5091-1003 5092-1003 
361- 720 5091-1004 5092-1004 
721-1200 5091-1005 5092-1005 

Above 1200 MHz contact factory 

Current 180 mA typical at + 25”C 
230 mA typical at -54"C 

250 mA typical at +25’C 
300 mA typical at -54”C 

How to order: Specify model number and exact frequency 

TRAK Microwave Corp. • Dept E3, 4726 Eisenhower • Tampa FL 33634 • Phone 813-884-141 1 • FAX 813-886-2794 • TELEX 52-827 
TRAK Europe • Dept E3, Dunsinane Avenue • Dundee Scotland DD2 3PN • Phone 44-382-83341 1 • FAX 44-382-833599 
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Miniature Coaxial Line Elements 
for Wireless Designs 

Preliminary 

RI Trans Tech 

Features Benefits 

Miniature Size 

High Dielectric Constant 

Rugged Construction 

SMT Configuration 

Tight tf Tolerance 

Long Term Stability 

Low Loss Silver Plating 

Shielded Transmission Line 

Extremely Compact Design 

Circuit Miniaturization 

Eliminate Microphonics 

Automation Compatible 

Repeatability of Design 

Negligible Aging Effects 

High Q, Excellent Solderability 

Minimizes Environmental Effects Trans-Tech introduces extremely small coaxial transmis¬ 
sion line elements for use where circuit miniaturization is 
of utmost importance, such as in cellular telephone, PCS, 
and other wireless products. 

Dimensions and Configurations 

Profile Size Height Width Diameter Radius T1 T2 

Miniature Profile (MP) 

Sub-Miniature Profile 
(SM) 

3 mm 

2 mm 

.120+ .003 

.081 + .003 

.120± .003 

.081 ± .003 

.033 ± .002 

.033 ± .002 

.015 typical 

.015 typical 

.020 

.020 

.040 

.040 

Note: Dimensions are in inches. Tab thickness is 0.020" for both profiles. 

Material Characteristics 
The listed Q values are guaranteed for the lowest 
recommended and highest recommended frequency of 
each profile and material. The Q increases approximately 
as the square-root of increasing frequency. 

Selection Specificaitons 
At any frequency, the approximate length can be 
determined by using the nominal length formula (t) in 
the following table. While the component is manufac¬ 
tured and guaranteed to the selected resonant frequency, 
the formula is given to estimate the length. 

Material 
Dielectric 
Constant Profile 

Electrical Q Factor 

G Low 
Freq. 

G High 
Freq. 

8800 

9000 

38.6 ±2 

90.5 ±2 

MP 
SM 

MP 
SM 

320 
200 

160 
105 

560 
360 

380 
240 

Type Material 

Nominal Length 
Formula 

(in. ± .010") 
Recommended 
Range f0 (MHz) 

Q (k4) Quarter 
Wavelength 

H (X2) Half 
Wavelength 

Q (X4) Quarter 
Wavelength 

H (X2) Half 
Wavelength 

8800 

8800 

9000 

9000 

( = 475/f0(MHz) 

€ = 951/f0(MHz) 

t = 3O940 (MHz) 

Í = 619/f0(MHz) 

1650 to 2500 

3300 to 5000 

620 to 1650 

1240 tO 3300 

Packaging and Delivery consult factory tor details 
For additional technical information on the use, measurement technique, and design equations related to Trans-Tech’s Coaxial Line Elements, see 
Coaxial Transmission Line Elements, Trans-Tech publication #50030170. 

Trans-Tech, Inc., is a subsidiary of Alpha Industries. 
5520 Adamstown Road, Adamstown, MD 21710Tel: (301) 695-9400 Fax: (301) 695-7065 il! Trans Tech 
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HIGH POWER COMBINERS 
Werlatone’s extensive line of broadband high power combiner/dividers span the range of 1.0 to 2000 MHz. Both 
two and four way, as well as n-way power combiners, cover the power range to 20 Kilowatts. Two way combiners 
are available in 0, 180 and 90 degree models. High power models feature external 50 ohm isolation terminations 
and WERLATONE WIDEBAND TECHNOLOGY which assures low loss, high performance, and reliability you can 
count on. 

FREQUENCY INSERTION ISOLATION POWER POWER 
MODEL RANGE MHz LOSS db db WATTS SPLIT 

D1572 1.0-1000 1.0 20 40 4-way 
D1635 2.0-220 0.4 20 200 2-way 
D2500 10-500 0.7 20 400 2-way 
D2599 400-1000 0.5 20 400 16-way 
D2076 1.5-30 0.1 22 3000 2-way 
D1996 20-100 0.3 20 1500 4-way 

An experienced WERLATONE applications engineering team is ready to answer technical questions 
and help with your custom designs. 

WERLATONE INC. • P.O. box 47 rt 22 • brewster, ny 10509 
DECADES AHEAD 

PHONE 914 279 6187 FAX 914 279 7404 
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CRYSTAL OSCILLATORS 
AND THICK FILM HYBRID CUSTOMIZATION 

DESIGNED WITH CMOS, HCMOS, TTL, ECL AND GaAs TECHNOLOGY 

FREQUENCY RANGE FROM 1 Hz TO 1 GHz 

STANDARD FREQUENCIES FROM STOCK TO 4 WEEKS 

CUSTOMIZATION TO CUSTOMER REQUIREMENTS 

TCXO’s & VCXO’s UP TO 200 MHz 

THICK FILM HYBRIDS CUSTOMIZATION & TURNKEY ASSEMBLY 

H HYBRIDS 
IIS INTERNATIONAL, LTD. 

311 NORTH LINDENWOOD DRIVE I OLATHE, KANSAS 66062 
PHONE: (913) 764-6400 • FAX (913) 764-6409 
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25 MHz to 18 GHz—TO-8—Connectorized—Surface Mount 

DROs 
2.0 GHz to 23 GHz—Free Running—AFC—PLO 

CAVITY SOURCES 
750 MHz to 18 GHz—Free Running—PLO—Synthesizers 

MIXERS 
D.C. to 26.5 GHz—TO-8—Connectorized—Microstrip 

Utilizing Magnum’s Mixer/Oscillator Technology 

4575 Cushing Parkway 
Fremont, California 94538 

Telephone: 510/657-9898 
Fax: 510/490-3351 
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OSCILLATEK 
A I DOVER) TECHNOLOGIES COMPANY 

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

14/4 Pin TCXO 
Output Options: 
TC = LSTTL = 1.0 to 90 MHz 
AC = CMOS AC = 1.0 to 90 MHz 
HC = HCMOS =10 to 50 MHz 

Stability Options: 
A16 = ±1.0 PPM 0° to +50°C 1 to 24 MHz 
AB6 = ±2.5 PPM 0° to +50°C 1 to 70 MHz 
A56 = ±5.0 PPM 0° to +50°C 1 to 90 MHz 
D15 = ±10.0 PPM -40° to +85°C 1 to 70 MHz 

B8 Package 

Screening Options:_ 
C = Standard Commercial 
S = Class “B” per MIL-O-55310 

Typical P/N: HC B8 GO A16 C 24.000 MHz 
GO is predetermined 

16 Pin Doublewide DIP TCXO 

Pinouts: 
Pin 1 
Pin 7 
Pin 8 
Pin 14 

Tune 0 to +5V 
Ground 
Output 
+5.0 VDC 

General Specifications: 
Supply Voltage: +5.0 VDC ±5% 
Voltage Stability: <1.0 PPM for ±5% 

Trim Range: >15 PPM 
Tuning Voltage: Oto +5.0 VDC 

Seal: <1 X 10‘ cc/second 

Output Options:_ 
TC = LSTTL = 1.0 to 70MHz 
AC = CMOS AC = 1.0 to 70 MHz 
HC = HCMOS = 1.0 to 50 MHz 

Stability Options: 
B57 = ±0.5 PPM 
B16 = ±1.0 PPM 
D16 = ±1.0 PPM 
DB6 = ±2.5 PPM 

0° to +70°C 1 to 24 MHz 
0° to +70°C 1 to 50 MHz 

-40° to +85°C 1 to 24 MHz 
-40° to +85°C 1 to 50 MHz 

Screening Options:_ 
C = Standard Commercial 
S = Class “B” per MIL-O-55310 

Pinouts 

Pin 6 = Tune0to+5V 
Pin 8 = Ground 
Pin 9 = Output 
Pin 16 = +5.0 VCC 

General Specifications: 
Supply Voltage: +5.0 VDC ±5% 
Voltage Stability: <1 .0 PPM for ±5% 

F4 Package Typical P/N: TC F4 GO D16 S 6.4000 MHz 
GO is predetermined 

Trim Range: 
Tuning Voltage: 

Aging: 

Seal: 

>10 PPM 
0 to +5.0 VDC 

< 2 PPM per year 
<10 PPM per 10 yrs 

<1 X 10 s cc/second 

24 Pin Doublewide DIP TCXO Pinouts 

t 
3ZS‘ 

J_L a 
20 
min llllllllllll I 

020 

.1 0 
■ 
600 

'o 12

o 

24° 13 

Output Options: 
TC = LSTTL 
AC = CMOS AC 
HC = HCMOS 

Stability Options 
B57 = ±0.5 PPM 
B16 = ±1.0 PPM 
BB6 = ±2.5 PPM 
D16 = ±1.0 PPM 
EB6 = ±2.5 PPM 

= 1.0 to 90 MHz 
= 1.0 to 90 MHz 
= 1.0 to 50 MHz 

0° to +70°C 1 to 24 MHz 
0° to +70°C 1 to 50 MHz 
0° to +70°C 1 to 90 MHz 

-40° to +85°C 1 to 26 MHz 
-55° to +85°C 1 to 26 MHz 

PINS ARE 018 DIAMETER 

G2 Package 

Screening Options:_ 
C = Standard Commercial 
S = Class “B" per MIL-O-55310 

Typical P/N: TC G2 GO A16 C 90.000 MHz 
GO is predetermined 

Pin 1 = Gnd, Case 
Pin 3 = Output 
Pin 11 = Resistor Tune 
Pin 12 to 17= Gnd, Case 
Pin 23 = Gnd, Case 
Pin 24 = +5.0 VDC 

General Specifications: 

Supply Voltage: 
Voltage Stability: 

Trim Range: 
Tuning Voltage: 
Tuning Resistor: 

Aging: 

Seal: 

+5.0 VDC ±5% 
<0.25 PPM for ±5% 

>5 PPM 
0 to +5.0 VDC 
2OKÍ2 Pot. 11 to Gnd 

<1 PPM per year 
<5 PPM per 10 yrs 

<1 X 108 cc/second 

CALL FOR OUR 100 PAGE CATALOG FOR MORE OPTIONS 
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HIGH DYNAMIC RANGE 
MIXERS / CONVERTERS / AMPLIFIERS / MULTICOUPLERS 

Modern receiving equipment is subjected to dense and high level RF environments. State of the art solutions 
are required to handle multiple strong signals without masking desired weak signals. LOCUS has developed a 
series of high dynamic range components for such applications in the HF/VHF frequency ranges. 

HDR MIXERS AND CONVERTERS 

LOCUS high dynamic range mixers typically provide an intercept point of +45 dBm which translates to 90 dB 
down products of 0 dBm signals. For frequency ranges of an octave or greater, second-order intermodulation 
products are of concern. The LOCUS mixers provide comparable level rejection of second-order products. Single 
tone (one input signal) mixer spurs are also consistent at typically 90 dB down. 

MODEL TYPE IN (MHz) LO (MHz) OUT (MHz) 

RFC-251 A Image Reject Downconv 8-20 17-19 0.5-10 
RFC-400A Downconv/I&Q Out 160±24 160 dc-12 
RFC-400B Downconv/I&Q Out 70±12 70 dc-6 
RFC-500A Downconv/BB Out 160+6 153 1-13 
RFC-550A Image Reject Downconv 70±5 76 1-11 
RFC-600A Tunable HF Upconv 2-32 52-82 50 
RFC-600B Tunable HF Upconv 2-32 72-102 70 
RFC-650A Image Reject (SSB) Upconv 1-11 76 65-75 

FEED FORWARD AMPLIFIERS 

LOCUS RF-2800 Series Feed Forward Amplifiers provide a 3rd order output intercept of +65 dBm typical, +60 
dBm minimum over the 1 to 88 MHz range with reduced performance to 200 MHz. This is accomplished with 
gains as low as 7 dB, giving input intercepts as high as +58 dBm typical, +53 dBm minimum. 

FREQ. RANGE TYPICAL OUTPUT INTERCEPT POINT 
MODEL/GAIN (MHz) 3rd ORDER (dBm) 2nd ORDER (dBm) 

RF-2801A/16 1-88 +65 +120 
RF-2801B/11 2-30 +65 +120 
RF-2802C/16 1-30 +65 +120 
RF-2810B/16 2-30 +68 +120 

MULTICOUPLERS 

The RF-2800 Series Feedforward Amplifiers are incorporated in various multicoupler configurations that contain 
unique, high level power dividers. LOCUS developed the high dynamic range power dividers to overcome the 
limitations of typical catalog item power dividers when used with the Feedforward Amplifiers. 

Complete converter subsystems are available to provide >90 dB of image rejection, and high dynamic range 
baseband amplification. Anti-aliasing lowpass filtering and group delay equalization for various output 
bandwidths are also available. Passband amplitude ripple/variations are 1 dB maximum for these configurations. 
Units can also be supplied with digital output. 

Kaman Sciences Corporation 
Locus Division 
P.O. Box 740 ■ State College, PA 16804-0740 USA 
(814)466-6275 ■ FAX: (81 4)466-3341_ 
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w cover story_ 

RFIC Chip Set Targets 
900 MHz Transceivers 
By Jeff Ortiz, Sheryl Zavion and Paul Holmes 
Motorola, Inc., Semiconductor Products Sector 

The era of tetherless communications, 
where a person may initiate or receive a 
communication unfettered by wires, is 
just beginning. By the end of 1992, there 
were 21 million cellular subscribers, 
more than 20 million pagers in operation 
and 60-plus million cordless phones 
worldwide. In the United States alone 
there are over eleven million cellular 
subscribers and eleven million pagers in 
operation. In addition, approximately ten 
million cordless telephones are pur¬ 
chased annually. 

The Personal Communicator, as de¬ 
scribed by A.D. Little’s 1990 study 

on Personal Communication Services, is 
rapidly becoming a reality. This system 
will allow a person to place or receive a 
call at home, the office, a shopping cen¬ 
ter, restaurant, or in the next city or state 
with a handset cost of under $100. This 
and subsequent market studies have 
found that almost 50 million U.S. house¬ 
holds would subscribe to such a system. 
Similar opportunities for tetherless com¬ 
munications exist worldwide, where the 
next generation cordless systems such 
as cordless telephony (CT1), Telepoint 
(CT2, CT2-Plus), PCN, Japan Personal 
Handy Phone (JPHP) and wireless PBX 
(DECT, CT2) are being implemented. In 
the U.S., similar services could be of¬ 
fered in the ISM bands under Part 15 
operation using spread spectrum or very 
low power transmission. It is expected 

that by 1994 the direction of PCS in the 
United States will be clearly defined by 
the FCC. 
The system designer has a daunting 

task in meeting his customers’ (the end 
users’) expectations for the performance 
of these new generation wireless sys¬ 
tems. The criteria are small size and 
weight of the handset, long talk time, 
landline quality voice reception, and low 
cost. At the system design level, this 
means high integration levels, minimal 
number of batteries, low current drain, downconverter. 

Chip Set Requirements 
Customer Expectations 

End User 
Small size & weight 

Systems Designer 
High Level of Integration 
Chip Compatibility 
Low Voltage 

Solutions 

Long talk time 

Landline quality 

High device efficiency 
Long battery life 
Functions which meet 
requirements 

Low Cost Inexpensive but easy 
to use. Flexibility across 
platforms 

RFICs 
Partitioned for ease of 
integration, 3V or less 
designs 
High efficiency functions 
Standby mode 
Functions which meet 
system requirements 
Performance over tem¬ 
perature 
Lowest cost circuit 
technology. Meet 
several platform require¬ 
ments. On-chip system 
functions. Plastic sur¬ 
face mount packages 

Parameter MIN TYP MAX UNITS 

Supply Voltage 2.7 3.0 5.0 V 

RF Frequency 500 1000 MHz 

IF Output Frequency 0 (DC) 250 MHz 

@3V, 900 MHz, 25 °C: 

Supply Current 

On-Mode 4.7 5.5 mA 

Off-Mode (Enable < 1.0 V) 0.1 2.0 pA 

Conversion Gain 20 23 26 dB 

SSB Noise Figure 5.5 dB 

Third Order Intercept (Input) -26 -22.5 dBm 

Poul , 1 dB Compression -10 dBm 

LO Drive Level -10 dBm 

Table 1. Generic RFIC front end requirements. Table 2. MRFIC2001 performance parameters. 
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Richardson Electronics is Your 
Global Partner in RF Technology 
Offering solutions to customer problems for 
more than 40 years, Richardson Electronics, 
Ltd. has grown into one of the world’s 
premier suppliers of RF devices. 

This Month’s Feature 

Richardson Electronics is now 
your source for coaxial 
connectors from the world’s 
largest manufacturer— 
Amphenol®. A comprehensive 
inventory of Amphenol cable 
connectors, receptacles, 
adapters, terminations and 
accessories are available 
off-the-shelf from Richardson. 

• Technical Expertise 
• Experience 
• Inventory 
• Market Knowledge 
• Supplier Literature f 7 

Our industry-leading RF 
suppliers ... 

^7 SGS-THOMSON 

AmphenoT 

EF JOHNSON 

PHILIPS 

RF PRODUCTS 

U.S. 
CANADA 

U.K. 
FRANCE 

ITALY 
SPAIN 

GERMANY 
JAPAN 

SINGAPORE 

(800) RF POWER 
(800) 348-5580 
(0522) 543631 
(1) 34-26-4000 
(055) 420-10-30 
(1)528-37-00 
(089) 80-02-13-1 
(3) 3874-9933 
(65) 298-4974 

Committed to the RF Market— 
zk Richardson 
vp* Electronics, Ltd. 

40W267 Keslinger Road 
LaFox, Illinois 60147 
(708) 208-2200 

Latin America and other international inquiries, contact Corporate Headquarters at (708) 208-2200 
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Parameter MIN TYP MAX UNITS 

Supply Voltage 2.7 3.0 5.0 V 

RF Frequency 500 1000 MHz 

IF Input Frequency 0 (DC) 250 MHz 

@3V, 900 MHz, 25 °C: 

Supply Current 

On-Mode (Enable > 2.0 V) 5.5 7.0 mA 

Off-Mode (Enable < 1.0 V) 0.1 2.0 pA 

Conversion Gain (IF Matched) 8 10 12 dB 

SSB Noise Figure 10 dB 

Poul , 1 dB Compression -18 dBm 

P^, Saturated -16 -14 dBm 

LO Drive Level -10 dBm 

Parameter MIN TYP MAX UNITS 

Supply Voltage 2.7 3.0 4.0 V 

RF Frequency 800 1000 MHz 

@3V, 900 MHz, 25 °C: 

Supply Current, 

TX EN High, RX EN Low 11 13 mA 

Supply Current, 

TX EN Low, RX EN High 0.7 1.5 mA 

Standby Current 700 pA 

Gain Control Range 34 dB 

Gain (Small Signal) 19 21.5 24 dB 

Third Order Intercept (Output) 7.5 dBm 

Pout , 1 dB Compression -4.0 -1 .0 dBm 

Table 3. MRFIC2002 performance parameters. Table 5. MRFIC2004 performance parameters. 

Parameter MIN TYP MAX UNITS 

Supply Voltage 2.8 3.0 6.0 V 

RF Frequency 100 1000 MHz 

@3V, 900 MHz. 25 °C: 

Supply Current 100 pA 

Antenna - Rx Loss 0.5 0.8 dB 

Antenna - Tx Loss 0.8 1.0 dB 

Isolation - Rx 17 20 dB 

Isolation -TX 19 23 dB 

Pout , 1 dB Compression 21 dBm 

Parameter MIN TYP MAX UNITS 

Supply Voltage 2.7 3.0 4.0 V 

RF Frequency 500 1000 MHz 

@3V, 900 MHz, 25 °C: 

Supply Current - Total 46 50 mA 

Gain (Small Signal) 19 23 26 dB 

Pout , 1 dB Compression +12 +15.5 dBm 

Third Order Intercept +25 dBm 

Table 4. MRFIC2003 performance parameters. Table 6. MRFIC2006 performance parameters. 

long battery life, functional performance 
meeting or exceeding the requirements 
of the new wireless systems’ specifica¬ 
tions and, finally, inexpensive but easy-
to-use chip sets. The chip sets should 
also be flexible enough to use in several 
platforms. Table 1 translates what cus¬ 
tomer expectations and system design 
requirements mean at the RF device 
level. 
The first systems to be introduced are 

in the 800 MHz to 1000 MHz frequency 
spectrum — generically referred to as 
900 MHz. At the same time, new digital 
cellular systems are being implemented 
in Europe (GSM), Asia (GSM and 
TDMA/FDD), Japan (JDC) and North 

America (TDMA/ FDD, CDMA) in the 
same frequency band. 

A System Solution 
Previously, a 900 MHz transceiver 

front end was dominated by discrete 
transistors, passive elements and a few 
general purpose MMICs tied together 
with minimal integration. As a result, the 
system’s designer had to perform signifi¬ 
cant RF matching analysis among dis¬ 
parate components. It is difficult to opti¬ 
mize system performance versus board 

Figure 3. Noise figure vs. RF fre¬ 
quency — MRFIC2001 downcon¬ 
verter. 

layout and size. The discrete component 
solution also increases the number of 
devices and solder joints, creating the 
potential for reduced reliability. 
The MRFIC200X chip set provides the 

RF system designer with a complete 
CT2 front end requiring minimal filtering 
and off-chip interface circuitry. In de¬ 
signing the chip set, a systems ap¬ 
proach was taken in partitioning the re¬ 
ceive and transmit functions to provide 
for ease of insertion and device compat¬ 
ibility. Additional user features such as 
adjustable bias current, receive and 
transmit enable and a selectable trans¬ 
mit ramp function are provided through 
on-chip system functions. The chip set, 
consisting of an antenna switch, down-

Figure 5. Pout vs. IF input power — 
MRFIC2002 upconverter. 
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Figure 6. MRFIC2003 antenna 
switch. 

converter, upconverter, driver/ramp/in-
verter and power amplifier, is shown in 
Figure 1. While designed as a complete 
chip set for the CT2 application, parti¬ 
tioning of the functions makes these de¬ 
vices usable in CT1 , GSM and ISM sys¬ 
tem designs as well. 
Each device is designed for 3 volt op¬ 

eration and supports the system desire 
for smaller and lighter handsets. All the 
devices except the driver/ramp/inverter 
and the power amplifier are usable up to 
5 volts, allowing for design flexibility in 
many 900 MHz systems. Since longer 
battery life is necessary to provide more 
talk time for the user, the power down 

Figure 7. RF1 to RF3 insertion 
loss vs. frequency — MRFIC2003 
antenna switch. 

standby mode keeps the “not-in-use” 
current drain to microamps. Design 
utilization has also been simplified 
by having single-ended inputs and 
outputs on the devices, which require 
no off-chip baluns. Application flexibility 
is provided by external LO and IF 
matching. 
Since the systems for which this chip 

set is intended are under significant 
pressure to provide excellent perfor¬ 
mance while keeping costs to a mini¬ 
mum, all devices except the antenna 

Figure 8. MRFIC2004 driver, ramp 
and inverter. 

switch are fabricated in a high volume, 
high performance silicon process known 
as MOSAIC™ 3. The antenna switch is 
built in Motorola’s fully qualified Gallium 
Arsenide wafer fab which has been built 
and is operated to silicon production 
standards. Each device is packaged in 
plastic SOIC packages (8 or 16 pin) at 
one of Motorola’s high volume manufac¬ 
turing sites. 

900 MHz Downconverter 
The MRFIC2001, shown in Figure 2, 

is a double-balanced mixer design with 
single-ended inputs, requiring no filter-

ra TEMEX ELECTRONICS 
3030 W. Deer Valley Road Phoenix, AZ 85027 (602) 780-1995 FAX: (602) 780-2431 
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The 9300 series: 
designed for 

out-of-this-world 
projects with 
down-to-earth 

budgets. 

The Quartz Crystal Oscillator 
is a vital component of all 

spacecraft computer clocks, fre¬ 
quency reference devices and 
communication sources. In the 
world of Lightsats, size and 
weight are important factors. Of 
course, you've also got to con¬ 
sider reliability, aging, and power 

Figure 9. Ramp rise and fall time 
— MRFIC2004 driver, ramp and 
inverter. 

Figure 10. Small signal gain vs. 
RF frequency — MRFIC2004 dri¬ 
ver, ramp and inverter. 

requirements. 
But all other 
things be- 4 

ing equal, 
wouldn't 
you want 
a smaller, 
lighter unit? 

Meet the FTS 9300 series. 
With performance that matches 
or exceeds much larger units, 
very high reliability, low fre¬ 
quency aging, and medium D.C. 

ing between the LNA and the mixer. The 
internal matching of the RF port reduces 
board space and minimizes design con¬ 
siderations. 
To keep current drain to a minimum 

the device has a logic controlled power 
down with an off-mode current drain of 
less than 2 microamps. A tradeoff has 
also been made between operating cur¬ 
rent and linearity (third order intercept 
point) to further reduce current drain. 
The downconverter design allows for 

a very broad RF frequency range of 500 
MHz to 1000 MHz and a wide IF (DC to 
250 MHz) which makes the device use¬ 
ful in many of the developing 900 MHz 
systems. Noise figure results over fre¬ 
quency are shown in Figure 3. 

power require¬ 
ments. they 
meet every 
criteria for 
Lightsat. 
But the 

FTS 9300 
series is smaller 

(as little as 6 cubic inches) and 
lighter (as little as 5 ounces). 

Now, you’d expect a tech¬ 
nological advance in size and 
weight reduction like this to cost 
you more. But you’re in for a big 
surprise. One of the nicest little 
features of the new 9300 series is 
that you'll pay less! 

Want to find out more? 
Send for our free new brochure 
on the FTS 9300 series. 
IlIfíliFTS /©AUSTRON 
frequency and time systems, inc. 
a DATUM company 
34 Tozer Road, Beverly, MA 01915-5510 
Tel (508) 922- 1523 Fax (508) 927-4099 

900 MHz 
Upconverter 
Like the down converter, the 

MRFIC2002 (Figure 4), employs a dou¬ 
ble balanced mixer with single-ended in¬ 
puts. The on-chip matching of the RF 
port reduces board space and mini¬ 
mizes the design interface issues. 
This device also minimizes current 

drain by a TTL/CMOS logic controlled 
power down through the “Enabled” pin. 
In the off-mode, current drain is less 
than 2 microamps. The mixer circuit pro¬ 
vides conversion gain of 10 dB. When 
the IF port is properly matched to the 
system IF, the mixer’s high gain elimi¬ 
nates the need for an input buffer amp 
between the modulator and the mixer. 
Figure 5 charts power output as a func¬ 
tion of the IF input power. 
To save current further in various 

TDD/TDMA systems, a second method 
of enabling/disabling the MRFIC2002 is 
provided. In this method the device is 
triggered from a ramp provided by the 
MRFIC2004, which will be discussed 
later. This method is more desirable as 
it allows the MRFIC2002 to remain off 
during guard band times as well as dur¬ 
ing idle mode. As with the downconvert-

Figure 11. MRFIC2006 integrated 
power amplifier. 

er, the upconverter handles a very 
broad RF frequency range of 500 MHz 
to 1000 MHz and a wide IF (DC to 250 
MHz). 

900 MHz Antenna Switch 
The MRFIC2003, shown in Figure 6, 

is a UHF Gallium Arsenide antenna 
switch capable of operating between 
100 and 1000 MHz. The circuit utilizes 
MAFET™ (Motorola Advanced FET) de¬ 
vices which provide the system designer 
with high isolation and low loss. The 
need for a negative supply is alleviated 
by an on-board capacitor. 
The excellent capability of GaAs to 

provide good isolation between the re¬ 
ceive and the transmit functions as well 
as to limit signal loss is shown in Table 
4. Typical isolation is 20 dB for the re¬ 
ceive path and 23 dB for the transmit. 
Receive path loss is 0.5 dB typical and 
the transmit path oss is 0.8 dB typical, 
both at 900 MHz. Receive path and 
transmit path loss oudgets over frequen¬ 
cy are shown in Figure 7. 

Switching is handled with TTL/CMOS 
inputs: “Receive Path Enable” and “Re¬ 
ceive Path Not Enable”, requiring no off-
chip interface. Since the switch is de¬ 
signed for applications in low power sys¬ 
tems, the power handling was targeted 
at 50 mW (17 dBm) or less to minimize 
chip size and therefore cost. 
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Figure 13. MRFIC2006 gain vs. frequency. Figure 15. Output return loss vs. frequency. 

900 MHz Driver, Ramp & Inverter 
The new Time Division Duplex (TDD) 

wireless systems now being introduced 
require envelope shaping of the transmit 
burst to reduce spectral splatter. The 
MRFIC2004, shown in Figure 8, has a 
ramp function controlled by a user-se¬ 
lected capacitor connected between the 
two leads as shown. Figure 9 shows an 
example of the ramp voltage profile for 
the CT2 application. The driver, ramp 
and inverter can also perform the ramp¬ 
ing fúnction in GSM systems. 
The device contains an on-chip invert¬ 

er function to control the antenna switch 
and upconverter, eliminating the need 
for the system designer to worry about 
these interface issues. The 34 dB of 
gain control provides a method to trim 
the PA output power and realize the 
CT2 low power mode. Gain over fre¬ 
quency as a function of gain control volt¬ 
age is charted in Figure 10. To extend 
battery life, the standby current in the 
power down mode is 700 uA. The 
MRFIC2004 is usable from 800 MHz to 
1 GHz. 

900 MHz Integrated Power 
Amplifier 
The MRFIC2006 in Figure 11 is a low 

cost, low power integrated 2-stage PA 
with 50 ohm input and output. Intended 
for low power systems such as CT2, 
CT2-PIUS, CT1 and the U.S. ISM spread 
spectrum applications, the PA has a typ¬ 

ical power output at 1 dB compression 
of 35.5 mW (15.5 dBm). 
The bias pin feature allows the system 

designer to operate the amplifier in ei¬ 
ther class A or class AB by externally 
adjusting the bias current. Another ad¬ 
vantage of this bias control is that it 
gives the system designer an easy 
method to set the output power. Table 6 
lists the key performance parameters of 
the device. 
For those systems where transmit 

waveform shaping is required, the 
MRFIC2006 can be ramped by applying 
the ramp voltage from the MRFIC2004 
to the bias pin. Key performance para¬ 
meter plots of interest to the system de¬ 
signer are shown in Figures 12, 13, 14 
and 15. 

Future System Solutions 
900 MHz wireless communications 

systems are the first of the personal 
communication systems to be offered to 
the business and consumer markets. 
Before long, systems in the 1.8 GHz to 
2.0 GHz spectrum (DECT, JPHP, 
USPCS) will be available for in-building 
and pedestrian use. While these sys¬ 
tems will accommodate moderate data 
transmission rates, there is growing in¬ 
terest in the 2.4 GHz to 2.6 GHz spec¬ 
trum for high speed wireless local data 
transmission. These higher frequency 
applications will have the same user ex¬ 
pectations as the 900 MHz systems — 

VCXO's 
CRYSTAL CLOCK OSCILLATORS 

CMOS, ECL, TTL 
FREQUENCY RANGE 

TO 300 MHz 

OPTIONS: 

■ Pullability 
■ Control Voltage 
■ Linearity 
■ Accuracy and Temp. Stability 
■ S.M.D. and Other Packages 

H HYBRIDS IIS INTERNATIONAL. LTD. 
311 N. LINDENWOOD DRIVE/OLATHE, KS 66062 
PHONE: (913) 764-6400 • FAX (91 3) 764-6409 
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small form factors, long talk time, high 
quality connections, and low cost. These 
expectations result in the same system 
requirements at 2 GHz as at 900 MHz 
— high efficiency functions, low cost, 
quick design turnaround, high function¬ 
ality, low voltage. 
Motorola Semiconductors is prepared 

to support these requirements with a 
higher frequency bipolar process (MO¬ 

SAIC 5), the GaAs MAFET process and 
an advanced BiCMOS process. Both 
MOSAIC 5 and the BiCMOS processes 
offer increased Ft and more gain with 
fewer parasitics. Device sizes will be 
one-quarter smaller resulting in a die 
shrink of 50 percent. This all results in 
the desired performance attributes of 
the systems designers — higher fre¬ 
quency, more gain and lower noise. 

Synthesized 
Generators 

Function 
Direct Digital Synthesis is 
a powerful new concept for 
function generators, deliver¬ 
ing synthesized accuracy 
and resolution, clean output 
waveforms and seamless 
frequency sweeps. 

These three high perfor¬ 
mance instruments use 
DDS technology to provide 
a range of features, such as 
standard waveforms (sine, 
square, triangle ramp), built-
in modulation, and arbitrary 
waveforms, making them 
suitable for a variety of 
benchtop and ATE 
applications. 

Outstanding performance. 
Unsurpassed Value. 

The advent of Type II PCMCIA cards 
containing complete 2 GHz radios will 
require more sophisticated low cost 
packaging. Motorola is developing plas¬ 
tic surface mount packaging with much 
finer lead pitch, a lower height profile 
and much higher frequency characteris¬ 
tics than today’s standard. 

System Summary 
The MRFIC200X chip set from Mo¬ 

torola is a complete 900 MHz front-end 
solution. The chip set was designed ac¬ 
cording to market demands for short de¬ 
sign cycles, small size and weight, long 
talk time, high quality voice reception 
and low cost. This chip set will allow de¬ 
signers to design for today’s communi¬ 
cation systems as well as the systems 
of tomorrow. 
For more information about this prod¬ 

uct, circle info/card #75. KF 
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DS335 DS340 DS345 

Maximum Frequency 3.1MHz 15.1 MHz 30.2 MHz 
Frequency Resolution 1 pHz 1 |1Hz 1 pHz 
Output Accuracy ±0.1 dB ±0.1 dB ±0.2 dB 
MaximumOutput 20Vpp(HiZ) 20Vpp(HiZ) 20Vpp(HiZ) 
THD (fo=10 kHz) <0.05% <0.05% <0.10% 
Spurs (fo=l MHz) <-65 dBc <-65 dBc <-55 dBc 
Modulation FSK FSK AM. FM, 

PM. Burst 
Arbitrary Waveforms none 16K points 16K points 
GPIB/RS232 $395 $495 $495 

Price-List) $995 $1595 $2195 

STANFORD RESEARCH SYSTEMS 
1290 D Reamwood Avenue, Sunnyvale, CA 94089 
TEL (408)744-9040 FAX 4087449049 
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products 
Ultra-Small 2.4 GHz Power 
Amplifier 
Teledyne Microwave has intro¬ 

duced the TAE-1010A, a new 
GaAs MMIC amplifier that covers 
the “license-free” 2.4 GHz band. 
A class AB amplifier, this product 
offers designers of wireless com¬ 
munication systems a versatile 
solution for applications such as 
LANs, point-of-sale and data col¬ 
lection terminals, PBXs and 
mobile computing. The ultra-small 
surface mountable gullwing pack¬ 
age lends itself well to low-cost, 
high-volume manufacturing 
processes. The TAE-1010A pro¬ 
vides +27 dBm of output power 
with 30 dB gain. Third order inter¬ 

modulation distortion is typically 
39 dBm. The typical current con¬ 
sumption is 420 mA at +5 VDC 
(VDD) and less than 25 mA at -5 
VDC (VGG ). In addition, this 
miniature amplifier offers a 
unique benefit of bias flexibility: 
3.3 VDC with 150 mW output and 
30 dB gain, and 7.0 VDC with 1 
W output and 27 dB gain. The 
TAE-1010A is available from 
stock. The amplifier is $150 for 
low quantities, with volume pric¬ 
ing available. 
Teledyne Microwave 
INFO/CARD #250 

Broadband 
Directional 
Couplers 
Two new dual directional cou¬ 

plers introduced by Amplifier 
Research further simplify swept-
frequency testing to match the 
broadband capabilities of Amplifi¬ 
er Research RF power amplifiers. 

150W Transistor 
Specifically designed for use in 

base station power amplifiers in 
digital and dual-mode cellular 
telephone systems, a new class 
AB linear power transistor from 
SGS-Thomson Microelectronics 
provides 150 W PEP output and 
is characterized over an operat¬ 
ing frequency range of 800 to 960 
MHz. Designated SD4590, the 
new device is a common emitter 
silicon NPN planar transistor that 
features internal input/output 
matching, high saturated power 
capability for excellent linearity, 
and long term reliability. The 
SD4590 has 3 dB overdrive 
capability and 5:1 VSWR load 
mismatch capability at rated con¬ 
ditions. In addition, refractory 
gold metallization and diffused 
emitter ballast resistors ensure 

Surface-Mount 
Oscillators 
The EC1100SJ series of J-

lead, plastic, surface-mount crys¬ 
tal oscillators are available in 
both TTL- and HCMOS/TTL-com-
patible designs. Key features of 
the EC1100SJ series include fit, 
form and function equal to the de 
facto industry standard for maxi¬ 
mum design and sourcing flexibil¬ 
ity; delivery lead-time as short as 
eight to 12 weeks (up to 50 MHz); 
“AT” cut crystal, hermetically 

The couplers are matched to 
the bandwidths and power capa¬ 
bilities of AR amplifiers and 
antennas, reducing band switch¬ 
ing to a minimum. Model DC3010 
carries 50 watts continuous 
power and 1000 watts peak 
pulse through the five-decade 
bandwidth of 10 kHz to 1 GHz. 
Model DC6100 has 500 watt con¬ 
tinuous power capability and 
1000 watt peak power capability 
through a bandwidth of 100 MHz 
to 1 GHz. Both couplers have 
typical directivity of 25 dB. The 
coupling factor of Model DC3010 
is 40 ±0.6 dB, while that for 
Model 6100 is 53 ±1 dB. The 
Model 3010 costs $1600; Model 
DC6100 costs $850. Delivery is 
from stock. 
Amplifier Research 
INFO/CARD #249 

low thermal resistance and relia¬ 
bility under class AB operation. 
Minimum power gain is 8.0 dB at 
900 MHz, and maximum inter¬ 
modulation distortion is -28 dBc 
at 150 W PEP. 
SGS-Thomson 
Microelectronics 
INFO/CARD #248 
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sealed in a metal can and encap¬ 
sulated in a molded plastic pack¬ 
age; four “J” leads for excellent 
stress relief when mounted on 
printed circuit boards and com¬ 
patibility with common industry 
solder pad geometries; optional 
tri-state outputs. General specifi¬ 
cations for the series include fre¬ 
quency range of 1.5 - 70.0 MHz, 
operating temperature range of 
-10 to +70 degrees C, operating 
voltage of +5.0 ±10 percent, with 
absolute maximum and minimum 
input voltages of +7.0 V and 
-0.3V, and load drive capability 
of up to 10 TTL or 50 pF. 
Ecliptek Corp. 
INFO/CARD #247 

Autocorrelator 
MX.COM's MX102 low power 

CMOS Autocorrelator extracts 
periodic signals from random 
noise. It eliminates non-periodic 
components and improves signal 
sensitivity. It features a low signal 
level input of 20 mVrms and a 
wide signal frequency range — 
from 2 to 12 kHz. The MX102’s 
operating range of 2.5 to 5.5 volts 
allows it to be used in a variety of 
designs, including 2-cell applica¬ 
tions such as sport radios. Other 
applications include medical 
instruments, sonar detection, 
remote signaling, paging and 
mobile radio. The MX102 cas¬ 
cades two autocorrelators, each 
one improving the signal to noise 

ratio. The signal between these 
two autocorrelators is centered at 
twice the incoming frequency, 
and the output signal is centered 
at four times the incoming signal. 
The output signal delay is fixed 
by the frequency of the on-chip 
clock and the length of the inter¬ 
nal register. The MX102 is avail¬ 
able in 16-pin SOIC and CDIP 
packages. Pricing for the MX 102 
is $9.37 for quantities in the thou¬ 
sands. 
MX.COM, Inc. 
INFO/CARD #246 
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9386 SERIES 
CERAMIC TRIMMER 

CAPACITORS 
■ Snap-in PC or RPC mounting 
■ Flux resistant construction 
■ Auto-tune capability 
■ 7 ranges: 1.5-3 to 12-70 pF 

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

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

INFO/CARD 50 

Low Profile Ultrastable Sinewave TCXO 
Model 5866 measures 1.43 x 1.08 x 0.43" and maintains a 
temperature stability of ±0.2 ppm from 0 to +60°C. The os¬ 
cillator produces a 10 MHz sinewave + 7 dBm output into a 
50 ohm load. Internal mechanical and electrical frequency ad¬ 
just is provided Aging is < 0.5 ppm/year. Typical phase noise 
is -150 dBc/Hz @ 10 kHz. Standard supply voltage is 
12.0 VDC with a supply current of 25.0 mA. Variations to 
Model 5866 are also offered. 

OSCILLATEK 
AI DOVER) TECHNOLOGIES COMPANY 

620 NORTH LINDENWOOD/OLATHE, KANSAS 66062 
FAX (913) 829-3505 • PHONE (913) 829-1777 

Product 
Spotlight: 
Software 
Radio 
Management 
Thomson-CSF has devel¬ 

oped PC-based software and 
systems for administrative data 
management and allocation of 
frequencies as well as technical 
monitoring of transmissions in 
HF, VHF, UHF, and SHF radio 
communications systems. The 
software simulates interference 
patterns between transmitters 
in specific locations, and 
locates optimal positions for 
transmitters. Information on 
operators, licenses, allocated 
frequencies and equipment can 
also be adminstered by the sys¬ 
tem. A family of equipment to 
accompany the software is also 
offered. 
Thomson-CSF Inc. 
INFO/CARD #245 

Distributed 
Filters 
A complete set of distributed 

structures can be designed with 
=M/FILTER= by Eagleware. Fil¬ 
ters in microstrip, stripline, coax 
and slabline (machined) can be 
synthesized and simulated. 
Automatic end, bend, tee and 
cross absorbtion is performed 
by =M/FILTER=’s algorithms, 
as is correction for dispersion 
and differential phase velocity. 
Designs can be sent to plotters 
and laser printers, or to HPG or 
DXF files for board fabrication. 
Eagleware Corporation 
INFO/CARD #244 

Transistor 
Modeling 
EEsof is now offering a Tran¬ 

sistor Modeling Service (TMS) 
for customers who need accu¬ 
rate linear and nonlinear mod¬ 
els. TMS provides models for 
medium- and high-power silicon 
and GaAs transistors. These 
models are immediately usable 
with EEsof’s Libra, J-Omega 
and Touchstone circuit simula¬ 
tors. 
EEsof, Inc. 
INFO/CARD #243 

Active Filters 
FilterMaster Active is a PC¬ 

based CAE tool for designing 
and analyzing active RC filters. 
It allows synthesis, “tweaking" 
and graphical display of filter 
response. An interface to Intu-
soft's SPICE simulation system 
allows more complex analyses, 
such as Monte Carlo Analysis. 
Cascaded filter sections are 

modeled such that individual 
sections operate at optimal 
gains. The resulting filter has 
optimal signal/noise ratio and 
avoids any possible over modu¬ 
lation. 
Intusoft 
INFO/CARD #242 

Op Amp SPICE 
Models 
Coml near's PSPICE-compat-

ible models have been upgrad¬ 
ed to include 16 high-speed, 
DC-coupled op amps with -3 
dB bandwidths from 45 MHZ to 
350 MHz. The ultra-low noise, 
wideband CLC425 is among 
the devices modeled. Actual 
transistor models in the signal 
path p'ovide superior high-
fequency simulation. The 
SPICE model disk is free of 
charge. 
Comlinear Corp. 
INFO/CARD #241 

Electromagnetic 
Simulation 
The E3D Electromagnetic 

Simulation and Optimization 
Package consists of an integral 
equation, method of moments 
based electromagnetic simula¬ 
tor, an electromagnetic and cir¬ 
cuit combined simulator, and 
two post processing applica¬ 
tions for circuit parameter dis¬ 
play and for current distribution 
display and animation. The soft¬ 
ware currently runs on PC com¬ 
patibles running Windows 3.1, 
and will soon be available on all 
Windows NT machines and 
Sun SPARCstations. The intro¬ 
ductory price is $17,000, with 
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TECHNICAL BOOKS mJNIMN 
66. Telecommunications Transistors Systems 

Robert G. Winch 
This comprehensive book presents the operating principles, standards and system architectures 
for major telecommunications systems. Included are wireline, microwave digital links, fiber optic 
and mobile radio systems. Additional topics include propagation, signal processing and future 
transmission systems like broadband ISDN. A great reference for engineers and senior techni¬ 
cians, as well as technically-experienced non-engineers. 

MM 

ISBN 0-07-070964-5 McGraw Hill 541 pg. $70 

67. World Satellite TV & Scrambling Methods 
Dr. Frank Baylin, Richard Maddox, John McCormac 
This book provides information for technicians and satellite professionals. The design, 
operation and repair of satellite antennas, feeds, LNBs and receivers/modulators are covered 
in detail. 

ISBN 0-917893-15-8 Baylin Publications 356pg. $40 

World Satellite TV 
Scrambling Methods 

The Technicians' Handbook 
- 2nd Edition 

FUMUTUS tK K«II> UAIHMA KM«*» Mi < OKim 

68. Ku-Band Satellite TV 
Dr. Frank Baylin, Brent Gale, John McCormac 
This book includes a presentation and an explanation for all aspects of Ku-band satellite televi¬ 
sion. A list of manufacturers around the globe is also included. 

Ku-Band 
SATELLITE TV* 
Theory, Installation and Repair 

4th Edition 

ISBN 0-91 7893-1 4-X Baylin Publications 426pg. $30 

69. 1 993 World Satellite Yearly 
Dr. Frank Baylin 
This book provides the information needed to determine the satellite programming available 
and the necessary equipment for receiving satellite. 

ISBN 0-91 7893-1 8-2 Baylin Publications 450pg. $50 

1993 
WORLD SATCLLm YEARLY 

by Or. FRANK BAYUN 

70. Radio Frequency Transistors 
Norm Dye, Helge Granberg 
The design of solid state power and small-signal amplifiers for HJF through UHF is covered thor¬ 
oughly in this excellent practical book. The authors start with a basic understanding of transistor 
specifications and continue with explanations of biasing,matching, combining, CAD and other 
design principles, clearly illustrated with diagrams and photographs. 

Radio Frequency 
Transistors 
Principes and Practical Applicathnts 

ISBN 0-750-69059-3 Butterworth,Hei nman 235pg. $40 

71. Electrostatic Discharge and Electronic Equipment 
Warren Boxleitner 
Subtitled "A Practical Guide to Designing to Prevent ESD Problems," this is an excellent guide to 
ESD prevention and troubleshooting from the circuit and interconnection level to the finished 
product. This book is a "must have" for electronic equipment designers. 

ISBN 0-87942-244-0 IEEE Press I I8pg. $29 



TECHNICAL BOOKS 

72. Spread Spectrum Systems 
Robert C. Dixon 
The classic textbook. on spread spectrum theory and its application to communications. This 
book is essential for every engineer's library, covering direct sequence and frequency hopping, 
plus spread code generation and detection. 

SPREAD SPECTRUM 
SYSTEMS 

ISBN 0-471-88309-3 John Wiley and Sons 422pg. $79 

73. Introduction to Electromagnetic Compatibility 
Clayton R. Paul 
This is the primary textbook in the world of EMC. All of the key concepts are covered in a bal¬ 
anced blend of theory and applications, intended to be both a teaching text for advanced 
undergraduate and graduate engineering courses as well as an indispensable reference for 
working EMC professionals. 

ISBN 0-471 -54927-4 John Wiley and Sons 765pg. $74 

74. ESD from A-Z 
John M. Koyler, Donald E. Watson 
Here is a guide to proven, cost-effective methods for implementation of an ESD control program. 
Both conceptual ESD principles and practical control methods are presented for material han¬ 
dling, packaging and workstations, as well as guidelines for a complete ESD control program. 

ISBN 0-442-00347-1 Van Nostrand Reinhold 290pg. $46 

75. Controlling Radiated Emissions By Design 
Michel Mardiguian 
Every designer engineer should have this book, a thorough yet practical guide to EMC control 
through design. Radiation sources and mechanisms are described in detail, with guidelines for 
dealing with them at the component, board, interconnection and enclosure levels. 

Controlling Radiated 

Emissions by Design 

ISBN 0-442-00949-6 Van Nostrand Reinhold 250pg. $59 

76. High Frequency Measurements and Noise in 
Electronic Circuits 
Douglas C. Smith 
A complete guide to methods and tools for EMC troubleshooting, whether the problem is radia¬ 
tion, ground loops, noise or other type of EMI. The book covers instruments,active and passive 
probes, noncontact measurements and procedures to obtain the best results. 

HIGH FREQUENCY 
MEASUREMENTS 
AND NOISE IN 
ELECTRONIC CIRCUITS 

DOUGLAS C. SMITH 

ISBN 0-442-00636-5 Van Nostrand Reinhold 231 pg. $49 



ffF products continued 
free upgrade to other platforms 
when available. 
Zeland Software, Inc. 
INFO/CARD #240 

S-Parameter 
Plotting 
Motorola has developed the 

Quick S-Parameter Plotting 

Program (QSPLOT) that lets 
the user view S1 1 and S22 on a 
Smith'" Chart plot, and S12 and 
S21 on a scaled polar plot. In 
addition, the user can view 
input and output stability circles, 
fT vs. log frequency and GMAX 
(in dB) vs. log frequency. A 
DOS machine with 1,2M floppy 
drive, mathcoprocessor and 
VGA display is required to run 
the program. The program is 
available fre of charge. Call 
Motorola Literature Distribution 
at: 1-800-441-2447. 

Motorola Semiconductor 
INFO/CARD #239 

CAD for 
Windows 
Optotek has unveiled MMI-

CAD for Windows Version 1.0. 
The Windows 3.1 version takes 
advantage of the memory and 
multitasking capabilities of the 
Windows operating system. 
MMICAD for Windows can ana¬ 
lyze circuits of unlimited com¬ 
plexity with up to 20 ports, and 
8192 frequency or parameter 
points. An extensive library of 
manufacturer’s S-parameter 
data files are included at no 
additional charge. 
Optotek Ltd. 
INFO/CARD #238 

Mixed Signal 
Design 
Analog Workbench/Mixed 

Signal from Cadence provides 
board and system designers 
with an integrated, top-down, 
mixed-level design and simula¬ 
tion environment. The OpenSim 
Backplane, integrated into the 
Analog Workbench/Mixed Sig¬ 
nal system, allows other 
Cadence simulators to operate 
on the same circuit. Analog 
Workbench/Mixed Signal, fea¬ 
turing the OpenSim Backplane, 
is priced at $80,000 (U.S. list). 
Cadence Design Systems, 
Inc. 
INFO/CARD #237 

Choose from 
a world of high 

performance crystal 
packages designed 
for: 

MICROWAVE APPLICATIONS 

From miniature Surface Mount to "World Class" crys¬ 
tals, EG&G's complete line of AT-cut crystals are ideal 
for a variety of microwave, telemetry and satellite 
communications applications. 

When you need ULTRA-LOW aging, high perfor¬ 
mance under rugged conditions or have applications 
requiring precision timing, EG&G's engineering staff 
is available to fill your needs and solve your problems. 

So, give us a call at 1-800-424-0266. (U.S. or Canada) 
No matter what size your applications may be. .. 

our crystals are a perfect fit. 

SEMI¬ 
CONDUCTORS 

Power Amp 
MMICs 

Mitsubishi Electronics America 
now offers ultra-small GaAs 
MMIC power amplifiers which 
operate in the 1.85 to 1.95 GHz 

band. The Mitsubishi MGF7122 
measures 0.232 x 0.488 x 0.068 
inches and can operate at 3.4 or 
5.0 V with power outputs of 22.0 
dBm and 24.0 dBm, respectively. 
Offered in hermetically-sealed, 8-

pin ceramic packages, the 
MGF7122 cost $40 each in quan¬ 
tities of 10. 
Mitsubishi Electronics 
America, 
Electronic Device Group 
INFO/CARD #235 

Plastic PHEMPTs 
Stanford Microdevices has 

released the first in a planned 
family of low-cost, plastic, surface 
mount, Pseudomorphic High 
Electron Mobility Transistors 
(PHEMTs). The SPF-284’s typical 
noise figure is 0.7 dB at 2 GHz 
while supplying 16 dB of gain and 
consuming only 20 mW power. 
The SPF-484 achieves a typical 
noise figure of 0.8 dB at 4 GHz. 
Pricing for the SPF series starts 
at $0.99 in quantities of 10k. 
Stanford Microdevices 
INFO/CARD #236 
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EGzG 
FREQUENCY PRODUCTS 

4914 Gray Road •Cincinnati, Ohio 45232 I In Canada represented by: ELLAM & Assoc. Ltd. 

■IH Phone 513-542-5555 • FAX 513-542-5146 I Phone 613-727-3892 -FAX 613-727-0368 
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LAP-TECH INC. 

FREQUENCY 
CONTROL 
PRODUCTS 

LAP-TECH INC. 
230 SIMPSON AVE. 

BOWMANVILLE, ONTARIO 

CANADA L1C2J3 

TEL: 416-623-4101 

FAX: 416-623-3886 

QUARTZ CRYSTALS 2 - 250 Mhz 
Precision glass encapsulation 
Cold Weld and Resistance weld holders 
Leaded and surface mount styles 
Standard and custom design 

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

• EMERGENCY SERVICE DELIVERY 
• QUALITY 

ISO 9002 pendihg 

INFO/CARD 53 75 



RF/Microwave Prototypes 
Produced at Your Desk! 

Quick Circuit Model 7000 
SYSTEM FOR ENGRAVING, DRILLING, & 
ROUTING PROTOTYPE CIRCUIT BOARDS 

EASY - Works with files from your existing CAD 
package. 

QUICK ■ Most boards can be made in less than an 
hour so projects don’t get delayed. 

FLEXIBLE - FR4, G10, Duroid™, PTFE, and Ceramic 
materials can all be used. 

VERSATILE ■ Analog, Digital, RF, and Microwave boards 
are easily produced. 

NO CHEMICALS ■ Uses no chemicals, so there are no odors or 
disposal problems. 

TUNED CIRCUITS ■ Tuned microwave circuits are easily 
produced and adjusted - at your desk! 

DESIGNED AND MANUFACTURED IN THE USA 

AMERICAN (^^T-Tech, Inc. 
PRICE 5591-B New Peachtree Roan ■ Atlanta GA 30341 
$12.995 TEL (404) 455-0676 FAX (404) 455-0970 
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Bp products 

RF-2800 
Series 
• 1-88 MHz 

• +65 dBm 
0IP3

•+120 dBm 
0IP2

• 4.5 dB Noise 
Figure 

• 16 dB Gain 

• Lower Gains 
Available 

• Quality at 
Low Cost 

P.O. Box 740 
State College, PA 
16804 

High Dynamic Range 
• RF Front-end Systems 
• Antenna Preamplifiers 
• Antenna Multicouplers 
• 2-Tone Test Source Amplifier 

Related HDR Products 
• Mixers/Converters 
• RF Multicouplers 

See the Locus Difference 

■LOCUS, Inc. 
KAMAN 

814-466-6275 FAX 814-466-334 1 

3V MMIC Amps 
California Eastern Laboratories 

announces the availability of four 
new NEC 3 V silicon MMIC ampli¬ 
fiers. The UPC2745 and 
UPC2746 wideband models offer 
bandwidths to 2.7 GHz. The 900 
MHz UPC2747 and UPC2748 
low noise models require as little 
as 5 mA operating current and 
feature up to 19 dB gain and 
noise figures as low as 2.8 dB. 
The devices are available in 6-pin 
mini-mold packages on tape and 
reel. 
California Eastern Laboratories 
INFO/CARD #234 

Power MOSFET 
The F9012 from Polyfet RF 

Devices is a silicon vertical 
DMOS designed for the 850 to 
950 MHz range. The device has 
output power of 10 W at 24 V and 
has excellent high order prod¬ 
ucts. The POLYFET™ process 
uses gold metal for extended life¬ 
time. The transistor comes in an 
AP style package. 
Polyfet RF Devices 
INFO/CARD #233 

MIC Amps 
The MwT-0206-9P2 and MwT-

0206-1 1P2 are 2-6 GHz power 
amplifier stages. The -9P2 has 
+26 dBm output power and 11 dB 
gain at 1 dB compression, while 
the -11 P2 has +30 dBm output 
power and 6 dB gain at 1 dB 
compression. The MwT-0208-
101DG/TC is a 2 to 8 GHz, self¬ 
temperature compensating, 
MMIC gain stage. 
MicroWave Technology 
INFO/CARD #232 

UHF Transistors 
Two dual-gate MOSFETs 

designed for the AGC stages of 
VHF and UHF tuners have been 
released by Philips. The BF908 
operates from a 12V supply, has 
high transfer admittance, low 
input capacitance and superior 
cross-modulation performance. 
The BF904 offers similar perfor¬ 
mance but is designed for tuners 
operating from a 5V supply. 
Philips Semiconductors 
INFO/CARD #231 

DBS Tuner IC 
Anadigics announces the avail¬ 

ability of a 950-1450 MHz direct 
broadcast satellite (DBS) tuner IC 
for digital applications. Designat¬ 
ed the ADC20014 Tuner IC, the 

device offers a low phase noise 
oscillato-, 10 dB noise figure, 5 
dB conversion gain, operation 
from a -5V supply and 16-pin 
SOIC packaging. 
Anadigics 
INFO/CARD #230 

TEST 
EQUIPMENT 

Reflection 
Analyzer 

Marconi’s 6210 Reflection Ana¬ 
lyzer, an add-on for the 6200 
microwave test set family, pro¬ 
vides precision reflection analysis 
for RF and microwave systems 
and components. The unit makes 
measurements across the fre¬ 
quency range of 250 MHz to 26.5 
GHz. Price for the 621 0 upgrade 
is $13,775. 
Marconi Instruments 
INFO/CARD #229 

DDS Signal 
Source 
Novatech Instruments is now 

offering the Model 291 0A, a 
benchtop instrument using direct 
digital synthesis (DDS) to gener¬ 
ate a sinewave signal that is pro¬ 
grammable up to 48 MHz. Output 
frequency and amplitude are set 
with a front panel knob or via 
EIA232 computer interface. The 
291 0A price is $1499 each, and 
delivery is from stock. 
Novatech Instruments, Inc. 
INFO/CARD #228 

Dual Channel 
Synthesizer 
PTS introduces the PTS D620, 

a broadband dual-channel fre¬ 
quency synthesizer. The D620 
contains two fully independent 
high- pe-formance frequency syn¬ 
thesizers, each covering 1 to 620 
MHz, within the space traditionaly 
occupied by a single synthesizer. 
Maximum frequency switching 
time is 20 us. The U.S. list price 
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Radio Links 

is $12,725, including an OCXO 
frequency standard. 
Programmed Test Sources, 
Inc. 
INFO/CARD #227 

Signal 
Generators 
Panasonic Factory Automation 

has introduced a line of signal 
generators which includes the 
VP-81 20A (standard), VP-81 21 A 
(with FM stereo modulator) and 
the VP-8122A (with AM/FM 
stereo modulator). The series 
features high output (+19 dBm) 
over a 10 kHz to 280 MHz band. 
Panasonic Factory Automation 
INFO/CARD #226 

Waveform 
Synthesizer 
Analogic annouces the 

DBS8750, a 16-bit, 400 kHz, 
dual-channel isolated VXI arbi¬ 
trary waveform synthesizer. The 
single-slot, C-size VXI instrument 
generates very accurate standard 
and arbitrary waveforms with 96 
dB spurious free dynamic range 
across its bandwidth. The Ana¬ 
logic DBS8750 VXI arbitrary 
waveform synthesizer is priced at 
$3990. 
Analogic Corp. 
INFO/CARD #225 

Radar Simulator 
ECI Systems and Engineering 

announces production of the ECI 
portable radar simulator (PRS). 
The microprocessor controlled 
simulator uses a solid-state trans¬ 
mitter design, is in a non- ventilat¬ 
ed case, has nonvolatile memory 
and meets MIL-STD-461 for 
EMI/RFI and MIL-STD-810 for 
temperature and transportation 
vibration ruggedness. 
ECI Systems and Engineering 
INFO/CARD #224 

Field Strength 
Meter 
The Digi-Field field strength 

meter's frequency response cov¬ 
ers DC to 12 GHZ, and signal 
strength is displayed on a 3.5 
digit LCD with overranging indica¬ 
tor. Model “A" detects an injected 
100 MHz signal over the power 
range of 150 nW to 3.5 mW, 
model “B" from 2nW to 60 uW. 
Gain is dependent on antenna 
length. The unit is powered with a 
9V battery. Price is $119.95 with 
$4.50 S&H. 

RF Design 

INFO/CARD #223 

CABLES & 
CONNECTORS 

SMT Coaxial 
Connector 

Hirose Electric has introduced 
its H.FL series SMT low-profile 
super-miniature coax connector, 
boasting a mated height of only 
3mm. The H.FL series offers 360 
degree mating orientation and 

operates with less than 1.3 
VSWR from DC to 3 GHz. The 
connector is crimped to the cable 
and a tool is provided for un-mat-
ing the plug and receptacle. Plug 
cable assemblies with connectors 
on both ends of a 66mm cable 
are $6.95 each, recepticles are 
$1.35 each, both in quantities of 
100. 
Hirose Electric 
INFO/CARD #222 

High Power 
Connector 
A blind mate connector capa¬ 

ble of handling up to 950 W at 16 
GHz with axial float of ±.060 inch 
and radial float of ±.020 inch has 
been developed by C.E. Preci¬ 
sion Industries. Low loss and low 

Eliminate leaseline and wireline 
costs 

Aggressively priced with quantity 
discounts available 

Transmitter and receiver links in 
VHF, UHF and 900 MHz are 
designed specifically for high-
performance data transmission 

Utility data system accommodates 
audio inputs (modem tones) or 
TTL-level digital inputs 

RS-232 radio modems available in 
VHF, UHF and spread-spectrum 
(unlicensed) frequencies 

A two-way radio manufacturer for 
more than 30 years 

Aerotron-Repco Sales, Inc. 
1-800-950-5633 

2400 Sand Lake Road 
Orlando, Florida 32809 

Dealer Inquiries Invited 
INFO/CARD 56 

70KHz-200MHz 

OSCILLATORS 
70KHz-200MHz -L-Í-

TCXO, VCXO, TCVCXO 
4MHz-125MHz 

Call or fax TOLL FREE for information 

INTERNATIONAL CRYSTAL MFG. CO., INC. 
P.O. Box 26330 • 729 W. Sheridan • Oklahoma City. OK 73126-0330 • (405) 236-3741 

FAX (405) 235-1904 • Toll Free Phone 1-800 725-1426 • 24 Hour Toll Free Fax 1-800 322-9426 
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continued 

VSWR are inherent in the con¬ 
nector’s design. Versions are 
available to handle 300 W at 26 
GHz. 
C.E. Precision Assemblies 
INFO/CARD #221 

Rotary Joint 
Sage Laboratories has devel¬ 

oped a high performance rotary 
joint, model 351 SP. The joint has 
K-type connectors, 0.5 inch diam¬ 
eter, and length less than 1.1 
inches. The rotary joint provides 
performance to 26.5 GHz, weighs 
0.5 ounces, and handles rotation¬ 
al speeds to 250 rpm. 
Sage Laboratories, Inc. 
INFO/CARD #220 

Mini-UHF Plug 
RF Industries announces the 

availability of its RFU-600-6 Mini-
UHF crimp plug for RG58/U 
cable. It has a gold plated brass 
crimp pin and delrin dielectric. 
The cable crimps to both the pin 
as well as the shield crimping fer¬ 
rule stud. A standard crimping 
tool can be used for installation. 
Dealer price is $1.70 each in 
quantities less than 25. 
RF Industries Ltd. 
INFO/CARD #219 

SIGNAL 
SOURCES 

Phase Locked 
Oscillator 
The CS-312 is one of a series 

of phase-locked oscillators with 
frequencies ranging from low 
MHZ to low GHz. Typical phase 
noise for a 1100 MHz unit is -85 
dBc at 100 Hz, -90 dBc at 1 kHz 
and -95 dBc at 10 kHz offset. 
Some members of the series 
have selectable frequencies via 
TTL inputs. 
Communication Solutions, Inc. 
INFO/CARD #218 

ocxo 
Frequency stability of ±5x10 9 

at temperatures of -55 to +80 
degrees C is offered by an oven 
controlled crystal oscillator from 
Bliley Electric. Designated Bliley 
Type N96B, the oscillator also 
features an aging characteristic 
of 1x10-9/day. Mechanical adjust¬ 
ment is sufficient for a 5 to 10 
year aging cycle. In 100 piece 
quantities, the Bliley N96B crystal 
oscillator is priced at $789. 

Bliley Electric Co. 
INFO/CARD #217 

BiCMOS Oscilla¬ 
tor 
Designed for use with Intel’s 

Pentium microprocessor, Connor-
Winfield's BiCMOS oscillator, 
MPB53R, is available at 60.000 
and 66.666 MHz. Stabilities are 
from ±25 ppm to ±100 ppm. Typi¬ 
cal symmetry is ±1 percent, with 
rise/fall times of 3 ns max. The 
part is available in a tri-state ver¬ 
sion. Prototype quantities of the 
60 MHz version are available at 
$22.50. 
Connor-Winfield Corp. 
INFO/CARD #216 

Low Power Con¬ 
sumption 
Operating from 5 VDC, 

Techtrol Cyclonetics’ XO835 
draws less than 12 mA of current. 
The unit is housed in a 1.50 x 
1.50 x 0.50 inch case. Model 
XO835 is available from 40 to 
120 MHz, with ultra low noise of 
-170 dBc/Hz at 100 kHz, ±.001 
percent stability and +10 dBm 
output power. 
Techtrol Cyclonetics, Inc. 
INFO/CARD #215 

SAW-Stabilized 
Clocks 
RF Monolithics has introduced 

a new line of integrated SAW-
stabilized digital clocks with fre¬ 
quencies from 200 to 700 MHz. 
Called the HC series, the clocks 
feature differential ECLinPS out¬ 
puts, clock jitter typically under 1 
ps rms and clock symmetry better 
than ±5 percent. The HC series is 
packaged in 14-pin metal DIP 
packaging and is priced at $75 
each in small quantities. 
RF Monolithics, Inc. 
INFO/CARD #214 
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SUBSYSTEMS 

Pager Receiver 
A board-level OEM paging data 

receiver from Motorola receives 
and decodes data broadcast over 
existing paging networks. The 
RNet™ Paging Data Receiver 
operates at 138-174 MHz, 435-
480 MHz and 900 MHz. The 
receiver can send data at 1200, 
2400 or 9600 baud via a serial 

RS232 or TTL interface. 
Motorola Wireless Data LAN 
Div. 
INFO/CARD #213 

Switch Filter 
Assembly 
Dynatech has developed a 

high power HF/VHF switch filter 
assembly, integrating a filter and 
solid state PIN diode switch into a 
single package. Passband atten¬ 
uation is typically less than 0.3 
dB, and power handling capability 
is 2 kW. VSWR is held to less 
than 1.3:1. 
Dynatech Microwave 
Technology 
INFO/CARD #212 

Cesium Standard 
A small, lightweight cesium 

standard from Frequency and 
Time Systems offers calibrated 
accuracy of ±3x1 0^ 12 over the 
environment and life of the prod¬ 
uct. The FTS 4040A/RS offers 
remote control and monitoring via 
an RS232 interface. The FTS 
4040A/RS weighs only 45 lbs. 
and measures 17.31 x 17.4 x 
5.22 inches. 
Frequency and Time Systems, 
Inc. 
INFO/CARD #211 

GPS Timing 
Receiver 
The GPS Clock™, Model 100 

Series, is a small, lightweight, L1 
C/A Code, digital GPS timing 
receiver. The GPS Clock offers 
standard 10 MHz output with 
accuracy of 5x10-'2 and a 1 pulse 
per second output with less than 
1 ns jitter. The unit is self con¬ 
tained, but output for computers 
or printers is via an RS-232 port. 
The Model 100 is listed at $2495. 
Stellar GPS Corp. 
INFO/CARD #210 

Direction Finding 
Antennas 
A series of radio direction 

finder antennas offer extended 
frequency coverage to 2 GHz. 
Various models are designed 
for mobi e, transportable or fixed-
site applications. These DF 
antennas are characterized by 
their small size and high sensitivi¬ 
ty. They may be utilized in 
single channel (goniometric) or 
multichannel (interferometric) 
systems. 
Tech Comm, Inc. 
INFO/CARD #209 

Digital Cellular 
Antenna 
The Antenna Specialists have 

announced a version of its ON-
GLASS" cellular vehicular anten¬ 
na designed for use with GSM 
and TACS systems. Model 
APG855.3 has less than 1.9:1 
VSWR over the frequency range 
870 to 960 MHz. Both TNC and 
mini-UHF connectors are avail¬ 
able. 
The Antenna Specialists 
INFO/CARD #208 

SIGNAL 
PROCESSING 
COMPONENTS 

SSB Modulator 
Model SSM 352 from TRM, 

features low conversion loss and 
high sideband suppression for 
single sideband modulation of an 
RF signal at a frequency of 352 
±15 MHz. I and Q baseband 
modulation inputs are DC cou¬ 
pled, providing a frequency range 
of DC to 10 MHz. The SSM 352 
is available with SMA connectors 
or in various flatpack configura¬ 
tions. 
TRM, Inc. 
INFO/CARD #207 

VSB Filters 
A complete line of vestigial 

sideband (VSB) filters from 
Sawtek incorporate NTSC group 
delay pre-distortion. The VSB fil¬ 
ters also provide excellent ampli¬ 
tude, phase and delay linearity, 
and super or stopband rejection. 
The filters are packaged in her¬ 
metically-sealed metal DIP pack¬ 
ages. 
Sawtek, Inc. 
INFO/CARD #206 

August 1993 



Voltage Controlled 
Oscillators 

Po
we

r 
(d
Bm
) 

Tuning Voltage (Volts) Tuning Voltage (Volts) 

MA87CA02300250 (TO-8 and surface mount packaging available) 

Parameter Min Max Units Conditions 

Frequency Range 

Output Power 

Tuning Voltage 

Linearity 

Harmonics 

Phase Noise 

Frequency Drift 

Frequency Pushing 

Frequency Pulling 

Supply Voltage 

Supply Current 

Temperature Range 

2300 

+10 

+2 

+14.5 

-30 

2500 

+13 

+12 

±25 

-25 

-110 

±150 

3 

30 

+15.5 

50 

+70 

MHz 

dBm 

Volts 

% 

dBc 

dBc/Hz 

kHz/°C 

MHz/Volt 

MHz 

Volts 

mA 

°C 

50 Q load, 15 V supply 

Deviation from best fit straight line 

100 kHz offset 

-30 to +70 °C 

+15±5V 

12 dB return loss, all phases 

M/A-COM Voltage Controlled Oscillators are 
suitable for commercial and industrial applications in 
synthesizers, local oscillators, and wherever a 

frequency is needed for signal generation or 
conversion. Oscillators are available in many 

frequency bands between 1 and 10 GHz, 
with bandwidths from 5 to 30 percent. 

M/A-COM, Inc. 
Burlington Semiconductor Operations 
43 South Avenue 
Burlington, MA 01803 

Individual test data and serialization also are 
available, and custom orders are welcome. For more 
information, please call (617) 272-3100 ext. 1756 
FAX (617) 221-3108. hi

hi
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f{F tutorial_ 

Classes of Power Amplification 
By Gary A. Breed 
Editor 

The subject of power amplifier operat¬ 
ing class is not particularly complex 
in concept, but the beginning reader 
should be warned that completing 
an amplifier design for a particular 
class may not be so simple. This tutorial 
covers the basics: the definitions of 
six operating classes that are the most 
commonly used. A few notes are includ¬ 
ed on implementation, but much 
additional reading and study should be 
undertaken to get a better understand¬ 
ing of the complexity of power amplifier 
design. 

The most-often used classes of oper¬ 
ation for power amplifiers are A, AB, 

B, C, D and E. Although other classes 
have been defined and used in some 
applications, they are far less common 
than these. 

Class A 
By definition, class A means that the 

amplifying device (bipolar transistor, 
MOSFET, vacuum tube or other device) 
is conducting at all times. This is usually 
defined as conduction for all 360 de¬ 
grees of the sine wave input. This 
class offers the highest linearity as long 
as the active device operates in the lin¬ 
ear portion of its transfer function, does 
not saturate during any part of the cycle, 
and stays within its power dissipation 
limits. 
The design requirements that must be 

met include proper bias (base, gate or 
grid) to keep the device turned on during 
the entire input voltage swing; some 
type of current limiting (usually a collec¬ 
tor, source or cathode resistor) to keep 
the device from dissipating excessive 
power; and selection of operating volt¬ 
age to maintain performance according 
to device specifications. Temperature 
compensation will be required when the 
amplifying device is operated at a signif¬ 
icant percentage of its power handling 
capacity. 

Class B 
Class B is defined as conduction over 

180 degrees of the input sine wave. The 
typical application of class B is in push-
pull amplifiers, where two devices share 

the total amplification load, each con¬ 
tributing power during one-half of the 
waveform. This class allows convenient 
combining of two devices for higher 
power output, while maintaining general¬ 
ly linear operation during each half of 
the cycle. 
The limitation of class B is that it is not 

sufficiently linear. Amplifying devices do 
not have linear transfer functions over 
180 degrees. There is a transition region 
near the turn-on point that is non-linear 
before the input/output slope becomes 
linear. The effect of this region is 
“crossover distortion,” a bump or step in 
the waveform at the zero crossing 
(where one device stops delivering 
power and the other one takes over). 
For this reason, true class B amplifiers 
are rarely used. 

Class AB 
To overcome the crossover distortion 

problem of class B, the devices are usu¬ 
ally slightly forward-biased to reach the 
edge of the linear region of the transfer 
function. This small bias, which typically 
causes a quiescent current of two to ten 
percent of the total current, moves the 
operating point away from class B, clos¬ 
er to class A — hence the name class 
AB. 
Class AB is also occasionally used 

in single-ended amplifiers. Because 
the device does not draw full current all 
the time, class AB results in greater effi¬ 
ciency than class A. For amplifiers 
which must be reasonably linear, but 
can tolerate some degree of non-lineari¬ 
ty, class AB may be an option for the 
designer. 
The critical design task is identifying 

what tradeoff to make between quies¬ 
cent current (and efficiency) and lineari¬ 
ty. This is usually dictated by the re¬ 
quirements of the modulation applied, 
and the regulations that must be met re¬ 
garding the level of distortion products 
that are generated by the amplifier’s 
non-linearity. 

Class C 
Class is defined as conduction over 

something less than 180 degrees. The 
most common use of class C is in self¬ 

biased amplifier circuits. For example, 
an applied sine wave does not turn on a 
bipolar transistor until its voltage reach¬ 
es the forward voltage of the base-emit¬ 
ter junction. Also, if the emitter is above 
ground due to the presence of a resis¬ 
tor, the input must also overcome the 
voltage drop caused by current through 
this resistor. As a result, the transistor is 
turned on for less than the 180 degrees 
that the input waveform is positive. _ 
Since class C amplifiers behave 

something like an impulse function, they 
are very non-linear; the output waveform 
bears little resemblance to the input. 
However, the device is turned on for 
less time, while delivering the same 
peak power, so its efficiency is higher 
than class A, B or AB. For modulation 
types that do not need linearity (FM, 
PM, CW), or for modulation types that 
are applied at the power amplifier (AM, 
pulse), class C is often the operation 
chosen. The simplicity of self-bias or un¬ 
compensated bias circuits, along with 
the good efficiency, make class C the 
first choice for many designs. 

Class D 
This is the first of two switching-mode 

classes to be discussed. The advantage 
of an ideal switching amplifier is simple 
to explain. Consider a switching device 
connected to a resistive load — when 
the device is off, it draws no current; 
when it is fully on, its resistance is very 

Figure 1. Typical input/output 
transfer function for power ampli¬ 
fier devices. 
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incredible! 

1 watt amplifier family, 10 MHz to 4.2 GHz.. .from $895 
Now is the time to rethink your design decisions—if you 

require up to 1 watt output for low-distortion intermodulation 
testing ... broadband isolation ... flat gain over wide 
bandwidth—or if you need much higher output level from 
your signal/sweep generator or frequency synthesizer— 
you can now specify Mini-Circuits’ new ZHL Series, 
power amplifiers ... from only $895. 

Using ultra-linear Class A design, these state-of-the-art 
amplifiers provide up to 40 dB, flat (±1 .OdB), are 
unconditionally stable, include overvoltage protection, and 
can be connected to any load impedance without 
amplifier damage or oscilation. 
One week delivery ... and, of course, one year guarantee. 

SPECIFICATIONS ZHL-42 ZHL-4240 ZHL-42-W ZHL-424OW 

Frequency, GHz. 07 to 4.2 . 0.7 to 4.2 . 0.01 to 4.2 . 0.01 to 4.2 
Gain, dB min. 30  40  30  40 
Gain Hatness. dB . ±1.0  ±1.5  ±1.5  ±1.5 
Power Out @ 1 dB CP, dBm min ..+29 . +29 . +29' . +29' 
VSWR in/Out, max. 2.5:1  2.5:1  2.5:1  2.5:1 
Noise Figure, dB typ . 10.0 . 4.0 . 80" . 8.0' 
Power Supply, V/ma . +15/690 . +15/700  +15/750  +15/850 
Third Order Intercept, dBm min. 38 . 38   38 
Second Order Intercept, dBm min. ... 48 . 48  48 

3? §
 

Size, in.7 x 3'4 x 2'4 h. .. 7 x 3'4 x 2'4 h. .. 7 x 3'4 x 2'4 h. .. 7 x 3'4 x 2'4 h. 
Price.$895.00  $1395.00  $1095.00  $1495.00 

• + 28dBm, 10MHz to 700MHz, 3500MHz to 4200MHz 
"Below 100MHz increases to 15dB at 10MHz 

finding new ways 
setting higher standa'ds 

CJ Mini-Circuits 
WE ACCEPT AMERICAN EXPRESS ANO VISA 

P.O. Box 3501 66, Brooklyn. New York 11235-0003 (71 8) 934-4500 Fax (71 8) 332-4661 
DfeWbuWon Centers/NORTH AMERICA 800-654-7949. 417-335-5935 Fax 417-335-5945 EUROPE 44-252-835094 Fax 44-252-837010 
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low compared to the load, and it dissi¬ 
pates little power. If the device can 
switch between these two states instan¬ 
taneously, it will allow a great deal of 
power to be transferred to the load, with¬ 
out absorbing (and dissipating) much 
power itself. A perfect switching amplifi¬ 
er would be 100 percent efficient. 
Of course, this is an ideal situation 

that can only be approached in real life. 
At low frequencies, the approach is very 
close; the switching time (rise and fall 
times) is very small compared to the 
total on or off time. However, as the op¬ 
erating frequency increases, limitations 
of the device (junction storage time, 
inter-electrode capacitance) and reac¬ 
tance of the circuit elements prohibit 
near-perfect switching. Fortunately, an 
improvement in efficiency can be ob¬ 
tained without ideal performance. 
Class D has two forms, current-switch¬ 

ing and voltage-switching. For RF ampli¬ 
fication, the current switching type is 
probably most common. It requires a 
square wave input, and rapid charging 
and discharging of the gate capacitance 
of the MOSFET that is usually the ampli¬ 

fying device. Voltage switching can also 
be used in some applications, with the 
advantage that a sine wave can be used 
as the driving signal instead of a square 
wave, as long as the sine wave has suf¬ 
ficient amplitude for complete turn on 
and cutoff of the device. 
Class D is inherently wideband (given 

the rise and fall time limitations), and 
can yield high efficiency amplifiers of 
over a decade in frequency range. The 
complexity of square wave or high level 
sine wave input can deter engineers 
from its use when economy is a consid¬ 
eration, but it is an excellent choice 
when overall efficiency is a major con¬ 
cern. For example, nearly all AM broad¬ 
cast transmitters employ switching am¬ 
plifiers because their efficiency saves a 
considerable amount of money in a re¬ 
duced power bill. 

Class E 
Class E is a particular class of switch¬ 

ing amplifier that can improve efficiency 
over an equivalent class D amplifier. 
Class E uses an output tuned circuit to 
partially compensate for the amplifiers’ 

output capacitance, and as a “flywheel” 
to keep switching voltages and currents 
in proper phase. In some cases, the im¬ 
proved efficiency can be significant, but 
this class is inherently narrow-band, re¬ 
quiring switched circuits for wide fre¬ 
quency coverage. 
Choices of any of these amplifier 

classes are dictated by system require¬ 
ments. Power consumption, modulation 
type, power level, occupied bandwidth 
constraints and cost of manufacturing 
are all major factors to consider. Also, 
power amplifier designers are nearly al¬ 
ways faced with contradictory require¬ 
ments; evaluating the tradeoffs is the 
engineer’s primary design task. RF 

References 
1. N. Dye and H. Granberg, Radio Fre¬ 
quency Transistors, Butterworth-Heine¬ 
mann, 1993, Ch. 4. 
2. D. Fink and D. Christiansen, Electron¬ 
ics Engineers’ Handbook, 3rd Edition, 
McGraw-Hill 1989, Section 13. 
3. Power Amplifier Handbook, Cardiff 
Publishing Co. 1991 (collected articles 
from RF Design). 

Programmable 
Attenuators 

50P076 

Frequency Range 

DC-1000 MHz 

Attenuation Range 

0-127 dB in 1 dB steps 

P50006 

Frequency Range 

10-600 MHz 

Attenuation Rang 

0-63 dB in IdBste 

Indianapolis, Indiana 46237 
317-887-1340 Fax: 317-881-6790 INFO/CARD 60 



GaAs RF POWER AMPLIFIERS 
EXCELLENT LINEARITY FOR 

DIGITAL WIRELESS APPLICATIONS 
• HIGH IP3. SELECT +34, +37, OR +40 dBm 
• SELF-BIASED FOR SINGLE SUPPLY OPERATION 
• 500 MHz TO 2000 MHz FREQUENCY COVERAGE 
• INTERNALLY MATCHED TO 50 OHMS 
• USES RELIABLE, MADE-IN-U.S A. MwT GaAs FETS 

MODEL IP3 
(dBm) 

P-1 dB 
(dBm) 

GAIN 
(dB) 

BIAS 
V/mA 

MPS-202201-71 +34 +22 9 5.0/90 
h 

H 
0^^ 

M PS-202409-85 +37 +24 11 10.0/135 

M PS-202708-85 + 40 +27 11 12.5/170 

MwT Series MPS amplifiers are designed for the power output stages of 
wireless communications systems operating in the numerous application 
bands between 500 MHz and 2 GHz. They feature high third order 
intercepts required for today's digital modulations. The MPS series 
amplifiers are packaged in small gold/ceramic packages that can be soldered 
directly to 50 ohm softboard transmission lines and require only a single bias 
supply. 

Call MwT today for more on Series MPS Amplifiers and other GaAs products 
for your communications applications. 

MicroWave Technology 

MicroWave Technology 
4268 Solar Way 
Fremont, CA 94538 

TEL: 510-651-6700 
FAX: 510-651-2208 

INFO/CARD 'll 



RF design awards 

Program Performs Symbolic 
Circuit Analysis 
By Henry Yiu 
YY Software 

The purpose of the program XFUNC 
is to compute the frequency domain 
transfer function of a circuit in symbolic 
format, given a circuit description netlist 
using linear models. In addition to this 
basic feature, the program provides vari¬ 
ous extras, which will be discussed in 
the following sections. 

Electronic engineers, research scien¬ 
tists, and mathematicians will find 

XFUNC most useful. Most circuit analy¬ 
sis software on the market today, such 
as SPICE, only give a numerical fre¬ 
quency response solution to a given cir¬ 
cuit. But it is sometimes necessary to 
find the frequency response with respect 
to various circuit parameters, and to 
choose component values to optimize 
the performance. The most direct and 
proven way to achieve these goals is to 
generate the mathematical transfer 
function description of the circuit. 
XFUNC saves the engineer’s time and 
tedious efforts by generating the sym¬ 
bolic mathematical transfer function. 
Another important feature of XFUNC, 

when compared to most other circuit 
analysis software, is its ability to use the 
state-space averaging technique to ana¬ 
lyze a switching circuit. Although SPICE 
based programs can calculate transient 
response, they do not provide a fre¬ 
quency response solution to a switching 
circuit. It should be noted that because 
XFUNC is symbol based, it is not de¬ 
signed to handle large circuits. For most 
analog circuit analysis, it is best to break 
up a large circuit into small blocks and 
to analyze each block. 

In addition to circuit analysis, XFUNC 
can be used as a simple tool for symbol¬ 
ic algebra. Besides addition, multiplica¬ 
tion, etc., it can be used as a symbolic 
matrix simplifier and solver. It also gen¬ 
erates plots of the results. 

Requirements 
XFUNC requires an IBM compatible 

with 286 processor or better, at least 
512k bytes of free memory, 1 Meg or 
more of hard drive space, EGA color 
monitor or better and DOS 2.0 or better. 
A mouse and math coprocessor are rec¬ 

ommended but not required. 

Using XFUNC 
Most of XFUNC’s routines can be run 

from either the DOS command line, or 
from the integrated environment that 
XFUNC provides. Several file, data, 
analysis and plotting options are avail¬ 
able. Transforms between the frequen¬ 
cy, S- and Z-domains are possible. 
Under the Plot option, gain-phase, 
Bode, pole-zero, Nyquist, impulse re¬ 
sponse and step response plots are 

available. 
The circuit to be analyzed is described 

in an ASCII file with a .CIR extension. 
Each line of the circuit file contains ei¬ 
ther a circuit component description, the 
type of analysis to be made, the user 
option to control the analysis, or just a 
comment. These lines can be written in 
any order, as long as the list is ended 
with an “.END”. The circuit files use the 
same node numbering scheme em¬ 
ployed by SPICE. Figure 1 shows a lad¬ 
der network netlist being edited by 

Figure 1. Circuit file for a ladder network being edited with XFUNC’s 
built-in editor. 

Figure 2. First five terms of the denominator of the ladder network’s 
transfer function. 
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America’s Filter Specialist since 1956 

PASSIVE BANDPASS FILTERS PASSIVE LOWPASS FILTERS 

• Designs Include: Bessel, 
Butterworth, Chebyshev and 
Elliptical Function • Number 

of Poles: 2 to 6 • Frequency 
Range: 100Hz to 3000MHz • 

Package Styles: PCB, BNC or SMA 
• Guaranteed Shipment: 10 Working Days 
ARO (QTY 1-10) 

Bessel, Butterworth, 
Chebyshev and 

Elliptical Function • Number of 
Poles: 2 to 11 • Frequency Range: 10Hz to 
3000MHz • Package Styles: PCB, BNC or 
SMA • Guaranteed Shipment: 10 Working 
Days ARO (QTY 1-10) 

PASSIVE DIPLEXERS & DUPLEXERS PASSIVE HIGHPASS FILTERS 

Designs Include: Butterworth and Chebyshev 
Types: Contiguous or Noncontiguous 

Passbands • Number 
of Poles: 2 to 6 • Fre¬ 
quency Range: 10kHz 

to 3000MHz • Package 
Styles: SMA • Shipment: 

10 Working Days ARO (QTY 1-10) 

• Designs Include: Bessel, Butterworth, 
Chebyshev and Elliptical Function • Number 
of Poles: 2 to 11 • Frequency Range: 100Hz 
to 3000MHz • Package Styles: PCB, BNC or 
SMA • Guaranteed Shipment: 10 Working 

Days ARO 

(QTY 1-10) 

STANDARD FILTERS $10” 
A few of the features of this new Micro-Miniature series are • <1dB insertion 
loss (LPF) • >40dB stopband rejection • 60dB/octave roll off • 50Q impedance 
• VSWR > 1.7:1 • Hermetically sealed DIP & PCB cases • BNC packages 
available • QC program based on MIL-1-45208 • CAGE CODE 07766 

LOWPASS • DIP Cases, DC to 200MHz BANDPASS • DIP Cases, 10.7MHz to 200MHz 

Model 
No. 

Passband Stopband 
40dB Min@ 

Model 
No. 

Fo - Center 
Freq. 

%BW 
@3dB 1dB Max@ 3dB Nom@ 

DL-5 
DL-10.7 
DL-21.4 
DL-30 
DL-50 
DL-70 
DL-90 
DL-100 
DL-150 
DL-200 

5MHz 
11 MHz 
22MHz 
32MHz 
48MHz 
60MHz 
81 MHz 
98MHz 
140MHz 
190MHz 

6MHz 
14MHz 

24.5MHz 
35MHz 
55MHz 
67MHz 
90MHz 
108MHz 
155MHz 
210MHz 

10MHz 
24MHz 
41MHz 
61 MHz 
90MHz 
117MHz 
157MHz 
189MHz 
300MHz 
390MHz 

DK-10.7-5P 
DK-21.4-5P 
DK-30-5P 
DK-40-5P 
DK-50-5P 
DK-60-5P 
DK-70-5P 
DK-100-5P 
DK-150-5P 
DK-200-5P 

10.7MHz 
21.4MHz 
30.0MHz 
40.0MHz 
50.0MHz 
60.0MHz 
70.0MHz 
100.0MHz 
150.0MHz 
200.0MHz 

5%F0 

5%F0 

5°/oF0 
5°/oF0 
5°/oF0 
5%F0 

5°/oF0 
5%F0 

5%F0
5%F0

Case 484 is 0.4' x 0.8'H x 0.4’H. Case 1212 is 1.2' x 1.2' x 0.5’H. 

Need technical assistance? Call our engineering hot line (310) 445-2793. 
TTE, Incorporated 2251 Barry Avenue West Los Angeles, CA 90064 FAX: (310) 445-2791 TEL: (310) 478-8224 
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S-domain Magnitude Plot 

S-domain Phase Plot 

Frequency (Hz) 

Figure 3. Magnitude and phase plots of the ladder 
network transfer function. 

Figure 4. Nyquist plot of the ladder network transfer 
function. 

XFUNC’s editor. 
The program “analysis.exe” calculates 

the transfer function of the circuit con¬ 
tained in a .CIR file. Selecting “Analysis 
- Go” from the integrated environment’s 

menu executes this program, or it can 
be run from the DOS command line. It 
produces two files, an output file (with a 
.OUT extension) and a data file (with a 
.DAT extension). Figure 2 shows the 

w ^ppr%Ä Hot Off the Press 
The “Grounds” for 
Lightning and EMP 

Protection 

first five terms in a ladder network's S-
domain transfer function, (contained in 
an .OUT file). The rest of the transfer 
function’s terms are outside the editor’s 
window. 
The program “operate.exe” performs 

operations on the .DAT files and plots 
graphs. Once a circuit file has been ana¬ 
lyzed with “analysis.exe” the resulting 
data file can be modified. All arithmetical 
operations can be performed on the 
data file as well as substitutions, fre¬ 
quency to time domain transformations 
and S- to Z-domain transformations. 
The modified data is stored in a .MOD 
file. 

Plotting is also accomplished by “op¬ 
erate.exe". The plots are derived from 
rational functions in S or Z. If any other 
variables are present, they must be re-

86 

A comprehensive hands-on guide to proper grounding 
installation, measurement and maintenance for direct 
lightning strike survival. Over 100 pages with new 
informative “how-to” charts, graphs and pictorials. From 
high rise to mountain top, for radio sites and computer 
LANs, this is a must read book. 
Only $22.95 (includes first class postage). iSMESi 

I.PolyPhaserl ■ 
^CORPORATION ® 

(800)325-7170 ■ (702)782-2511 ■ FAX: (702) 782-4476 
2225 Park Place ■ P.O. Box 9000 ■ Minden, NV 89423-9000 

About the Author 
— — Henry Yiu is 

presently working as 
an Electronics De-
sign Engineer at 
Beckman Instru-
ments, in Brea, Cali¬ 
fornia. He received a 
BSEE degree from 
the University of 

Texas at Austin in 1985 and a MSEE 
degree from the California Institute of 
Technology in 1986. He has experi¬ 
ence in low noise signal conditioners, 
low power circuits, high speed ampli¬ 
fiers, analog and digital ASIC design, 
switching power converters, high 
voltage power supplies, digital signal 
processing and microprocessor 
based instruments, and software de¬ 
velopment and maintenance. 
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Until now no one has produced 
surface mount connectors 
with greater frequency 

Now all of the 
advantages of surface 
mount technology are 
available for applica¬ 
tions that require micro¬ 
wave coaxial connectors 
with frequencies of up 
to 6 GHz. 

Surface mount 
technology offers a 
number of advantages 
over traditional 
through-hole connec¬ 
tors. It reduces the 

Their mated 
height off the board is 
a minute 4.2 millime¬ 
ters. And they use sub¬ 
stantially less PCB real 
estate than standard 
through-hole connec¬ 
tors, which allows for 
denser packaging and 
results in smaller, 
lighter PCBs. 

Despite all of their 
technological advan¬ 
tages, OSMT connec¬ 

required amount of PCB real estate, allowing for 
greater component density. The smaller, lighter connec¬ 
tors resist shock and vibration better. And surface 
mount technology gives OEMs the benefit of improving 
quality and producing a smaller end product. 

But until now, true surface mount connector tech¬ 
nology did not cover the broad spectrum of micro¬ 
wave frequencies. Now we have an interconnect 
solution for every application, in every market. 

The interconnect system 
that eliminates obsolescence. 

tors don't require costly new equipment or placement 
procedures. In fact, they can be installed using standard 
surface mount processes. The connectors are packaged 
to be ESD safe, are 
available in tape and 
reel packaging, and 
are pick and place 
mountable. If you're 
equipped for SMT, 
OSMT won't increase 
your expenses at all. 
In fact, the smaller 

Frequency in GHz (595.5 MHz per div) 

TYPICAL VSWR-OSMT MATED PAIR 

M/A-COM now offers true surface mount coaxial 
connectors that are rated from DC to 6 GHz. They'll 

allow you to handle the widest range of 
applications—now and in the future. 

With M/A-COM Surface 
Mount Technology's intercon¬ 
nect system (OSMT), you can 
count on the smaller PCBs, 
lower profiles, higher relia¬ 
bility, and increased quality 
yields of SMT for all of your 

360°, 
metal-to-
metal outer 
contacts 

microwave applications. The 
products are readily available 

and, most important, their perfor¬ 
mance is always superior to that of 

traditional through-hole connectors._ 
give you 
superior 
RF trans¬ 
mission. 

OSMT microwave coaxial connectors 
have a number of advantages. 

OSMT coaxial connectors are the first and only ones 
to be rated all the way from DC to 6 GHz with a VSWR 
rating of 1.2 @ 2 GHz Max; 1.4 @ 6 GHz Max. 

Our connectors are rated to 100 mating cycles. And 
their full circle metal-to-metal outer contacts give you 
complete, reliable RF transmission. They're also 
durable enough to withstand the high temperatures 
and harsh environment of infrared reflow soldering. 

size, higher quality 
and improved performance of these connectors will 
ultimately lower your installed costs. 

Being first is nothing new. 
M/A-COM developed and produced the first SMA 

and blind mate connectors for the volume market. And 
now M/A-COM is in the vanguard again, with the first 
microwave coaxial connectors that are truly surface 
mounted. 

At M/A-COM, we've made research and develop¬ 
ment efforts a top priority, so we can continue leading 
the way in developing the products you need. And you 
can count on our manufacturing capabilities to produce 
the quantity and the quality you require, no matter how 
innovative the product or demanding the application. 

Whenever your application requires RF or micro¬ 
wave components, make sure they come from the 
world leader. Make sure they come from M/A-COM. 

For more information on the OSMT surface mount 
interconnect system, write to M/A-COM, 140 Fourth 
Avenue, Waltham, MA 02254. Or call 617-890-4750. In 
Europe: +44 (0344) 869 595. In Asia: +81 (03) 3226 1671. 
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placed with numerical values via the 
Data-Modify option. Gain-phase, Bode, 
pole-zero, Nyquist, impulse response 
and step response plots are all avail¬ 
able. Figure 3 is a magnitude/phase plot 
of a ladder network, and Figure 4 is a 
Nyquist plot of the same network. For 
both plots, the values of R, L and C 
were set to 1 using XFUNC's Data-Mod-
ify option. 

To summarize XFUNC’s features: 
User friendly pop-up screen and pull¬ 
down menu interface. 

Calculate AC or DC symbolic transfer 
function. 

Calculate transfer function in S-domain 

for Linear Circuits or Z-domain for 
Switching Circuits. 

Accept resistors, capacitors, inductors, 
dependent sources, ideal opamps, 
and ideal switches. 

Component values can be real num¬ 
bers, symbols, or user defined sym¬ 
bolic expressions. 

Analysis results can be interactively 
modified. 

Frequency domain results can be trans¬ 
formed to time domain via 

Inverse Laplace or Z Transform. 
Transformation between S-domain and 
Z-domain results can be done via For¬ 
ward or Backward Derivatives (Euler 
Transform), Bilinear, or Impulse In¬ 

variant T ransforms. 
Provide Bode, Gain-Phase, Nyquist, 
Pole-zero, Impulse, and Step re¬ 
sponse plots. Plot ranges can be set 
manually or automatically. 

Dynamic array memory allocation avoids 
overflows while minimizing memory 
requirements. 

Supplied with its own ASCII editor. 
Supplied with FASTDUMP utility to plot 
graphs to Epson, IBM Pro, HP Laser¬ 
jet, or disk files. RF 

This program is available on disk from 
the RF Design Software Service - see 
page 96 for ordering information. 
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U lf expo 
EAST October 19-21, 1993 Tampa Convention Center 

RF Expo East showcases real-world engineering problems and solutions. 
Here is a sample of the wide-range of topics in papers now being considered for this fall's show: 
• Personal Communications 
DECT, CT-2, PHP, PCS, PCN, Microcell 

• Data Communications and DSP 
Wireless networks, RF digital signal processing, analog to digital conversions 

• Specialized Design Techniques 
Medical, Automotive,Scientific, Military, Broadcast 

• New Wireless Applications 
Part 15, Spread Spectrum, RF-ID, Factory Automation 

• Cellular and Mobile Radio 
Circuit Design, components, antennas, digital cellular 

• Test, Measurement and Analysis 
Test Methods, CAD/CAE, Analytical Methods 

• Essential RF Circuits 
Oscillators, Amplifiers, RF Power, Mixers, Filters, Synthesizers 

In addition to the complete course schedules of papers and tutorials, RF Design is proud to 
announce the introduction of RF EXPO PLUS: Commercial Space Applications. 
With this program, RF Expo East 1993 adds a special focus area to our already comprehensive 

technical programllncluded will be a three-day engineering track targeting Commercial Space Appli¬ 
cations, with such topics as: 

• LEO Systems • Video Compression 
• INMARSAT • Direct Satellite Broadcast 
• IRIDIUM • Satellite Paging 
• GlOBECOM • Space-Qualified Performance 
• GPS/NAVSTAR • Remote Sensing and Imaging 

In addition, you'll see the latest in RF technology. 
As more than 100 exhibiting companies bring their top engineering and marketing people to talk to 

you about: components, test equipment, system components, transmission line components, systems 
EMC/EMI products, packaging, and RF design-related services. 

Whether you are an experienced RF engineer or an industry newcomer, RF Expo East has some¬ 
thing for you. 

AmmiimI For complete information: 
EIQ n Tn Annual caii: tsooi 525-9154 or 003) 220-0000 

W  Fax: (303) 770-0253 
1 nV Write: RF Expo East, 6300 S. Syracuse Way, #650, I ^y F Englewood, CO 801 11 

October 19-21, 1993 
Tampa Convention Center 
Tampa, Florida 

Sponsored by RF Design magazine 
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25 Mbps Differential Receiver with 
1000 Volts of Isolation 
By Pavlo Bobrek 
Loral Data Systems 

This circuit is useful when high speed 
digital data must be transmitted over 
long cables in a harsh environment, e.g. 
where there are lightning induced tran¬ 
sients. It was developed in support of 
the Boeing 777 test program which re¬ 
quired data and clock signals to be 
transmitted at various rates over differ¬ 
ential cables at distances up to 300 ft. 
Specifications required the receiver to 
operate at 24 Megabits/sec and with¬ 
stand common mode surges of 600 
volts as specified in standard RTCA/DO-
160C section 22, category K. The high 
data rate eliminated the possible use of 
opto-isolators because their high delay 
variance causes unpredictable skew be¬ 
tween clock and data. The receiver re¬ 
quirements are met with a simple MMIC 
oscillator driving two pairs of mixers cre¬ 
ating a synchronous modulator/demodu-
lator for both the data and clock signals. 

Figure 1 is a schematic of the dual¬ 
channel differential receiver. A low 

cost MMIC amplifier is used to construct 
a 90 MHz oscillator with over +8 dBm of 
output power to drive all four mixers. An 

Figure 1. Isolated 25 Mbps differential data and clock receiver circuit. 

ultra-miniature EMI suppression filter is 
used as the resonator element (the 
exact frequency of oscillation is not criti¬ 
cal). Each differential receiver channel 
consists of a pair of mixers connected 
back to back to create a synchronous 
modulator/demodulator. The filtered out¬ 
put of the second mixer is fed into a digi¬ 
tal comparator to reconstruct the digital 
signal. 

The oscillator design was inspired by 
a November 1987 RF Design article on 
the use of MMICs in oscillator circuits 
(1). The EMI bead filter provided the 
simplest choice of resonating element 
since the oscillator frequency was not 
critical. It is possible to greatly increase 
the data rates at which the design will 
operate by increasing the oscillator fre¬ 
quency (using either a discrete LC lad-

Figure 2. Voltage wave forms. Figure 3. Typical test setup: short wave test. 
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der or equivalent distributed element cir¬ 
cuit) and by selecting a higher frequency 
mixer. However, at higher oscillator fre¬ 
quencies, the signal delay through each 
mixer may not be an insignificant frac¬ 
tion of the carrier wavelength. This re¬ 
sults in an apparent phase shift between 
the synchronous LO of the second mixer 
with respect to the carrier signal present 
at the mixers’ RF ports. This problem 
could be corrected somewhat by con¬ 
necting the MMIC amplifier’s output to 
supply the first (modulator) mixer in 
each chain rather than the second (de¬ 
modulator). This modification would 
make the MMIC more vulnerable to 
common mode feed-through and so re¬ 
duces isolation. An alternative would be 
to fix the phase shift by controlling path 
delay or using a phase shift circuit. Nei¬ 
ther of these modifications is necessay 
to operate at 25 Megabits/sec. 
The mixers were chosen for their 

small size, however, virtually any double 
balanced mixer will work. Since the re¬ 
ceived signal is fed into the IF port of the 
first mixer, the differential DC content of 
the signal is preserved at the IF output 
port of the second mixer. This circuit is 
designed to receive signals over a 78 
ohm twinax cable which is source termi¬ 
nated. The series 39 ohm resistors were 
put in for current limiting and to limit re¬ 
flection of any large transients. The LO 
to IF feedthrough was measured to be 
20 millivolts peak to peak at 90 MHz. 
The LC notch filter at the input of the 
first mixer reduced the LO feedthrough 
to under 2 millivolts. The 25 nH inductor 
has an air core and is made of 4 turns of 
#20 magnet wire on a 0.1 inch form. 
The comparator has a 50 millivolt pos¬ 

itive bias to provide noise immunity, en¬ 
abling the receiver to work with unipolar 
signals. The EMI filter between the filter 
and the comparator, together with the 
comparator’s response, adequately sup¬ 
presses the carrier’s first harmonic. 
The combined circuit is able to oper¬ 

ate with a received signal amplitude as 
low as 250 millivolts peak to peak. The 
maximum differential signal is depen¬ 
dent on the current levels that the 
mixer’s IF diodes will tolerate (about 40 
mA). The entire circuit occupies about 
1.5 square inches of a single side of a 
printed circuit board. 

Performance Results 
This circuit was primarily designed to 

meet the requirements specified in stan¬ 
dard RTCA/DO-160C section 22, cate¬ 
gory K. That document specifies the test 
which must be performed to ascertain a 

RF Design 

Figure 4. 1 MHz damped sinusoidal wave test. 

high level of isolation. There are four 
test waveforms which are used. These 
are shown in Figure 2 (one sketch is 
used to illustrate two different sinusoids 
in that figure). RTCA/DO-160C also 

specifies the construction details of the 
test setup required to conduct the test 
on a given system. We connected a sin¬ 
gle mixer as shown in Figures 3 through 
6 as the unit under test. The voltages 
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Figure 7. Transformer-coupled 
clock signal (20 cycle burst) re¬ 
ceived as 1.2 Volts p-p. Bottom 
trace is comparator output. 

were monitored at the input to the mixer 
as well as at the other two ports which 
were terminated as shown. The wave¬ 
forms which were observed with an os-
cillaoscope are sketched in the figures 
next to each port. As the figures indi¬ 
cate, a single mixer provides sufficient 
isolation to prevent damage to the 
downstream electronics. Therefore, our 
two mixer circuit is more than sufficient 
to ensure that a subsystem requiring 

isolated differential reception of remote 
digital signals in an airborne environ¬ 
ment will repeatably withstand 
RTCA/DO-160C section 22, category K 
testing. 

Next, a DC static breakdown test was 
conducted. With the two terminals of 
each port shorted together, a high volt¬ 
age variable DC generator was connect¬ 
ed between each pair of ports. It was 
determined that the DC breakdown volt¬ 
age was in excess of 1000 VDC! 

Finally, we demonstrated the capabili¬ 
ty of the circuit as a differential receiver. 
The top trace of the oscilloscope photo¬ 
graph (Figure 7) shows 20 cycles of a 5 
MHz clock. This signal was passed 
through an isolation transformer at the 
transmitter. The output of the compara¬ 
tor is shown in the bottom trace. Note 
that the small bias added to the com¬ 
parator (50 mV) enables our differential 
receiver to handle the absence of a sig¬ 
nal at the input. With a 90 MHz LO, our 
circuit has proven to be reliable even 
above 25 MHz. RF 

References 
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About the Author 
Pavlo Bobrek is a Principal Engi¬ 

neer with Loral Data Systems. He 
holds a BSEE from MIT and an 
MSEE from the University of South 
Florida where he is currently a Ph.D. 
candidate. His research interests in¬ 
clude reduced state sequence esti¬ 
mation and des gn of multidimen¬ 
sional trellis coded modulation. As 
the project engineer in charge of 
hardware development, he led a de¬ 
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ly completed the development of the 
Central Multiplexer, an airborne bus 
concentrator to be used in the testing 
of the new Boeing 777. He is current¬ 
ly involved in the design and plan¬ 
ning of ATM networks. He may be 
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EMI Spring Gaskets For RF, 
Use EF.. . E.F. Johnson 
RF Subminiature Connectors 

SMA, SMB & SMC 
New Surface Mounts 
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LENGTH OF SPRING 
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□ High Unit Loads for Better Conductivity 
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Card # _ Exp_ 

Signature_ 

Name_ 
Title_ 
Company_ 
Address_ 
City_ 
State/Zip_ 
Country_ 

Send order to: Cardiff Publishing Co. 
Attn: Circulation Dept. 
6300 S. Syracuse Way, #650 
Englewood, CO 801 11 USA 

Or FAX order to: 303-267-0234 
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iy product report 

The Oscillator 
Business is Humming 
By Gary A. Breed 
Editor 

Representing over 150 companies, 
the oscillator business is a major 

portion of the RF, computer and general 
electronics industries. Continued growth 
in the computer industry is generating 
new business for one part of this group, 
advances in display and imaging sys¬ 
tems are driving other type of products, 
while new RF applications are providing 
opportunities of another sort. 
This does not suggest that everything 

is rosy for all oscillator companies. The 
wide range of applications requiring tim¬ 
ing or frequency control has attracted a 
large number of companies. Competi¬ 
tion is extremely strong, and success re¬ 
quires a new ability to adapt to new mar¬ 
kets and new price and performance ex¬ 
pectations. 
According to Ron Stephens, President 

of Oscillatek and Chairman of the Piezo¬ 
electric Devices Group of the Electron¬ 
ics Industries Association, business is 
improving for U.S. oscillator companies. 
This is partly due to consolidation within 
the industry, but also due to improved 
markets for products with better preci¬ 
sion. “A lot of the growth is in telecom¬ 
munications: telephone switching equip¬ 
ment, especially fiber-optic-based sys¬ 
tems. A lot of these systems are in Eu¬ 
rope, and together with GSM digital cel¬ 
lular equipment, this makes Europe a 
good export market right now.” 

Oscillator Applications 
Many oscillator application areas are 

experiencing market growth and/or 
changing requirements. 

High-resolution display and imaging 
— Large-screen, high resolution display 
systems require scan rates and video 
writing rates into the 100s of MHz. SAW 
resonator oscillators, multiplied crystal 
oscillators and phase-locked sources 
are used to obtain these clock signals, 
typically up to 400 MHz. Most applica¬ 
tions require limited tunability for phase 
locking. 

Digital clock oscillators — The inclu¬ 
sion of digital circuitry in products of all 
kinds continues to grow, although these 
applications are dominated by Far East 

VCXOs like this unit for VHF PLLs are a 
growing part of oscillator market (photo 
courtesy TEW North America) 

manufacturers. Toys, appliances, indus¬ 
trial machinery and automotive controls 
are growing users of oscillators, in addi¬ 
tion to ongoing sales of computers, 
monitors, modems and related equip¬ 
ment. For example, the typical PC may 
use seven or more oscillators; imple¬ 
mented as either packaged oscillator 
products, or using crystals in conjunc¬ 
tion with on-chip oscillator circuitry. 
High-performance oscillators — De¬ 

mand is growing for oscillators with im¬ 
proved performance in stability, accura¬ 
cy and over temperature. Instrumenta¬ 
tion products need this performance to 
measure increasingly complex and pre¬ 
cise products and systems. Precise cali¬ 
bration of existing test equipment is a 
growing need, as well. A major force in 
this market is digital communications via 
wire, fiber optics and satellite. High relia¬ 
bility digital communications networks 
demand accurate timing to keep trans¬ 
mission errors to an absolute minimum. 
Low cost TCXOs — Better perfor¬ 

mance with low cost promises to be a 
growing opportunity. Digital cellular re¬ 
quires precision to maintain error-free 
communications, Global Positioning 
System (GPS) receivers must have 
short-term accuracy sufficient to corre¬ 
late data from several satellites, and 
new consumer spread spectrum prod¬ 
ucts need a sufficient level of perfor¬ 
mance to assure that the receiver and 
transmitter can “find” each other in the 
RF stew of many signals using the same 
frequency band. 
Super low cost oscillators — An ab¬ 

solute minimum product cost is the goal 
of all consumer products. Traditionally, 
this has been the realm of ceramic res¬ 
onators, mass-produced crystals, and 
more recently, SAW resonators. A num¬ 
ber of short-range control devices are 
keeping this market hopping. Car keys 
with automatic lock and alarm controls 
are becoming commonplace. Cordless 
telephones are still a large market, shar¬ 
ing their low-cost technology with simple 
walkie-talkies, baby monitors, pet moni¬ 
tors and many toys 

Voltage-controlled oscillators — The 
number of products with synthesized 
frequency control is an area with growth 
potential. Cellular phones, PCN/PCS 
units, and test instruments are a few 
specific applications that are opportuni¬ 
ties for makers of packaged VCOs. In 
addition, some wireless local area net¬ 
work (WLAN) equipment, satellite sys¬ 
tems and CATV tuners require these 
products 

Military products — Without question, 
the military market has slowed consider¬ 
ably. Remaining oscillator markets in¬ 
clude continuing satellite, terrestrial and 
data communications programs. 
Stephens notes that there has been a 
modest increase in business with for¬ 
eign defense manufacturers, mainly in 
the Third World, as countries develop 
their production capabilities. 

Summary 
Cautious optimism is the attitude of 

most oscillator companies. Like every 
other major part of the RF business, a 
few companies are doing extremely well 
and a few are struggling. Most are still 
adjusting to new demands in pricing, 
size, power consumption and delivery 
schedules. Specific companies may see 
difficult times in the near future, but the 
industry as a whole can only grow along 
with the growth that is occurring in all 
electronics. RF 

For reprints of this report, call Cardiff 
Publishing Company at (303) 220-0600. 
Ask for the Circulation Department. 
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ABSORPTIVE or REFLECTIVE de to 5GHz 
Truly incredible... superfast 3nsec GaAs SPDT reflective or absorptive 

switches with built-in driver, available in pc plug-in or SMA connector models, 
from only $14.95. So why bother designing and building a driver interface to 
further complicate your subsystem and take added space when you can 
specify Mini-Circuits’ latest innovative integrated components? 

Check the outstanding performance of these 
units... high isolation, excellent return loss (even in the 
“off" state for absorptive models) and 3-sigma 
guaranteed unit-to-unit repeatability for insertion loss. 
These rugged devices operate over a -55° to 
+100°C span. Plug-in models are housed in a tiny 
plastic case and are available in tape-and-reel format 
(1500 units max, 24mm). All models are available 
immediate delivery with a one-year guarantee. 

for 

finding new ways 

SPECIFICATIONS Absorptive SPDT 

'•VP) YSWA-2-50DR 
ZYSWA-2-50DR 

Frequency de- 500- 2000-
(MHz) 500 2000 5000 

Ins. Loss (dB) 1.1 1.4 1.9 
Isolation (dB) 42 31 20 
1 dB Comp. (dBm) 18 20 22.5 
RF Input (max dBm) - 20 -
VSWR'on” 125 1 35 1.5 
Video Bkthru 30 30 30 

(mV.p/p) 
Sw. Spd. (nsec) 3 3 3 
Price. $ YSWA-2-50DR (pin) 23.95 
(1-9 qty) ZYSWA-2-50DR (SMA) 69.95 

Reflective SPDT 
YSW-2-50DR 

ZYSW-2-50DR 

de- 500- 2000-
500 2000 5000 
0.9 1.3 1.4 
50 40 28 
20 20 24 
22 22 26 
1.4 1.4 1.4 
30 30 30 

3 3 3 
YSW-2-50DR (pin) $14.95 

ZYSW-2-50DR (SMA) 59 95 

setting higher standards 

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

Distribution Centers NORTH AMERICA 800-654-7949.417-335-5935 Fax 417-335-5945 EUROPE 44-252-835094 Fax 44-252-837010 

For detailed specs on all Mini-Circuits products refer to • THOMAS REGISTER Vol 23 • MICROWAVES PRODUCT DIRECTORY • EEM • MINI-CIRCUITS' 740-pg HANDBOOK 
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DESIGN SOLUTIONS 
FOR THE RF INDUSTRY 

The best of RF technology, quality, and 
design comes from Silicon Valley Power 
Amplifiers, a leading manufacturer of high-
performance amplifiers and components. 

RF Design Software Service 
Programs from RF Design, provided on disk for your convenience. 

August Program: RFD-0893 
"Program Performs Symbolic Circuit Analysis' by Henry Yiu Computes frequency domain 
transfer frunction in symbolic format, given a circuit description netlist in a linear model. Al¬ 
lows analysis of small circuit blocks. Can also be used as a symbolic matrix simplifier and 
solver. Generates plots for the results. (Compiled C++, needs '286 or better, EGA or better 
monitor, coprocessor and mouse highly recommended) 

July Program: RFD-0793 — Contest Grand Prize Winner! 
"Synthesizer Design With Detailed Noise Analysis" by Terry Hock. This program was written 
to simplify the design of PLLs using commercial synthesizer ICs. It inclades loop analysis, in¬ 
cluding effects of the reference, phase detector, loop filter and VCO. Noise analysis includes 
application of Leeson's equation for VCO noise performance, and uses data for specific op 
amps in the loop filter. (Requires VGA) 

AMPLIFIERS 

Part Number Power Output 
Watts 

Gain 
dB 

Frequency 
Range MHz 

V-1000 1000 60 100-200 

U-1000 1000 60 225-450 

C-500 500 60 100-500 

Call or write for a listing of all available programs_ 

Each month s program(s). $ 15.00 . postpaid, with article reprints and any author's notes. 

Price includes shipping to U.S. or Canadian addresses. Orders from other countries must add 
$8.00 per order for extra shipping and handling. Specify 3 1/2 or 5 1/4 inch disks 

Annual subscription.. $ 130.00 postpaid.. ($ 170 Foreign, via Air Mail)., get each program ASAP 

We Accept VISA, MasterCard, and American Express! When ordering by mail, 
please include card number, correct name, and expiration date. 
Order by telephone! Call (303) 770-4709 to place your credit card order. Occasionally, 

you may reach an answering machine, but your call will be returned as soon as possible. 

RF Design Software Service 
P.O. Box 3702 

Littleton, Colorado 80161-3702 
U.S.A. 

(303) 770-4709 
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MODULES 
Part Number Power Output 

Watts 

Gain 

dB 

Frequency 
Range MHz 

10-150-4 4 36 10-150 

10-100-25 25 40 10-100 

10-100-100 100 40 10-100 

80-220-300A 300 60 80-220 

220-500-300A 300 60 220-550 

100-500-25 25 30 100-500 

100-500-100 100 40 100-500 

100-500-150 150 10 100-500 

Redesign 

This high-quality hardware is backed by: 

* Excellent service • Customized design 
* Fast response * Expert technical support 
* In-stock delivery * Standard/special parts 

For a free catalogue describing our 
complete range of power amplifiers 

and modules, 
call 408.986.9700 today! 

11 Silicon Valley 
— « P O W ER 
J_LJ AMPLIFIERS 

The R F People 

1530 O’Brien Drive A Menlo Park, CA 94025 

408 .986 .9700 A Fax 408 .986 .1438 
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REPRINTS! 
You can now order article reprints from this 
publication! 

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

RF Design offers a highly convenient article re¬ 
print service to accommodate your needs. Ar¬ 
ticles appearing in RF Design are available for 
printing in quantities of 100 or more. 

For further information contact: 

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



Easy TESLA Block Diagram 
Simulation Runs on Your PC 

RF literature 
Mixed Signal ICs 
A 441 -page handbook from MX.COM pre¬ 
sents technical specifications and application 
notes for MX.COM’s mixed signal integrated 
circuits. Application specific ICs that perform 
tasks such as wireless data modem, sub¬ 
audio tone signaling, speech security, and 
autocorrelation are among the devices listed. 
MX.COM, Inc. 
INFO/CARD #199 

Components and 
Instruments 
The newest Loral Microwave-Narda catalog 
covers 15 product categories in 360 pages. 
Mixers, sources, isolators, switchers, attenua¬ 
tors and radiation safety products are among 
the products offered. 
Loral Microwave-Narda 
INFO/CARD #198 

Filters and Subassemblies 
Filters in several different forms and for sev¬ 
eral different applications are listed in K&L 
Microwave’s 140-page catalog. Duplexers, 
switching systems, channelizers and multi¬ 
plexers are also offered, along with informa¬ 
tion on how to specify filters. 
K&L Microwave Incorporated 
INFO/CARD #197 

Switching Systems 
A brochure from Signal Switch Company 
describes their lines of switches, matrices 
and systems for switching DC to 1.2 GHz sig¬ 
nals. Typical switching times, including 
bounce, are less than 1 ms. 
Signal Switch Company 
INFO/CARD #189 

Product Selection Guide 
The Semiconductor Division of Raytheon has 
published a product selection guide targeted 
for video processing, multimedia, test & mea¬ 
surement, avionics and high-speed communi¬ 
cations. The 60-page book highlights applica¬ 
tion specific standard products, standard 
products and ASIC arrays and standard cells. 
Raytheon, Semiconductor Division 
INFO/CARD #196 

Feed-Forward Amplifiers 
AML has released a brochure that includes 
full specifications for seventeen power effi¬ 
cient, feed-forward, linear power amplifiers. 
Peak envelope powers range from 7 to 120 
watts with gains to 70 dB. Both rack mount 
and compact units are described. 
AML, Inc. 
INFO/CARD #195 

Test Instruments 
“Test and Design Instrumentation" is the new 
1993 catalog from Global Specialties . The 
catalog contains American-made frequency 
counters, pulse generators, power supplies 
and solderless breadboards. 
Global Specialties 
INFO/CARD #194 

Coaxial Connectors 
BNC, TNC, N, UHF, and many other connec¬ 
tor types are extensively covered in RF 
Industries’ 36-page catalog. The catalog 
includes over 750 coax products, including 
cable assemblies, connector kits, and 
Unidapt” and Celludapt" universal adapter 
products. 
RF Industries, Ltd. 
INFO/CARD #193 

Isolators and Circulators 
A 16-page catalog from Ute Microwave con¬ 
tains information on a broad line of ferrite 
components spanning 200 MHz through 20 
GHz. High power units for PCS and medical-
scientific applications are listed. A tutorial and 
useful application charts are provided. 
Ute Microwave, Inc. 
INFO/CARD #192 

Custom Coaxial Connectors 
A brochure describing Aviel Electronics’ abili¬ 
ty to provide custom coaxial connectors is 
available. Aviel can provide all popular series 
as well as hermetically sealed, blind-mate, 
and floating designs in short runs and with 
quick delivery. 
Aviel Electronics 
INFO/CARD #191 

Mixed Signal IC Newsletter 
The Spring edition of Silicon Systems “SSig-
nals” newsletter describes the architectures 
of two custom IF modem ICs, one for CDMA, 
the other for TDMA. The 1993 Silicon Sys¬ 
tems data books are also presented, along 
with a 20-108 MHz programmable frequency 
reference. 
Silicon Systems 
INFO/CARD #190 

Product Information 
Brochures 
VARI-L offers a brochure briefly describing 
each member of their VCO, sythesizer, mixer, 
and other product lines. Additional informa¬ 
tion on any product can be obtained by filling 
out the card included with the brochure. A 
brochure describing VARI-L’s PLL-200 series 
of low-cost phase locked synthesizers is also 
available. 
VARI-L Company, Inc. 
INFO/CARD #188 

Microwave Prodoucts 
Catalog 
A 22-page products catalog is available from 
Tampa Microwave Lab. The catalog contains 
information on Tampa Microwave’s lines of 
CRO and DRO oscillators. Also included are 
microwave products including upconverters 
and downconverters. Detailed electrical and 
mechanical details are included. 
Tampa Microwave Lab, Inc. 
INFO/CARD #187 

• Nonlinear time simulation with built-in spectrum analysis 

lets you test with noise, multipath and adjacent channels 

• Use TESLA to simulate modems, radios, cellular, GPS, 

spread spec, DSP, HDTV, radar, controls, audio & more! 

• Over 60 analog & digital blocks: Alters, VCO, Mixer, RFamp, 

Laplace, A/D A D/A Converters, BER tester, Noise, S&H, 

Integ&dump, 5-Function Generator, Phase meter, & more! 

• Add new blocks with MODGEN option—BBS user library 

• Use OrCAD®to input block diagrams—runs under TESLA 

TESOFT Inc, PO Box 305 
Roswell GA 30077 
Phone 404-751-9785 
F AX404-664-581 7 

CALL FOR WORKHG DEMO DISK 
TESLA Simulator $695 
MODGEN Model Generator $495 
Symbols for OrCAD/SDT® $195 
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CERAMIC RF 
CAPACITORS 

C-D/SANGAMO 
MICA RF CAPACITORS 

VACUUM CAPACITORS 
VACUUM RELAYS 

SURCOM ASSOCIATES, INC. 

2215 Faraday Avenue, Suite A 
Carlsbad, California 92008 
TEL (619) 438-4420 
FAX (619)4384759 

INFO/CARD 67 
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HF design 
MARKETPLACE 

WHEN YOU ARE READY TO BUY-SELL-TRADE CALL REDESIGN MARKETPLACE 
Increase your REVENUES with RF Design Marketplace advertising! Over 40,000 prospects read and 
buy from this section each month. To reach this sophisticated, targeted market call today (303) 220-0600. 

NOVA RF Systems, Inc. 
The Complete RF/Microwave Solution 

— RF/Microwave Systems 
— Custom Design/Consulting 
— Simulation Software 
— Synthesizers (PLL/DDS) 
— Complete Lab/Machine Shop 
— TDMA/CDMA/Spread Spectrum 

International Inquiries Welcome 
1740 Pine Valley Dr. Vienna, VA 22182 

(703) 255-2353 

RF SPICE MODELS 

6987 N. Oracle Road 
Tucson, AZ 85704 

• BIPOLARS, FET, VARACTOR, PIN 
• MODELS FOR CLASS C POWER 
• OPTO LASER AND PIN DIODES 
• HIGH SPEED GATES AND FLOPS 
• OPAMPS & TRANSIMPEDANCE AMPS 
• FULL NON-LINEAR SPICE MODELS 
• ACCURACY FROM DC TO 5-10 GHZ 
• IN-HOUSE RF & DC MEASUREMENTS 

PHONE (602) 575-5323 FAX (602) 297-5160 
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RFengineering opportunities 

...YOUR CAREER 
Cellular Engineer«: Designtoevetop RF and analog circuits for high capacity cellular Systems Requires 
minimum of 2 years experience m any of the following DSP. ASIC Design. CAE Development. Digrtal 
Modulation Digrtal Modle Communications. Channel Equalizers Transmrtter-Recerver-Synthesizer or 
Audio Design. Digrtal Signal Processing 

RF Design Managte Tb establish and direct an RF product carter Will lead a small team in a design 
effort to develop funcional modular products tor the wireless communications market Will come up wrth 
new product concepts and specrficabons tor modules (basic dea s to replace portions ol RF circuit with 
smaller, cheaper functional modules) Target end markets are cordless phone, celluiar. RF Data Units 
and RF LAN BSEE, MSEE preferred Minimum 10 years experience with indepth knowledge complete 
RF orcut design 2GHz-Aurko Experience wrth spread spectrum technology Familiar wrth current SST 
components Experience wrth low cost high volume design tor consumer appheabons Proven products 
development experience Good technical writing skills 

WAT tr. Staff Englnaar: F an» U arity win aqupmantend lyatama uflUad Dy Dr oaocaat organuaoom for Tw diWtvOon of ana¬ 
log W dgrta axSo progranrrung via »stellte E xparianca wrth commurtcalona »yttem» «tealgn. data comnKirtcatlorw racatvar 
dea^n and latente Ir* Budget caCMMona. BSEE. 

■ATCOM »yateni» Engines: Opportinteaa for m»Iw communication» »yitem» engineer«. RaaponaUliMi Induite smite 
ctecu alona. Modi digram dategna. aquipmsHt definition«. and ipeciflceton tor propoaa» and porgrama. Raqdramante Induda a 
B8EE. MSEE pratearrad, and a mlnmum of 5 year» of appiCaiM sipsr.nc« TN» muât induite ne design. proposa and Impte-
rranason of medun-to -I arg« apertura (4.5 to 21 motera) «arto stalons for commerçai satellte computer spreadsneoB to a must 

RF Design Engineer Responsible tor design of analog and RF systems and circuits tor consumer and commercial digrtal wire¬ 
less products Five to ten years experience in RF systems analysts and design Experience wrth lowcost design techniques tor 
frequency synthesaers. power ampkfiers. upfoown converters and baseband circuits for digital communcatons systems Must 
be able to deove RF systems and module requirements to meet overall performance and cost goals Familiarity wrth time division 
duplex or CDMA a plus 

Staff/Prlncipal Engineer. Ths individual writ be responsible tor the designfoevetopment ol UHFA/HF amplifiers Will be required 
to control the design on a stand-alone basis while meeting cost and schedule requirements with the support from junior engineers 
and experienced technicians Hands-on engineer wiM also be required to lead IR&D efforts in UHF/VHF RF Power Amplifier design 
to enhance transmitter technology position 8SEE/MSEE 

RFC Design MS or PhD in Electrical Engineering with minimum 5 years related experience « preferred The candidate should 
have a good knowledge and experience in Linear Bipolar High Frequency IC design and measurement techniques to design IC's 
like Amplifiers. M,xers. Osortators. VCO's. Prescalers. Synthesizers. Limiting Amplifiers, etc operating up to 2 GHz m Bipolar or 

BiCMOS technoiogtes 

MMIC Design Engineer: Develop L/S band GaAs MMK 
power amplifiers for commercial wireless communica 

tions. Requires:M.S. or BSEE. +2 years experience witl 
GaAs MMIC design, simulation, packaging and test 

O.E.M. Electronic Products 
• Computerized Instrumentation • RF Systems 
• Spread Spectrum Communications • Custom, 
RF/Digital ASICs • Complete, Fulltime 
Professional Staff • Harris and Hitachi 
Authorized Design Centers • 14 Year History 

by: LOCUS, Inc. 
1842 Hoffman St., Madison, WI 53704 
608/244-0500 FAX 608/244-0528 
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Design Engineer Responsible for the design and development of 900 
MHz wireless consumer etectronc products Designed and developed 
AM/FM/FSK transmtoers/receivers n 902-926 MHz frequency range 
Hands-on experience on HF/VHF/UHF systems and subsystems 
wheh nefodes lNAs. medtom power amplifiers, down converters, 
saw and coaxial resonator oscillators. VCOs. AM/FM IF sys¬ 
tems. RF moduiators/demoduiators. PL Ls & audo «Jeo orcurts 

V J J AA I COMMUNICATIONS I IB EXECUTIVE SEARCH 

871 Turnpike St. • North Andover. MA 08145 

We specialize in the placement of communications professionals both nationally and internationally 

CALL COLLECT: TEL: 508-685-2272 FAX: 508-794-5627 

Advertising Index 
Advertiser Page No. Advertiser Page No. 
Amplifier Research. 10 Nova RF Syáems. Inc. 98 

Analog & RF Models . -. 98 Oscillatek 58.68 
Arrowsmith Shelburne. Inc 26 Penstock. Inc 19 
Avantek/A Subsidiary of Hewlett-Packard 9 Philips Sem« onductor 43 

Bal Seal Engineenng Co . Inc. . 92 PolyPhaser Corp. 86 
Champion Technologies. Inc 15 Power Systems Technology. Inc 103 
Compact Software  23 Programmed Test Sources. Inc 32 

DAICO industries. Inc. 6 Obit Corp. 22 
E F Johnson. Inc   92 Raft ron E tectonics Corp 25 

EG&G Frequency Products . 75 Repco. ...77 
FT S/Aust ron . ... 64 RF Monolithics Inc .   37 

Giga tromcs. Inc . 12-13 RF Power Components. Inc 51 
Hewtett- Packard 27.35-36 Richardson E lectromcs Ltd 16.61 

Hybrids International. Ltd 56.65 Sawtek. Inc 24 
IFR Systems. Inc . 3 Siemens Components Inc 29 
International Crystal Mtg Co . Inc 77 Silicon Valley Power Amplifiers 96 

ITT Cannon Sealectro . 11 Sprague . 40 
JFW Industries. Inc. 34.82 Sprague-Gocdman Electrones. Inc 17 
Johanson Manufactunng Corp 68 Stanford Research Systems 66 

K & L Microwave . 104 Surcom Associates. Inc 97 
Kalmus Engineenng. Inc 14 Synergy Microwave Corp 53 
Lap-Tech. Inc 75 Temex Electaonics. Inc... 63 

Locus. Inc. .. 59.76 Tesott. Inc. 97 
Magnum Microwave Corp 18.57 Trak MicrowEve Corp 20-21.52 
MicroWave Technology 83 Trans-Tech. nc 28.54 
Mini-Circuits 4-5.31.81.95 T-Tech. Inc ................ 76 

Murata Ene North America 2 TTE. Inc. 85 
M/A-Com 46-47.87 Voitronics Co rp. -. 99-100 

M/A-Com Interconnect Product Div 38-39 Wertatone, Ire. 8.55 
M'A Com Semiconductor Product Div 79 Wide Band Engineering Co . Inc 41 
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Ut-UV]^^- The State-Of-The-Art 

- —- Quality Choice From ■ 

PST Series 3500 
Up-Down Frequency 

Converters represent a major 
breakthrough in converter 

technology. These frequency-
agile instruments offer 

extremely low spurious and 
phase noise characteristics 

which are essential for BPSK 
and QPSK modulation, as 

well as low intermodulation 
distortion and no spectral 

inversion. Synthesizer tuning 
is in 125 KHz steps over the 

UP CONVERTER 

DOWN CONVERTER 

RF band-with optional step sizes as small as 1 KHz, 

Other Important 
Features Include: 
microprocessor control 
via local front panel 
keyboard or remote control 
via RS232 interface; 
adjustable gain control; 
high gain for long IFL; 
non-microphonic synthesizer 
operation; status monitors and 
summary alarm; BITE down 
to module level. Series 3500 
Converters are now the 
industry's No.l choice to 

up to 10MHz. Up tolO pre-programmed frequencies 
meet all domestic and international system 

are provided, into a non-volatile memory. 
requirements including: INTELSAT, INMARSAT, 
EUTELSAT, DOMSAT, ASIASAT. 

Write or call for complete Series 3500 information—ask for 
Product Data 4010. Or, if you're interested in a subsystem synthesizer 

similar to those used in our converters, ask for Product Data 3010 
describing PST Series 3 and 5 Microwave Frequency Synthesizers. 

pst 
A SUBSIDIARY OF COMTECH 
TELECOMMUNICA TIONS CORP. 

POWER SYSTEMS TECHNOLOGY INC. 
105 BAYLIS ROAD, MELVILLE, NY 11747 
TEL. 516-777-8900 • FAX 516-777-8877 
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Tunable Filters 

BANDPASS & BANDREJECT FILTERS: 
With K&L's bandpass filters you can tune any 

center frequency over the 3-3,000MHz frequency 
range (1 octave per filter). These filters are available 
in either 3 or 5 sections, a VSWR of 1.5:1, and a low 
insertion loss of < 1 dB in the 5% 3dB bandwidth 
model. 
Bandreject or "notch" filters have a 25-1,000MHz (1 

octave per filter) frequency range, VSWR of < 1.2:1 
and is capable of eliminating undesirable signals 
by greater than 50dB rejection 

MULTICOUPLERS: 
Standard units cover the 225-400MHZ UHF and 

100-160MHZ VHF frequency ranges. Both manually 
and digitally tuned models are available. Ground 
based or airborne modules of up to four units each. 

DIGITAL TRACKING FILTER NETWORKS: 
K&L's digitally controlled tunable bandpass 

network has a 20-1 500MHz frequency range, using 
a single controller. The network has a tuning accuracy 
of ± .25% of tuned center frequency, a 5 section 
Chebychev response with 3 to 30dB shape factor 
of 2.2:1 and 3 to 50dB shape factor of 3.5:1 and 
RFI/EMI moisture-sealed racks with 1 oodB isolation. 

K&L 

HIGH Q BANDPASS FILTERS: 
Provides the answer to ncise and interference 

signals found on co-located communication links. 
These filters feature 225-400MHZ UHF or 100-163 
MHz VHF frequency range capability. High selectivity 
of >70dB, narrow 3dB bandwidth <600KHz, VSWR< 
1.5:1 and a typical tuning speed of 10 seconds. 

TUNABLE DIPLEXERS: 
K&L's 30 to 88MHz tunable diplexer allows 
simultaneous receiver and transmitter operation 
from a single antenna over the entire frequency 
range. Nominal insertion loss of 2.5dB witt nominal 
VSWR of 175:1. The filter is capable of handling 50 
watts C.W. 

DIGITALLY CONTROLLED BANDPASS FILTERS: 
K&L's digitally controlled bandpass filters are high 
Q devices covering the frequency spectrum from 
24MHz to 18GHz, 1 octave per filter. Each model 
has its own built-in microprocessor which controls 
a precision stepping motor. This filter series gives 
the system designer the options of control logic, 
drive voltages and packages. 

For A Partner... 
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Preferred Rates for Early Registration 

October 19-21 • Tampa Convention Center • Tampa, Florida 
Select type of registration and complete form below. IMPORTANT! complete one form per person. If more are needed, please copy 

Check box of your selection. 

□ THREE-DAY PASS 
includes sessions, exhibits, deli lunch 

& cocktail tickets 

$195.a person 

□ ONE-DAY PASS 
includes sessions & exhibits 

$95.a person 

□ EXHIBITS ONLY PASS 
for the duration of the show 

$15.a person 

Check box of course you would like to attend. 

Special Courses:These courses require preregistration. 

□ Digital Modulation and 
Spread Spectrum* 

□ Filter and Matching 
Network Design* 

Course Date: Course Date: 
October 18, 1993 October 18, 1993 
8am '5pm 8a.m. - 5 p.m. 

□ Introduction to RF Circuit 
Design Parti: 

Fundamental Concepts* 

Course Date: 
October 19, 1993 
8a.m. - 5 p.m. 

□ Introduction to RF Circuit 
DesignPart II: 

Active Circuit Design* 

Course Date: 
October 20, 1993 
8a.m. - 5 p.m. 

□ Oscillator 
Design Principles4

Course Date: 
October 21, 1993 
8a.m. -4 p.m. 

’Certificates of Attendance will be given to attendees atthe conclusion of these courses. CEUs are available through the Georgia Tech School of 
Electrical Engineering. If you will be applying for CEUs, fill in your Social Security number here: _ — __—_ 

FEES (includes lunch and RFEE Exhibits Pass; textbook and class notes where applicable.) 

$275 for one course $465 for two courses (15% savings) $660 for three courses |20% savings) $770 for four courses (30% savings)_ 

Name- Title _ __ 

Company Name-

Address _ __ 

City/State - Zip Country_ 

Phone Fax- □ This is my first time to attend RFEE 

Badge should indicate: (please check one box) 

□ Broadcast, CATV, Video Equipment 

□ Instrument & Test Equipment 

□ Govt., Military, Aerospace ECM & EW 

Equipment 
□ Communications Equipment 

□ Components Manufacturer 

□ Labs & Consultants 

□ Other_ 

RF Expo Proceedings Available 
If you would like to order a copy of the 

Proceedings, please fill out the form above 

(name & address) and check box below. 

□ $70 Attendee price 

□ $145 Non-Attendee price 

Payment: 
□ Check enclosed (payable to RF Design magazine) 
□ MC □ VI □ AE 

Payment must accompany registration 

CC# 

Signature 

Exp. Date_ 

Please return to RFEE 93 Attendee Registration • 6300 S. Syracuse Way, Suite 650 • Englewood, CO 801 11 
(303) 220-0600 or (800) 525-9154 FAX: (303) 770-0253 



Tunable Filters 
FROM K&L 

BANDPASS & BANDREJECT FILTERS: 
With K&L's bandpass filters you cân tune any 

center frequency over the 3-3,OOOMHz frequency 
range (1 octave per filter). These filters are available 
in either 3 or 5 sections, a VSWR of T5d; and a low 
insertion loss of < 1 dB in the 5% 3dB bandwidth 
model. /y . V, 
Bandreject or ‘notch* filters have a 25-l,000MHz (1 

octave per filter) frequency range, VSWR of < 1.2:1 
and is capable of eliminating undesirable signals 
by greater than 50dB rejection 

HIGH Q BANDPASS FILTERS: 
Provides the answer to noise and interference 

signals found on co-located communication links. 
These filters feature 225-400MHZ UHF or 100-163 
MHz VHF frequency range capability. High selectivity 
of >70dB, narrow 3dB bandwidth <600KHz, VSWR< 
1.5:1 and a typical tuning speed of 10 seconds. 

^Cíive 

TUNABLE DIPLEXERS: 
K&L's 30 to 88MHz tunable diplexer allows 
simultaneous receiver and transmitter operation 
from a single antenna over the entire frequency 
range. Nominal insertion loss of 2.5dB with nominal 
VSWR of 1.75:1 The filter is capable of handling 50 
watts C.W. 

MULTICOUPLERS: 
Standard units cover the 225-400MHZ UHF and 

100-160MHZ VHF frequency ranges. Both manually 
and digitally tuned models are available. Ground 
based or airborne modules of up to four units each 

DIGITALLY CONTROLLED BANDPASS FILTERS: 
K&L's digitally controlled bandpass filters are high 
Q devices covering the frequency spectrum from 
24MHz to 18GHz, 1 octave per filter. Each model 
has its own built-in microprocessor which controls 
a precision stepping motor. This filter series gives 
the system designer the options of control logic, 
drive voltages and packages. 

DIGITAL TRACKING FILTER NETWORKS: 
K&L's digitally controlled tunable bandpass 

network has a 20-1500MHZ frequency range, using 
a single controller. The network has a tuning accuracy 
of ± .25% of tuned center frequency, a 5 section 
Chebychev response with 3 to 30dB shape factor 
of 2.2:1 and 3 to 50dB shape factor of 3.5:1 and 
RFIÆMI moisture-sealed racks with lOOdB isolation. 

For A Partner... 

K&L 
MCROWAVt INCOWPORAIED 

• DOVER TICIUIMC«» COMMIT 

408 Coles Circle Salisbury, Md. 21801 • PHONE: 410-749-2424 • FAX: 410-749-5725 • TWX: 710-864-9683 




