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A lot more than a varactor company 

FSI semiconductors mean 
buying made easy. 
Just about every microwave or RF semicon¬ 
ductor you need to manufacture commercial 
or military components or sub-systems is 
now available from FSI. 

Not just tuning varactors, but PIN and NIP 
diodes, limiters, multipliers, SRD's, MNS 
capacitors and spiral inductors. In any of a 
dozen or more packages including chip, 
beam lead, glass, ceramic and surface mount 
configurations. 

As an added benefit, every product is 
available off the shelf or it's in process of 
replenishment. So we can give you a hard-
and-fast shipping date. 

Typical switch with FSI semiconductors. (A) GC9002 Spiral 
Inductor; (B) GC84020 MNS Chip Capacitor; (C) GC86001 MNS 
Chip Capacitor; (D) GC4901 Beam Lead; (E) GC84030 MNS 
Chip Capacitor; (F) GC4221 PIN Diode; (G) GC15004 Linear 
Tuning Varactor; (H) GC84001 MNS Chip Capacitor. Beyond that, we've been 

providing this kind 
of quality service 
for more than 
20 years. 

i . & ‘4? 

Sample requests filled promptly. 
Comprehensive, 120-page catalog free 
on request. For more information, 

call or write Donna Langan, 
Semiconductor Sales Manager, 

Loral Microwave-FSI, 
16 Maple Road, 
Chelmsford, MA 01824. 

V\ Tel: (508) 256-4113. 
Fax: (508) 937-3748. 
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It you’re not using a spectrum analyzer... 

You can’t hear them or see them, but there are probably 
thousands of electromagnetic signals being transmitted 
through the air around you at this very moment. 

Many of these signals originate from radio and television 
transmission. However, many other signals are emitted 
from computers, CRT display terminals, and other electrical 
devices. 

Each of these signals can be a potential source of harmful 
interference to sensitive electrical equipment or critical systems 
you are operating. 

The IFR A-7550 and A-8000 Spectrum Analyzers 
provide a full set of features to speed the identification and 
measurement of signals over a wide frequency range. 

Optional built-in features including a rechargeable battery 
tracking generator, sensitive AM/FM/SSB receiver, IEEE-488 
interface, RS-232 interface, and quasi-peak detector allow 
either instrument to be configured to your unique testing 
requirements at a surprisingly affordable price. 

For more information or a demonstration of the 

A-7550 or the A-8000, contact your local IFR representative 

or call IFR at (316) 522-4981. 

IFR SYSTEMS, INC. 
10200 West York Street 

Wichita, Kansas 67215-8935 U.S.A. 

FAX 316/524-2623 
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SPLITTERS 
COMBINERS 
the world’s largest selection 
2KHztO 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 

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 

F134 Rev D 



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. 
We're in control and we're there for you. 

Stock Switches Stock Digital Attenuators 

Con¬ 

fig 

Freq 
MHz 

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 nt SMA CDSO832 

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 nt 14 Pin SMF 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 

# Of 
Sec¬ 
tions 

Freq 
MHz 

LSB 
Range 
dB 

IL 
dB 

Switch 
Speed 
p SEC/ 
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 0.5-63.5 7.1 0.100 TTL 38 Pin DIP DAO897 

7 10-1000 0.5-63.5 6.4 0.035 TTL SMA CDAO867 

WE ACCEPT VISA AND MASTERCARD 

DA1C0 INDUSTRIES, INC. 
2453 E. Del Amo Blvd., Rancho Dominguez, CA 90220 
Telephone 310/631-1 143 • FAX 310/631-8078 

SWITCHES ATTENUATORS PHASE SHIFTERS MMICS BIT DETECTORS COUPLERS MODULATORS AMPLIFIERS 
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31 Using Aliased-lmaging 

Techniques in DDS to 
Generate RF Signals 
This article describes the intentional use of 
alias response to obtain higher than normal 
output frequency from a direct digital synthe¬ 
sis system. Filter requirements and perfor¬ 
mance characteristics for aliased-imaging 
are presented. 

— Allen Hill and Jim Surber 

cover story 
39 Linear Frequency Modulation — Theory and Practice 

A new linear FM (chirp) synthesizer is introduced, which uses high-speed 
GaAs technology to obtain over 230 MHz range. Accuracy of the direct-
digitally-synthesized chirp exceeds all analog methods, and was developed 
for improved performance of military and scientific radar systems. 

— Bar Giora Goldberg 

tutorial 
64 Introduction to S-Parameters 

Scattering parameters have been used since the 1950s to describe RF and 
microwave circuits. In the past few years, their use has increased dramati¬ 
cally as essential specifications of RF components, used in conjunction with 
computer programs for circuit synthesis and analysis. 

— Theodore Grosch 

design awards 
70 A Tiny Electromagnetics Simulator 

This program uses the transmission line model for solving the electromag¬ 
netic wave equation, then presents a visual “movie” representation of an 
impulse function as it travel through a transmission line. 

— Jonathon Y.C. Cheah 
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76 A Programmable Gain, Constant Phase 
Shift Amplifier 
Constant phase performance in a variable-gain amplifier is essential for 
accurate results in an magnetic resonance imaging system. This article pre¬ 
sents the authors’ solution to this problem, using current-feedback amplifiers 
as the gain block. 

— Thomas McDermott and Roy Keeney 
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HIGH POWER 
QUADRATURE 
HYBRIDS 

REeditorial 

Coping With 
Complexity 

FREQ. RANGE 100-1000 MHz 
POWER 250 WATTS CW 

By Gary A. Breed 
Editor 

TYPICAL SPECIFICATIONS 

MODEL QH3198 
MODEL QH3199 

100-300 MHZ 
300-1000 MHZ 

LOSS. 
AMP.BAL. 
ISOLATION . 

PHASE. 
VSWR. 

CONNECTORS 

...0.5db. max. 
,± 0.3db max. 
.. 20db typ. 
. 90 ± 2deg. 

. 1.3:1 max. 

. 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 

The world of RF engineering is getting 
much more complex in a big hurry. 

Just when we thought we were getting a 
handle on BPSK, QPSK, n/4 DQPSK 
and MSK, we get direct sequence, fre¬ 
quency hopping, digital compression, 
forward error correction and adaptive 
signal processing. Instead of just worry¬ 
ing about simple downconversion, IF 
amplification, filtering and detection, RF 
engineers have to deal with microscopic 
circuit layouts, custom ICs, minimal 
power consumption, fast frequency syn¬ 
thesizers, and management that wants 
a product yesterday. 
Adding to the challenge of rapid engi-

nee'ing development is the regulatory 
process. The FCC, IEEE, ANSI, IEC 
and other standards and regulatory bod¬ 
ies are being asked to act faster than 
they ever have before. Sometimes, 
technology can take a major step ahead 
before they can act, making the work 
they just finished obsolete! This hap¬ 
pened with HDTV, as analog systems 
gave way to digital systems, which were 
superseded by still other digital systems 
— it has the FCC pleading with develop¬ 
ers to get together on a single system, 
anti-trust laws notwithstanding. 
The question that arises from this 

recent acceleration in RF technology is, 
“How can I deal with the magnitude of it 
all?” There is no good answer, but I’ve 
gotten a few suggestions from some RF 
engineers who have been around for a 
long time: 
“Go with the flow, work hard and do 

the best you can,” is trite, but reliable 
aavice. We wouldn’t have the problem if 
we weren’t right in the middle of a new 
RF revolution. Personally, I’d much 
rather be confused, frustrated and over-
wnelmed by success and growth than 

comfortably cruising through the same 
old stuff! 
The other suggestion is simply to 

think; and to think simply. Too often, we 
automatically apply complex answers to 
complex problems, even when a simple 
solution will work. The first way to simpli¬ 
fy our thinking is to avoid duplicating 
work that has already been done. This 
means we need to read, write and talk 
with our colleagues. There is an infinite 
supply of information that may be useful 
— learn to find your way through it. 
Another part of thinking is just that — 

thinking — before you go to the comput¬ 
er, your favorite reference books, or to 
manufacturers’ data books. Complex 
problems must be well-defined and well-
understood before they can be solved; 
you can’t just jump in and start design¬ 
ing. No matter how complex a task 
appears to be, it can be divided into sim¬ 
pler sections. Computer programmers 
have known this for years, using struc¬ 
tured programming and modular soft¬ 
ware design. 
Work from a block diagram first, pick 

an architecture that makes use of stan¬ 
dard components, apply well-known 
design methods whenever possible, 
decide just how much of the system 
needs to be really high performance. 
For example, can that RF data Ink 
you’re working on be done with a simple 
RF front end and some great digital sig¬ 
nal processing; or will a superior RF 
chain make the back-end processing 
really easy? 
So, when the magnitude of a design 

assignment overwhelms you, don’t 
panic. Get organized, figure out all the 
angles, do your homework, then attack it 
one step at a time. 
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Delivering The Solutions To Wireless Communications 

1.8 GHz and 2.4 GHz 
MMIC Amplifier-Switches 

The Right Solutions At The Right Price... 
GaAs MMIC Amplifiers for PCS & WLAN Applications 
Celeritek has developed a new family of GaAs MMIC amplifier¬ 
switches for wireless PCS, WLAN and other wireless systems. 

A +23 dBm Output Power 
A High Efficiency for Longer Battery Life 
A Integrated T/R Switch Reduces Board Size 

A Power Control Eliminates Near/Far Problems 
A Samples and Evaluation Board Available From Stock 

A SOIC-16 PCMCIA-Compatible Plastic Package 
A In-House Fabrication Guarantees Quality ̂ ¿/ Reliability 

Call, fax or write today for more information: 
Celeritek, 3236 Scott Boulevard, Santa Clara, CA 95051 
Telephone (408) 986-5060 Fax (408) 986-5095 

INFO/CARD 6 

CELERITEK GaAs MMIC AMPLIFIER-SWITCHES 
Power Small Power ANT to LNA 

Power Added Signal VSWR Control Insertion Switching 
Output Efficiency Gain In/Out Range Loss Speed 
(♦dBm) (%) (dB) (dB) (dB) (nS) 

Model Min Typ Typ Typ Typ Min Typ Typ Max Typ 

1.7-2.0 GHz 
CAS1401 22.5 23.5 25 21 2.0:1 16 20 0.8 1.0 100 
CAS1402’ 22.5 23.5 25 21 2.0:1 16 20 0.8 1.0 100 
CMM1301“ 23.5 24.5 30 22 2.0:1 16 20 — — — 
2.3-2.S GHz 
CAS2401 22 23 20 18 2.0:1 16 20 0.8 1.0 100 
CAS2402* 22 23 20 18 2.0:1 16 20 0.8 1.0 100 
CMM2301" 23 24 25 19 2.0:1 16 20 — — — 

*0.5 mA current required for switching. “Amplifier without switch. 
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□ Octave and multi-octave bandwittis to 65 GHz 

□ Wideband 20 dB Directivity from 100 MHz to 20 GHz 

□ High Power Dual Directional, 500W failsafe to 5 GHz 

□ Mini-Filmbrid miniature drop-in Directional Couplers to 6 GHz 

□ Wide instantaneous bandwiths, 2 way, 0.3 to 18 GHz in SMA 

□ 2, 4 & 8 way, 0.5 to 26.5 GHz in SMA, 6 to 40 GHz in K conn. 

□ Non-binary Dividers, in multi-octave bandwidths to 0.5-18 GHz 

□ 2, 4 & 8 way miniature drop-in Mini-Filmbrid models 
□ Narrow and wideband Beamformers with low loss to 18 GHz 

□ Custom Beamformers to meet harsh environment of space 

□ Ultra-compact, Multi-layer Stripline Filter designs to 12.4 GHz 

□ Evanescent Waveguide Filters for high Q, bandpass 
requirements 

□ Wideband Models cover 1 to 18, 2 to 26.5 & 6 to 40 GHz bands 

□ Optimally Flat Phase Models for Octave Bands to 18 GHz 

□ Solid Dielectric, Fail-Safe, High Power series to 500W 

□ Filmbrids and Mini-Filmbrids for avionics/cellular/PCN bands 
□ Phase and amplitude adjustable Image Reject Mixers to 6 GHz 

□ TTL / ECL and direct Biphase Modulators to 14 GHz 

□ Double Balanced Mixers from 2 to 18 GHz drop-in / SMA 

□ Miniature mechanical Phase Shifters and Trimmers to 6 GHz 

□ Wideband Versions from 0.5 to 19 GHz, with attenuations Io 80 dB 

□ Miniature Models covering 6-1 8 GHz with attenuation to 25 dB 

□ Micrometer,TC, Calibrated Dial and Screw Drive Mechanisms 

□ Bench and Panel Mounting in wide range of connectors 

Since 1954 Merrimac has been a market leader in the design 
and production of stripline, microstrip and ferrite components. 

Today, completely new theory extends Merrimac product 
performance beyond the traditional boundaries of bandwidth, 

insertion loss, isolation and accuracy. 

M Merrimac 
41 Fairfield Place, West Caldwell, New Jersey 07006 

Tel: (201) 575-1300 • FAX: (201) 575-0531 
INFO/CARD 9 



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 
692 

dBri 

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 Lin 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 

tronica 

CALIBRATOR 

ZERO 
CAL FREQ 

MENU dB/mW 

*| 

RECALL 

ries features intelligent design and sophisticated so 

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 simultaneous// 

SIMPLE, INTELLIGENT 
OPERATION 

The 8540 Series has only half as 

many controls as other power meters, 

The Secret Is The Sensors. 

Just look 

at the incred¬ 

ible improvement 

in speed you’ll get with 

Surface Mount technology 

assures greater sensor 

accuracy and reliability 

JF Giga-tronics’ diode sensors. 

hMmi DMa înti 

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 

measuring CW and peak 

power in a fraction 

of the time. 

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 

but don’t let that fool you. Intelligent design 

and sophisticated software give you easy 

12 Power Meter 
iFREQ CORR 

Il
ll

ll
l-
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ll

ll
ll

ll
 

CAL FACTOR 

FREQ CORR 

OFFSET 

CAL FACTOR 

AV G 

REMOTE 
SRO 
TALK 
LISTEN 

A two-line back lit LCD display 

provides you more data in less time. 
14 

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 

POWER 
ON I 
OFF nl I 

The peak sensor adds a 

marker on a monitor output 

for setting an exact measure-

dB Pl 

010 US 

Call us toll-free at 

I 800 726 GIGA. 

Outside the U.S. 

call your local 

Giga-tronics 

representative, or 

call 001 408 734 5780. We’ll send you 

more information or arrange for an 

ment point on pulsed signals, incredible hands-on demonstration. 

INFO/CARD 10 

full 90 dB dynamic range 

without sacrificing 

accuracy. 

Giga-tronics 

Giga-tronics Incorporated 

488 Tasman Drive 

Sunnyvale, California 94089 

Telefax: 408 747 1265 



2.4 GHz 
surface 

mount radio 
components 
and 
connectors. 

We're bridging the 
gap between 

Relax. Your wireless data 
transmission worries are over. 

At M/A-COM, we have the 
microwave expertise to transmit 
your ones ana zeros across the 
spectrum and ensure that they're 
received as ones and zeros. Easily 
and effectively. We've been leaders 
in RF, microwave and millimeter 
wave technology for more than 40 
years, and today we're the largest 
independent company in the 
business. 

Our digital signal processing 
knowledge allows us to transpar¬ 
ently link microwave technology to the digital world. 
We supply connectivity solutions for anything from 
pen-based computers to bar code readers to personal 
communicators. Whether they're operating on LANs, 

WANs or both. You can 

We'll help you transmit bits. And sound bites. 

count on us for both near-
, term data transmission, and 
1 longer-term integrated 
1 data, voice, and video 
A applications. 

•* High-performance, low-cost, 
versatile antennas for 

ISM at 902 MHz and 

jC 2 4 GHz. and 

; ' PCN at 1.9 GHz 

We manufacture wireless antennas, RF connectors, 
discrete semiconductors, transmitters, and integrated 
circuits, including the MMICs, HMICs, and GMICs that 
higher frequencies require. All of which are ever 
smaller, lighter and more energy efficient. 

But we offer the wireless data marketplace 
something that's more important than discrete devices 
for PC cards. We offer the ability to work with you to 
create strategic partnerships that encompass planning, 
manufacturing and ongoing research and 
development. Ultimately, these partnerships will make 
worldwide wireless data communications successful. 



communications 
RF and digital 

materials science allows us to select 
the most effective, 
economical 
materials for 
each 
application. 
We design for 
maximum 

Low-cost, high-performance 
GaAs and Silicon 

integrated circuits. 

To control costs, 
control the process. 

Since M/A-COM is a 
vertically integrated company, 

we control everything from 
materials to manufacturing to testing. Which keeps our 
costs competitive. 

We use physics-based predictive modeling to make 
sure designs work as well in your PCs as on our 
Computer-Aided Design workstations. Our expertise in 

r. 

manufacturing 
advantage, and 
use techniques like 

GaAsMMIC 
Transceiver. 

Srocess-oriented and continuous-ow production. We drive costs 
down and quality up. 

Wireless is not 
the wave of the future. 

It's here now. It's helping businesses 
control inventory, trade commodi¬ 
ties, make airline reservations, track 
sales. It's getting faster, going 
further, and growing more impor¬ 
tant every day. 

As wireless data applications increase, the interface 
between microwave and digital becomes increasingly 
important. By working together to link these two 
worlds, we'll create the integrated, multifunction 
solutions which will become the industry standards. 
Together, we'll bridge the gap. Then we can both relax. 

To leam more, call us at 1-800-366-2266. In Europe, 
+44 (0344) 869 595. In Asia, +81 (03) 3226-1671. 
GMIC and HMIC are trademarks of M/A-COM. Inc 
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With our SA620 Integrated Front-End, 
the future of wireless is close at hand. 

Yesterday’s wireless visions are quickly becoming 
reality. 1Ò keep pace, you must develop innova¬ 
tive products in less time. At Philips, we are 
committed to supplying state-of-the-art wireless 
communication ICs that allow you to succeed. 

The SA620 is a major step forward in 1 GHz 
front-end technology. A high performance LNA, 
mixer and VCO are now integrated ir. a single 
3V device. This complete front-end solution not 
only saves design time and external components, 
but also reduces time-to-market. 

Low power consumption makes the SA620 
ideal for portable products that must run longer 
on fewer batteries. And our SSOP (Shrink Small 
Outline Package) saves board space and makes 
your products smaller and lighter thar. ever. 

O) I’tulips Electronics North America Corporation, 1993 

The SA620 is based on our advanced QUBiC 
BiCMOS process technology which results in 
performance that rivals today’s best GaAs dis¬ 
crete and IC designs— at a fraction of the cost. 

So instead of designing front-ends the 
way you used to, save time, space and money 
by selecting the Philips SA620 low-voltage 
Integrated Front-End. 

1-800-447-1500 ext. 1054RF 

Philips 
Semiconductors PHILIPS 



UP letters 
President's Letter 

This month, readers of RF Design will see a new name, Argus Business, on the 
masthead. 
Argus Business is a new subsidiary publishing company of Argus, Inc. This new 

subsidiary grew from a merger in July of Cardiff Publishing Company of Denver, 
publishers of RF Design, and Communication Channels, Inc. of Atlanta. 
RF Design, one of Cardiff's 12 titles, joins with CCI to form a group consisting of 

65 titles, plus 16 trade shows and conferences. 
RF Design will retain its name and editorial independence, while bringing to our 

readers and advertisers the combined strengths of a group of publications serving 
more than two million readers in 10 industry segments. The merger will help identi¬ 
fy Argus as one of the largest trade publishing groups in the United States. 
As always, RF Design will maintain its support of the RF industry with a contin¬ 

ued commitment to editorial excellence. 

Jerrold France 
President, Argus Business 

Cold Weld Bases 

Correction2

The correction printed in July’s “RF Letters” section was incorrect. Equation 3 in 
Andrzej Przedpelski’s May 1993 tutorial “A Comparison of Simple Software Meth¬ 
ods for RF Calculations” should be: 

[(42+j2jtf 0.01+(j27tf 0.342x1 0- 15)-1)-1+j27rf-2x10-’2]-’ 

Thanks to Les Besser for pointing out the error. 

Copper clad Kovar with 
7052 glass (clear optional). 
Plated to customer spec. 

• HC-18 * HC-37 

• HC-35 • HC-40 

• HC-36 • HC-45 
Also: Resistance and 
Solder Seal Bases. 

IIMITEn 11A Executive Park Drive JNHrll N Billerica MA 0186? 
Fax (508) 670-6492 

GLASS TO METAL Customer Service: 

SEALING, INC. 1 (8°0) 783-9136 
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TEMEX ELECTRONICS 
3030 W. Deer Valley Road Phoenix, AZ 85027 (602) 780-1995 FAX: (602) 780-2431 
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SIEMENS 

RF Performers 
Announcing 
the most advanced 
RF transistors for 
mobile communications. 

Siemens announces a full range of 
high-performance RF transistors offer¬ 
ing increased gain, reduced noise, 
and lower power consumption. Best of 
all, these advanced devices costless 

than devices you may currently be using. 
Call 1-800-77-SIE MENS, ext. 310 for a 
complete data kit on mobile communica¬ 
tions devices (including a data sheet about 
Siemens surface mount GaAs MMIC). 

SCI-1009 

■ 

Type Max Ratings Characteristics Application 

NPN 
Uceo 

V mA 

F 
900 MHz 
8 V 
dB 

Gpe 
900 MHz 
8 V 
dB 

Uce^C 
1 0 to above 3 GHz 

V/mA 

BFP 180 8 3 19 15 1 to 3/0 2 to 2.5 paging system 

BFP 280 8 10 14 18 1 to 5/0.2 to 8 low-noise pager 

BFP 181 12 20 13 19 1 to 8/0 5 to 10 low-noise pre-amplifier 

BFP 182 12 35 1.2 19 1 to 8/1 to 20 low-noise amplifier 

BFP 183 12 65 1.2 19 1 to 8/2 to 28 low-noise amplifier 

BFP 193 12 80 12 19 3 to 8/5 to 40 low-distortion output stage 

BFP 196 12 120 14 18 3 to 8/30 to 100 low-distortion output stage 

Our tightly graded range of devices ensures matching your application as closely as possible to the 
optimum operating point. (This data is for the S0T143 package However, devices are available in all 
packages pictured ) 
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Sprague*Goodman 

RF calendar_ 
September 

22-23 IEEE Broadcast Symposium 
Washington, DC 

Information: Ed Williams, Symposium Chairman, (703) 739-5172. 

23-26 Microwave Update 93 
Atlanta, GA 

Information: Jim Davey WA8NLC, 4664 Jefferson Township 
Place, Marietta, GA 30066. 

27-30 15th Annual Electrical Overstress/Electrostatic Discharge 
Symposium 
Orlando, FL 

Information: 1993 EOS/ESD Symposium, P.O. Box 913, 
Rome, NY 13442-0913. Tel: (315) 339-6726. Fax: (315) 339-
6793. 

October 

4-6 15th International Electronics Manufacturing Technology 
(IEMT) Symposium 
Santa Clara, CA 

Information: Electronic Industries Association, 2001 Pennsylva¬ 
nia Avenue, NW, Washington, DC 20006-1813, Mark V. 
Rosenker, Vice President, Public Affairs. Tel: (202) 457-4980. 
Fax: (202) 457-4985. 

11-14 Fourth European Conference on “Radio Relay Systems” 
Edinburgh, UK 

Information: ECRR93 Secretariat, Conference Services, IEE, 
Savoy Place, London EC2R OBL, United Kingdom. Tel: 071 
240 1871. Fax: 071-497 3633. 

12-14 1993 Vehicle Navigation and Information Systems 
Conference 
Ottawa, Canada 

Information: Hugh Reekie, Secretary, VNIS ‘93 Steering Com¬ 
mittee, Box 3083, Station D, Ottawa, Ontario, Canada, K1P 6H7. 

12-14 Second International Conference on Universal Personal 
Communications: The Conference on Personal 
Communications Systems 
Ottawa, Canada 

Information: Celia Desmond, Bell Canada, 800 Bay Street, 4th 
Floor,Toronto, Ontario K1G 3J4, Canada. Tel: (416) 353-4080. 
Fax: (416) 920-6689. 

1 9-21 RF Expo East 
Tampa, FL 

Information: Renae Fierros, Cardiff Publishing, 6300 S. 
Syracuse Way, Suite 650, Englewood, CO 80111. Tel: (303) 
220-0600, (800) 525-9154. Fax: (303) 770-0253. 

26-30 Second International Conference on Signal Processing 
Beijing, P.R. China 

Information: Prof. Yan Baozang, Institute of Information Sci¬ 
ence, Northern Jiaotong University, Beijing 100044, China. 

31-3 IEEE Ultrasonics Symposium 
Baltimore, MD 

Information: Electronic Industries Association, EIA Compo¬ 
nents Group, 2001 Pennsylvania, Avenue N.W., Washington, 
DC 20006-1813. Tel: (202) 457-4930. 

Airtrim8 

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. 

SPROGUE 
GooDmnn 

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

INFO/CARD 71 

Sprague-Goodman 

Glass and Quartz 
Pistoncaps9

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

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

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

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

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

SPROGUE 
Gooompn 

134 Fulton Ave., Garden City Park, NY 11040 
Phone: 516-746-1385 • Fax: 516-746-1396 
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RF courses_ 
Radar Cross Section Reduction 
October 26-29, 1993, Atlanta, GA 

Computational Electromagnetics: The Finite Element 
Method, The Finite-Difference Time-Domain Method 
October 26-29, 1993, Atlanta, GA 

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

Wireless Personal Communications Services 
September 15-17, 1993, Los Angeles, CA 

Advanced Communication Systems Using Digital Signal 
Processing 
November 29-December 3, 1993, Los Angeles, CA 

RF and Microwave Circuit Design I: Passive and Linear 
Active Circuits 
November 29-December 3, 1993, Los Angeles, CA 

Information: UCLA Extension, Engineering Short Courses, 
10995 LeConte Ave., Ste. 542, Los Angeles, CA 90024. Tel: 
(310) 825-1047. Fax: (310) 206-2815. 

Electrostatic Discharge (ESD) in Integrated Circuits 
October 18-19, 1993, Burlingame, CA 

Information: Continuing Education in Engineering University 
Extension, University of California, 2223 Fulton St., Berkeley, 
CA 94720. Tel: (510) 642-4151 . Fax: (510) 643-8683. 

High Speed Communication Networking 
September 27-October 1, 1993, Cambridge, UK 

Adaptive Signal Processing, with Applications to 
Communications, Radar, Control, Fiber Optics, 
and Neural Networks 
September 27-October 1, 1993, Cambridge, UK 

Personal Communication Networks: Cellular Systems, 
Wireless Data Networks, and Broadband Wireless Access 
September 27-October 1, 1993, Cambridge, UK 

Maintaining Signal Quality in High-Speed Digital Systems 
September 27-October 1, 1993, Cambridge, UK 

Fiber Optic Communication Technology, Systems 
and Networks 
September 27-October 1, 1993, Cambridge, UK 

RF and Microwave Circuit Design: Linear and Non-Linear 
(Theory and Applications) 
November 15-19, 1993, Cambridge, UK 

Modern Digital Modulation Techniques 
November 17-19, 1993, Cambridge, UK 

Far-Field, Compact & Near-Field Antenna Measurement 
Techniques 
March 21-24, 1994, Switzerland 

Aspects of Modern Military and Commercial Radar 
March 21-25, 1994, Switzerland 

Information: CEI-Europe/Elsevier, Mrs. Tina Persson. Tel: (46) 
122-175-70. Fax: (46) 122-143-47. 

Analyzing Communication System Performance 
September 13-15, 1993, San Diego, CA 

Digital Transmission for the Cellular Telephone 
September 15-17, 1993, San Diego, CA 

Global Positioning System: Principles and Practice 
September 15-17, 1993, San Diego, CA 

Future Telecommunications for Providers, Suppliers, 
Users, and Regulators 
September 20-22, 1993, Washington, DC 

Transmission Systems for Telecommunication 
September 27-30, 1993, Washington, DC 

Mobile Communication Engineering 
October 6-8, 1993, Washington, DC 

Modern Digital Modulation Techniques 
December 13-17, 1993, Orlando, FL 

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

Electromagnetic Compatibility Engineering 
October 13-15, 1993, Longmont, CO 

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

RF/MW Small Signal/Low Noise Amplifier Design 
November 8-9, 1993, Indianapolis, IN 

RF/MW Circuit Design I 
November 29-December 3, 1993, Los Angeles, CA 

Information: Besser Associates, 4600 El Camino Real, Suite 
210, Los Altos, CA 94022. Tel: (415) 949-3300. Fax: (415) 
949-4400. 

Navstar/GPS 
September 22-24, 1993, Boston, MA 

Modern RF & Microwave Techniques 
October 26-29, 1993, Monterey, CA 

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

DSP Without Tears 
September 20-22, 1993, Raleigh, NC 
October 4-6, 1993, Scottsdale, AZ 
October 18-20, 1993, Chicago, IL 
November 8-10, 1993, Houston, TX 
November 15-17, 1993, San Jose, CA 

Advanced DSP With a Few Tears 
November 18-19, 1993, San Jose, CA 

Information: Z Domain Technologies, Inc., 325 Pine Isle Court. 
Alpharetta, GA 30202. Tel: (800) 967-5034, (404) 664-6738. 
Fax: (404) 442-1210. 

Basic Electrostatic Discharge Seminar 
September 26, 1993, Lake Buena Vista, FL 

Information: EOS/ESD Association, 200 Liberty Plaza, Rome, 
NY 13440. Tel: (315) 339-6937. Fax: (315) 339-6793. 

EMC Emission and Immunity Testing for Compliance 
in Europe 
September 13, 1993, Newark, NJ 

Information: Haefly, Inc., Dawne Fay, 2616 Morse Lane, 
Woodbridge, VA 22192. Tel: (703) 494-1900. Or, Rohde & 
Schwarz, Terry Palmer, 4425 Nicole Dr., Lanham, MD 20706. 
Tel: (301) 459-8800, ext. 252 or 254. 
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TheNewWaveteklOOMHz Arb. 
Sky-high Performance at a 

Down-to-Earth Price. 

Wavetek 100 MHz Synthesized Arbitrary Waveform Generator model 395 

POWER 

53395 
• Arb clock: 1 mHz to 100 MHz 
• Vertical resolution: 12 bits 
• Horizontal memory: 64k 

points, 256k points optional 
• Trigger, Gate, and Burst modes 
• Linking, looping, and 

branching 
• Nine standard waveforms 

including: 
- sine to 40 MHz 
- square to 50 MHz 
- triangle to 4 MHz 
- sin(x)/x 

• Pulse waveforms 
• Noise function 
• Signal summing 
• 4-quadrant AM modulation 
• Versatile sweep functions 
• RS-232 interface 
• GPIB interface (optional) 

The new Wavetek 395 Synthesized 
Arbitrary Waveform Generator has 

everything you’d expect in a high-
performance arb—except the price tag. 

It has 12-bit vertical resolution and 
a memory depth of 64k points, with 
256k points optional. It features standard 
waveforms such as low-distortion sine 
waves to 40 MHz and square waves to 
50 MHz, with up to 10-digit frequency 
resolution. Triggerec, gated, and burst 
modes are standard. Also included is 
sophisticated linking of waveforms to 
allow creation of intricate or long wave¬ 
form sequences. 

In fact, many things that 
are extra cost options on 
other arbs are standard on 
the Model 395. For exam¬ 
ple, it has signal summing 
from an external source, 
full four-quadrant AM 
modulation that allows 
SCM, selectable elliptic 
and Bessell waveform 

filters for smooth outputs, and an RS-232 
interface. 

No question about it - Model 395 is a 
full-featured 100 MHz arb. The amazing 
part is that it sells for half the price of other 
100 MHz arbs without sacrificing the 
performance you need. 

At such a low price, the 395 arb takes 
the place of traditional analog and digital 
signal sources such as function, pulse, 
sweep, noise, and modulation generators. 
Model 395 does it all, including the com¬ 
plex waveforms needed to test modern 
engineering designs ranging from com¬ 

munication links to ignition 
switches. 

Call Wavetek today at 
1-800-223-9885 to get the 
low-down on our high-flying 
arb with the down-to-earth 
pricing. We'll even provide a 
free copy of the Wavetek Arb 
Primer to help you evaluate 
the Model 395 specifications. 
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RF news 
15th Piezoelectric Devices Conference 
Program Announced 
The 15th Piezoelectric Devices Con¬ 

ference and Exhibition (PDC&E), spon¬ 
sored by the Electronic Industries Asso¬ 
ciation (EIA), will again be held in 
Kansas City, MO, September 21-23. 
The schedule of technical papers, tutori¬ 

als and end-user sessions will include 
the following presentations: 
Session A, Technical Papers — Top¬ 

ics include piezoelectric materials, vari¬ 
ous manufacturing process techniques, 
oscillator design, frequency references, 

SW/TCH To AWOWSMfTH! 
For All Your Microwave Switch Needs -
The N-Series Microwave Switches from 

Arrowsmith Shelburne 

ÜES/GM W H/GH 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. 

N303-10179-X 
TYPICAL RF PERFORMANCE 

Shelburne, Inc. 

2085 Shelburne Road • Shelburne, Vermont 05482 
802-985-8621 • FAX: 802-985-1042 

SAW device packaging, basic and 
advanced crystal filter design, and mea¬ 
surement methods. These papers are 
directed to advanced users of piezoelec¬ 
tric products as well as engineers 
designing those products. 
Session B, Tutorials — These ses¬ 

sions are directed to engineers and pro¬ 
duction personnel at companies which 
manufacture piezoelectric devices. Sub¬ 
jects scheduled include a tutorial on 
SAW resonator technology. In addition, 
crystal resonator, oscillator design and 
filter topics are planned. 
Session C, End-Users — This track 

addresses both sides of the 
supplier/end-user relationship. A full-day 
tutorial on “Electronics and Piezoelectric 
Technology for Beginners and Non¬ 
Engineers” defines the role of the vari¬ 
ous products in the marketplace. Other 
papers cover basic oscillators, SAW 
device and ceramic filter applications, 
plus monolithic crystal filters. A panel of 
end-users is also scheduled, discussing 
their requirements for future products. 

In addition to the above presentations, 
the conference also includes a product 
exhibition. For information on attending 
the 15th PDC&E, contact the EIA at 
(202) 457-4985. 

NIST Seeks Calibration Experts — 
Assessors for a new program to accredit 
calibration laboratories are needed by 
the National Institute of Standards and 
Technology. Engineers, scientists, 
metrologists and technical experts in 
industry, universities and government 
with experience in calibrations and labo¬ 
ratory management are required to con¬ 
duct on- site assessments of laborato¬ 
ries that perform calibration testing ser¬ 
vices. The National Conference of Stan¬ 
dards Laboratories (NCSL), an associa¬ 
tion of more than 1100 organizations, 
asked NIST to develop the activity under 
the National Voluntary Laboratory 
Accreditation Program (NVLAP). The 
expert assessors will be under contract 
to NIST to help NVLAP establish the 
competence of laboratories that apply 
for accreditation. Experienced individu¬ 
als should send a resume to: C. Dou¬ 
glas Faison, Operations Program Man¬ 
ager, NVLAP, A162 Bldg. 411, National 
Institute of Standards and Technology, 
Gaithersburg, MD 20899-0001; tel. 
(301) 975-4016, fax. (301) 926-2884. 

Call for Papers: NPC94 — The 1994 
Conference on Networks for Personal 
Communications is sponsored by the 
New Jersey Coast Section of the IEEE, 
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and will be held in Long Branch, NJ, 
March 16-18, 1994. Authors are invited 
to submit papers on all topics related to 
telecommunications network support of 
Personal Communications Services. 
Extended abstracts should be submitted 
by September 15 to Technical Program 
Chairman, Joseph Rizzo, Exec. Dir., 
PCS, Room NVC-5A225, 100 Schultz 
Drive, Box 7050, Red Bank, NJ 07701-
7050. 

RFID Standard Sought for Small Ani¬ 
mals — The AIM USA RFID Committee 
is developing a standard for small ani¬ 
mal RFID. Small animals are defined as 
companion animals kept primarily for 
personal enjoyment. AIM seeks a stan¬ 
dard so that the veterinarians, animal 
hospitals, humane societies and pet 
owners will be able to reliably use RFID 
tags, regardless of their manufacturer. 
Companies interested in participating 
should immediately contact the AIM 
USA Technical Department at 634 
Alpha Drive, Pittsburgh, PA 15238-
2802, tel. (800) 338-0206. 

ARFTG Call for Papers — The 42nd 
conference of the Automatic RF Tech¬ 
niques Group (ARFTG) will be held 
December 2-3, 1993 in San Jose, Calif. 
The conference will focus on “RF and 
Microwave Testing for Commercial 
Applications,” and a Call for Papers has 
been issued. Suggested topics are: opti¬ 
mization of test plans, design for testa¬ 
bility, calibration and verification, fast 
test algorithms, fixturing, and others. 
Submit proposals by September 3 to 
John T. Grubb, Hewlett- Packard Co., 
MS: 1URM, 1212 Valley House Dr., 
Rohnert Park, CA 94928-4999. 

VXIbus Consortium HQ Established 
— The VXIbus Consortium has estab¬ 
lished the position of Administrator and 
now has one central office. The Admin¬ 
istrator position allows the members of 
the Consortium to spend more time on 
promotion of the VXIbus standard. 
Inquiries for technical assistance, 
membership requests, or Manufactur¬ 
er’s Identification Number should go to: 
VXIbus Consortium, 8380 Hercules, 
Suite P3, La Mesa, CA 91942; tel. 
(619) 697-6650, fax. (619) 697-5955. 

Group Studies CVD Diamond — Pro¬ 
ducers and potential users of diamond 
films created using chemical vapor 
deposition (CVD) have formed a work¬ 
ing group to evaluate thermal conductiv¬ 
ity measurement methods. Coordinated 

by the National Institute of Standards 
and Technology (NIST), the group was 
formed to meet the need for an accept¬ 
ed method of measurement. Additional 
topics to be covered include optical 
absorption and scattering, plus electrical 
properties and contacts for electronic 
applications. A report on a recent NIST 
workshop is available: “Workshop on 
Characterizing Diamond Films II," avail¬ 

able as PB 93-207157 from the National 
Technical Information Service, (703) 
487-4650. 

Report Predicts Antenna Market 
Growth — A market report from Allied 
Business Intelligence predicts over 11 
percent growth in the U.S. antenna mar¬ 
ket. GPS antennas lead the way, fol¬ 
lowed by dishes for VSAT and 

Directional Couplers 
Power to 2000 watt CW 
Frequency band: 20-6,000 MHz. 
Low insertion loss 
Hi directivity 
Ultra flat coupling 
Standard Coupling: 30, 40, 50 dB. 

High Power 
Resistors & Terminations 
Power from 10-800 watts CW 
Low capacitance 
R values from 1-20,000 ohms 
All welded construction 
Acrian drop in replacements 
High quality metalizations 
.Custom configurations 

20 PEACHTREE CT. HOLI Y. 11741 TEL: 

RF Design 
INFO/CARD 19 

* 
90 Degree Hybrids 
Power to 800 watt CW 
Frequency range: 30-4000 MHz. 
Low insertion loss 
Excellent phase balance 
Excellent amplitude balance 
2-way & 4-way configurations 
Custom frequency's available 

516-467-4230 • FAX: 516-467-4234 
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RF news continued 
INMARSAT/INTELSAT. The full report 
has detailed information on many anten¬ 
na types and includes market share 
data for 57 antenna manufacturers. 
Contact ABI for more information at 
(516) 624-3113. 

NAB Seeks FCC Help With Local 
Building Laws — The National Associ¬ 
ation of Broadcasters (NAB) has asked 

the Federal Communications Commis¬ 
sion (FCC) to take broad preemptive 
action against state and local laws that 
unreasonably keep broadcasters and 
other communications companies from 
building FCC-licensed transmission 
towers, or prevent consumers from 
using rooftop antennas to receive radio 
and te evision signals. According to the 
NAB, these practices amount to “non-

ETF TECHNOLOGY INC. 
The Only Source For Your Thick Film Precision Circuits & SMT Resistors 

THICK FILM CIRCUITS 
Thru Hole Metallization 
.005'' Lines & Spacing 

Multilayers Up To 8 Layers 
Nickel Barriers 

Copper Metallization 
Hybrid Circuits 

Surface Mount Networks 
Chip & Wire 

SMT • RESISTORS 
0402 To 4020 

Zero ohm To 500 megohm 
Down To .1% Tolerance 

50 PPM’TCR 
Custom Sizes 

Custom Metal Terminations 
High Power Chips 

TECHNOLOGY INC. 

800 Paloma Dr • Suite 120 • Round Rock, Texas 78664 
(512) 218-1048 • FAX (512) 218-9312 
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federal authorities ‘un-licensing’ FCC-
licensed facilities.” NAB also suggested 
that such restrictive policies threaten to 
impede development of new terrestrial 
services such as High Definition Televi¬ 
sion (HDTV), CD-quality Digital Audio 
Broadcasting (DAB) and non-broadcast 
technologies like Personal Communica¬ 
tions Services (PCS). 

NASA Develops Broadband Patch 
Antenna — A researcher at NASA's 
Langley Research Center has devel¬ 
oped a method for increasing the band¬ 
width of a conventional microstrip patch 
antenna. As reported in NASA Tech 
Briefs, the addition of strips of resistive 
sheet material at the edges of the patch 
reduces edge currents, making the edge 
effects a smoother function of frequen¬ 
cy. Bandwidth can be optimized by con¬ 
trolling the shapes, size and resistance 
of the resistive strips. A working model 
of such a modified antenna had a band¬ 
width more than twice that of the same 
antenna, unmodified. 

Dow-Key Acquires Switch Line — 
Dow-Key Microwave expands its space-
qualified switch capabilities with the 
cash purchase of the Transco Space 
Qualified Products from Datron Sys¬ 
tems. All designs, patents and clean 
room equipment and test equipment for 
space programs were purchased. The 
acquisition makes Dow-Key one of the 
largest mechanical coaxial switch com¬ 
panies in the industry. 

Proxim and PI Systems in Healthcare 
Mobile Computing Partnership — 
Proxim, Inc. has announced a business 
partnership with PI Systems that will 
result in a family of mobile information 
products incorporating Proxim's wireless 
data communications technology. Initial¬ 
ly, PI will begin building ProxLink™ radio 
modules into its Infolio electronic clip¬ 
boards. The radio-linked system will 
allow real-time connection to mobile-
healthcare workers. Additional commu¬ 
nications hardware is planned for other 
PI mobile hardware platforms. 

Recent ISO-9000 Activity — The follow¬ 
ing companies have recently announced 
compliance with ISO 9001 international 
quality standards: Scientific-Atlanta's Net¬ 
work Systems Group (NSG), which 
includes both the Satellite Communica¬ 
tions Division and Mobile Satellite Sys¬ 
tems business unit; Linear Technology 
Corporation’s Milpitas, Calif, facility, 
which manufacturers high performance 
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Amplifiers 
Fast! 

Only Through Q-bit's New Quick Ship Program 

We can now offer our most popular TO-8, surface-mount, and connectorized 
amplifiers from stock - usually shipped within 24 hours. 

HYBRID Guaranteed Specifications 25° C 
Model Frequency Gain Pl dB VSWR Noise Reverse 3rd/2nd DC Power Housing 
Number Range 25°C In/Out Figure Isolation OOIP Volts/mA Style_ 

QBH-101 5-500 13.0 7.0 1.5:1 2.4 25.0 20/28 15.0/18 TO-8 
QBH-102 5-500 12.3 21.0 1.5:1 7.0 23.0 34/50 15.0/93 TO-8 
QBH-103 5-300 11.3 22.0 1.5:1 6.8 22.0 37/51 15.0/91 TO-8 
QBH-104 5-500 12.3 10.5 1.5:1 4.5 23.0 25/37 15.0/29 TO-8 
QBH-105 5-300 12.2 8.0 1.5:1 3.0 27.0 22/30 15.0/18 TO-8 
QBH-108 5-300 11.3 20.0 1.5:1 6.5 21.0 37/50 15 0/71 TO-8 
QBH-109 10-500 10.6 12.0 1.5:1 4.5 24.0 28/40 15.0/35 TO-8 
QBH-110 5-500 15.0 9.0 1.5:1 3.0 25.0 23/33 15.0/29 TO-8 
QBH-115 10-500 12.3 26.0 1.5:1 7.8 25.0 35/42 15.0/165 TO-8 
QBH-117 5-100 16.5 4.5 1.5:1 1.5 35.0 17/24 15.0/11 TO-8 
QBH-118 3-100 16.3 13.0 1.5:1 1.9 35.0 27/38 15.0/21 TO-8 
QBH-119 5-500 15.0 12.0 1.5:1 3.0 25.0 26/36 15.0/33 TO-8 
QBH-121 10-500 13.5 12.0 1.5:1 3.5 24.0 27/39 15.0/37 TO-8 
QBH-122 10-500 17.0 20.0 1.8:1 4.2 22.0 30/38 15.0/65 TO-8 LP 
QBH-124 5-100 19.8 17.0 1.5:1 3.5 32.0 30/40 15.0/60 TO-8 
QBH-125 10-100 19.6 23.0 1.5:1 4.5 33.0 38/50 15.0/132 TO-8 
QBH-126 5-500 15.0 16.0 1.5:1 3.8 25.0 30/38 15.0/50 TO-8 
QBH-131 5-1300 18.0 7.0 1.5:1 5.0 27.0 20/35 15.0/41 TO-8 LP 
QBH-132 15-700 14.6 16.0 1.7:1 6.5 27.0 29/39 15.0/44 TO-8 
QBH-133 10-500 10.3 16.0 1.5:1 4.5 25.0 29/45 15.0/57 TO-8 
QBH-136 10-200 20.0 21.0 1.5:1 4.0 26.0 33/45 15.0/70 TO-8 
QBH-137 10-200 12.7 21.0 1.5:1 3.5 26.0 38/48 15.0/94 TO-8 
QBH-138 5-150 15.5 21.0 1.6:1 3.2 28.0 37/49 15.0/99 TO-8 
QBH-147 20-1100 13.5 10.0 1.5:1 3.5 22.0 23/33 15.0/27 TO-8 LP 
QBH-149 10-150 23.0 17.5 1.5:1 2.8 30.0 29/39 15.0/39 TO-8 
QBH-150 10-300 20.0 18.0 1.5:1 3.5 25.0 30/41 15.0/46 TO-8 
QBH-152 10-300 17.0 18.0 1.5:1 3.5 26.0 33/47 15.0/68 TO-8 
QBH-154 200-1200 12.8 8.0 2.0:1 2.6 23.0 21/31 15.0/23 TO-8 LP 
QBH-155 5-300 15.0 22.0 1.5:1 5.8 28.0 37/50 15.0/93 TO-8 
QBH-171 10-150 13.5 27.0 1.5:1 6.5 27.0 40/50 15.0/105 TO-8 
QBH-179 5-200 23.3 9.0 1.5:1 3.0 30.0 23/27 15.0/17 TO-8 
QBH-180 5-150 29.0 18.0 1.6:1 3.8 50.0 32/42 15.0/59 TO-8 
QBH-181 10-200 24.4 16.0 1.5:1 2.8 31.0 25/36 15.0/33 TO-8 
QBH-804 10-100 19.8 24.0 1.5:1 4.0 27.0 38/48 15.0/82 TO-8 
QBH-822 10-2000 20.0 11.0 2.0:1 5.0 24.0 24/35 15.0/60 TO-8 LP 
QBH-824 10-2000 15.3 12.0 1.6:1 6.5 23.0 21/32 15.0/65 TO-8 LP 

MODULAR Guaranteed Specifications 25°C 

QB-101 2-70 21.9 31.0 1.5:1 4.5 31.0 56/110 24.0/400 19044 
QB-188 0.5-100.0 15.0 21.0 1.5:1 3.0 28.0 37/47 15.0/100 184 
QB-300 1-300 24.5 22.0 1.5:1 3.8 36.0 37/52 20.0/154 181/182 
QB-538 2-500 34.8 22.0 1.5:1 3.0 45.0 35/52 20.0/187 181/182 
QB-761 806-870 23.0 18.0 1.5:1 3.5 42.0 32/0 15.0/140 187-2 

SURFACE Mount Guaranteed Specifications 25' c 
QBH-5119 10-500 15.0 12.0 1.5:1 3.0 22.0 26/36 15.0/33 F-PACK .450 SQ SMD 
QBH-5122 10-500 17.0 20.0 1.8:1 4.2 22.0 30/38 15.0/65 F-PACK .450 SQ SMD 
QBH-5237 10-200 12.7 22.0 1.8:1 4.5 15.0 38/50 15.0/97 F-PACK .450 SQ SMD 
QBH-5271 10-150 13.2 26.0 1.7:1 6.0 15.0 39/48 15.0/148 F-PACK .450 SQ SMD 
QBH-5284 10-100 19.8 22.0 1.5:1 4.0 21.0 38/48 15.0/82 F-PACK .450 SQ SMD 

Look for the Quick-Shipæ: symbol in our catalog, or call us with your requirements 

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

Main 7T 407/727-1838« Toll Free Sales S’ 800/226^772 • FAX tzi 407/727-3729 
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REnews continued 
linear integrated circuits; Micro Networks, 
a supplier of data conversion compo¬ 
nents, custom hybrids and precision 
oscillators; John Fluke Mfg. Co., for its 
North American service and manufactur¬ 
ing facilities; and, AMP Incorporated’s 
AMP Interconnection Components and 
Assemblies Products Group, which 
makes connectors and interconnection 
systems. 

Wireless Modem Deal for Cincinnati 
Microwave and McCaw — Cincinnati 
Microwave, Inc. announces develop¬ 
ment o' a series of wireless packet data 
modems utilizing Cellular Digital Packet 
Data (CDPD) networks. The company 
also announces that it is teamed with 
McCaw Cellular Communications, Inc. to 
market CDPD products and services to 
corporate data users. 

You Know What Your 
Wireless Communication System 

Needs to Succeed... 
l/Q Mixer 

FEC SYSTEM: 
QI601 low-cost, 10 Mbps 

Viterbi Decoder 

VOCODER: 
Q4400 Variable Rate 

with near-toll 
quality speech 

-Available jan 93-

VCO: 
Q3500 Series 

150-3200 MHz Range 
in Octaiv Bandwidth 

02334 
QUADRATURE OSCILLATOR: 

Q2334 Dual Direct Digital Synthesizer 

PHASE LOCKED LOOP: 
Q3036 1.6 GHz, 

■150dBc/Hz Phase Noise 

...and so do we! 
Today's wireless communication systems 

require high performance, low power, small 
size, quick time-to-market, and affordable 
pricing. 

QUALCOMM answers your tough needs 
with complete VLSI sub-systems on a single 
chip. 

With QUALCOMM, your communications 
design can take advantage of the world's most 
advanced VLSI devices including: Viterbi and 
Trellis Codec Systems, Variable Rate Vocoders, 
Voltage Controlled Oscillators (VCO), Phase-
Locked Loop (PLL) and Direct Digital (DDS) 
frequency synthesizers. 

And, you can expect complete applications 
engineering and system-level support from the 
engineers behind the QUALity CQMMunications 
name. 

To learn how your design can succeed with 
QUALCOMM'S VLSI solutions, please call or 

fax Qualco/vw\ 
VLSI Products Division 

10555 Sorrento Valley Road 
San Diego, CA 92121 USA 

TEL* 619-597-5005 
FAX* 619-452-9096 
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Atlantic Microwave Moves — Atlantic 
Microwave Ltd. has moved to its new 
distribution center at 40A Springwood 
Drive, Braintree, Essex CM7 7YN Eng¬ 
land. The new telephone number is +44 
0376 550220 and their fax is +44 0376 
552145. 

Larger Facilities for American Super¬ 
conductor — New, larger facilities for 
American Superconductor Corp, are 
located at Two Technology Drive, West¬ 
borough, MA 01581. Telephone and fax 
numbers are (508) 836-4200 and (508) 
836-4248, respectively. 

Dataradio/IBM Partnership for Mobile 
Data — Dataradio announces that it has 
been selected as an IBM business part¬ 
ner to provide mobile data systems for 
the public safety market. The company’s 
Vehicular Information Series (VIS) prod¬ 
uct line will be used in law enforcement, 
fire, emergency medical and other vehi¬ 
cles. 

Steinbrecher Corp. Relocates — 
Steinbrecher Corporation announces 
completion of its move to 30 North 
Avenue, Burlington, MA 01803-3398. 
Their new telephone number is (617) 
273-1400, and the fax number of (617) 
273-4160. 

Richardson Electronics Canada Ltd. 
Moves — As of September 6, 1993, 
Richardson's Candian sales and distrib¬ 
ution operations are consolidated into a 
new larger location occupying a 7,350 
square foot facility. The new address is: 
Richardson Electronics Canada Ltd., 
6185 Tomken Road, Units 3-5, Missis¬ 
sauga, Ontario L5T 1X6. The compo¬ 
nent sales telephone is (416) 795-6300 
or (800) 348-5580 and the fax number is 
(416) 795-6350. Readers: note that the 
area code will change to (905) after 
October 4. 

Siemens Subsidiary in Digital Data 
TV Venture — U.S. based Wavephore, 
Inc. and Telecommunal AG, the cable 
and satellite subsidiary of Siemens, 
have announced an agreement to mar¬ 
ket Wavephore's Video 7500 System in 
Europe. The system transmits high 
speed digital data at 384 kbps within an 
active analog television signal, increas¬ 
ing the communications capabilities of 
existing satellite, microwave or broad¬ 
cast transmission facilities. First applica¬ 
tion is distribution of subdivision and util¬ 
ity maps to offices of architects, engi¬ 
neers and contractors. 
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Introducing ... 

A New Low Cost MMIC Darlington Gain Block Amplifier 

AH-B102D-1,-2.-3 Gain vs Frequency AH-B102D-1 Chip 

—► -«—4 MIL 13 ± 1 MIL—► 

*Back of chip is ground 

Note: Single dot indicates -1 part 

Although the circuit diagram is the classical 
Darlington amplifier, it has been implemented 
as a MMIC (Microwave Monolithic Integrated 
Circuit) using HBT (Heterojunction Bipolar 
Transistor) technology on GaAs (Gallium Ar¬ 
senide). This change from conventional Sili¬ 
con Bipolar technology results in a greatly 
increased Gain-Bandwidth product. Since 
GaAs material is insulating, all of the circuit 
connections are on the surface. This ampli¬ 
fier uses a via to connect the circuit ground 
to the back of the chip (rather than the back 
contact being the common collector point). 

All that is required for use is to die attach to 
ground and connect the input and output. 
The positive bias is connected to the ampli¬ 
fier through the output terminal as in a con¬ 
ventional Darlington amplifier. 

The gain is determined by feedback resis¬ 
tors that are part of the chip; therefore, there 
are different dash numbers for the various 
gain versions. These devices are also avail¬ 
able in standard 70 mil, 4-lead packages. 

Typical Performance Characteristics (Ta = 25°C) 

AH-B102D-1 (-70C)* 

Gain (dB) 12 
Bandwidth (± 0.5 dB, GHz) 7 
Bandwidth (3 dB, GHz) 10 
P1dB(dBm) 13 
Reverse Insertion (dB) 17 
VSWR, Input ( <7 GHz) 2.0:1 
VSWR, Output ( <7 GHz) 2.0:1 
Noise Figure (dB) (< 7 GHz) 6.5 

* Commercial ceramic package data 

Prices in quantities of 1000 are: $10, each 
for chips and $14.50, each in package form. 
Delivery for either version is stock to 30 days. 
For Data Sheets contact: 

FEI Microwave, Inc., 825 Stewart Drive, 
Sunnyvale, California, 94086. Telephone: 
(408) 732-0880. FAX (408) 730-1622. 

FEI Microwave, Inc. 
A SUBSIDIARY OF FREQUENCY ELECTRONICS. INC 
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RF industry insight_ 

Update on Regulatory Activity 

By Gary A. Breed 
Editor 

The Federal Communications and 
other regulatory authorities around 

the world have been working to deal 
with the need for spectrum space and 
technical regulations for new RF appli¬ 
cations. Here is a brief summary of 
recent decisions, as well as work in 
progress on major applications. 

Frequency Allocations 
The FCC recently granted a pioneer’s 

preference license to Mobile Telecom¬ 
munications Technologies, Inc. (MTEL) 
for their Nationwide Wireless Network 
paging system. Three 50 kHz wide 
channels in the 930-931 MHz band will 
be used for a national paging system 
which utilizes a 24 kbps data rate to 
transfer large amounts of data (such as 
messages or even still picture video) 
quickly. The system includes a talk-back 
feature which allows individual pagers to 
confirm receipt of messages, or to send 
a brief reply. 

Additional spectrum for the mobile 
satellite service has been proposed. 
1530-1544 and 1626.5-1646.5 MHz 
would be co-primary service with the 
maritime mobile service, and 1525-1530 
would be a primary allocation. These 
frequencies are for geostationary-based 
services, not for low earth orbit (LEO) 
uses. This proposal is based on a peti¬ 
tion by American Mobile Satellite Corp, 
and Inmarsat. 

Other major issues being discussed 
in the frequency allocation realm include 
final definition of the L-band segment 
set aside for Personal Communications 
Service (PCS) applications. The first 
rules to establish which particular fre¬ 
quency blocks will be assigned to which 
types of services are expected to be 
released in early 1994. Several major 
electronics firms are expected to intro¬ 
duce PCS products for the American 
market immediately following formal 
FCC authorization. 

Also under discussion is crowding 
among public service users in the 
mobile radio bands. A recent report in 
Communications magazine noted that 
by 1992, public service radio users had 
exceeded by 70 percent projections that 

had been made ten years earlier. A 
potential source of new spectrum is 200 
MHz of government-allocated spectrum 
space that Congress is attempting to 
shift into commercial uses. However, the 
bills that have been introduced do not 
specifically require attention to the issue 
of public service radio. 

These bills cover additional concerns, 
as well. In addition to reallocation of 
government frequencies, HR 707 and S 
335 address licensing of radio spectrum 
through auctions, parity of regulations 
among commercial mobile radio ser¬ 
vices, preempt state and local regulation 
of these wireless services, and establish 
deadlines for completion of PCS dock¬ 
ets at the FCC. The House bill has been 
unanimously approved by the Com¬ 
merce Committee. 

LEO Satellite Rules 
So called “Big LEO” rules are due in 

October. The FCC’s semiannual regula¬ 
tory agenda indicates the Commission’s 
intention to release final rules by that 
date, concerning low earth orbit (LEO) 
satellites operating above 1 GHz. The 
rules will be based on a negotiated rule¬ 
making between various applicants that 
ended in March with concurrence on 
several major issues, including spec¬ 
trum sharing. 

Also on the agenda for Fall 1993 are 
the first rules concerning digital audio 
broadcasting (DAB) and a request by 
Norris Satellite Communications for real-
location of 20-30 GHz frequencies for a 
General Satellite Service, along with its 
request for a pioneer’s preference 
license. 

The Ongoing Story of HDTV 
Pending technical rules for high defin¬ 

ition television (HDTV) have been set 
aside once again, as this past spring’s 
on-air testing of the competing systems 
provided inconclusive results. After that 
round of evaluations, the Japanese with¬ 
drew its analog-based transmission sys¬ 
tem from consideration. The FCC then 
asked the remaining U.S. applicants to 
get together and decide on a single sys¬ 
tem for terrestrial transmission of HDTV. 

While most observers assume that the 
technical issues will be readily dealt 
with, questions remain concerning 
licensing of patented circuits and 
processes, and even whether such 
cooperation violates anti-trust laws. The 
most optimistic predictions suggest that 
a public demonstration station broad¬ 
casting HDTV could be on the air by the 
end of 1994, and that the 1996 
Olympics in Atlanta could have a signifi¬ 
cant HDTV broadcast schedule. 

Other Issues 
Growth in radio-based communica¬ 

tions and control systems is creating a 
regulatory logjam. To work around the 
problem, many initial product offerings 
operate in the unlicensed industrial, sci¬ 
entific and medical (ISM) bands under 
the provisions of Part 15 of the FCC 
Rules and Regulations. However, it is 
assumed that these bands will rapidly 
become overcrowded if the trend contin¬ 
ues. 

The increased proliferation of radio 
frequency devices poses another prob¬ 
lem that may ultimately require a regula¬ 
tory solution, interference — both to 
other devices, and received interfer¬ 
ence. The European Community has 
included interference immunity stan¬ 
dards in its electromagnetic compatibility 
(EMC) standards that will take effect in 
1996. In the U.S., the FCC and the 
Standards Committee of the IEEE EMC 
Society has been studying susceptibility 
to interference, but no standards are in 
place. In order for an increased number 
of radio devices to operate reliably, such 
standards may be required. Many pro¬ 
posed products will be low-cost con¬ 
sumer items, which may not incorporate 
good EMC practices in their design 
unless required to do so. Other applica¬ 
tions are for commercial and industria 
users, which may involve harsh EMC 
environments. RF 

For reprints of this report, call Argus 
Business (formerly Cardiff Publishing 
Co.) at (303) 220-0600. Ask for reprint 
sales. 
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MIXERS 
UNPRECEDENTED 

IN VAUX. 

in excess of 20 lbs. ULTRA-REL" MIXERS 

ñ -' 5 YEAR GUARANTEE 

ALL-CERAMIC 5 to 3000MHz ¿3*. 
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 

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

finding new ways ... 

setting higher standards 

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 

Mini-Circuits 
1 D ocniec Ki - w„_i. none nnnn . 

® 

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, 

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

• 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 

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. 

to your requirements that 
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 _ 

Using Aliased-lmaging Techniques 
in DDS to Generate RF Signals 
By Allen Hill and Jim Surber 
Analog Devices, Inc. Computer Labs Group 

Direct digital synthesis (DDS) is an 
increasingly popular means of generat¬ 
ing highly accurate, and harmonically 
pure digital representations of signals. 
Effectively, the architecture digitally 
divides the phase of a highly accurate 
clock by a digital tuning word (typically 
32-bits) and uses a lookup table to con¬ 
vert the phase information to the desired 
frequency and signal output format. This 
conversion is accomplished with either a 
RAM lookup table or a direct phase-to-
sine amplitude conversion stage. The 
latter type of DDS architecture will gen¬ 
erate only a sine wave output, and may 
sometimes be referred to as a “numeri¬ 
cally controlled oscillator’’, while the for¬ 
mer may be programmed to generate 
any arbitrary waveform desired by the 
user (triangle, sawtooth, etc.). The digi¬ 
tal output of a DDS circuit is usually 
reconstructed with an accurate high¬ 
speed D/A converter to provide an ana¬ 
log output signal. The inherent advan¬ 
tages in the DDS waveform generation 
technique is in its high degree of fre¬ 
quency resolution, frequency agility, and 
in the spectral purity of its digital output. 
DDS is also gaining popularity because 
of its computer-compatibility and ease of 
system design afforded by the large 
scale of functional integration contained 
in the DDS chip. 

Figure 1 shows a block diagram of the 
Analog Devices AD9955 direct digital 

synthesizer chip which utilizes a phase-
to-sine amplitude converter stage to 
generate a sinusoidal digital output. This 
highly-integrated DDS chip will accept a 
32-bit tuning word and will generate a 
12-bit sine output with a spurious-free 
dynamic range of >90 dB. This architec¬ 
ture uses a quarter wave sine/cosine 
computation circuitry, which takes 
advantage of the symmetry of a sine 
wave, to reduce the chip complexity and 
size. The output frequency resolution of 
this type of architecture is determined by 
the formula: clock/232 . 
The main function of DDS circuitry is 

to generate a high-speed output signal 
but there are several considerations that 

determine the maximum frequency that 
can realistically be synthesized by a 
DDS. Traditional Nyquist sampling theo¬ 
ry dictates that at least two samples per 
cycle are required to accurately recon¬ 
struct a fundamental output frequency of 
interest. Under this convention, the max¬ 
imum frequency that could be synthe¬ 
sized by a DDS system would be 
Clock/2. One factor that results from 
“violating” the Nyquist theorem is the 
appearance of aliased images which are 
generated as an interactive function of 
the clock frequency and the fundamen¬ 
tal output frequency of the DDS. To get 
a clear understanding of this phenome¬ 
non, please refer to the model of the 
spectral output of a sampled system, as 
shown in Figure 2. 

As depicted, the first aliased image 
appears at Fclock - F(undamenta| and addi¬ 
tional images will appear at (N)Fclock 

fundamental’ where N =anV integer. At 
fundamental output frequencies above 
clock/2, the first image response will fall 
within the DC-fundamental output band¬ 
width and it cannot be filtered out with a 
traditional anti-aliasing filter response. 
The rolloff in amplitude of the aliased 
images (gray area in Figure 2) is due to 
the SINX/X response of the quantized 
output of the DDS and the reconstruc¬ 
tion DAC. The glitch energy and non-lin¬ 
earity errors contained in the DAC’s 
transfer function, will appear as harmon¬ 
ics and spurious energy in the output 
spectrum. This energy does not have 
the SINX/X rolloff characteristic and will 

Figure 2. Spectral plot of sampled output. 
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generally be much lower in amplitude 
than the aliased images. 
System clock noise is also a factor 

that limits the performance of high¬ 
speed DDS circuitry. As previously 
explained, standard sampling theory dic¬ 
tates that the clock must be two times 
the output frequency to avoid frequency 
aliasing. This means that high analog 
output frequencies require higher clock 
rates. However, high clock frequencies 
are difficult and expensive to generate 
and they are notorious for generating 
system noise that is virtually impossible 
to subdue. Clock noise is always pre¬ 
sent in the analog output and the fidelity 
of the DDS is directly related to the level 
of noise reduction techniques used in its 
circuit layout. Clock frequencies above 
100 MHz are extremely difficult to imple¬ 
ment and control which places a practi¬ 
cal limit on the upper output frequency 
limit of a DDS system, under traditional 
Nyquist criteria. 
Another limitation to using DDS archi¬ 

tecture to synthesize high-speed RF sig¬ 
nals is the relatively poor spectral purity 
of the signal reconstructed by the D/A 
converter, versus that of a traditional 
oscillator-generated analog RF signal. It 
is not uncommon to lose more than 20 
dB of spurious-free dynamic range in 
the DDS-generated signal at the D/A 
converter stage, due to differential non¬ 
linearity and integral non-linearity errors, 
and glitch energy in the DAC transfer 
function. Furthermore, the higher the 
frequency of the signal being recon¬ 
structed, the lower the expected dynam¬ 
ic performance from the D/A converter. 
This has necessitated the technique of 
using a DDS circuit, in conjunction with 
phase-locked loop (PLL) circuits, or het¬ 
erodyning mixer stages, to increase the 
output signal frequency to the RF range 
required for local oscillator stages in 
wide-band receivers. In the PLL up-con¬ 
version stage, the DDS circuit is gener¬ 
ally either used as the “modulo N” func¬ 
tion in the PLL, or as the reference fre¬ 
quency applied to the phase compara¬ 
tor. In either case the DDS advantages 
of high frequency resolution and digital 
control are preserved. The disadvan¬ 
tages to this “marriage” of DDS and PLL 
architecture is additional circuit com¬ 
plexity and slow loop response times. 

Reducing Upconversion 
Complexity 
The DDS architecture can be used in 

such as way that the PLL, or mixer, up¬ 
conversion stage is unnecessary in 
some applications. As was shown in the 

Figure 3. AD9955/PCB DDS test system block diagram. 

Figure 4. AD9955/PCB wideband spectral plot. 

model of the spectral output of a sam¬ 
pled system (Figure 2), there are 
images of a higher frequency than the 
fundamental that appear at (N)F clock 

±F(undamentar where N = in,e9er 
utilizing one of these aliased images as 
the pr me signal source, the RF design¬ 
er may be able to avoid, or at least 
reduce, the additional up-conversion 
stages required to generate the desired 
RF range. With the conditions of clock 
rate = 51 MHz and Fout = 19 MHz as 
shown in the spectral model, the second 
image response of 70 MHz could easily 
be selected as the desired output fre¬ 
quency. Bandpass filtering would be 
required to isolate the aliased image 
from the adjacent harmonic and spuri¬ 
ous signals and amplification may also 
be required to compensate for the 
SINX/X rolloff response. As will be 
shown later in this article, actual test 
results from a DDS/DAC combination 

operating under these conditions can 
yield a 70 MHz sine wave that has a 
spurious-free dynamic range of 66 dB, 
over a frequency span of at least 500 
kHz. The amplitude of the 70 MHz 
aliased image will be about -17 dBm. 

Real-World Test Results 
For observing the output of a DDS 

system and characterizing the potential 
of the aliased-imaging technique, we 
used the Analog Devices AD9955/PCB, 
DDS evaluation board, as our test plat¬ 
form. This evaluation board is a com¬ 
plete, and fully PC-compatible, DDS 
system which greatly facilitates bench-
top experimentation. The block diagram 
of the AD9955/PCB, and our test setup, 
is shown in Figure 3. 
We selected a 10-bit D/A converter, 

the AD9721BBN, as the reconstruction 
DAC for the DDS system. This DAC 
gives the highest dynamic performance 
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available at frequencies above 20 MHz. 
The output was observed on a spectrum 
analyzer which had the necessary filter¬ 
ing and frequency resolution features to 
fully analyze the aliased images. The 
following plot of a spectrum analyzer 
display of the test setup output, shows 
the detailed spectral analysis of the sec¬ 
ond aliased image at 70 MHz. Figure 4 
shows the wideband spectral plot from 
DC to 150 MHz which verifies the pres¬ 
ence and amplitudes of the output fun¬ 
damental, clock, aliased images, spuri¬ 
ous signals, harmonics, and noise floor, 
of the test setup. The locations of the 
various frequency components in the 
output spectrum are exactly per the 
model. 

The next series of plots show the 
spurious-free dynamic range of the sec¬ 
ond aliased image as the fundamental is 
swept over the range of 19 MHz ±250 
kHz, in five increments. These plots ver¬ 
ify that the aliased image has an SFDR 
of greater than 66 dB within this fre¬ 
quency span. This technique of sweep¬ 
ing the fundamental through a frequency 
band, provides a measure of the range 
of frequency agility that is available to 
the aliased image, while maintaining a 
minimum level of SFDR. This level of 
dynamic performance at 70 MHz is gen¬ 
erally as good as that which is afforded 
by adding an up- conversion stage to 
the DDS, and operating under similar 
conditions. 

Phase Noise Performance 
System designers who are using DDS 

to generate carrier frequencies are gen¬ 
erally interested in spurious signals that 
is very close in to the carrier frequency. 
Unfortunately the photographs of the 
spectrum analyzer output (refer to Fig¬ 
ures 5a-e) indicate a very wide spread 
of spurious energy at the carrier. The 
unusually high level of spurious energy, 
manifested in the width of the carrier on 
the spectrum analyzer display, is mostly 
due to jitter in the local oscillator of the 
spectrum analyzer itself; it is not gener¬ 
ated within the DDS system. The phase 
noise of a carrier synthesized in a DDS 
system, is inherently low. It is actually 
determined by the phase noise of the 
system clock and, as will be revealed, 
the DDS output actually contains less 
phase noise than the clock itself. The 
reason for the lower phase noise in the 
DDS output is straightforward. The 
function of the DDS architecture is to 
perform a divide-by-n function on the 
clock. The clock’s phase jitter is also 
subjected to the divide-by function and 

will appear reduced on the output of the 
DDS. 

In order to verify the level of spurious 
energy close-in to the carrier, we actu¬ 
ally measured the phase noise of the 
output of the AD9955 DDS chip at vari¬ 
ous frequencies. This measurement 
was accomplished in the evaluation 
board test setup with a 50 MHz clock, 
generating frequencies of 7.220 MHz, 
9.999 MHz, and 19.780 MHz. The 
phase noise measurement was per¬ 
formed with a Hewlett Packard 3048A 
phase noise measurement system. Fig¬ 
ure 6 is the plot of the three output fre¬ 
quencies showing the phase noise over 
a span of up to 10 kHz from the carrier. 
This measurement technique provides a 
much more accurate characterization of 
the close-in spurious energy than the 
spectrum analyzer display. As can be 
seen, the phase noise, at a 1 kHz offset 
from the carrier, is greater than 130 
dBc/Hz at all of the selected output fre¬ 
quencies, with this particular clock fre¬ 
quency. This performance characteristic 
is not directly measurable on a typical 
spectrum analyzer display. It is also 
apparent in the plot that the phase 
noise of the clock is of higher magni¬ 
tude than that of the output frequencies 
because of the divide-by function of the 
DDS, as discussed earlier. 

Making it Work 
Establishing the proper DDS operating 

conditions for creating a desired aliased 
image response requires consideration 
of several variables. Obviously, aliased 
images are created by interaction of the 
clock and fundamental output frequen¬ 
cies so the optimum combination of the 
two must be determined through calcu¬ 
lation and empirical observation. As a 
basic guideline for selecting the operat¬ 
ing points, the following procedure can 
be followed: 
1. Determine the aliased image output 

frequency of interest and the bandwidth 
requirement. 

2. Select the fundamental frequency, 
for a given clock frequency, that will 
generate the desired aliased image. 
Sketcning the spectral plot of (N)Fclock 

■^fundamental maY be helPful 'n Visualizing 
and selecting the best combination of 
clock frequency and fundamental output 
frequency. For best results, N should 
not be a multiple of the clock and the 
fundamental output frequency should 
not exceed 40 percent of the clock fre¬ 
quency. As a practical rule, lower clock 
frequencies will generate relatively lower 
levels of harmonic distortion related to 

Figure 5a-e. 2nd aliased image 
swept over 70 MHz ±250 kHz. 
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Figure 6. Phase noise perfor¬ 
mance of the AD9955 DDS test 
system. 

non-linearity and glitch energy in the 
DAC’s output transfer function. As previ¬ 
ously discussed, the clock frequency 
should be as low as possible to mini¬ 
mize system noise problems. 

3. Calculate the expected amplitude of 
the selected aliased image by inserting 
the clock and aliased output frequency 
into the following formula: 

A - [sin(jtFlundamenta|/Fclock)]/ 

^f*fundamenta/^clock^ 

4. All of the variables that establish an 
aliased image in a DDS system are 
interactive. It is best to use a DDS test 
platform and actually observe the actual 
spectral output of the selected condi¬ 
tions. Examine the aliased image for 
SFDR over the desired frequency span 
and experiment for best results. 
The aliased imaging technique offers 

frequency hopping capabilities that are 
more restricted than that of the tradition¬ 
al Aout<Clock/2 application. However, we 
did demonstrate that swept-frequency is 
viable for even aliased frequency carri¬ 
ers. Changes in the output fundamental 
frequency will result in changes to both 
the aliased image frequency and its har¬ 
monics. Depending on the frequency 
conditions, this may result in unexpect¬ 
ed changes in the width of the usable 
frequency span of the aliased image. 
The amplitude of the aliased image 

will move along the SINX/X response 
function which means its amplitude is 

directly related to frequency. Even small 
changes in frequency about the funda¬ 
mental will impose changes in the 
aliased image. This must be compensat¬ 
ed for in frequency hopping applications. 
While the aliased imaging DDS appli¬ 

cation does have limitations, it certainly 
holds the potential for eliminating one or 
more up-conversion stages in receiver 
applications. Careful selection of operat¬ 
ing conditions is essential along with a 
set of valid expectations of the perfor¬ 
mance results, based on calculation and 
test results. RF 
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REcover story 
Linear Frequency Modulation — 
Theory and Practice 
By Bar-Giora Goldberg 
Sciteq Electronics, Inc. 

This article addresses high-perfor¬ 
mance applications for chirp waveforms, 
and describes the Sciteq DCP- 1, an all-
digital mechanism for generating chirp 
signals with a combination of linearity 
and operating bandwidth not previously 
achieved. 

Alinear frequency modulation (FM) 
signal, or “chirp” is a swept frequen¬ 

cy change over some frequency range. 
Ideally, the rate of change is perfectly 
constant (time vs. frequency), without 
ambiguity or anomaly. Originally stimu¬ 
lated by emerging radar requirements to 
distribute energy across a range of fre¬ 
quencies, virtually all early LFM signals 
were generated with analog devices 
such as a voltage controlled oscillator 
(VCO) or surface acoustic wave (SAW) 
resonator. Analog ambiguities were 
introduced by typical RF component and 
environment uncertainties, and therefore 
system performance was far from theo¬ 
retical, but designers had no choice but 
to attempt to work around these prob¬ 
lems. The cost of linearizing and com¬ 
pensating such circuitry in some cases 
was as expensive as the rest of the RF 
subsystem, so the high cost of 
approaching theoretical numbers, and 
the unavoidable errors caused by ana¬ 
log solutions, made such applications 
useful primarily for experimentation and 
scientific exploration. 
The advantage of a chirp waveform 

drove its adoption by certain high perfor¬ 
mance radar, sonar, and communication 
systems, particularly in military systems. 
A chirp signal’s energy is spread across 
a wide band rather than focused at one 
point, which helps reduce emitter spec¬ 
tral density and makes it harder to jam. 
Such an approach permits communica¬ 
tion or system operation to continue 
even if part of the spectrum is blocked. 
Most importantly, it allows high resolu¬ 
tion and is therefore applicable to imag¬ 
ing, altimetry, and fuzing where resolu¬ 
tion is an important parameter. 

In the late 40s and early 50s, as pulse 
radar technology grew out of its infancy, 
a problem became visible. Radar range 
depends on E/No, where E is the pulse 

energy, E = P T, (P is the received 
power proportional to the transmit 
power, T is the pulse duration) and No is 
the receiver noise density. Resolution 
depends on the signal bandwidth. These 
two requirements are related diagonally; 
improving E makes it necessary to 
increase T but an increase in T reduces 
the pulse bandwidth and therefore reso¬ 
lution. The most visible solution was to 
modulate the pulse, which makes the 
pulse bandwidth dependent upon the 
modulating waveform rather than the 
pulse length of (approximately) 1/T. One 
of the early waveforms suggested for 
this application was linear FM, and it 
remains optimum for many radar appli¬ 
cations. 
Recently, the utility of linear FM in 

non-radar applications has been recog¬ 
nized. Use of this technique was 
explored in various other systems 
including communication, semiconduc¬ 
tor process control, sonar, seekers, sim¬ 
ulation, and test equipment. In 1989, 
Sciteq began work on an all-digital tech¬ 
nique for producing such systems that 
would exploit the firm’s experience with 
direct digital synthesis (DDS) technolo¬ 
gy. DDS (Figure 1) had evolved into a 
useful signal generation tool, but exist¬ 
ing implementations were not appropri¬ 
ate for chirp generation, except at near¬ 
audio frequencies for sonar, due to 
latencies in the designs. Nevertheless, it 
was clear that the best approach to an 
idealized chirp generator would exploit 
some derivative of DDS techniques. 
By 1990, key digital and data conver¬ 

sion components had already been 
developed or were being developed, 
either by Sciteq or other agencies (San¬ 
dia National Laboratories, for one), and 
for the first time it appeared possible to 
produce the industry’s first wideband 
digital chirp synthesizer. Accordingly, 
Army Research Laboratory (then Harry 
Diamond Labs), let a Small Business 
Innovative Research (SBIR) Phase I 
contract to Sciteq to determine the prac¬ 
ticality of meeting theoretical goals for 
the Army’s next-generation battlefield 
surveillance radars. Specifically, the 
group working on Synthetic Aperture 
Radar believed that a digital signal gen¬ 
eration solution was important to pro¬ 
gram objectives. Sciteq’s interface to 
this program has been Barry Scheiner of 
ARL. 
The Phase I report was positive and 

defined a practical path to the desired 
goal, leading to a Phase II contract 
award. Though most SBIR projects are 
considered high risk, the development 
was successful and first prototypes were 
delivered during the past year to the 
Army and to other agencies interested in 
the exploitation of ideal linear FM sig¬ 
nals. The nature of the SBIR program is 
to permit the contractor to retain control 
over the new technology, and to com¬ 
mercialize the results where possible, 
hence the availability of Sciteq’s direct-
digital chirp synthesizer (DDCS) to the 
industry. That product, designated the 
DCP-1 , is a DDCS that produces linear 
FM signals over a band of more than 
230 MHz, with linearity approaching an 
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auto-correlation is given by: 

/ \ 2 

R(t)= — I X J 
where, 

Turn your 
shielded room 
into a reverb 
chamber 

Figure 2. Frequency-time laws for 
typical linear and non-linear chirp 
signals. 

Figure 3. Chirp signal spectrum 
for WT»1. 

ideal level previously defined only by 
mathematics and never actually 
observed. 

Waveform Properties 
A substantial amount of theoretical 

work was done to calculate the proper¬ 
ties of such signals, i.e., power spec¬ 
trum, auto-correlation, etc., and the 
characteristics of that theoretically per¬ 
fect LFM signal were defined. 
A general description of such a signal 

is given by: 

s(t) = A ■ sini at + ¿ t2 + <p0

and some of its properties are shown in 
Figure 2. 

If the signal bandwidth is designated 
as W, then the product, W T = TB, the 
time bandwidth product for radar appli¬ 
cations or processing gain for spread 
spectrum communications. 
For W T = TB » 1,, the power spec¬ 

trum is flat (Figure 3) and the signal 
energy is distributed almost equally 
across the bandwidth, W. The signal 

X = tc t ■ W = 71 T-
T 

It can be shown that the signal auto¬ 
correlation has relatively high sidelobes 
with the worst case of -13.5 dB (approx¬ 
imately 20log [sin X/X] for X = 1,57t); see 
Figure 4. This parameter can be 
improved by adding the complexity of 
either amplitude modulation or phase 
modulation (pulse weighting), and there 
is an extensive body of literature on this 
issue. Unfortunately, while there is a 
great deal of mathematical extrapolation 
from ideal data, the experimental results 
were derived from analog mechanisms 
and therefore were limiting. 

Applications 
LFM is extensively used for both pulse 

Doppler radars and synthetic aperture 
imaging radars. As always, the more lin¬ 
ear the LFM signal the better the perfor¬ 
mance of the system, but even the rela¬ 
tively crude chirps generated by analog 
circuitry are better than non-chirped 
operation. With the advent of DDCS 
technology, with its inherent determinis¬ 
tic linearity, resolution of SAR and per¬ 
formance of other chirp-dependent sys¬ 
tems is improved. 

In range measurement systems, for 
altimeters, control, light control, etc., the 
principle and the advantages of digital 
LFM are shown in Figure 5. 
Compressive receivers are used to 

scan the spectrum, and unlike typical 
spectrum analyzers, which sweep the 
spectrum and find all signals that are 
within the analyzer bandwidth (during 
the time of the sweep only), these 
receivers see all signals that occur with¬ 
in the sweep time. In this respect, a 
compressive receiver operates like a 
real time DFT analyzer. An ideal com¬ 
pressive receiver depends upon a linear 
and fast chirp over the desired band of 
reception. 

In semiconductor production, wafer 
perfection is a critical issue that influ¬ 
ences yield, and therefore has serious 
economic impact. Surface anomalies 
and contamination are usually detected 
using a laser technique, where the laser 
is reflected off the wafer surface and 
scatter characteristics evaluated to 
determine surface characteristics, 

at frequencies from 
30 to 1000 MHz. 

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

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

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

rf power with someone who knows 
your language and most often 
knows your problems. That’s one 
of our applications engineers, 
who’ll pick up the phone when you 
call, toll-free, 1-800-933-8181. 

nmpiiFiCR 
W nesenncH 

160 School House Road 
Souderton, PA 18964-9990 USA 
215-7238181 • Fax 215-723-5688 

For engineering assistance and 
service throughout Europe, call 

EMV GmbH • Munich • 89-612-8054 
EMV Ltd. • London • 908-566-556 
EMV SARL • Paris • 1-64-61-6329 
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resulting in a map of the wafer showing 
imperfections, contamination, and there¬ 
fore usable dice. In most such applica¬ 
tions, the wafer is moved mechanically, 
and the laser is modulated by a Bragg 
cell driven by a linear FM signal (pro¬ 
duced from an expensively-compensat¬ 
ed VCO). The linearity of the FM signal 
is one of the factors that determines res¬ 
olution of the system, and also affects 
the “guard” area around imperfections 
that are detected. The more accurate 

the signal, (hence, the more determinis¬ 
tic the laser position), the smaller the 
guard area and the higher the yield. 

Digital LFM Synthesis 
Evolution of digital technology has 

allowed certain Direct Digital Synthesiz¬ 
er (DDS) implementations to operate at 
sufficient speed to produce bandwidths 
sufficient for the above applications. 
The use of DDS disciplines bring with 

it cardinal improvements in the wave¬ 

form features such as: 
• The signal is synthesized and there¬ 

fore every pulse is identical. 
• The chirp linearity approaches the lim¬ 

its of measurement. 
• Phase manipulation is digitally accu¬ 

rate and is available at almost no 
additional cost. 

• Control of parameters such as start 
frequency, stop frequency, chirp rate, 
on/off, are deterministic and accurate. 
The basis of the digital implementation 

QUARTZ SCIENTIFIC 
KVG - QUARTZ AT ITS BEST 

KVG Products. To solve your frequency 
control problems with crystals! 
Quartz crystals. 800 KHz - 300 MHz. 

High temperature stability. 
Resistance to shock and vibration. 

Crystal filters. 400 KHz - 200 MHz. 
Discrete and monolithic. Crystal oscillators. 

OCXO. < ± 5 X 10 - 25... + 70 °C, 
PXO/VCXO. 3 KHz - 300 MHz; i . « 

DTCXO. 100 KHz - 17 MHz. \ ~ 
Low power consumption JPSfSK 

in small cases. 'wM K 1 B 

interest to you, we will 
supply all the informa* 

tion you need. 

KVG - Selected 0|| 
to be the best.^ 

KVG GmbH P.O. Box 61, 
0-6924 Neckarbischofsheim, Federal Republic of Germany 
Phone 07263/648-0, Telefax 07263/6196 

KVG North America Inc. 
2240 Woolbright Rd, Suite 320 , Boynton Beach, FL. 33426-6325 

Phone (407) 734-9007, Fax (407) 734-9008 
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T - 7t-T«œ 

0.2 psec 

Figure 4. Auto-correlation function as sin X/X. 

is shown in Figure 6. The output of this 
digital process can be represented as: 

ißt2 ï 
s(t) = sin ~ + a • t + <p0

The general structure is that of a dual 
accumulator. Since an accumulator is a 
discrete integrator and we need to gen¬ 
erate a quadratic function, two accumu¬ 
lators are necessary. 
The output of the first accumulator is 

the instantaneous frequency and the fre¬ 
quency adder allows the setting of a 
start frequency. The F output allows the 
monitoring of the instantaneous frequen¬ 
cy. The input of the first accumulator is 
therefore ß in the equation and the fre¬ 
quency input is a. The output of the sec¬ 
ond accumulator is the signal’s phase 
and therefore can be phase modulated 
by another adder. This input is equiva¬ 
lent to the term, <p0, in the equation. 
Such structure can be implemented in 

Figure 5. Range meaurement 
using linear-FM. 

CMOS technology at clock frequencies 
up to 100 MHz, and in high speed ECL 
and GaAs technologies up to 800 MHz, 
though it must be remembered that the 
nature of a DDS allows an output fre¬ 
quency of less than half the clock. 

In the block diagram, the chirp chip 
and phase adder (implemented in one 
device) are followed by a SINE ROM, a 
DAC (digital to analog converter), and a 
low pass filter. Because of the nature of 
the output spectrum (sin X/X) and the 
group delay of the filter, amplitude and 
group delay equalization improves the 
result. 

Practical Implementation: 
the DCP-1 
The Sciteq model DCP-1 is an all-

GaAs direct-digital chirp synthesizer 
(DDCS) clocked at 500 MHz and there¬ 
fore generating output frequencies from 
DC to 230 MHz (limited by Nyquist and 
the low pass filter considerations). 
Though the design involves several sup¬ 
port functions, the basic chirp genera¬ 
tion function is achieved by three 
devices, a double-accumulator, a mem¬ 
ory, and a digital-to-analog converter. 

In the double accumulator, both accu¬ 
mulators are 24 bits in size, thus yield¬ 
ing a minimum step size of =29.8 Hz. 
The frequency and phase accumulator 
functions are integrated into one device, 
developed by a Sandia National Labora¬ 
tories program under the leadership of 
Bruce Walker. The part includes not 

RF Design 

SURFACE 
MOUNT 
TCXO’s 

Available in a frequency range of 
8.0 to 24 MHz, Oscillatek’s model 
T-1050 surface mount TCXO is 
ideal for applications requiring 
good performance and low price. 

Ideal for: 
•GPS & LORAN 
•RF COMMUNICATIONS 
•TEST EQUIPMENT 

Typical specifications are: 
Stability ±1.5 PPM 
Oper. Temp. -30° to +70°C 
Input +5.0 VDC or 

+3.0 VDC 
Output 1.0VP-P 
Current <2 ma 
Aging <1 .0 PPM/yr. 

Oscillatek manufactures a 
complete line of military, 
aerospace and commercial: 

OCXO’s & OVCXO’s 
TCXO’s & VCXO’s 
HYBRID CLOCKS 
QPL CLOCKS 

OSCILLATEK 
A I DOVER) TECHNOLOGIES COMPANY 

620 NORTH LINDENWOOD 
OLATHE, KS 66062 
FAX (913)829-3505 
PH. (913)829-1777 
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INSTANTANEOUS 
FREQUENCY CONTROL 
WORD 

TO 
PHASE 
ADDER 

START DELTA OUTPUT 
FREQ FREQ FREQUENCY WORD 
WORD WORD 

Figure 6. Digital implementation of linear-FM. 

Figure 7. Basic architecture of the DCP-1. 

Figure 8. Different time/frequency relationships possible. 

only the specified accumulation func¬ 
tions, but also provides 12 bits of phase 
control plus a time-equalized 8-bit fre¬ 
quency output that supports system tim¬ 
ing. The memory device uses a patent¬ 
pending algorithm (Sciteq’s) to map the 
phase output of the accumulator to digi¬ 
tally-defined amplitudes, also at a 500 
MHz rate or better. The digital output of 
the memory is considered near-perfect, 
with digital error supporting a spurious 
response better than 70 dB below the 
carrier, so it is the digital-to-analog con¬ 
verter (DAC) that limits the spectral puri¬ 

ty of the system. In the initial DCP-1 s, 
the DAC is a 12-bit GaAs part devel¬ 
oped by a consortium including GE, 
Sciteq, Motorola, and Hughes. The 
DCP-1 basic architecture is shown in 
Figure 7. 

In the LFM mode, the DCP-1 updates 
frequency at a 500 MHz rate, which 
means that a new frequency is synthe¬ 
sized every two nanoseconds. The 
slowest chirp rate is =15 kHz/psec (=30 
Hz times 500, since there are 500 steps 
in each microsecond). For a full band 
sweep, this would take approximately 

Figure 9. Spurious performance plots. 

13.4 msec (230,000,000 - 29.8 2 nsec 
= 15.4 msec). Obviously, faster sweeps 
are possible and are only limited by the 
resolution that is acceptable (as an 
extreme, at 230 MHz resolution it’s one 
full chirp — a single step in two 
nanoseconds). A chirp rate of 10 
MHz/psec is practical if it is desired to 
cover a 50 MHz bandwidth in 5 psec (5 
psec + 2 nsec for the number of steps 
gives a required resolution of 20 kHz). 
The synthesizer is controlled by load¬ 

ing two registers — start frequency and 
chirp rate (or step size). When the chirp 
begins, the step size will be added to 
the start frequency every 2 nsec. At any 
point during the chirp it is possible to 
change the chirp rate so that the differ¬ 
ent time:frequency relationships shown 
in Figure 8 are possible. A negative 
value in the chirp rate register will pro¬ 
duce a sweep starting at a higher fre¬ 
quency and moving lower, thus support¬ 
ing complete manipulation of all para¬ 
meters of the output. 

In addition, 12 bits of phase control are 
available for compensation of the 
response during the sweep to reduce 
side lobes. This may be updated at a rate 
limited only by speed limitations of TTL 
logic. Phase control adds another dimen¬ 
sion of flexibility by permitting the control 
of phase from pulse to pulse, which per¬ 
mits accurate matching of signals. 
Basic specifications for the DCP-1 are 

given in Table 1. 

Subsystem Configurations 
The DCP-1 is shipped in a conven¬ 

tional 5.25 in. chassis that includes the 
basic chirp synthesizer (designated the 
DCP-1A) and the support functions 
shown in Figure 7. Users are encour¬ 
aged to begin work with the complete 
system, as shown, to reduce risk and 
speed integration time. In production, 
however, some combination of the 
power supply, output filter, control inter¬ 
face, reference, and cooling blocks will 
ordinarily be integrated into the user’s 
system. Production systems therefore 
use only the basic DCP-1A module 
(about 5”x7’x1”). 

Applications and Experimental 
Results to Date 
The DCP-1 generates its output in the 

low-UHF range. Typically, that chirp sig¬ 
nal must be upconverted to the desired 
system operating range by either mix/fil-
ter or multiplication techniques. The 
DCP-1 is now used by a variety of sys¬ 
tems, including two millimeter-wave 
seeker programs, four synthetic aper-
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Synergy's new product line of Voltage Controlled Oscillators covers 
the spectrum of 400 MHz to 1800 MHz. These low cost, high quality 
modules exhibit extremely low phase noise characteristics along with 
linear transfer characteristics. These new Voltage Variable Oscillators 
can be supplied in surface mount or plug-in package styles. 

Additional specifications and information is available from the Synergy 
Microwave Sales and Applications Department by contacting: 

Synergy Microwave Corporation 
483 McLean Boulevard, Paterson, N.J. 07504 
Phone (201) 881-8800 or FAX (201) 881-8361 

MICROWAVE CORPORATION 
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Parameter 

Maximum Clock 
Maximum Output 
Frequency 
Frequency Resolution 

Frequency Update 
Rate (Sweep mode) 
Output Power 

VSWR 
Harmonics (CW) 
Spurious (CW) 

Phase Noise (CW) 
10 Hz offset 
100 Hz offset 
1 kHz offset 
10 kHz offset 
100 kHz offset 
1 MHz offset 

Group Delay Variation 
DC to 100 MHz 
DC to 150 MHz 
DC to 230 MHz 

Phase Modulation 
Power 
(DCP-1 chassis) 
Power 
(DCP-1 A module) 

Specification 

500 MHz 
=230 MHz 

24 bits 
(-29.8 Hz) 
2 ns 

0 dBm 
+1.5 dB 
<2.0:1 
-45 dBc 
-50 dBc, 
typical 

-80 dBc/Hz 
-95 dBc/Hz 
-110 dBc/Hz 
-120 dBc/Hz 
-130 dBc/Hz 
-140 dBc/Hz 

<0.5 nsec 
<1 nsec 
<4 nsec 
12 binary bits 
28VDC, 1.6A 

-5.2VDC, 2.5A 

-2VDC, 500mA 
+5VDC, 100mA 

-12VDC, 125mA 

Table 1. DCP-1 specifications. 

ture radar systems, one electronic war¬ 
fare program, and (in baseband) at least 
one wafer process control system. 
So far, system developers have 

reported very favorable results. Spuri¬ 
ous signal level was initially a concern, 
but one unpredicted result of experimen¬ 
tation is that discrete spurious signals 
seem to be integrated into the general 
output, and have little result on overall 
performance. Figure 9 shows typical 
spurious plots. 

Linearity is within quantization levels, 
therefore for broadband chirps the 
errors are smaller than measurement 
techniques can detect. Initially, repeata¬ 
bility was evaluated using the configura¬ 
tion shown in Figure 10. The output of 
the DCP-1 was delayed and then com¬ 
pared with itself, and the result mea¬ 
sured on an HP 3561 A FFT analyzer. 

Linearity testing was conducted using 
the Racal-Dana 2351 Time Interval Ana¬ 
lyzer and the HP 5373A Modulation 
Domain Analyzer. The results are 
shown as Figure 11, which includes 
both time vs. frequency data and a his¬ 
togram displaying frequency distribution. 

First users report that controllability is 
a potential issue due to the speeds 
involved. Therefore, an interface card 
was developed to speed initial integra¬ 
tion and provide a benchmark to support 
design of the user system’s interface to 
the DCP-1. 
Most users require that the DCP-1 be 

eventually reduced in size, price, and 
power consumption. At least one high-
volume program requires the basic UHF 
chirp signal generation to be accom¬ 
plished on a hybrid of about one square 
inch. Power consumption is a function of 
the digital process, and new devices are 
now being considered to reduce dissipa¬ 
tion by about half. As usage/production 
increase, and the level of integration is 
improved, costs will improve as well. 
The future of the DCP-X (and systems 

like it) depends upon two factors: 
yield/cost of digital and data conversion 
hardware, and performance of data con¬ 
version devices. As costs go down and 
performance improves, digital chirp gen¬ 
eration will become a practical solution 
for more and more categories of sys¬ 
tems, in both military and commercial 
markets. Like spread spectrum, which 
was once a classified and expensive 
approach to certain communication 
requirements, direct-digital chirp synthe¬ 
sis will be exploited in many predictable 
and also unforeseen niches of the RF 
industry. 

Availability 
The DCP-1 and DCP-1 A are produced 

by Sciteq Electronics, Inc., San Diego, 
CA, tel. 619-292-0500. Availability is 6-8 
weeks, at $25k (DCP-1 chassis) and 
$12.5k (DCP-1 A module). Readers may 
obtain further information by circling 
Info/Card #199. RI-

[configuration! 

Chirp rate: 15 kHz/psec 
Delay: ~150 nanoseconds 
PRF: -30 Hz 

Figure 10. Repeatability testing method. Figure 11. Linearity test results 
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Everything you expect from 
a powerful new generation of 
HP spectrum analyzers. 

Except the price. 
RF & MW DEVICE TEST FOR THE 90s...An HP Seminar 

September - November 1993 
Call 1 (800) 452-4844, Ext. 7575 

©1993 Hewlett Packard Co. TMSAD 250/RFD 

Introducing the HP 8590 & 
8560 E-Series: more 
performance than anything 
at their price — less price 
than anything with their 
performance. 

If advancing technologies and 
receding budgets make life 
difficult, it’s time to look at HP’s 
new generation of portable 
spectrum analyzers. 

Start with the new HP 8590 
E-Series, which offers an 
economical way to get surprising 
measurement power. Since there 
are 5 models, you buy exactly the 
frequency range you need. And 

get a spectrum analyzer that’s easy 
to use and can be configured for 
your specific application. All at a 
starting price of only $11,500. 

The remarkable HP 8560 E-Series 
delivers the kind of performance 
that until now was found only on 
expensive benchtop models. Yet 
the HP 8560 E-Series starts at only 
$26,000 — and you get lower 
phase noise, narrower resolution 
bandwidths, and improved 
sensitivity. Clearly, this level 
of performance doesn’t exist in 
any other spectrum analyzer at 
this price. 

Of course, you’ll want more details 
than we can provide here. So call 

1-800-452-4844. Ask for Ext. 
7149 and we’ll give you an 
ordering guide and detailed 
product information. Plus one 
very important thing. 

An early start on the next genera¬ 
tion of test solutions. 

There is a better way. 

HEWLETT 
PACKARD ri 

In ( añada « all i-800-387-3867. Dept. 460 

U. S. list prices. 
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A pitture is worth a thousand points 
in a time interval measurement. 

SR620 Output 

f he SR620 brings graphic statistical analysis 
to time interval and frequency measurements. 
The SR620 shows you more than just the mean 
and standard deviation - multimode frequency 
distributions or systematic drift for example. 
Histograms or time variation plots are displayed 
on any X-Y oscilloscope, complete with 
Autoscale, Zoom, and Cursor functions. 
Hardcopy to plotters or printers is as easy as 
pushing a button. 

Of course, the SR620 does everything else you'd 
expect from a high resolution universal counter, 
such as frequency, period, time interval, pulse 
width, rise / falltime, and phase measurements. 
The SR620 offers 25 ps single-shot time and 11 
digit frequency resolution and complete statistical 
analysis, all for a fraction of the cost of comparable 
instruments. 

For the whole picture, call SRS and ask about the 
SR620. 

SR620 $4500 
• 4 ps single shot least significant digit 
• 25 ps rms single shot resolution 
• 1.3 GHz maximum frequency 
• 109 Hz frequency resolution 
• Sample size from 1 to 1 million 
• Frequency, period, time interval, phase, 

pulse width, rise and fall time 
• Statistics - mean, standard deviation, 

min max, and Allan variance 
• Analyzer display on any X-Y oscilloscope 
• Hardcopy to printer or plotter 
• GPIB and RS232 interfaces 
• Optional oven timebase 

SRS. STANFORD RESEARCH SYSTEMS 

1290 D Reamwood Avenue, Sunnyvale, CA 94089 TEL (408) 744-9040 FAX 4087449049 
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¡^products 
Low Loss, Weather 
Resistant Cable 
A new high performance flexi¬ 

ble coaxial communications cable 
that is well suited for use as an 
antenna feeder in outdoor cellular 
and land mobile communications 
applications is being introduced 
by Times Microwave Systems. 
LMR™-600 flexible communica¬ 
tions cable features a foam poly¬ 
ethylene dielectric to provide 2.5 
dB attenuation per 100 ft. at 900 
MHz. Incorporating a polyethyl¬ 
ene jacket with a vapor sealed 
aluminum tape outer conductor 
for moisture protection, this 
weather resistant cable is easy to 
terminate in the field. Offering 

better than 90 dB shielding effi¬ 
ciency and ±10 ppm per degree 
C phase stability, LMR-600 flexi¬ 
ble communications cable can be 
supplied in bulk or preterminated 
with Type N connectors. This 
coaxial cable is 0.590 inch diam¬ 
eter and is also available in 0.500 
and 0.405 inch diameter sizes. 
LMR-600 flexible communica¬ 
tions cable sells for $1.20 per ft. 
(list); Type N connectors cost 
$14.50 (list) each. Literature and 
price quotations are provided on 
request. 
Times Microwave Systems 
INFO/CARD #250 

Dual Switch 
Matrix 
K&L’s dual switch matrix is 

designed specifically for the 
A.T.E. user who requires two 
switch matrices with operation 
from DC to 18 GHz but only has 
rack space for one. Two 1 x 24 
switch matrices are integrated 

Superconducting 
Delay Line 
Superconductor Technologies 

Inc. (STI) has constructed a high 
temperature superconductor 
microwave delay line longer than 
100 ns. The STI delay line mea¬ 
sures a mere 3.8 x 3.8 x 0.5 inch¬ 
es, a dramatic reduction from the 
70 feet of RG-141 stainless-steel 
coaxial cable typically needed for 
a 100 ns delay line. The new 
delay line takes advantage of the 
ultra-low electrical loss properties 
of HTS to improve insertion loss 
by a factor five, compared to RG-

Cellular Test Set 
Hewlett-Packard has intro¬ 

duced the HP 8920D dual-mode 
cellular mobile test system, which 
reduces test times in the manu¬ 
facturing, installation and mainte¬ 

Digital Filter Chip 
A 16-bit, 52 MSPS digital half¬ 

band filter that lets communica¬ 
tions and video system designers 
implement interpolation- or deci-
mation-by-2 with the option of 
quadrature up/down conversion 
is now available form Harris 
Semiconductor. The new chip, 
called the HSP43216, costs 
under $40.00. The HSP43216 
incorporates a 67-tap halfband fil¬ 
ter that processes 16- bit data 
with 20-bit coefficients to yield 
better than 90 dB stopband atten¬ 
uation and better than 0.0005 dB 

with one controller housed in a 
5.25 inch high, 19 inch rack 
mountable enclosure with rack 
slides. The controller allows inde¬ 
pendent control of each matrix 
both via the front panel keypad 
and remote interface. The LCD 
display gives a complete status 
update. Both GPIB and RS-232 
interfaces for computer control 
are included on the matrix. 
Because low loss coaxial switch¬ 
es are used, insertion loss is typi¬ 
cally only 2 dB at 18 GHz. The 
system can be operated on AC 
power from 85 to 264 VAC. 
K&L Microwave Inc. 
INFO/CARD #249 

141 stainless-steel coaxial cable. 
This improvement enable a sys¬ 
tem to use fewer amplifiers to 
recover the signal, resulting in 
improved signal integrity. The 
monolithic construction of the STI 
delay line allows for excellent 
phase slope tracking between 
units, a critical feature in deter¬ 
mining the angle-of-arrival of sig¬ 
nals in direction finding equip¬ 
ment. 
Superconductor Technologies 
Inc. 
INFO/CARD #248 

nance of AMPS and TDMA digital 
cellular radios. The HP 8920D 
performs analog and digital 
NADC measurements for para¬ 
metric verification based on TIA 
IS-55 dual-mode standards. It 
performs call processing tests 
from call setup to digital-to-digital 
handoffs. In addition to analog 
testing, the HP 8920D offers tc/4 
DQPSK signal generation, k/4 
modulation analysis, baseband 
data generation and analysis, 
BER meter and n/4 DQPSK 
power metering. The HP 8920D 
consists of the HP 8920A with 
options 001, 003, 004, 005, 013, 
050 and the HP 83201A dual¬ 
mode cellular adapter. The HP 
11807A radio test software can 
be used in conjunction with the 
HP 8920D to automate test pro¬ 
cedures. Cost of the HP 8920D is 
$27,800, and cost of the HP 
11807A software is $2000. 
Hewlett-Packard Company 
INFO/CARD #247 

passband ripple. The chip 
includes four modes of operation: 
decimate- or interpolate-by-2 
halfband filtering, digital down¬ 
conversion by fs/4 followed by a 
decimate-by-2 halfband filtering, 
and interpolate-by-2 quadrature 
filtering of a complex input fol¬ 
lowed by fs/4 up-conversion with 
real output. Engineering samples 
of the HSP43216 are currently 
avaialable, with full production 
slated for October. The 84-pin, 
PLCC, 1000-unit price is $32.55 
each. The 85-lead PGA price is 
$62.99 each. 
Harris Semiconductor 
INFO/CARD #246 
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Building Blocks 
RNet " Telemetry Products from Motorola 

RF Boards RF Modems Telemetry Radios 

INTRODUCING 
• RNet“ “SLM” Packaging 
Only 3.9" LX2.5" WX1" H 

• RNet “ 9600 BPS Capable RF Modem in 
both Standard and “SLM” Packages 

For years, design engineers seeking solutions have been turning 
to Motorola for product support. Now, as you envision new 
opportunities within the context of a wireless society, Motorola is 
there again with building block RF components that will enable 
you to move from design to production . . . the RNef Series of 
OEM RF boards, telemetry radios and RF modems. 

It doesn't matter if you are dealing with remote control, RF Data 
Collection, alarm reporting, status monitoring, metering or 
SCADA applications, Motorola's heritage of quality engineering 
and world class products provides you with the “Building 
Blocks” to support your current and future requirements. 

Envisioning . . . that’s your job. 
Enabling. . .that’s ours. 
For more information and detailed specifications on RNet “ RF 
modems, telemetry radios and OEM radio modules, 

Call 1 /800-624-8999 Ext. 105 

RNef RF Modems 

Frequency 403-430 MHz, 450-470 MHz 
RF Output-TX 2 Watts or 4 Watts 
Selectable 
Data Rate 

1200/2400/4800/9600 BPS 
Asynchronous 

Modulation 1200,2400-MSK; 4800,9600-DGMSK 
Operation Half-Duplex or Simplex 
Protocol Transparent to the User 
Data Format 7 bits with even, odd, mark 

or space parity 
8 bits with even, odd, mark, space 
parity or no parity 

DTE Interface RS-232 or TTL 
Standby/RX 
Current Drain 

32mA (RS-232) or 27mA (TTL) 

MOTOROLA 
1301 East Algonquin Road 
Schaumburg, IL 60196 

@ . Motorola, Radius and RNet are registered trademarks of Motorola. Inc. 

Specifications subject to change without notice. Ad#RT911 
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TECHNICAL BOOKS 
66. Telecommunications Transistors Systems 

Robert G. Winch 
This comprehensive book presents the operating principles, standards and system architectures 
for major telecommunications systems.lncluded 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. 

TELECOMMUNICATION 
TRANSMISSION 
SYSTEMS 
aww mwc m ceiMM 

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 0-91 7893-1 5-8 Baylin Publications 356pg. $40 

World Satellite TV 
. p and 

Scrambling Methods 
The Technicians' Handbook 

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. 

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

69. 1993 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- 18-2 Baylin Publications 450pg. $50 

1993 
WORLD SATELLITE YEARLY 

hlk HUNK BAYLIN 

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 
Princif^tf and Practical ApplicntÙMts 

ISBN 0-750-69059-3 Butterworth,Heinman 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. 

tIECTmATIC DECHARGE 
Í X2. AND _ ’ I 

ISBN 0-87942-244-0 IEEE Press 118pg. $29 



TECHNICAL BOOKS 
72. Spread Spectrum Systems 

Rooert 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. 

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 Radioted 

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 

COCCUS C. SMITH 

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



TECHNICAL BOOKS 
30. The ARRL Antenna Book 

Edited by Gerald L. Hall 

This guide to antenna design and construction is definitely not just for hobbyists. It is a 
carefully researched collection of successful antenna designs, combined with basic antenna 
theory. The practical information on construction methods, materials, and various antenna 
configurations span the HF through microwave bands. 

ARRL 680 pages $20.00 

31. Antenna Impedance Matching 
By Wilfred N. Caron 

This book provides excellent tutorial information on transmission lines and the Smith chart. 
Antenna matching methods using transmission line and lumped element are described, 
along with numerous narrow- and wide-bandwidth examples. The techniques presented 
are the same as those used for matching amplifiers and other RF circuits. 

ARRL $15.00 

32. Analysis and Design of ElejpMÉc ttrcints Using PCs 
By Greenbaum, Besser, Biehl, Polla^anS^k^^ 

Circuit simulation and synthesis u^^pWona^nW^uters is growing rapidly in RF 
engineering. This book taka you bBstep through the computer-aided modeling 
process with special^Nk^Lto C^^l^microwave frequencies and the use of computers 
in automate* 

Van Nostral 

pn 

$20.00 John R Greenbaum 
Les Besser / Brian Biehl 

Bruce D Pollard / Robert Osann 

33. Microwave Transistor Amplifiers: Analysis and Design 
By Guillermo Gonzales 

This book presents a unified approach to the analysis and design of microwave transistor 
amplifiers using the method of scattering parameters. Conjugate match, stability of small¬ 
signal amplifiers, oscillators and power amplifiers are covered. Although microwave 
frequencies are used by the author, the methods apply to circuits at any frequency where 
scattering parameters are given. 

MICROWAVE 

TRANSISTOR 

AMPLIFIERS 

Analysis and Design 

GuJtimo GonulK 0 

Prentice-Hall $70.00 



TECHNICAL BOOKS 
25. Phase-Locked Loop Circuit Design 

By Dan H. Wolaver 

This book successfully combines theory and practice. Phase-locked loop design is presented 
as circuit design, not just as a set of theoretical equations and transfer functions. Examples 
given are “real-world" applications in signal generation, clock recovery, filtering, 
modulation and demodulation. 

Prentice-Hall 262 pages $53.00 

Phase-Locked 
Loop Circuit 

Design 

DANH. WOLAVER 

26. Communications Receivers 
By Ulrich L. Rohde and T.T.N. Bucher 

The most comprehensive receiver design reference in print, this book examines every 
circuit element in a modern receiver. System architecture is presented in detail, with specific 
attention to the key functions of input circuitry, RF amplifiers, mixers, frequency control, 
demodulation, and special circuitry for noise blanking, gain control, squelch and 
automatic frequency control. 

McGraw-Hill 000 pages $65.00 

E0® . 
PRINCIPLES 
S DESIGN 

ŒL«f 

27. Single Sideband Systems & Circuits 
Edited by William E. Sabin and Edgar O. Schoenike 

The legendary HF communications handbook from the engineers at Rockwell International/ 
Collins Radio. Overall system design data is followed by examinations of each portion of 
an HF radio, including filters, mixers, oscillators, synthesizers, modulators, detectors, 
power amplifiers, signal processing and power supplies. This book contains information on 
system performance requirements that is not available anywhere else. 

SINGLE-SIDEBAND 
SYSTEMS f CIRCUITS 

McGraw-Hill 594 pages $68.00 

28. 1993 ARRL Handbook 
A comprehensive handbook of radio communications design and construction techniques. 
Analog, digital, RF and microwave basics are complemented with practical circuit 
examples and projects. Chapters on antennas, modulation methods and test procedures 
offer valuable references. Written for the advanced amateur, this book should also be on 
every professional's bookshelf. 

ARRL 1214 pages $25.00 

RCHARDC. JOHNSON 

29. Antenna Engineering Handbook 
Edited by Richard C. Johnson and Henry Jasik 

This book belongs in the reference library of every engineer involved in antenna design 
and development. Antenna theory and applications cover the frequency range from LF 
through microwaves, including communications, radar, direction-finding, satellites, aircraft, 
broadcasting and radio astronomy. Each chapter is authored by a leading expert in that 
area of antenna engineering. 

ANTENNA 
ENGINEERING 
HANDBOOK 
MH) EDITION 

McGraw-Hill 1465 pages $119.50 



TECHNICAL BOOKS 
20. Transmission Line Transformers, 2nd Edition 

By Jerry Sevick 

This book is becoming widely recognized as the best text on broadband transformers in the 
HF range. After an introduction that covers the classic Ruthroff and Guanella approaches, 
the author proceeds to describe and analyze well over a hundred different designs, in¬ 
cluding detailed construction information and extensive measured frequency response and 
loss data. It is one of the few technical books that combines rigorous engineering accuracy 
with down-to-earth practical information. 

ISBN 0-87259-296-0 American Radio Relay League $20.00 

21. RF Circuit Design 
By Chris Bowick 

The author introduces RF circuit design at the most basic level, starting with individual 
components and proceeding through resonant circuits, transmission lines, filters, the Smith 
chart, impedance matching, small-signal amplifiers and power amplifiers. It is an excellent 
teaching text for beginning engineers, and a valuable reference for fundamental RF 
principles. 

ISBN 0-672-21868-2 Sams 176 pages $24.00 

R F Circuit Design 

22. Electronic Filter Design Handbook 
By Arthur B. Williams and Fred J. Taylor 

A modern classic for active, passive and digital filter design, this book is an indispensible 
engineering reference. Basic information is provided on filter types, passband and stopband 
characteristics, mathematical analysis and various topologies. Extensive tables of filter 
parameters are included for ease of design, and notes on component selection assist in 
construction. Completeness is enhanced with chapters on phase shift networks and delay 
equalizers. 

ISBN 0-07-070434-1 McGraw-Hill $68.00 

Electronic 
biller 
IXsfen 

Handbook 
I/- IrfAr. Ml 
UtfUalttuw 

23. Oscillator Design and Computer Simulation 
By Randall W. Rhea 

This unified approach to oscillator design is of particular help to engineers new to these 
circuits, but serves as an excellent reference for even the most experienced designers. The 
book covers a wide range of resonator types and active devices, and is applicable to both 
RF and microwave frequency ranges. Included with the text is a copy of Eagleware's Star 
2.0 circuit analysis program, which is intended to reduce the tedium in analyzing oscillator 
circuits as various parameters are modified. 

ISBN 0-13-642513-5 Prentice Hall 260 pages $63.00 

24. MMIC Databook 
The 1991 MMIC Databook, written with the help of some of the MMIC Industries' most 
active players, effectively converts "MMIC know-nothings" into "MMIC gurus," and as 
rapidly as possible. The Databook contains performance graphs based on manufacturers' 
typical ratings; charts detailing product availability; key contacts for standard, semi-custom 
and custom foundry information; and foundry data in both datasheet and summary spread¬ 
sheet format. 

Berson & Associates $295.00 



RF Expo Proceedings 
Successful engineers like yourself are constantly searching for information to keep them 
up-to-date on the rapidly changing world of electronic technology. Twice a year, this vital 
information is presented in the technical sessions and complete tutorial series at the RF 
Expos. If you were unable to attend the show or particular session — you can now obtain 
the same information in the RF Expo Proceedings. 

50 □ RF Technology Expo 93 
51 □ RF Technology Expo 92 
52 □ RF Technology Expo 91 
53 □ RF Technology Expo 90 
54 □ RF Technology Expo 89 
55 □ RF Technology Expo 88 
56 □ RF Technology Expo 87 

57 □ RF Expo East 92 
58 □ RF Expo East 91 
59 □ RF Expo East 90 
60 □ RF Expo East 89 
61 □ RF Expo East 88 
62 □ RF Expo East 87 

63. Take all 13 for $1508 — a savings of $377 
Cardiff Publishing $145.00 eacl 

64. EMC/ESD IntH Conference Proceedings 
You'll find papers highlighting extensive coverage of domestic and international EMC and 
ESD regulatory standards by the industry's leading experts. Additional papers offer exceller 
practical techniques for dealing with difficult environments, handling surges and transients, 
analyzing EMC phenomena, controlling ESD, managing EMC through circuit design, and 
performing EMC and ESD tests and measurements. 

Cardiff Publishing 340 pages $145.00 eacl 

Filters and Matching Networks 
A nine-tape video short course with notes for working engineers which covers the topic 
from baseband to microwaves. The tapes are Fundamentals I & II, CAE Techniques, The 
Real-World, Matching, Bandpass Filter Symmetry, Group belay, Direct Coupled Microwave 
Filters and Field-Coupled Microwave Filters. Important filter concepts are described in easy 
to-folow terms. These concepts are then applied to case studies of a variety of filters avail¬ 
able for solving practical application problems. Just a few of the hundreds of ideas in thes 
tapes could save you lots of time and effort. 

Eagleware $895.00 each (NTSC 

ORDER FORM 

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

CALL: 1-800-525-9154 

FAX: 303-773-9716 

Method of Payment: 
Payment enclosed $_ 

Bill My: □ MC □ Visa □ AE 

Card #_ Exp_ 

Signature _ 

Bill to: 
Name _ 

Title _ Phone _ 

Company_ 

Address_ 

City _ 

State/Zip _ 

Country_ 

Ship to: (if different than above) 

Name _ 

Title _ Phone _ 
Company ___ 

Add ress_ 

City _ 

State/Zip _ 

Country_ 



RF products continued 

Product 
Spotlight: 
Attenuators 
Minimal Phase Shift 
With a frequency from 10 to 

1000 MHz, Merrimac's AEF-

35A series provides a minimum 
of 30 dB attenuation across the 
frequency band. The design 
uses PIN attenuator diodes 
within a precisely trimmed 
thick-film resistive pi network. 
Careful matching of the diodes 
for amplitude and phase bal¬ 
ance characteristics ensures 
excellent flatness and minimal 
phase shift with attenuation. 
Merrimac 
INFO/CARD #245 

Programmable 
Attenuator 
A series of programmable 

attenuators from JFW Indus¬ 
tries features P.C. through-hole 
mounting and a low package 
profile. Several configurations 
are available including a phase 
constant unit with frequency 
range of 10 to 600 MHz, attenu¬ 
ation steps of 0.5,1,2,4,8,16 
and 32 dB, maximum VSWR of 
1.4:1 and phase shift of +3 
degrees from 10 to 400 MHz 
and ±5 degrees from 400 to 
600 MHz. Control voltage is +5 
VDC at 350 mA maximum. Size 
is 4.25 X 1.75 X 0.500 inches. 
JFW Industries, Inc. 
INFO/CARD #244 

Continuously 
Variable 
Model 3100-127 from Lucas 

Weinschel is a precision, con¬ 
tinuously variable attenuator 
covering DC to 2.0 GHz. Atten¬ 
uation ranges between 6 dB 
and 133 dB, providing a 127 dB 
range. The attenuator is 1.794 
inches in diameter, has 2 W 
average power rating at 25 

degrees C, and uses SMA con¬ 
nectors. 
Lucas Weinschel 
INFO/CARD #243 

UHF Programmable 
The RF2410 from RF Micro 

Devices is a single supply, pro¬ 
grammable attenuator for the 
700 to 1700 MHz range. The 
monolithic, GaAs device can be 
programmed over a 38 dB 
range in 2 dB steps. Input and 
output are matched to 50 ohms, 
and the device can drive up 
+10 dBm. The RF2410 is avail¬ 
able in a 16 lead SOIC package 
and costs $9.50 in qualities of 
1000, $4.50 in qualities of 
100,000. 
RF Micro Devices 
INFO/CARD #242 

Coaxial Attenuators 
Two series of miniature 50 

ohm coaxial attenuators are 
available in 3,6,10 and 20 dB 
steps. Units using SMA connec¬ 
tors have 0.5 dB accuracy from 
DC to 2.5 GHz and maximum 
VSWR of 1.35:1 to 3 GHz. Mini-
UHF units have 0.5 dB accura¬ 
cy and maximum VSWR of 
1.35:1 to 1.0 GHz. They contain 
MIL HI REL networks with nick¬ 
el or gold plated connectors. 
Model AT-55-dB/Conn. costs 
$21.00 to $22.00 each in ten 
piece quantities. 
Elcom Systems, Inc. 
INFO/CARD #241 

Attenuator Relay 
The A150 series of electro¬ 

mechanical relays from Tele¬ 
dyne Relays are available with 
attenuations of 1,2,4,8,10,16 
and 20 dB. The 50 ohm devices 
are useable from DC to 3 GHz. 
The devices handle 1 W and 
have maximum VSWR of 1.4. 

The attenuator relay package is 
0.375 X 0.475 x 0.280 inches. 
Nominal coil voltages are 
5,12,15 and 26 V. 
Teledyne Relays 
INFO/CARD #240 

RF Design 

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. 

EBsG 
FREQUENCY PRODUCTS 

4914 Gray Road •Cincinnati. Ohio45232 I In Canada represented by: ELLAM & Assoc. Ltd. 

I Phone513-542-5555 «FAX513-542-5146 I Phone613-727-3892 • FAX613-727-0368 

INFO/CARD 39 

LAP-TECH INC. 
FREQUENCY 
CONTROL 

LAP-TECH INC. 
230 SIMPSON AVE. 

BOWMANVILLE, ONTARIO 

CANADA L1C2J3 

TEL: 416-623-4101 

FAX: 416-623-3886 

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

• EMERGENCY SERVICE DELIVERY 
• QUALITY # 
JSO 9002 pendihg 

INFO/CARD 40 

57 



Make your common mode 
EMI disappear into 

this black hole. 
This tiny toroid inside every 
Coilcraft EMI filter provides | 
over 15 dB of true common 
mode noise suppression. 
By using a single magnetic structure to filter 
multiple lines, Coilcraft data line filters give 
you differential and common mode noise 
suppression, something simple ferrite beads just 
can't do. 

You get >15 dB attenuation from 30 to 300 
MHz. Or up to 40 dB just by adding capacitors! 

They're small and easy to install. And they're 
far less expensive than filtered connectors. 

Order our D103 Designers Kit ($75) containing 
16 samples of our surface mount and DIP filters. 
Or for more information call 800/322-2645. 

Surface Mount Filters Our ultra- * 
miniature surface mount filters come in 
10, 8, 4, 3 and 2 line configurations. They're 
packaged in a flat top ceramic case and are available 
in tape and reel format for auto insertion. 

DIP Filters These filters reduce 
conducted noise by a factor of 32 from 
nearly 1 MHz to 300 MHz while 
passing frequencies below 100 kHz without 
attenuation. They come in 8, 4, 3 and 2 line versions 

SIP LC Filters With capacitors on 
each line, these filters achieve up to 
40 dB attenuation. We offer versions to filter from 
1 to 8 lines. 

Cable Filters Plug one of 
these modules into a cable and 
its common mode magnetics 
will filter all lines including the 
frame ground. EMI is attenuated as 
much as 19 dB while leaving data signals undis¬ 
turbed. Choose DB-9,15,25 or IEEE 488 versions 

Tip and Ring Filters These * 
low cost filters help telecom designers 
meet FCC Part 15 and 68 requirements. Available in 
2 and 4 wire versions, they provide 20 dB attenuation 
of common mode noise over a 30 to 250 MHz range,-
15 dB out to 300 MHz. 

Phone Line Filters Fix noisy phone 
lines with these plug-in filter modules. 
They come in 2 and 4 line versions, in 
RJ-11, RJ-14 and RJ-45 configurations. 

1102 Silver Lake Rd.. Cary IL 60013 
800/322-2645 Fax 708/639-1469 
INFO/CARD 41 



continued 

SIGNAL 
PROCESSING 
COMPONENTS 

Quadraphase Power 
Divider 
Model HDL 405 provides 4-

way power division with outputs 
in phase quadrature, ie. 0°, 90°, 
180° and 270° Operation is over 
1 to 2 GHz, with maximum 
VSWR of 1.3:1 and minimum iso¬ 
lation of 20 dB. The divider will 
handle CW power levels of 60 W. 
Other frequency ranges are 
available. Size is 1.5 x 4.0 x 0.36 
inches. 
Technical Research and 
Marketing, Inc. 
INFO/CARD #235 

Bi-Phase Modulators 
ST Olektron’s BPM-1047 

series of bi-phase modulators 
provide 180° phase shift through 
an RF path and feature broad 

bandwidth, low insertion loss, and 
excellent phase accuracy while 
consuming just 450 microwatts. 
Utilizing a GaAs FET switch 
structure with CMOS drivers, they 
achieve a maximum switching 
time of 4 ns and a modulation 
rate of 87 Mbits/sec. 
ST Olektron Corp. 
INFO/CARD #234 

180° Hybrid Junction 
The HT22 from Tele-Tech is a 

magic-tee covering 0.3 to 300 
MHz. The amplitude imbalance is 
less than 1 dB, phase balance is 
less than 3° and VSWR is better 
than 1.5:1. The HT22 will handle 
input power of 0.5 W. A detailed 
data sheet is available. 
Tele-Tech Corp. 
INFO/CARD #229 

Plated Plastic Filters 
Teledyne Microwave has intro¬ 

duced a line of plated plastic fil¬ 
ters which overcome the prob¬ 
lems of plating adhesion and 
temperature stability. The filters 
replace cavity or combline filters 

in the 500 MHz to 18 GHz with 
bandwidths from < 1% to > 50%. 
This product line has been tested 
to 18 W CW without degradation, 
with higher powers available. 
Teledyne Microwave 
INFO/CARD #232 

CABLES & 
CONNECTORS 

mounted jacks. The connectors 
are available with crip attach¬ 
ments for flexible cable or sol¬ 
dered attachments for semi-rigid 
cable. The connectors are manu¬ 
factured to MIL-C-39012 specifi¬ 
cations, and all characteristics 
are equivalent to MIL-C-39012 
type N right angle connectors for 
coaxial cable. 
Delta Electronics 
INFO/CARD #238 

UHF Plug 
A UHF series straight plug 

featuring a mechanical back end 
rather than soldered screw¬ 
down type construction is being 
introduced by Tru-Connector. 
The plug features all machined 

Type N Tees 
New T-connectors from Delta 

Electronics are currently pro¬ 
duced in two styles of cable plugs 
and two styles of bulkhead 

More Power in 
Less Space 

* To meet your requirements 
RF POWER AMPLIFIER USERS ... 
Are you looking for a qualified supplier of MIL-SPEC, compact 
packaged, custom designed, RF Power Amplifiers, for airborne 
data links in the 1.4 to 2.4 GHz range? 

Call or Fax: Aydin Vector Division 
215-968-4271 FAX: 215-968-3214 

Typical Missile 
or Satellite 
RF Power Amplifier 

• Pulse, CW and Linear Models for severe environments 
• High output power, 2 to 100's of watts 
• High efficiency 
Video or Telemetry 
Single and Multichannel compatible 
Military and Commercial applications 

. INFO/CARD 42 

AYDIN ̂ VECTOR_ 
Aydin Vector Division • P.O. Box 328 • Newtown, PA 18940-0328 • TEL 215-968-4271 • FAX 215-968-3214 

In Europe: Aydin International U.K. • 1/3 Hunting Gate • Hitchin, Herts SG4 OTJ • England TEL. 44-0462-434555 FAX 44-0462-420727 
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BF products continued 
nickel plated brass contruction 
with PTFE insulators and heavy 
silver plated contacts for use 
with RG-55, 58, 142 and 223/U 
cables. The UHF series plug will 
perform satisfactorily to 200 
MHz. List price for the plug is 
$7.50. 
Tru-Connector Corporation 
INFO/CARD #236 

SIGNAL 
SOURCES 

Phase Locked 
Oscillators 
T and M Microwave introduces 

its PL 3500 series of surface 
mount phase locked oscillators 
covering the frequency range of 
600 MHz to 3.0 GHz. The series 
features a high Q ceramic res¬ 
onator VCO and accepts input 
reference frequencies of 5 to 100 
MHz at 0 dBm +3 dB typical. 
Operating voltage is +15 VDC at 
200 mA maximum. 
T and M Microwave, Inc. 
INFO/CARD #227 

Expanded VCO Line 
Qualcomm has announced ten 

new members of their Q3500 
series of wide-band microwave 
VCOs. The series now covers 100 
MHz to 3.5 GHz. The new VCOs 
are led by the Q3500C-2235T, 
which has an output frequency 
range of 2.2 to 3.5 GHz and tuning 
voltage from 1.2 to 17.0 V. Pricing 
for members of the Q3500 series 
is as low $29.90 each in 1000 
piece quantities. 
Qualcomm Inc., VLSI Products 
INFO/CARD #226 

VHF Oscillators 
Wenzel Associates introduces 

the Sprinter series of VHF oscilla¬ 
tors, featuring low phase noise 
and reduced size. Phase noise 
performance for the 100 MHz 
SC-cut crystal oscillator is -125 
dBc/Hz at 100 Hz offset and -1 65 
dBc/Hz at 10 kHz offset. Package 
size is as small as 2 x 2 x 0.6 
inches. The series is available 
with SMA connectors, or in PC 
mount form. 
Wenzel Associates, Inc. 
INFO/CARD #223 

UHF TV Amplifier 
Motorola has introduced the 

ATV6060 broadband, linear RF 
amplifier assembly. The 
ATV6060 device is designed to 
operate with fully instantaneous 
bandwidth in the television 
broadcast bands IV and V (470 
to 860 MHz). The assembly pro¬ 
vides 9 dB of small signal gain is 
characterized by a 3-tone IMD 
specification of -50 dB at a refer¬ 
ence power of 40 W, and is 
capable of 60 W, class A output 
power. 
Motorola Semiconductor 
Products 
INFO/CARD #222 

SDLVA 
Model SDLVA-0120-70 (0.1 to 

2.0 GHz) and SLVA-06135 (600 
MHz to 1.35 GHz) are hybrid 
MIC/MMIC DC-coupled succes¬ 
sive detection log video amplifiers 
(SDLVA) with 65/70 dB dynamic 
range. TSS is < -67 (20 MHz 
video BW), 25 mV/dB log slope, 
+1.0 dB log accuracy with rise¬ 
time <= 20 ns, fall-time < 25 ns 

Circle Info/Card #125 for Catalog and Price List. 

DIRECTIONAL COUPLERS 

A73 Series Directional Couplers are of reciprocal hybrid ferrite circuitry, featuring broad bandwidth with outstanding directivity 
and flatness. 

Some general applications for the A73 Series are: 
Line Monitoring: 

Power Measurements: 

Power split from the line is -20 dB down for sampling without altering line characteristics, for level measuring, 
VSWR alarms, etc.. 
Insertion in the line allows level measurements with simple lower level detectors or field strength meters and 
power measuring equipment By reversing the coupler in the line or using the A73D types, an indication of 
impedance match and/or reflected power can be measured by comparing the forward to reflected power 
levels. 

Load Source Isolator: Using a directional coupler in the line, a signal can be taken from the source to the tap with high attenuation 
(directivity) between the tap and the load. 

This chart is just a sampling of couplers available. Connector options available. Consult factory for specials and OEM applications. 

60 

and delay times of 8 ns at -10 
dBm limited IF output. Size is 2 x 
1.75 x 0.4 inches. 
American Microwave Corp. 
INFO/CARD #221 

Hybrid Amplifier 
The model AC2577 thin-film 

cascadable amplifier operates 
over the frequency range of 10 to 
2500 MHz with minimum gain of 

10.0 dB (0 to 50 degrees C). 
Noise figure is typically 3.3 dB. 
Typical output power at the 1 dB 
compression point is +21.0 dBm. 
The unit is available in SMA, flat¬ 
pack and surface mount hous¬ 
ings. 
Cougar Components 
INFO/CARD #220 

Model 
Freq 
Range 
MHz 

Coupling 
Level 
dB 

Coupler 
Type 

In Line 
Power 

Minimum 
1-500 (d 
MHz 

Directivity 
B) 5-300 

MHz 

In Line 
Loss 
(dB) 

Flatness 
of Coupled 
Port (dB) 

VSWR 
Price 50 ohm 

with 
BNC conns. 

A73-20 

1-500 

20 

single 
5W cw 
(10W cw 

5-300 MHz) 

20 30 .4 max 
.2 

typical 

t.l 
5-300 MHz 

t.25 
1-500 MHz 

1.05:1 
5-500 MHz 

1.5:1 
1-500 MHz 

$68.00 

A73-20GA 30 40 131.00 

A73-20GB 40 45 242.00 

A73-20P 
1-100 

single 50W cw 

(75 ohm 
limited to 
10W cw) 

35 dB min 
40 dB min typical 

.15 

t.l 

1.1:1 
max 

1.04:1 
typical 

91.00 

A73D-20P dual 3 163.00 

A73-20PAX 
10-200 

single 
45 dB min 

.15 150.00 

A73D-20PAX dual 3 310.00 

A73-20GAU 
1-1000 

single 
2W cw 

30 dB min 
40 dB typical 1 max 

.3 typical t.25 

1.1:1 
10-1000 MHz 

1.5:1 
1-10 MHz 

300.00 

A73-20GBU single 
40 dB min 

45 dB typical 425.00 

A73-30P2 1-100 30 single 200W cw 
50 ohm 30 dB .05 1.15 1.05:1 max 312.00 

WIDE BAND ENGINEERING COMPANY, INC 
P. O. Box 21652, Phoenix, AZ 05036 Phone: (602) 254-1570 Fax: (602) 254-1570 

-
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New 3 Volt NEC Silicon ICs 

FINALLY! 
3 VOLT 
RFICs 
FOR HANDHELD 
WIRELESS 
PRODUCTS 

UPC2745 
Ultra Broad Band 

Amplifier 

DC to 2.7 GHz 

12 dB Gain 

-1 dBm Psat 

7.5 mA Icc 

UPC2746 
High Gain Amplifier 

DC to 1500 MHz 

19 dB Gain 

0 dBm Psat 

7.5 mA Icc 

UPB1502 
Frequency Divider 

DC to 2.2 GHz 

Divide by 64/65,128/129 

6 mA Icc 

UPC2747 
Broad Band 

Low Noise Amplifier 

100 MHz to 1800 MHz 

12 dB Gain 

3.3 dB NF, 5 mA Icc 

UPC2748 
High Gain 

Low Noise Amplifier 

200 MHz to 1500 MHz 

19 dB Gain 

2.8 dB NF 

6 mA Icc 

UPB587 
Frequency Divider 

DC to 1000 MHz 

Divide by 2/4/8 

5.5 mA Icc 

...plus dozens of Bipolar Transistors 
characterized at 2.5 Volts, including: 

NEC’S new low current Silicon ICs not only 
‘ reduce power consumption in your 3 Volt 

designs, they reduce the parts count, improve 
the reliability, and simplify the assembly. 

NEC is committed to 3 Volt Silicon technology; 
these parts are just an introduction. 

There are more on the way. Soon. 
If 5 Volt ICs are the solution, NEC has a wide 

selection of them as well, all available right now. 
And don’t forget NEC’s huge family of discrete 

devices. Many are characterized at 2.5 Volts and they're 
available in a variety of packages, including a new 
ultra-small SMD that's a third the size of a SOT 23! 

f= 1500 MHz 

NE68519 

1.3 dB NF 

10.0 dB Ga 

@ only 3 mA Ic 

f= 2.5 GHz 

NE68030 

1.90 dB NF 

7.2 dB Ga 

@ only 3 mA Ic 

f- 1000 MHz 

NE68039 

1.0 dB NF 

11.6 dB Ga 

@ only 1 mA Ic 

Surface Mount packages shown actual size 

...and a wide variety of 5 Volt RF ICs including: 

UPC2708 
Wide Band 
Amplifier 

DC to 2.9 GHz 

15 dB Gain 

10 dBm Psat 

UPC2723 
AGC Amplifier 

100 MHz to 1100 MHz 

38 dB AGC 

13 dB Gain 

For a FREE Product Selection Guide, call your 
nearest CEL Sales Office. Or circle the number below. 

UPC2710 
Wide Band Amplifier 

DC to 1000 MHz 

33 dB Gain 

3.5 dB NF 

UPC2721 
Down Convertor 

RF=0.4to3.0 GHz 

IF=50 - 600MHz 

Conversion Gain= 15 dB 

NEC 

California Eastern Laboratories 

UPC2713 
Wide Band 
Amplifier 

DC to 1200 MHz 

29 dB Gain 

3.2 dB NF 

UPC2726 
Differential 
Amplifier 

400 MHz to 1400 MHz 

15 dB Gain 

Typical Performance at 25° C 

CEL Headquarters. 4590 Patrick Henry Drive, Santa Clara, CA 95056-0964; (408) 988-3500 FAX (408) 988-0279 □ Santa Clara. CA (408) 988-7846 □ Los Angeles, CA (310) 645-0985 

San Diego, CA (619) 467-6727 □ Bellevue, WA (206) 455-1101 □ Richardson. TX (214) 437-5487□ Shawnee, KS (913) 962-2161 □ Woodridge, IL (708) 241-3040 □ Cockevsville, MD (410) 667-1310 

Peabody MA (508) 535-2885 □ Hackensack, NJ (201) 487-1155 or 487-1160 n Palm Bay FL (407) 727-8045 □ Snellville, GA (404) 978-4443 □ Nepean, Ontario, Canada (613) 726-0626 

© 1993 Caliiom a Eastern Laboratories 
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Byproducts continued 

70KHz-200MHz 

OSCILLATORS 
70KHz-200MHz 

TCXO, VCXO, TCVCXO 
4 MHz-1 25MHz 

200 W VHF 
The model GRF0501 is a high 

powered solid state linear amplifi¬ 
er (class AB) capable of deliver¬ 
ing 200 W in the frequency range 
of 100-500 MHz. The gain is 
adjustable from 3 dB to 8 dB via 
front panel control; other gain 
requirements are available. The 
amplifier is packaged in a stan¬ 
dard 19 inch rack-mount enclo¬ 
sure. 
GTC, RF Products Group 
INFO/CARD #218 

Class AB for UHF TV 
Motorola has announced its 

highest power linear transistor for 
television transmitter applica¬ 
tions. The push-pull TPV8200B 

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 1-800 322-9425 
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New 47000 Series 
Commercial Giga-Trim® 
Variable Capacitors 

■ Value engineered for commercial applications, 
competitively priced without sacrificing Johanson 
quality and reliability. 

■ Tape and reel packaging on selected mounting styles. 

■ Q’s greater than 5000 @ 250 MHz. 

■ Advanced “poke-seal” construction provides reliable 
tuning access during assembly and cleaning. 

Johanson Manufacturing Corporation 
Rockaway Valley Road, Boonton NJ 07005 USA 

Phone 201-334-2676 Fax 201-334-2954 
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AMPLIFIERS 

Optical to Coax 
Converter 
The BGY887BO optical receiv¬ 

er operates over the frequency 
range of 40 to 860 MHz. The 
receiver module plugs directly 
into existing equipment and has 
an integral fiber pigtail to couple it 
to a fiber-optic distribution cable. 
The BGY887BO is packaged in a 
SOT115 power package. The 
device will sell for between $250 
and $300, depending on volume. 
Philips Semiconductor 
INFO/CARD #216 

Harmonic 
Generator/Filters 
KW Microwave introduces a 

series of integrated harmonic 
generator switchable filters cover¬ 
ing frequencies from 31.25 to 
343.75 MHz. It consists of a 
31.25 MHz harmonic generator 
and a six channel switch filter, 
selecting frequencies in the range 
of 31.25 to 343.75 MHz with 62.5 
MHz frequency step. 
KW Microwave Corp. 
INFO/CARD #215 

linear transistor is a class AB 
device with 190 W peak sync out¬ 
put power and 8 dB min. gain 
across 470 to 860 MHz. It has a 
minimum efficiency of 45 percent. 
Motorola Semiconductor 
INFO/CARD #205 

TEST 
EQUIPMENT 

SEMI¬ 
CONDUCTORS 

Power MESFETs 
Twenty-two, internally matched 

power FETs from California East¬ 
ern Laboratories provide high effi¬ 
ciency and high gain over 4.4 to 
8.8 GHz. Available in typical 
power outputs of 4.5, 9 and 18 
W, the NEZ5964, 6472, 4450 and 
7785 have efficiencies ranging 
from 31 to 40 percent and gains 
from 7.5 to 10.5 dB. 
California Eastern 
Laboratories, Inc. 
INFO/CARD #206 

Antenna Analyzer 
The ESTAR2110 antenna 

measurement analyzer uses an 
RF marking process which allows 
characterization of both ampli¬ 
tude and phase (and thus current 
distributions), as well as return 
loss, of any device in a transmit¬ 
ting chain without cutting off the 
transmission. An optically-linked 
probe allows near field measure¬ 
ments and measurements within 
sheilded enclosures. The RF sen¬ 
sitivity of the 21 10 is -120 dBm. 
Antenna Research Associates 
INFO/CARD #204 

Switch Matrices 
AML introduces a line of RF 

switch matrices. Model AC820500-
8 is non-blocking 20-500 MHz, has 
eight inputs and three outputs. Any 
input may be switched to any one 
or more outputs via RS232 and 
IEEE busses. The matrices’ third 
order intercept point, referenced to 
the input, is +24 dBm. 
AML, Inc. 
INFO/CARD #202 

RF Sweep Generator 
The LI10A covers 20 to 1200 

MHz and has a sweep width vari¬ 
able from 2 MHz to full range. A 
single crystal time base provides 
1, 10 and 50 MHz marker grids. 
Dual channel, |S 11 | and S21 1 
measurements can be made, and 
the two detector inputs are chop¬ 
per-amplifier stabilized. Price for 
the LI10 is $1685. Accessories 
are available. 
Lurie Instruments 
INFO/CARD #200 
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Matron Industries 
Announces 

A superior manufacturer of quartz crystals 
and quartz crystal oscillators, M-tron Industries 

has been registered to the following quality systems: 
ISO 9001, EN 29001 and BS 5750: Part 1. 

Certificate No__ FM 24957 

INDUSTRIES , INC . 

P.O. Box 630, Yankton, SD 57078 USA 
1-800-762-8800 • Fax: 605-665-1709 

©1993 M-tron Industries, Inc. All rights reserved. 
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RF tutorial 

Introduction to S-Parameters 
By Theodore Grosch, Ph. D. 
MIT/Lincoln Labs 

Scattering-parameters, or S-parame-
ters, have been used since the 50's to 
describe microwave circuits. At high fre¬ 
quencies it is difficult to measure the 
voltage and current at a terminal of a 
device or network. On the other hand, 
directional couplers can easily measure 
the power flow into or out of the circuit. 
This creates a situation where it is con¬ 
venient to describe the electrical proper¬ 
ties of a circuit by some means of power 
flow or ratios thereof. 

S-parameters are steady-state linear 
coefficients used to express an n-

port at a particular frequency. Since S-
parameters are linear combinations of 
voltages and currents in a network, they 
can be manipulated much like any other 
linear matrix form of network characteri¬ 
zation. 
S-parameters represent ratios 

between incident and reflected wave 
amplitudes in a transmission line.These 
are direct expressions of reflection and 
transmission that are especially useful in 
high frequency analysis and design. 
They are particularly suitable for prob¬ 
lems of power transfer in networks 
involving insertion gain or loss. Since 
they express power flow, they are also 
especially useful in problems dealing 
with the conservation of energy in pas¬ 
sive networks. This makes them valu¬ 
able for finding the realizability of net¬ 
works in the frequency domain for net¬ 
work synthesis. 

The Wave Vectors 
S-parameters are ratios derived from 

transmission line concepts of incident 
and reflected voltage and current 
waves. The popular transmission line 
solution gives these quantities as for¬ 
ward and reverse time-harmonic travel¬ 
ing waves. Consider the circuit in Figure 
1 with a generator of open circuit volt¬ 
age E and a positive real internal imped¬ 
ance of Zo connected to a load of imped¬ 
ance ZL. This represents a termination 
on a transmission line of characteristic 
impedance Zo. The current and voltage 
in Figure 1 are: 

V = ̂  (2) 
Zo +ZL

where there is an implied factor of ejwt 
along with these quantities. These are 
vectors that define the amplitude and 
phase of the voltage and current at a 
specific frequency referenced to the 
open circuit voltage E. In a high frequen¬ 
cy circuit, these quantities are difficult to 
measure. It’s easier to put a directional 
coupler between the generator and the 
load and measure the power flow that is 
incident upon, and reflected from, the 
load. 

Let’s define the incident current and 
voltage as those quantities that would 
exist at the load if the load were perfect¬ 
ly matched to the generator (ZL = Zo). 

our variables will be related to Equations 
5. Going back to the incident voltage 
and current, it would be more conve¬ 
nient to normalize these by the charac¬ 
teristic impedance Zo. We can define a 
normalized incident vector a in terms of 
the incident voltage and current. 

V+ 
a = -p= 

7z0

= v + zj 

’ 27z; 
(9) 

We can also define a normalized 
reflected vector b that is a function of 
the reflected voltage and current. 

b = ̂ = 
VZo 

. V-Z„I 
’ 27z; 

(10) 

64 

2Z0
(3) 

(4) 

This makes it easy to define the maxi¬ 
mum power, or incident power, that can 
be delivered to any load. 

V+(D* =P* = J|L (5) 
4Zq 

Let’s also define the reflected voltage 
and current as the difference between 
their actual and incident values. 

From the ratio of either of the two volt¬ 
ages or currents one gets the expres¬ 
sion for reflection coefficient. 

y- _r _z0-zL 

v+ r zo + zL
(8) 

Since we can easily measure incident 
power with directional couplers, one of 

So, in terms of a and b, the 
power is 

P+ = lai2, 

the reflected power is 

P- = Ibl2, 

the reflection coefficient is 

incident 

(11) 

(12) 

(13) 

Figure 1. A one-port network ZL 
connected to a generator with a 
positive real internal impedance 
Zo-
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RF TRANSFORMBtS 
Over 80 off-the-shelf models... 

3KHz-1500!^fz from $1" 

Having difficulty locating RF or pulse 
transformers with low droop, fast risetime or a 
particular impedance ratio over a specified frequency 
range?. ... Mini-Circuits offers a solution. 

Choose impedance ratios from 1:1 to 36:1 , in 
connector, TO-, flatpack, surface-mount, or pin 
versions (plastic or metal case built to meet 
MIL-T-21038 and MIL-T-55631 requirements*). 
Coaxial connector models are offered with 50 and 75 
ohm impedance; BNC standard, other types on request. 

Ultra-wideband response achieves low droop and fast 

TMO 

T. TH. 

risetime for pulse applications. Ratings up to 1000M ohms 
insulation resistance and up to 1000V dielectric voltage. For 
wide dynamic range applications involving up to 100mA 
primary current, use the T-H series. Fully detailed data 
appear in our 740-pg RF/IF Designer's Handbook. 

Need units in a hurry? ... all models are covered by our 
exclusive one-week shipment guarantee. 
Only from Mini-Circuits. 
‘units are not QPL listed. 

T, TH. TT 
bent lead 

version style X 65 

finding new ways . 
setting higher standards 

Q Mini-Circuits 
Distribution Centers NORTH AMERICA 800-654-7949. 417-335-5935 Fax 417-335-5945 

WE ACCEPT AMERICAN EXPRESS ANO VISA 

303 (718) 934-4500 Fax (718) 332-4661 

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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Figure 2. A two-port network and the incident vectors a! and a2 and out¬ 
going waves b! and b2 at the two ports. 

the actual power delivered to the load 
will be 

P=lal2-lbl2, (14 > 

and the VSWR of the termination is 

lal+lbl 
lal-lbl 

(15) 

Armed with a new set of variables a 
and b, it is simpler to compare the calcu¬ 
lated circuit response with the power 
flow measured with directional couplers 
and power meters. 

822 -a^l 3’"0' 

where 

bj — 4" S1232> 

02 = S2̂3^ 4" S2232 ’ 

or in matrix representation 

(21) 

(22a) 

(22b) 

(23) 

related to the Z, Y, and ABCD parame¬ 
ters of the network. To see how this 
works, we look at the matrix of S-para-
meters S and column vectors a’ and b’ 
in Equation 23, 

b'=Sa' (24) 

where 

a'=-^(V + Zol), (25a) 

b'= 1 (V-Zol), (25b) 
V 

and V and I are the column vector made 
of the voltages on the two-port terminals 
and the current flowing into the termi¬ 
nals. The impedance matrix of the two 
port is defined as, 

V = Zl. (26) 

Substituting Equation 26 in to the 
Equations 25, 

a'=-J=(ZI + Zol), (27a) 
V 

S-Parameters of Linear Networks 
Usually, there is very little interest in 

the actual values of a and b. The inter¬ 
est lies in their ratio defining reflection 
and transmission of power in a network. 
The reflection coefficient G in Equation 
13 is the S-parameter representation of 
a one port. Just like Z and Y parame¬ 
ters, S-parameters can be extended to 
n-port networks by defining incoming 
and outgoing waves at each port, 

In Equation 22, one can see that b, is 
a linear combination of the reflected 
wave at the input due to S1 1 and the 
wave transmitted from output to input 
due to S12. 
Since the waves a, and b, are func¬ 

tions of voltage and current vectors, the 
S-parameters their ratios form can be 

b' = -^(ZI-Zol), (27b) 

we can find that the S-parameter matrix 
can be expressed as a function of the Z-
parameter matrix and the characteristic 
impedance. 

1 
a'~ 2 

Vj+ZJ, 
(16) 

(17) 

where i and j are the port number. For 
the two-port network shown in Figure 2, 
the S-parameters are defined as, 

(18) 
d 1 

$12 = I a, =0’ 0$) a2

821 
a 1 

a2 =0» (20) Figure 3. The circuit of Figure 1 with a transmission line inserted 
between the generator and load. 
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b' _ (Zl-Zol) 

a'"(ZI + Zol)’ (Z Z°)(Z + Zo)
(28) 

Note that the constant Zq in Equation 28 
was converted to a diagonal matrix Zo 
by multiplying Zo times the identity 
matrix, ¿-parameters are related to 
other network parameters by performing 
similar derivations to the one above. 

At the generator, the phases have been 
shifted by the length of transmission 
line. In terms of incident voltage and 
current at the generator, 

1 ^11 
V + = —exp(j2n— ) =- + j , 
9 2 8’ 2^2 2-^2 

(35) 

g 

1 /n 3X if 1 . 1 ) 
=- exp j2rt-) = — --7^ +j— . 
150 8 150 J 1

. 1 

Examples 
The following examples will illustrate 

the use of the wave vectors and S-para-
meters. Consider the situation where a 
75 Ohm transmission line terminated 
with a 35 + ¡120 Ohm load. We want to 
find the reflection coefficient and the 
VSWR using the wave vectors. 

Figure 1 shows this circuit with Zo = 75 
W and ZL = 35 + ¡120. Normalizing the 
voltage source to 1, the incident voltage 
and current are (as if the transmission 
line were perfectly matched), 

2 v2 
(36) 

The reflected voltage and current are 

V 
g 

4 , 3 2^2+272 
- exp(-j2rt— ) =- J
-5 + 9 8 5- ¡9 

(37) 

, 4 , 3 

a - -375 +j675 eXP ~,2’t8)

_ 2^2 + ¡2V2 (38)

375 -¡675 

-, l+ = — . 
2 150 

(29) 

The reflected voltage and current are 
found to be 
v_ 75-(35 + j120) 

2(75 + (35 + ¡120)) (30)

40-j120 _ 4 
~ 220 + ¡240 ~ -5 + ¡9 ’ 

! 75 -(35 +¡120) 
” 150(75 + (35 + ¡120)) (31) 
_ 4 

” -375 + ¡675 ' 
The vectors a and b are 

a = _ I b _ 4 
2V75’ V75(-5 + j9)’ 

(32) 

and so the reflection coefficient and the 
VSWR are 

The vectors a and b are 

1 f 1 . 1 ) 

a=^H2 +J V2} (39)

b<= 2V2 +j2V2 (40)

\75(+5- ¡9) 

and the reflection coefficient and the 
VSWR are 

4 3 
-7==- exp(-j2n ) 

c _r- b'_ V75(-5 + j9) 8 
0|n 1 ~ a' ~ 1 3 

<4,)

3 
8exp(-jrt-) .g

-5 + ¡9 ~ 5-¡9 

p = 5.644:1 since - = 1 . 

1 £ 

2— y^_ = 7 97:1 (34) 
1 4 

(42) 

For the next example, consider the cir¬ 
cuit shown in Figure 3. The termination 
in Example 1 is connected to the same 
75 ohm source through a transmission 
line of length 3/8X. At the load, the para¬ 
meters calculated above are the same. 

Notice that the phase of the reflection 
coefficient has been shifted by 2 times 
the electrical length because the waves 
have to get to the load and then come 
back again through the length of trans¬ 
mission line. 
For the final example, consider a two 

port network with port two terminated as 
shown in Figure 2. Suppose we want to 
know the input reflection coefficient Gi. 
The ratio of the reflected wave from the 

RF Design 

load, a2, to the incident wave on the 
load, b2, is 

a, 
<43 > 

The incident wave on the output of the 
two-port is 

a2 = rLb2. (44) 

Substituting this in Equation 22, the 
response of the two-port is given by 

bi = S,,a, + Si2rLb2, (45) 

b2 — S21a, + S22rLb2. (46) 

By solving the second equation for b2, 

we can solve the first equation and find 
the input reflection coefficient. 

(48)a, 1 - tj22 i L

The S-parameters can be manipulated 
algebraically like any of the other linear 
parameters. 

Closing Remarks 
This has been a basic nuts-and-bolts 

discussion of S-parameters and their 
relation to the other linear network para¬ 
meters. The voltage across a load or 
network port is split into two compo¬ 
nents. One component being the volt¬ 
age (incident voltage) that would exist 
there if the load or port were perfectly 
matched to the transmission line. The 
second voltage is the reflected or differ¬ 
ence between the actual and incident 
voltages. The concept is the same for 
current, and with these quantities, we 
define the incident and reflected waves 
a and b. 
A few things have been simplified in 

this discussion. Most all applications will 
be in a characteristic impedance of 50 
Ohms. But in general, the characteristic 
impedance on the ith port of a network 
can be any complex number Zsi other 
than 0 or infinity. In this case, we have 
to define the column vectors a’ and b’ 
for an n-port as 

a'=Rs(V + Zsl) (49) 
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¿I RF Power Amplifiers 

• 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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b'= RS(V - Zs * I) (50) 

where Rs and Zs are diagonal matrices 
whose ith components are given by 
1/2{Re(Zsi)}-1/2 and Zsi respectively. 
We must then derive new formulas for 
V?, I? and the conversion formulas for Y 
and Z parameters. Starting with the 
basics given here, one can continue 
onto discussions of power gain, inser¬ 
tion loss, load matching, and stability 
needed for circuit design. RF 
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HIGH VOLTAGE - 2,000 VOLTS 
Teflon® Trimmer Capacitor 

□ Call me | 

• DC Working Voltage: 1,000 
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RF Design 

Radio Toolbox 
If you want to design state-of-the-art communications equip¬ 
ment, you’ve got to have the 
TESLA Block Diagram Simulator. 
Using blocks like filters, mixers and 
VCOs, you can build and test just about 
any kind of transmission system— DSP, 
FM, QPSK. 16-QAM, or spread¬ 
spectrum. As Randy Roberts, Editor of 
Spread Spectrum Scene puts it. “All this 
sounds complicated— doesn't it? ...It's 
not really so bad if you use TESLA...” 
Most people start simulating with TESLA 
the same day they get it. Runs on any PC. 

How can TESLA help? Unlike linear 
simulators, it can show you loops and 
demodulators actually performing. 
Models real-world non-linearities, 
multiple-carrier interference and 
multipath. Other non-linear simulators 
assume steady-state conditions. They 
can't show you a cycle-slipping Costas 
loop or a synthesizer settling-in. 

"Our system goes all the way 
from L-band through PLL 
tracking of a satnav signal and 
we’re getting good results.” 

—J.D. Laguna Hills. CA 

How is TESLA different from SPICE? 
Much more powerful. Works at the block 
level. Has built-in spectrum analysis. You 
can run million-point .simulations on 
TESLA. Takes about half an hour on a 
486/50. No way can you do that on SPICE. 
Most simulations take just a minute or so. 

How does TESLA compare to its 
much- more-ex pensive competition? 
Much easier to use. TESLA avoids the 
stacks of manuals, sluggishness and 

complexity of its brethren. And. you don't 
have to be a math professor to use it. Our 
philosophy: Keep It Simple. TESLA has 
tremendous power and flexibility but we 
arrange features so you can ignore them 
if you don't need them. 

You get a full year of top-notch 
support— access to our extensive 
experience in telecom simulation. If you 
have a problem, chances are we can solve 
it in minutes. Still only $695 

O-day trial 404-751 -9785 
TESOFT. Inc. FAX404-664-5817 
PO Box 305. Roswell GA 30077 
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RF design awards_ 

A Tiny Electromagnetics Simulator 

By Jonathon Y.C. Cheah 
Hughes Network Systems 

This article describes a tiny simulation 
program based on the Transmission 
Line Model [1] for solving the electro¬ 
magnetic wave equation. The Transmis¬ 
sion Line Model (TLM) method provides 
a visual numerical solution to problems 
in electromagnetics that is more intuitive 
than purely numerical results. This pro¬ 
gram was among the top entries in the 
1993 RF Design Awards Contest. 

Electromagnetics is one of the more 
difficult subjects in the RF engineer¬ 

ing discipline. However, demands for 
modern day RF design engineers are in 
the circuit design arena, so the funda¬ 
mentals of electromagnetics take a back 
seat in most instances. Engineers gladly 
use pre-packaged closed-form equa¬ 
tions for most problems of this nature. 
The popular use of closed-form quasi¬ 
static approximations for the complicat¬ 
ed inhomogeneous microstrip line 
impedance and discontinuities are good 
examples. However, problems in elec¬ 
tromagnetics are normally not as easily 
visualized as in other circuit analysis. 
TLM puts visibility into the solution by 

using a time domain impulse over a 
transmission line structure. If a time 
impulse is asserted in a transmission 
line, it is logical that the frequency 
response of the transmission line can 
then be fully characterized by its 
impulse response. 
Following the equivalent circuit of a 

shunt node as shown in Figure 1, the 
well known resultant wave equation 
from the Maxwell’s equations for Ey 

propagating in the z and x directions, 
and its equivalent circuit counterpart 
respectively are: 

(a) Incident voltage (b) Reflected voltages 

Figure 2. The unit node incident /reflected voltage relationship. 

It follows that, 

EynVy n=L e=2C 

Thus, the propagation velocity at the 
shunt node is: 

a2Ey 
3x2

a2Ey a2Ey
(i) 

Similarly the intrinsic impedance is, 

and 

factor of I/V2 in TLM simulation, and it 
will be more obvious in the simulation 
program. Indeed, the velocity is a func¬ 
tion of the granularity of the physical 
dimension step size used in the compu¬ 
tation with respect to the propagation 
wavelength. In this program, this varia¬ 
tion is avoided by enforcing the total 
granularity to be no larger than 0.05 of a 
wavelength. 
Considering the mesh point configura¬ 

tion shown in Figure 2a, a voltage 
impulse of magnitude 1 arriving from 
line 1 will generate a reflection of -1/2, 
by virtue of the transmission line mis¬ 
match of the termination of three paral¬ 
lel lines, with resultant impedance of 
1/3, 

a2vy 
“ã^ 

a2vy 
az2 = 2LC 

a2vy 
at2 .(2) It can be seen that the above equiva¬ 

lence introduces a propagation velocity 
1/3-1 1 
1/3 + 1- 2 

(5) 
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No compromise 
necessary. 

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 
DCXOorcall 1-800-831-9172, FAX: 1-404-684-1541. 

muRaia ERIE 
® 

MURATA ERIE NORTH AMERICA 
Marketing Communications 
2200 Lake Park Drive 
Smyrna, GA 30080 
Delivering Technology Worldwide™ 
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Commands Purpose 

start This command must be the first command of the file. 

movie Movie enables the simulation in 3 dimensions to be shown. If n=0, 
n 100 frames of the simulation in time beginning with the assertion of 

the impulse are displayed. This is the most educational part of 
TLM. n= any number 1 to 100 will cause that particular frame to be 
displayed only. 

scatter This command enables the scattering matrix computation. Input 
and output must be specified, for the S-plots to be displayed. Total¬ 
ly zero value functions will not be plotted. 

input, z,x This command indicates the location of the input coordinates. 

output, z,x This command indicates the location of the output coordinates. 

limit f,s This command indicates the lowest initial value f in Al/X. The step 
size is s. The program calculates 100 steps automatically. 

end This command ends the instruction section. 

boundary This command starts the boundary section. 

z This command defines the boundary limits. The first is the location 
z,xl,xh where the impulse will be asserted, xl, xh are the low x coordinate 

and the high x coordinate boundaries. 

end This command terminates the circuit file. 

example1.dat 

start 
movie 
0 
input 
14,6 
limit 
0.002,0.0002 
end 
boundary 
z 
4,2,10 
z 
24,2,10 
end 

example2.dat 

start 
scatter 
input 
14,10 
limit 
0.001,0.0001 
movie 
75 
output 
45,10 
end 
boundary 
z 
4,2,19 
z 
30,8,12 
z 
46,8,12 
end 

Table 3. Data files for example 1 
and example 2. 

Table 1. List of available commands. 

File name Variables 

EHI.dat 
EHO.dat 
EHR.dat 
EMFEHI.dat 

E(t),H(t) 
E(t),H(t) 
E(t).H(t) 
AI/X,E(,H(

EMFEHO.dat AI/À,Ef,Hf

EMFEHR.dat Al/X, E(,H(

EMZEHI.dat 
EMZEHO.dat 
MAGS11.ps 
ARGS11.ps 
MAGS21.ps 
ARGS21.ps 

AIA, lE/Hl 
Al/X, lE/Hl 
|S1 11 
argS11 
|S21 1 
argS21 

Explanation 

Time values of Ey, Hx at the input port 
Time values of Ey, Hx at the output port 
Time values of Ey, Hx at the reference port 
Complex frequency values of E and H at the input 
port 
Complex frequency values of E and H at the output 
port 
Complex frequency values of E and H at the refer¬ 
ence port 
Frequency values of the input port impedance 
Frequency values of the output port impedance 
Postscript plot file of the magnitude of S1 1 
Postscript plot file of the phase of S1 1 
Postscript plot file of the magnitude of S21 
Postscript plot file of the phase of S21 

Table 2. ASCII files produced by the simulation. 

and similarly, impulses of magnitude 1/2 
are launched in the terminating lines as 
shown in Figure 2b. 
Thus, if Vi1k and Vr1k denote the inci¬ 

dent voltage and the reflected voltage at 
k node line 1 respectively, then at node 
k+1 , the reflected voltages of line n can 
be written as: 

Vi* (i.j) = Vi* (i,j-1 ) (7) 

likewise, for boundary of i-0.5, the same 
point (i,j) just outside the boundary, is: 

Vr* (i J) = Vr* (i-1 ,j) (8) 

The relationship indicated above, 
allows the propagation voltage values at 
each node to be calculated throughout 
the mesh points within the boundaries. 
Now the values of Ey and Hx can also be 
evaluated: 

Ey (m,n) = 1/2[Vik (m,n)+ Vik (m,n)+ 
Vik (m,n)+ Vik (m,n)] (9) 

and, 

Hk(m,n) = Vik (m,n)-Vik (m,n) (10) 

The corresponding frequency 
response S(f) can now be obtained by 
FFT in the following manner: 

vc (6) 

where, 

Vik+1 (z,x) = Vr*+1 (z,x-1) 
Vik+1(z,x) = Vr^+1 (z—1 ,x) 
Vik+1 (z,x) = Vi*+1 (z,x+1) 
Vik+1(z,x) = Vi**1 (z+1,x) 

For open circuit boundaries, the 
reflection component of a point inside 
the boundary is mrrored by the same 
value immediately outside a boundary. 
For example, a point (i,j) just outside the 
boundary of j—0.5, is: 

N . i 
= Ë Sk cos 

N ,, i 
j¿S sin 
k=1 

(11) 

where Sk is the time function of E or 
Hx generated before. j=>Pï, N is yfhe 
total number of time intervals and Al is 
the physical length between two nodes. 
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Al/X Ini simulated Ini calculated 

0.002 0.98712 0.9747 
0.004 0.89798 0.9077 
0.006 0.79714 0.8185 
0.008 0.71550 0.7256 
0.010 0.65234 0.6414 
0.012 0.59169 0.5731 
0.014 0.53148 0.5255 
0.016 0.48980 0.5018 
0.018 0.48909 0.5057 

Table 4. Comparison of results. 

In this way, the complete solution of 
E and Hx within the simulation bound¬ 
aries are now known. Therefore, the tra¬ 
ditional definitions of important circuit 
parameters such as impedance, S11 
and S21 can be applied directly. S22 is 
S11 running in the -z direction. In this 
program, the above computations are 
incorporated for a computation area of 
20 Al in the x direction and 50 in the z 
direction of propagation. A unity magni¬ 
tude impulse is automatically asserted 
along the x co-ordinate at the lowest 
value z boundary. Further extension of 

the simulation area can be easily made 
by the interested readers. 
The simulation program begins by 

asking for a simulation circuit file name. 
The construction of the circuit file is 
divided into two sections. Section one 
contains the simulation instructions. The 
commands in this section can be placed 
in any sequential order. Section two 
contains the boundaries. In this case, 
the boundaries must be entered in the 

ascending order of the z co-ordinate. 
Table 1 shows the available commands. 
Each command starts on column one of 
the ASCII program file, there must not 
be any leading spaces. 
This simulation program is computa¬ 

tion intensive, one should use this pro¬ 
gram on a machine which is better than 
a 386 25 MHz class IBM PC/AT, other¬ 
wise the computation is painfully slow. 
VGA video is required. The simulation 

Building The 
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In Power 
Dividers 

‘-if 

JFW Industries, Inc. 
5134 Commerce Square Drive 
Indianapolis, Indiana 46237 

Tel. 317.887.1340 
Fax 317.881.6790 
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Figure 3(b) Magnitude of S11. 

Figure 3(c). Phase of S11. 

Figure 3(d). Magnitude of S21. 

Figure 3(f). Input Impedance. 

wave on a 25x11 rectangular matrix. 
The field boundaries are x=2, x=10, at 
z=4 and z=24 with input/output at z=14, 
x=6. Using the command set above, 
EXAMPLE1.DAT circuit file is generated 
(Table 3). 
The theoretical solution for EXAM¬ 

PLEI .DAT can be obtained very simply 
by using the relationship established in 
Equations (3) and (4) and the standard 
transmission line equation such that, 

1 - hs tañí 2V2nls 1 

n = ns- (12) 
ns -jtan 2y2nis^ 

where, 

ns= 1/V2, ls = V2À, ls= 10.5 

the distance between z=14 of the input 
port and z=24.5 of the boundary. From 
EMZEHI.dat, the comparison of the 
results are shown in Table 4. 
EXAMPLE2.DAT uses all the com¬ 

mands available to show a transmission 
line step discontinuity with more compli¬ 
cated boundaries. At z=4, the width is 
bounded by x=2, x=19. At z=30, x=8, 
x=12 and the boundary terminates at 
z=46, x=8 and x=12. The input port 
resides at z=14, x=10, and the output 
port, z=45, x=10. Only the 75th frame of 

Figure 3(g). Output Impedance. 

the simulation is shown to save compu¬ 
tation time. Figures 3(a)-3(g show the 
displays for this file. However, it is inter¬ 
esting to see the full “movie” by replac¬ 
ing 75 with 0. 
The purpose of this tiny simulation 

program is to provide a means of visual¬ 
izing the solution of electromagnetics in 
terms of time domain impulse response, 
which is less abstract and more intuitive 
than other methods. rf 

References 
1. P. B. Johns and R. L. Beurle, Numeri¬ 
cal Solution of 2- Dimensional Scatter¬ 
ing Problems Using a Transmission-line 
Matrix, Proc. IEE, 1971, 118, pp. 1203-
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About the Author 
Dr. Jonathon 

Y.C. Cheah is cur¬ 
rently the project 
engineer of the 
Hughes Network 
Systems Cellular 
Digital Packet Data 
(CDPD) Mobile 
End System (MES) 

development. He can be reached at 
Hughes Network Systems, 10450 
Pacific Center Ct., San Diego, CA 
92121, tel. (619) 452-4847. 

Figure 3(e). Phase of S21. 

will produce the ASCII files listed in 
Table 2 for the convenience of further 
investigation. 
An interesting simulation example 

used in [1] is shown here of a TEM 
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Redesign awards_ 

A Programmable Gain, Constant 
Phase Shift Amplifier 
By Thomas McDermott and Roy Keeney 
Toshiba America MRI, Inc. 

In a magnetic resonance imaging 
(MRI) system, the signal sensed from 
the patient is at the resonant frequency 
of protons for the particular field strength 
of the system's magnet (1). Typical res¬ 
onant frequencies for clinical MRI sys¬ 
tems are from about 2 to 64 MHz, which 
correspond to 0.06 to 1.50 Tesla mag¬ 
nets. The RF receiver mixes the signal 
down from the resonant frequency to 
DC where it is converted to digital form 
and read by the system computer. An 
MRI receiver must have variable gain to 
accommodate a wide range of input lev¬ 
els. However, as the gain is varied, the 
phase shift through the receiver must be 
kept constant. This paper describes a 
programmable gain, constant phase 
shift amplifier for use in an MRI receiver. 

The goal for the entire receiver is to 
switch gain over a 63 dB range in 1.0 

±0.2 dB steps, with a phase change of 
less than ±1.5 degrees. This can be 
achieved with several cascaded ampli¬ 
fiers. Further, the amplifiers must have 
noise and distortion characteristics that 
allow the receiver to have the highest 
possible dynamic range. 

Basic Circuit 
Several options exist for implementing 

this function. Off-the-shelf solutions are 
available, but typically their bandwidth 
greatly exceeds what is needed in MRI, 
and at several hundred dollars, can be 
quite expensive for this application. A 
straightforward way to change signal 
level is to switch an attenuator in and 
out of the signal path. This is commonly 
done with two SPDT switches (diode or 
relay). However, switching 63 dB of 
attenuation in and out can have a 
noticeable effect on the receiver noise 
figure. Switching an amplifier in and out 
of the signal path is one alternative. 
MMIC amplifiers would be simple and 
inexpensive to use, but their power 
capability would limit the overall receiver 
distortion performance. A transistor 
amplifier might overcome this, but can 
be unnecessarily complicated. 

Finally we settled on an op amp circuit 

Figure 1. Basic circuit. 

in which the gain itself is switched, as 
opposed to the signal path. This allows 
multiple bits of gain control per amplifier. 
An op amp is simple and inexpensive, 
can handle high signal levels, and can 
operate in the low MHz frequency 
range. As will be discussed in the next 
section, there is a way to compensate 
for its relatively poor noise performance. 

Figure 1 shows the basic circuit. An 
op amp is configured as an inverting 
amplifier with multiple gain-determining 
resistors (R1, R2, .... RN). Current from 
a control line flows through resistors RD 
to turn on a diode, thus selecting a gain. 
The resistance of the diode separates 
the upper end of the variable capacitor 
from AC ground, allowing phase adjust¬ 
ment with a small capacitor. The diode 
resistance simply adds to the gain¬ 
determining resistor for gain calcula¬ 
tions. R1 sets the lowest gain, G1, for 

the amplifier; R2 sets the next highest, 
and so on. R2 through RN are adjusted 
to give the desired gain relative to G1, 
so that the gain step size is exact. There 
is more phase shift at higher gains, so 
phase must be added to the lower gain 
paths to make all paths equal. This is 
done with capacitors C1, C2, etc., with 
C1 having the highest value. There are 
no inductors in the circuit. 

Noise Figure 
While op amps have inherently good 

Figure 2. Low noise input circuit. 
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800 to 2400MHz, to +26dBm from $199 
SPECIFICATIONS 
Pin Model 

In a broadband amplifier, excellent low-noise performance is 
generally synonymous with low power output because of design 
compromises. Not so with Mini-Circuits' TO-, ZEL-, and ZHL- low-
noise amplifier series, where a noise level less than 1.5dB is 
accompanied with up to +26dBm power output. In front-end 
applications, it is undesirable for the amplified output to appear back 
at the input; these amplifiers effectively isolate the output signal Tom 
the input by as much as 35dB and use the shortest possible lead 
lengths to minimize parasitics and optimize NF performance. 
Detailed performance specs are included in our 740-pg RF/IF 
Designer’s Handbook. 

Low-noise amplifiers are available in a rugged hermetically-
sealed TO-8 package, or in a tiny (less than one cubic inch) EMI-
shielded case, or a hefty EMI-shielded case for high power models. 

Available from stock, priced from $1 99 with better than 1 5dB NF 
performance, there’s lots to shout about. 

Connector 
Version 

Freq. (GHz) 

NF. db. max' 

Gain dB. min. 

Output Pwr., dBm 
1 dB Comp. 

Intercept Pt. 
3rd order. 
dBm typ. 

Price $ (Qty. 1 -9) 

NOTES: 

TO 
0812LN 

ZEL 
0812LN 

08-1 .2 

1.6 
1.5 

20 

+8 

TO 
1217LN 

ZEL 
1217LN 

12-17 

1.6 
1.5 

20 

+10 

TO 
1724LN 

ZEL 
1724LN 

1.7-2 4 

1.6 
1.5 

20 

+10 

ZHL 
0812HLN 

0 8-1 2 

ZHL 
1217HLN 

1.2-1. A 

ZHL 
1724HLN 

1.7-2.4 

18 25 22 

TO $199.00 

2 
3 
4 

NF max. at room temperature. 
Increases to 2 dB typ at +85“C. 
SMA connectors only, ZEL and ZHL units. 
Operating temperature -54°C to >85°C 
DC power, 15V, 70mA for TO and ZEL. 

15V, 725mA for ZHL, 
5 VSWR 25:1 
* TO-8 includes test fixture loss. 

finding new ways ... 
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1.5 

30 

+26 

1.5 

30 

+26 

1.5 

30 

+26 

36 36 36 

ZEL $274.00 ZHL $349.95 
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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. 

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 Figure 3. Programmable gain, constant phase shift amplifier with low 
noise input circuit. 

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 

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! 

capability to handle high signal levels 
with little distortion, their noise figure 
can be quite poor. A typical noise figure 
might be as high as 20 dB for an invert¬ 
ing amplifier. Since it is easier to main¬ 
tain constant phase at lower frequen¬ 
cies, we decided to place the program¬ 
mable gain amplifiers in the receiver’s 
final IF strip, which is at 2 MHz. Towards 
the back end of a receiver, noise char¬ 
acteristics play a less critical role than 
distortion characteristics in determining 
overall dynamic range, so the op amp 
lends itself well to this application. To 
keep the overall noise figure of the 
receiver low, we placed a high gain, low 
noise amplifier immediately before the 
programmable amplifiers. 
We used an op amp for this amplifier 

as well, as shown in Figure 2. The noise 
figure of an op amp circuit is determined 
not only by the amplifier equivalent input 
noise, but also by the source resistance 

from which the amplifier is driven, and 
by the feedback resistor values (2). To 
minimize noise figure and to match the 
amplifier to a 50 Ohm system, we trans¬ 
formed the driving impedance to an opti¬ 
mum value for the chosen op amp. 

Final Circuit 
Figure 3 shows the final circuit design. 

The transformer and first op amp com¬ 
prise the low noise input circuit. The 
AD829 was selected for its very low 
equivalent input noise voltage and cur¬ 
rent (2.0 nV/Hz, 1.5 pA/Hz). A trans¬ 
former with a turns ratio of 6 provides 
the desired source resistance of 900 
ohms to the op amp. The gain of this 
section is +14 dB due to the transformer 
(including losses) plus 16 dB due to the 
op amp. The noise figure of this section 
alone is about 5 dB. 
The second section can have a gain of 

0, 1,2, or 3 dB. The CLC404 was select-

H Silicon Valley 
--- P O W e7r 

AMPLIFIERS 
The RF People 

1530 O'Brien Drive A Menlo Park, CA 94025 
408.986.9700 A Fax 408.986.1438 

REF LEVEL 
30.000dB 

/DIV 
1.00008 

MARKER 2 005 750.000Hz 
MAG (UDF) 23 .955dB 

INFO/CARD 76 

78 

Figure 4. Diode driver circuit. 
Figure 5. Gain vs. frequency for 
gain settings of 0, 1,2, 3 dB. 
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GAIN (dB) R1 R2 R2A R3 R3A R4 R4A 

0,1,2,3 475 365 100 324 100 280 100 

-6,-2,2,6 953 536 100 324 100 205 50 

-8,8 1.21K 158 50 X X X X 

0,16 475 52.3 50 X X X X 

Table 1. Resistor values for various gain configurations. “R” designa¬ 
tors correspond to those in Figure 3. 

Figure 6. Phase differential vs. 
frequency for gain settings of 0, 
1,2, 3 dB. 
REF LEVEL /DIV 
42 .OOOdB 4.OOOdB 

MARKER 2 003 750.000Hz 
MAG (UDF) 17.954dB 

Figure 7. Gain vs. frequency for 
gain settings of -6, -2, 2, 6 dB. 

Figure 8. Phase differential vs. 
frequency for gain settings of -6, 
-2, 2, 6 dB. 
ed for its high slew rate (2600 V/ps), 
which keeps phase shift to a minimum. 
The diode is an ordinary silicon diode 
which is turned on with about 10 mA of 
current. The “on” resistance of the diode 
is about 10 Ohms which is incorporated 
into the calculation of gain. The values of 
the phase compensation capacitors are 

highly dependent cn the PC board lay¬ 
out, which should be as tight as possible. 
We hand-picked fixed value capacitors in 
the final implementation of the circuit. 
Several CLC404 sections can be cas¬ 
caded, each with different gain step 
sizes, to cover a wide range. For exam¬ 
ple, a four bit binary word can be decod¬ 
ed into eight control lines: four for a 0, 1, 
2, 3 dB section and four for a 0, 4, 8, 12 
dB section to give a range of 16 dB in 1 
dB steps. Other gain steps are also pos¬ 
sible, as shown by the resistor values in 
Table 1. Because of control line decod¬ 
ing and circuit parasitics, there is a prac¬ 
tical limit of two to four diode circuits per 
op amp. The 49.9 ohm series resistor at 
the output transitions back into a 50 
Ohm circuit, with a gain of -6 dB. Figure 
4 shows a driver circuit in which a com¬ 
parator senses the TTL control lines and 
supplies current to one diode. 

Figures 5 and 6 show gain and phase 
verses frequency for gain settings of 0, 
1, 2, and 3 dB. Figures 7 and 8 show 
the same for gain settings of -6, -2, 2, 
and 6 dB. In both cases, the circuit 
maintains accurate gain step size and 
constant phase shift at 2 MHz within the 
measurement ability of the network ana¬ 
lyzer. Even at 10 MHz, the phase differ¬ 
ential is about 0.5 degrees. Noise figure 
for an AD829 section followed by one or 
more CLC404 sections is under 7 dB. 

Summary 
A programmable gain, constant phase 

shift amplifier for use in an MRI receiver 
was presented. The circuit is based on an 
inverting op amp amplifier with diode-
switched gain-determining resistors and 
phase compensating capacitors. By cas¬ 
cading several of these amplifiers, gain 
can be switched over a 63 dB range in 
accurate 1 dB steps. Phase variation from 
gain setting to gain setting stays within 1.5 
degrees. A transformer input circuit keeps 
the overall noise figure low. The inherent 
high intermodulation intercept point of op 
amps allows the circuit to be used near 
the back end of the receiver where signal 
levels are highest. The circuit presented 

provides a simple and inexpensive, yet 
stable and accurate solution to a funda¬ 
mental problem in MRI receivers. 
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RF expo program 

RF Expo East 
Technical Paper Abstracts 

The RF Expo East engineering confer¬ 
ence and product exhibition will be held 
in Tampa, Florida, October 19-21. Full¬ 
day short courses will also be held each 
day from October 18-21. Once again, 
top RF engineers will be presenting 
papers covering all aspects of technolo¬ 
gy — from basic to advanced, from uni¬ 
versal topics to specialized applications. 
A special addition to this year’s RF 

Expo East is RF Expo PLUS, a single 
track dedicated to one topic. This year, 
Commercial Space Applications is the 
special subject. Each morning will 
include an RF Expo Plus session in 
addition to the usual full schedule of 
technical papers. 

Tuesday, October 19 
8:30 to 11:30 a.m. 

Session A-1 : 
Digital Communications 

A Quadrature Demodulator and Base¬ 
band Sampler for QPSK and QAM 
Applications 
Jim Marsh, Tektronix, Inc. 
A fully integrated ASSP consisting of a quad¬ 
rature demodulator and dual baseband digi¬ 
tizers for QPSK and QAM applications is pre¬ 
sented. RF input is in the 400-700 MHz range 
with greater than +5 dBm input IP3. 

Integrated Modem/RF Design Archi¬ 
tectures for Reduced Power, 
Increased Capacity F-QPSK Wireless 
Systems 
Kamilo Feher, University of Califor¬ 
nia, Davis 
Integrated modem and RF design architec¬ 
tures for F-QPSK wireless systems applica¬ 
tions are presented. Direct baseband to RF 
and RF to baseband (zero-IF) coherent and 
discrimination detected designs are compared. 

Carl Stuebing and Mojy C. Chian, Har¬ 
ris Semiconductor 
Circuit nonlinearity is commonly character¬ 
ized by third order intercept. This paper 
reviews the Pip3 concept and reviews meth¬ 
ods to estimate and simulate it. 

Low Cost Phase Noise Measurement 
Technique 
Jim H. Walworth, Tampa Microwave 
Lab, Inc. 
This paper describes a proposed measure¬ 
ment technique which utilizes a phase locked 
oscillators's own VCO curve and a low fre¬ 
quency spectrum analyzer to measure FM 
noise and convert that measurement to 
phase noise. 

Externally-Induced Transmitter Inter¬ 
modulation: Measurement and Con¬ 
trol 
Ernie Franke, E-Systems ECI Division 
Power amplifiers are typically designed for 
efficiency and output power, not linearity. 
This paper describes a wideband technique 
for evaluation of externally-induced inter¬ 
modulation performance, necessary for 
amplifiers operating near other high power 
transmitters. 

Tradeoffs in Practical Design of Class 
E High-Efficiency RF Power Ampli¬ 
fiers 
Nathan O. Sokal, Laszlo Drimusz, Ist¬ 
van Novak, Design Automation 
This paper discusses the design objectives 
and resulting tradeoffs for efficiency, harmon¬ 
ic content, power output and component loss¬ 
es in class D and E high efficiency power 
amplifiers. 

Tuesday, October 19 
1:30 to 4:30 p.m. 

Session A-2: 
System Performance 

Methods for Estimating and Simulat¬ 
ing the Third Order Intercept Point 

Session A-3: 
Amplifier Design 

Tutorial on Current-Feedback Ampli¬ 
fiers 
Anthony D. Wang, Burr-Brown Corpo¬ 
ration 
The history of current-feedback amplifiers, 
circuit operation and comparisons with volt-
age-feedback amplifiers begin this tutorial. 
Design considerations, data sheet specs 
and examples illustrate these devices’ 
usage. 

The SLAM: A New Ultralinear Power 
FET Module Concept for HF Applica¬ 
tions 
Adrian I. Cogan, Lee B. Max, 
MicroWave Technology, Inc. 
A new FET technology for low cost HF ultra-
linear power amplifier blocks is described. 
The SLAMs are self-biased for minimum 
complexity in supporting circuitry. 

Session B-1 : 
Digital Communications & DSP 

A DSP Microprocessor Based Receiv¬ 
er for a Cosine Transition-shaped 
BPSK Signal 
Bruce H. Williams, Roy E. Greeff, 
Paramax Systems Corp. 
A DSP based receiver is described for the 
cosine transition-shaped waveform. The car¬ 
rier recovery loop and matched filter functions 
are performed by Tl TMS320C40 DSP cir¬ 
cuits. 

A Study of Digital Eye Diagram Clo¬ 
sure in a Noisy Channel 
Brian May, Florida Atlantic University 
Digital video experiments require a real-time 
estimation of channel performance. A study 
of digital eye diagram closure as a function of 
carrier-to-noise ratio is described that pro¬ 
vides a means for performance estimation. 

Designing a High Performance Mono¬ 
lithic Digital BPSK Modulator 
Robert J. Zavrel, GEC Plessey Semi¬ 
conductors 
A new monolithic BPSK modulator is 
described, emphasizing the functions per¬ 
formed, measured specifications, applications 
and additional devices for future development. 

Session B-2: 
Test Methods and Equipment 

A 3 GHz 50 ohm Probe for PCB Mea¬ 
surements 
Joel Dunsmore, Robert Kornowski, 

80 September 1993 



Chuck Tygard, Hewlett-Packard Co. 
This paper describes a 3 GHz probe for mak¬ 
ing connections to printed circuit boards 
using spring loaded contacts for signal and 
ground contacts. 

Low Cost RF Tuner System for JDC 
Load Pull and SSPA Design 
C. Tsironis, Focus Microwaves Inc. 
A new RF tuner system is presented with 
load/source pull capability for gain, power, 
efficiency and IMD. The load pull contours 
are processed by analysis and optimization 
software for accurate designs. 

Session B-3: 
RF Power 

High Power, Low Frequency 
Microstrip Switches 
S. Irons, E. Higham, M/A-COM 
This paper describes the design concept and 
results for a family of microstrip compatible 
switches operating at 150 watts CW in the 
30-88 MHz range. 

RF Expo PLUS: Special Emphasis on 
Commercial Space Applications 

RF Expo PLUS, a new addition to RF Expo East, is a special focus on a single 
technology. The subject for this year's conference is Commercial Space Applica¬ 
tions. Look for detailed information on these papers in the October issue. 

Expo PLUS Session 1 — Satellite and Space Systems 
“An Overview of Current Commercial Satellite Systems” 
“Global Positioning System — A Review” 
“New Space Systems for Voice and Data Communications” 

Expo PLUS Session 2 — Components for Space Applications 
“Designing Microwave Circuits for Geosynchronous Space Applications” 
“A Lightweight Plated Plastic Filter for Space Applications” 
“High Power Amplifier Module for Satellite Transponder” 

Expo PLUS Session 3 — Satellite and Space System Performance 
“Unique Performance Requirements (and Limitations) in the Space 
Environment” 
“Estimate of Channel Capacity of a Satellite Link in the Presence of Rain 
Attenuation” 
“Hardware Verification of Communication System Simulations” 

Class-E Power Amplifier Delivers 24 
W at 27 MHz at 89-92% Efficiency, 
Using One $1.05 Transistor 
Nathan O. Sokal, Ka-Lon Chu, Design 
Automation 
A circuit is described which illustrates the per¬ 
formance of a class E amplifier at high fre¬ 
quencies, where the switching transition time 
can be as much as 15 percent of the period. 

The CAM: A UHF/L-Band FET Module 
for Pulsed Power Avionics Applica¬ 
tions 
Frank Sulak, Ken Sooknanan, Adrian 
I. Cogan, MicroWave Technology, Inc. 
Very small size, high pulsed power, broad¬ 
band and narrowband amplifier modules for 
avionics applications are described. These 
modules use Solid State Triode silicon FETs 
for 50-150 watt peak power in the 800-1250 
MHz range. 

TDMA Transmitters — Characterizing 
Power, Timing and Modulation Accu¬ 
racy 
Helen Chen, Hewlett-Packard Co. 
This paper explores the test requirements of 
digital RF communication transmitters, pre¬ 
senting practical techniques that reduce sys¬ 
tem development time and installation costs. 
Examples from the NADC, JDC, GSM and 
CT-2 systems are presented. 

Performance Simulation of a Low-
Power In-Building Wireless Centrex 
System 
Douglas Alston, BellSouth Telecom¬ 
munications 
A software simulation orogram is described 
which models the performance of an 
advanced prototype in-building wireless 
centrx system based en CT2 radio technol¬ 
ogy 

This paper describes a filter/comparator 
developed for Argonne National Laboratories 
for use in the Advanced Photon Source, pro¬ 
viding boresight accuracy measurements in a 
particle accelerator ring. 

Digital Temperature Compensation of 
Oscillators Using a Mixed Mode ASIC 
Steve Fry, Murata Electronics North 
America 
This paper discusses the design, construction 
and operation of crystal oscillators which are 
digitally temperature compensated using a 
custom mixed mode ASIC. 

Wednesday, October 20 
8:30 to 11:30 a.m. 

Session C-1: Wireless 
Communications Systems 

Frequency Synthesizer Strategies for 
PCS 
Bar-Giora Goldberg, Sciteq Electron¬ 
ics, Inc. 
This paper identifies some of the general 
requirements of Personal Communications 
Systems, then discusses specific frequency 
synthesis issues and mechanisms to address 
them. 

Session C-2: 
RF Applications 

FMCW Radar Architecture 
Ken Puglia, M/A-COM 
The architecture of the basic FMCW ranging 
radar is investigated from the antenna input 
to the digital signal processor output. 
Microwave component requirements are dis¬ 
cussed relative to system operation. 

Filter Comparator Network for Beam 
Position Monitoring 
Michael Ferrand and Mark McWhort¬ 
er, Lorch Electronics 

Session C-3: 
Modeling for CAD 

RF Active Device Modeling for CAD, 
A Coming Necessity 
Gary Roberts, Hewlett-Packard Co. 
The need for accurate, timely active device 
models has grown as the use of CAD tools 
for RF design has spread. Various types of 
models are discussed, along with model 
libraries for commercial CAD tools. 

Regression Based Algorithms for 
Inductor Modeling 
Edmund (Joe) Tillo, Ford Motor Com¬ 
pany 
This paper describes inductor models devel¬ 
oped using generalized linear regression, 
with data obtained using either an impedance 
meter or Q-meter. Resulting models accu¬ 
rately predict self-resonance, Q and imped¬ 
ance versus frequency. 
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Computer Aided Design Tools for RF 
Circuits 
Michael Rothery, Sam Ritchie, Madjid 
A.Belkerdid, University of Central 
Florida 
A PC-based computer-aided design tool set 
is presented, for both small amplifiers and 
oscillators. Emphasis is on circuits for VHF 
and UHF, including matching, stability and 
other key parameters. 

pulse modulated SAW stabilized transmitters, 
with discussion of the differences in require¬ 
ments between U.S. and European markets. 

Wednesday, October 20 
1:30 p.m. to 4:30 p.m. 

Session D-1: 
Components for Wireless 

Practical Applications of a Low Cost 
Low Noise GaAs PHEMT MMIC for 
Commercial Markets 
Al Ward and Henrik Morkner, Hewlett-
Packard Co. 
A high performance broad band packaged 
GaAs MMIC for 1.5 to 8 GHz applications is 
described. The PHEMT device provides 20 
dB gain, 2 dB noise figure and +7 dBm power 
output. 

Highly Integrated GaAs MMIC RF 
Front End for PCMCIA PCS Applica¬ 
tions 
Thomas Kotsch, Andy Laundrie, Steve 
Geske, Howard Fudern, Jim Blubaugh, 
Sanjay Moghe, Northrop Corp. 
This paper describes the technologies and 
development activities for a wideband 800 
MHz to 1.8 GHz fully integrated RF front end 
using GaAs MMIC and multilayer MIC tech¬ 
niques to achieve PCMCIA card size. 

Low Power Transmitter Design Using 
SA W Devices 
Earl Clark, RF Monolithics, Inc. 
This paper discusses the design of low power 

Session D-2: 
Synthesizers 

A Synthesizer Design Program With 
Detailed Noise Analysis 
Terrence Hock, National Center for 
Atmospheric Research 
The software winner in the 1993 RF Design 
Awards Software Contest describes a program 
which aids in the design and analysis of syn¬ 
thesizers using current monolithic PLL ICs. 

PLL Settling Time: Phase vs. Fre¬ 
quency 
Donald E. Phillips, Rockwell Interna¬ 
tional 
Analysis of PLL phase settling time versus 
frequency settling time is presented, along 
with a discussion of the significance of fre¬ 
quency to phase error ratio. 

Digital Linear FM: Synthesizing a New 
Frequency Each Two Nanoseconds 
Bar-Giora Goldberg, Sciteq Electron¬ 
ics, Inc. 
This paper compares an ideal chirp with the 
capability of specialized VCOs and with digi¬ 
tal synthesizers. It then explores the genera¬ 
tion of such digital chirps and a chirp synthe¬ 
sizer project with the Army and Sandia 
National Labs. 

Session D-3: 
CAD Methods 

SAW Resonator Oscillator Design 
Using Linear RF Simulation 
Alan R. Northam, RF Monolithics, Inc. 
The designer faces two problems when 

HF LINEAR AMPLIFIERS - BROADBAND TRANSFORMERS 

2 METER VHF AMPLIFIERS 

35 Watt Model 335A. $ 79.95 Kit 
75 Watt Model 875A . $119.95 Kit 
AiwiaMc in kN or «WVmd 

HF AMPLIAERS per MOTOROLA BULLETINS 

Complete Part» Liat tor HF Amplifier» Described 
in the MOTOROLA RF. Device Data 

AN758 300W $154.15 EB63 140W $ 89.65 
AN762 140W $ 95.15 EB27A 300W $136.80 
AN779L 20W $ 83.79 EB104 600W $371.65 
AN779H 20W $ 93.20 AR305 300W $346.82 
AR313 300W $366 00 

NEW!! 1K WATT 2-50 MHz Amplifier 
MOTOROLA AR347 $1.100.95 

POWER SPLITTERS and COMBINERS 
2- 30MHz 

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

100 WATT 420-450 MHz PUSH-PULL UNEAR 

AMPLIFIER - SSB-FM-ATV 

KEB67-PK (Kit). $159.95 
KEB67-PC8 (PC Board) . $ 18.00 
KEB67—I (Manual) . $ 5.00 

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

We also stock Hard-to-Find parts 

CHIP CAPS—KemeVATC 
METALCLAD MICA CAPS—Unelco/Semco 
RF POWER TRANSISTORS 
MINI-CIRCUIT MIXERS 
SBL— 1 (1-500MZ) . $ 6.50 
SBL—1X (10—1000MZ) . $ 7.95 

ARCO TRIMMER CAPACITORS 

VK200—20/4B RF Choke . $ 1.20 
56—590—65—38 Ferrite Bead . $ 20 
Broadband HF Transformers 

Add $4.00 for shipping and handling 
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designing a SAW oscillator: how to connect 
the SAW resonator and how to model the 
oscillator. This paper describes the two con¬ 
nection options and shows how linear analy¬ 
sis can be used to closely approximate actual 
performance. 

Embedding RF Design Tools in an IC 
Design System 
Mojy C. Chian, Steve S. Majors, Alan 
G. Whittaker, Harris Semiconductor 
This paper describes efforts to enhance and 
modify an IC design framework to provide 
RF-specific design and data representation 
capabilities for development of silicon ASICs. 

Electromagnetic Simulation of Arbi¬ 
trary, Multilayer Planar Patterns 
Charles Plott, Hewlett-Packard Co. 
The goal of this paper is to convey an under¬ 
standing of currently available electromagnet¬ 
ic technology and discuss realistic applica¬ 
tions. The basics of the Method of Moments 
technique are presented, highlighting the 
most recent advances. 

Thursday, October 21 
8:30 to 11:30 a.m. 

Session E-1: 
Wireless Applications 

A Monolithic 915 MHz 20 dBm Direct 
Sequence Spread Spectrum Trans¬ 
mitter 
Stephen Press, Tektronix, Inc. 
This paper reports on the design and mea¬ 
sured results for a 915 MHz Direct Sequence 
Spread Spectrum transmitter. This monolithic 
design was implemented on a bipolar 
process for all RF circuit elements. 

A Low Power RFID Transponder 
Raymond Page, Wenzel Associates, 
Inc. 
This minimum-complexity transponder circuit 
is powered by an illuminating signal, returning 
data on a carrier at twice that frequency. This 
is the design winner in the 1993 RF Design 
Awards Contest. 

Session E-2: 
RF System Topics 

Multi-Component Module for High 
Speed Passive Design 
Mark Brooks, Thin Film Technology 
A novel means for making multilayer ceramic 
is described which facilitates design of multi¬ 
ple passive elements, bonded mechanically 
and electrically into a single package. 
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Design of a Search Based PLL 
Mike Black, Texas Instruments 
Design of a phase locked loop is approached 
from the standpoint of the search mecha¬ 
nism; how the VCO is moved close enough to 
the input signal for acquisition and subse¬ 
quent phase-locking. 

Analysis of Transversely Coupled 
SAW Resonator Filters Using COM 
Techniques 
V. Narayanan and S.M. Ritchie, Uni¬ 
versity of Central Florida 
This paper describes the COM analysis tech¬ 
nique and how it allows straightforward analy¬ 
sis of SAW device elements such the reflec¬ 
tive grating and interdigital transducer. 

Session E-3: 
Practical RF CAD 

Basics of CAD at RF for Wireless Cir¬ 
cuits and Subsystems 
Compact Software Staff 
Linear, nonlinear and system design tools are 
described for designing circuits and systems 
for new wireless applications. 

Defining Circuit and Subsystem 
Specifications for Cordless Tele¬ 
phone Applications 
Compact Software Staff 
A description of system-level simulation 
methods, with the specific example of a cord¬ 
less telephone design. 

Design Examples of Small-Signal Cir¬ 
cuits Operating from 3.3 to 4.5-Volt 
Supplies 
Compact Software Staff 
Amplifiers and switches are the emphasis in 
this small-signal CAD tutorial. 

Design Examples of Large-Signal Cir¬ 
cuits 
Compact Software Staff 
Oscillators, mixers and power amplifiers 
require specific large-signal models. Technol¬ 
ogy choices are reviewed for efficiency, low 
noise and low phase-noise. 

Using CAD for Circuit Layout and 
Packaging Design 
Compact Software Staff 
Modeling circuits exactly as they are to be built 
is the topic of this paper, including prediction of 
performance changes with temperature. 

RF Expo East Short Courses 

Digital Modulation and Spread 
Spectrum (for Personal Wireless 
Communications) 
October 18 - Dr. Kamilo Feher, 
Instructor 

Filter and Matching Network 
Design: L-C and Distributed Cir¬ 
cuits - HF to Microwaves 
October 18 - Randy Rhea, Instructor 

Introduction to RF Circuit Design, 
Part I: Fundamental Concepts 
October 19 - Dr. Robert Feeney and 
Dr. David Hertling, Instructors 

Introduction to RF Circuit Design, 
Part II: Active Circuit Design 
October 20 - Dr. Robert Feeney and 
Dr. David Hertling, Instructors 

Oscillator Design Principles 
October 21 - Randy Rhea. Instructor 

Building The 
Best Solutions 

In Fixed 
Attenuators 

JFW Industries, Inc. 
5134 Commerce Square Drive 
Indianapolis, Indiana 46237 

Tel. 317.887.1340 
Fax 317.881.6790 

JFW Industries... Providing full support in design and performance. 
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UE product report_ 

Manufacturability Shapes Boards 
and Substrates 
By Andy Kellett 
Technical Editor 

Only rarely do printed circuit boards 
and hybrid substrates limit RF 

designs. However, PC boards and sub¬ 
strates do have a bearing on the manu¬ 
facturability, reliability and price of RF 
devices. While most of the materials 
remain the same, PC boards and sub¬ 
strates have changed in other ways in 
order to meet the demands of new RF 
designs. 
The RF designs getting the most 

attention right now are for “wireless” 
communications. These devices, meant 
to be sold in high volumes and to be 
operated in the low GHz range, will 
require printed circuit boards that can 
hold lots of components, handle high 
frequencies and hold down costs. ‘This 
trend will be part of everyone’s product, 
especially if we are to take away some 
of the business that Japan currently 
posses,” says Charles Dexter, Staff Sci¬ 
entist at Watkins Johnson (W-J). 

Manufacturing Demands 
The goal of design-for-manufacturabil-

ity is a minimum number of steps requir¬ 
ing individual attention. “The ideal prod¬ 
uct would be one huge pc board com¬ 
pletely covered with surface mount com¬ 
ponents,” says W-J’s Dexter, “You could 
slap it between two pieces of metal, test 
it and ship it.” Manufacturers are work¬ 
ing towards this goal by using multilayer 
boards, by using more surface mounted 
components and by keeping microstrip 
and lumped element circuits on the 
same board. 
The same devices that are to be manu¬ 

factured in high volumes are also going to 
operate at higher frequencies. For exam¬ 
ple, the current generation of analog cord¬ 
less phones operates around 46 MHz. 
The next generation will operate above 
800 MHz. At these frequencies, stripline 
and microstrip techniques are used for fil¬ 
ters and other frequency selective circuits. 
This means increased attention to the 
effects of circuit board and substrate 
parameters on circuit performance. 
Perhaps the most strident demand 

heard by circuit board and substrate 
manufacturers is for lower cost. “The 
people that have been suppliers to this 
market for a number of years, like 

Rogers, are really focusing efforts on 
reducing cost of manufacture while 
maintaining electrical performance,” 
observes Jim Carroll, Product Line Man¬ 
ager for Rogers’ Substrate Division. 

What’s Available 
FR-4’s low cost makes it popular for 

low frequency designs. At higher fre¬ 
quencies, PTFE boards are used. 
PTFE’s relatively high coefficient of ther¬ 
mal expansion and sodium etch require¬ 
ments present problems for plated-
through holes and multilayer boards. 
Vias can “pop” when exposed to expan¬ 
sion and contraction. However, 
PTFE/ceramic composites stabilize 
PTFE board performance both mechani¬ 
cally and electrically. PTFE/ceramic 
composites perform well but have tradi¬ 
tionally been relatively expensive. 

Materials with properties somewhere 
between PTFE circuit board materials 
and alumina circuit substrates are 
being developed to accommodate 
increasing chip-on-board construction. 
For instance, Temperature-stable 
Microwave Material (TMM™) from 
Rogers Corporation can be processed 
just like other plastic circuit board mate¬ 
rials. In addition, TMM is a thermoset 
plastic/ceramic composite which is rigid 
enough to allow reliable wire-bonding 
and whose surface readily accepts met-
alization. The material also exhibits sta¬ 
ble thermal coefficients of expansion 
and dielectric constant. 
Alumina (AI2O3) is still the most preva¬ 

lently used material for substrates. 
Available in several grades, alumina can 
be tailored for firing properties, hardness 
and other properties. “For instance, for 
applications where low dielectric loss is 
important, 99.6% grade alumina is used; 
for devices using buried conductors, 90 
or 92% grade alumina is preferred,” 
noted Chong-il Park, R&D Manager for 
Kyocera America. 
Alumina must give way to other sub¬ 

strate materials when high thermal con¬ 
ductivity is needed. Berylia (BeO) sub¬ 
strates are very thermally conductive — 
and very expensive. Aluminum Nitride 
falls between Alumina and Berylia in 
both thermal conductivity and cost. 

“More and more people are interested in 
it,” noted Paul Garland, Production 
Manger for Metallizing at Kyocera Amer¬ 
ica’s Print Division. 

Design and Manufacture 
Design and manufacturing changes 

have accompanied the changes in print¬ 
ed circuit boards and substrates them¬ 
selves. Designers working on complex, 
multilayered, single-board devices must 
make sure different layers and even dif¬ 
ferent areas on the same layer do not 
interfere with each other says W-J’s 
Dexter. “Now the engineer sits down with 
the printed circuit designer who’s looking 
at all the different layers and is saying 
‘beef this up’ or ‘make this smaller.’” 
Tools are available to make the transi¬ 

tion from lumped-element design to dis¬ 
tributed element design easier. A distrib¬ 
uted element filter design program from 
Eagleware allows designers to enter cir¬ 
cuit board parameters to accurately 
design microstrip and stripline filters. 
There are even desk-top “prototyping” 
mills by manufacturers such as T-Tech 
and Capex which can take the computer 
generated designs and create accurate 
prototypes in minutes. 

Selling More For Less 
If there is one target printed circuit 

board manufacturers are aiming for, it is 
cost reduction. “The materials we have 
provide the performance that the emerg¬ 
ing wireless market needs,” observes 
Rogers’ Carroll. “Price levels have his¬ 
torically been high, reflecting the low 
volumes associated with prior applica¬ 
tions. As the market moves to higher 
volumes, the price will come down.” 
The manufacturers of substrates for 

hybrid circuits have a less well defined 
path to success. ‘There are a lot of alter¬ 
native technologies for hybrid circuit 
manufacture, and no clear winners,” 
says Kyocera America’s Gibson. “I think 
a lot of people are picking their own 
direction, setting a standard of their own. 
So for the supplier end of it, it is a mess.” 

For reprints of this report, call Argus 
Business (formerly Cardiff Publishing Co.) 
at (303) 220-0600. Ask for reprint sales. 
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w software_ 
Electromagnetic Analysis 
MacNeal-Schwindler has released version 2.5 
of two programs which provide electromagnet¬ 
ic analysis. MSC/EMAS for RF and 
Microwaves calculates modal fields and reso¬ 
nant frequencies for lossless and lossy cavi¬ 
ties, S-parameters and losses for microwave 
devices, and EM fields, currents and energy 
densities. MSC/EMAS for Antennas calculates 
antenna input impedance, directivity, polariza¬ 
tion and radiation patterns. Both programs can 
handle anisotropic and complex tensors. 
MacNeal-Schwindler Corp. 
INFO/CARD #182 

Antenna Pattern Plotting 
EEsof and Sonnet Software have announced 
two new products, patgen™ and patvu™, 
which provide antenna pattern analysis and 
plotting capability, respectively. This capabili¬ 
ty includes the calculation of radiation loss for 
non-surface wave antennas. 
EEsof Incorporated 
INFO/CARD #181 

Antenna Calculations 
The Antenna Specialists Co. has developed a 
set of programs to aid communications sys¬ 
tem designers and operators. Disk #1, titled 
DXPLOT™, permits precise calculation of 

beamtilt coverage. Disk #2, titled PAT¬ 
PLOT™, displays and plots digitized base 
antenna patterns. Disk #3, ANTPLOT™, 
develops patterns for sidemounted base 
antennas. The programs are available free-
of-charge on 5.25 inch disks. 
Antenna Specialists Co. 
INFO/CARD #180 

Phase Locked Loop Design 
PLL3 Version 1.6 anc PLL2 Version 1.3 are 
interactive tools for developing 3rd or 2nd order 
phased lock loop circuits. Graphic screens can 
now be dumped to a printer. PLL Version 1.6 
or PLL2 Version 1.3 are IBM™ compatible and 
sell for $49.95 each plus $3 shipping. Requires 
DOS 3.3 or greater and EGA 256K. 
SW.I.F.T. Enterprises 
INFO/CARD #179 

Design Program 
Adds Breakpoints 
The updated ICAP/4 design package from 
Intusoft offers a new version of lsSpice3 
based on Berkeley SPICE 3F.2, which 
includes breakpoints and several other new 
features. The expanded SPICE library is 
twice the size of the previous version . 
Intusoft 
INFO/CARD #178 

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)4384420 
FAX (619)4384759 

INFO/CARD 58 

RF Design Software Service 
Programs from RF Design, provided on disk for your convenience. 

♦CARD* 
READER 

September Program: RFD-0993 
"A Tiny Electromagnetics Simulator" by Jonathon Cheah. This program creates a "movie" for visualization 

of an impulse as it travels over a transmission line structure. Plots magnitude and phase of S11 ans S2 1. 
Creates Postscript files of the plots. (Fortran, compiled version and source code included. Requires VGA' 
386/486 computer recommended for speed) 

s°*HP 8590 

August Program: RFD-0893 
"Program Performs Symbolic Circuit Analysis" by Henry Yiu. Computes frequency domain transfer func¬ 

tion in symbolic format, given a circuit description netlist in a linear model. Allows analysis of small circuit 
blocks. Can also be used as a symbolic matrix simplifier and solver. Generates plots for the results. (Com¬ 
piled C++, needs 286 or better. EGA or better monitor, coprocessor and mouse highly recommended) 

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. (S 170 Foreign, via Air Mail). get each program ASAP. 

♦ Reads HP 8590 Series Spectrum 
Analyzer memory cards. 

♦ Connects directly to IBM-PC or 
compatible serial (COM) port. 

♦ Transfers memory card files to MS Win¬ 
dows spreadsheets and word processors 
and DOS ASCII files. Supports: Traces, 
Instrument States, Screen Images, 
Downloadable Personalities, Limit Lines, 
AMPCORs, and EMI Setups/Data. 

♦ Duplicate ROM to RAM or RAM to RAM. 
Archive entire card to the PC. 

♦ Utilities to view, sort, and list files. 

♦ 1 Year Warranty on card reader and 
software. US List: $695. 

CALL FOR FREE DEMO DISK 
& DATA SHEET: (707) 525-8263 

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 

♦MATANZAS* 
ENGINEERING 

ÏIQJ Creekside Road 
Santa Rosa, California 95405 

INFO/CARD 100 INFO/CARD 59 
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RF literature 
800-900 MHz Amplifiers 
Q-bit’s line of connectorized amplifiers for the 
800-900 MHz commercial and cellular bands 
is detailed in their 20 page, “Commercial 
Radio and Cellular Base Station Amplifier 
Specification Guide.” 
Q-bit Corporation 
INFO/CARD #198 

Mixers 
ST Olektron announces the introduction of a 
new catalog for double-balanced RF mixers 
covering frequency ranges up to 2 GHz. Fif¬ 
teen new standard products are introduced, 
including flatpack and TO-5 devices. 
ST Olektron Corp. 
INFO/CARD #191 

Switch Products 
K&L Microwave is pleased to announce the 
new RF & Microwave Switch Products Short 
Form Catalog. This 48-page catalog features 
information on electromechanical switches, 
solid state switches and switching systems. 
K&L Microwave Inc. 
INFO/CARD #190 

Electromagnetic Waves 
The IEEE Press has announced a book 
series on electromagnetic waves which will 
include reprints and reissues of classic EM 

texts as well as new books. The first new 
titles will be Dyadic Green’s Function in Elec¬ 
tromagnetic Theory, by C.T. Tai, scheduled 
for late 1993; and Mathematical Foundations 
of Electromagnetic Theory, by D.G. Dudly, 
scheduled for 1994. 
IEEE Press 
INFO/CARD #197 

84-Page Catalog 
The new catalog from JFW Industries fea¬ 
tures attenuators, RF switches, power 
dividers, terminations and related compo¬ 
nents. New products in this edition include 
power dividers, rotary attenuators, low cost 
programmable attenuators and an introduc¬ 
tion to JFW’s matrix switch capability. 
JFW Industries, Inc. 
INFO/CARD #193 

RF Signal Processing 
Components 
M/A-COM announces a 120-page catalog 
describing their line of E-Series RF signal 
processing components for commercial appli¬ 
cations. The catalog offers detailed specifica¬ 
tions on a broad line of products including 
mixers, l/Q modulators, power splitters/com-
biners, couplers and transformers. 
M/A-COM, Inc. 
INFO/CARD #187 

Design Parameter Library 
California Eastern Labs’ design parameter 
library set, version 6.0 contains ASCII data 
files (S and noise parameters and non-linear 
model data) for use with popular CAE pro¬ 
grams. The single 5 1/4 inch, 1.2M floppy disk 
contains NEC GaAs and Silicon products. 
California Eastern Labs 
INFO/CARD #192 

IF/RF Catalog 
Daico Industries announces the publication of 
its 1993-1994 IF/RF Catalog. This 236-page, 
four-color catalog features Daico’s complete 
family of IF and RF components. Daico spe¬ 
cializes in the manufacturing of switches, 
attenuators, phase shifters, MMICs, bit detec¬ 
tors, couplers, modulators and amplifiers. 
Daico Industries, Inc. 
INFO/CARD #189 

VLSI Products 
QUALCOMM, VLSI Products Group has 
announced the Master Selection Guide. The 
four-color, 40-page catalog covers the com¬ 
plete line of VLSI products including Viterbi 
Decoders, Trellis Codecs, Variable-rate 
Vocoders, DDSs, DACs, PLL Frequency Syn¬ 
thesizers, VCOs. and Synthesizer Boards. 
QUALCOMM Inc., VLSI Products Group 
INFO/CARD #188 

High Performance Attenuators 

■ New Low Prices 

■ History of Durability 

■ Impressive Accuracy 
■ Quick Delivery 
■ Long Operational Life 

For price list and FREE catalog, contact: 

Kay Elemetrics Corp. 
12 Maple Avenue, PO Box 2025 
Pine Brook, NJ 07058-2025 USA 
TEL: (201) 227-2000 
FAX: (201) 227-7760 

Manual Step Atl enuators 
837 5042 DC-1500MHz 0-102.5dB ,5dB Steps 

839 5042 DC -2000MHz 0-101dB 1 dB Steps 

1/839 5042 DC-lOOOMHz 0-22.1dB .1 dB Steps 

847 7542 DC-lOOOMHz 0-102.5dB ,5dB Steps 

849 7542 DC-1 500MHz 0-1 01 dB 1 dB Steps 

1/849 7542 DC-500MHZ 0-22.1dB .IdB Steps 

860 5041 DC-1 500MHz 0-132dB IdB Steps 

865 60042 DC-1 MHz 0-132dB IdB Steps 

870 7542 DC-lOOOMHz 0-132dB IdB Steps 

Programmable Attenuators 
4440 5042 DC-1500MHz 0-130dB lOdB Steps 

4450 5042 DC-1500MHz 0-127dB IdB Steps 

1/4450 5042 DC-lOOOMHz 0-16.5dB .IdB Steps 

4460 5042 DC-1 500MHz 0-31 dB IdB Steps 

4480 5042 DC-1 500MHz 0-63dB IdB Steps 

4540 5042 DC-500MHZ 0-130dB lOdB Steps 

4550 5042 DC-500MHZ 0-127dB IdB Steps 

1/4550 5042 DC-500MHZ 0-16.5dB .IdB Steps 

4560 5042 DC-500MHZ 0-31 dB IdB Steps 

4580 5042 DC-500MHZ 0-63dB IdB Steps 
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RFcks&n 
MARKETPLACE 

WHEN YOU ARE READY TO BUY-SELL-TRADE CALL RF DESIGN 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, targated market call today (303) 220-0600. 

RF SPICE MODELS CAL CRYSTAL LAB, ING’COMCLOK, INC 
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 
6987 N Oracle Road * ACCURACY FROM DC TO 5-10 GHZ 
Tucson, AZ 85704 • IN-HOUSE RF & DC MEASUREMENTS 

PHONE (602) 575-5323 FAX (602) 297-5160 

Need Clock Oscillators or Crystals? Call 1-800-333-9825 • 714-991 -1580 
Quartz Crystals 50Khz to 200Mhz_ 

TTL Clock Oscillators 25OKhz to 70Mhz_ 
HCMOS Clock Oscillators 3.5Mhz to 50Mhz_ 

Tri-State, Half Size and Surface Mount also available on request 

Fast Service - 3 weeks or less 
Special frequencies our speciality 

1142 N. Gilbert, Anaheim, CA 92801 • FAX 714-491-9825 

INFO/CARD 63 INFO/CARD 64 

ÜKYS 
• STD. 5 AND 10 MHZ OCXO 
• TCXO • VCXO • TC-VCXO 
• VCO’s • CLOCK OSCILLATORS 
• CUSTOMIZED CRYSTAL FILTERS 
STD. 10.7 MHZ, 21.4 MHZ and 45 MHZ 

• L/C FILTERS 

Call or Fax your requirements. 

16406 N. Cave Creek Rd. #5 
Phoenix, AZ 85032-2919 

Phone & Fax (602) 971-3301 

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 

INFO/CARD 66 INFO/CARD 65 

Interested in a product or service in this magazine? 

Redesign 
Fill out the card 

on page 89 
to receive information. 
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engineering opportunities 
...YOUR CAREER 

Cellular Engineer» Desgntoevetop RF and analog circuits tor high capacity cellular systems Requires 
minimum of 2 years experience in any ol the following DSP. ASIC Design. CAE Development. Digital 
Modulation Digital MoOie Commumcations. Channel Equalizers. Transmitter-Receiver Synthesizer or 
Aud» Design. Digital Signal Processing 

Regional Sales Manager: Responsible for sales, promotion and technical support 
within a specified geographical region with the support of field sales representa¬ 
tives. Identifies new opportunities and coordinates efforts to secure contracts. 
Responsible for ensuring that field sales representatives are satisfying the cus¬ 
tomer's needs and providing technical training This position requires a BS degree 
in electrical engineenng with 1-3 years experience in the RF components industry 
This person could be a design engineer with a desire to begin a sales career 

Design and Sr. Design Engineers: Design and develop advanced minature microwave subsystems 
and components for applications in communications transceivers and radar receivers: perform subsy st -
mem level design/analysis. design of up/down converters, and/or synthesized source design MIC 

component design of amplifiers, filters, switches, limiters, mixers and oscillators. BSE E or equilvalent. 

RF Design Engineer: Responsible tor design of analog and RF systems and circuits for consumer and commercial digital wire¬ 
less products Five to ton years experience m RF systems analysis and design Experience with lowcost design techniques tor 
frequency synthesizers, power amplifiers, uptoown converters and baseband circuits tor digital communications systems Must 
be able to derive RF systems and module requirements to meet overa! performance and cost goals FamAanty with time division 
duplex or CDMA a plus 

Manager RF Amplifiers: Provide technical leadership and management for a group of engineenng 
professionals designing low noise preamplifiers and RF power amplifiers Amplifiers will operate in the 
800-MHz to 2 GHz range for commercial communication equipment. Class C as well linear amplifiers 

are needed up to capabilities of 100 Watts of composite power BS/MSEE preferred 

RFfC Design MS or PhD n Electrical Engineenng with minimum 5 years related experience « preferred The candxlate should 
have a good knowledge and experience in Linear Bipolar High Frequency IC design and measurement techniques to design C » 
like Amplifiers. Mixers. Oscillators. VCOs, Prescalers, Synthesizers. Limiting Amplifiers, etc operating up to 2 GHz in Bipolar or 
B-CMOS technologies "| 

MMIC Design Engineer: Develop L/S band GaAs MMIC 
power amplifiers for commercial wireless communica¬ 
tions Requires:M.S. or BSEE, +2 years experience with 
GaAs MMIC design, simulation, packaging and test. 

Design Engineer. Responsible tor the design and development of 900 
MHz wireless consumer electron« products Designed and developed 
AM/FM/FSK transmitters/recervers xi 902-926 MHz frequency range 
Hands-on experience on HF/VHF/UHF systems and subsystems 
whch includes LNAs. medium power amplifiers, down converters, 
saw and coaxial resonate' oscillators VCOs AM/FM IF sys 
terns. RF moduiators/demoduiators. PLLs & audn video circuits 

U B COMMUNICATIONS |V1 I ■■ 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 

Electrical & Mechanical Design 

Senior Engineers 
Martin Marietta. In the world of advanced defense systems, few compa¬ 
nies can match our capabilities, our technology, or our career opportuni¬ 
ties. This is your chance to join us and discover new ways to test your 
expertise and build a rewarding career. 
Right now in our Moorestown, New Jersey operations, we seek proven 
professionals to contribute to the electrical and mechanical design of 
radar systems in the following areas: 
• Design, analysis, and production of state-of-the-art microwave analog 

signal processing equipment for radar or communications applications 
• Mechanical design of antenna/microwave/TR module equipment 
Candidates must possess a BSEE/ME (MSEE/ME desired) or equivalent 
with five or more years of related experience, including proficiency 
with CAD tools, laboratory evaluation, and vendor interface. Excellent 
communications skills and the ability to excel in a team environment 
are essential. 
The challenge is waiting. The next step Ls yours. Please fax your resume 
right away to Dept. OA9309 at (703) 821-3521 or mail to: Martin 
Marietta, Dept. OA9309, P.O. Box 8555, Philadelphia, PA 19101. An 
equal opportunity employer. 
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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 
SGS-THOMSON 

Hybrid 
Power Modules 

Part Numtier POut 

Watts 

Gain Min 

(dB) Efficiency 

% 

vcc Samples 

Available/ 

800-960 MHz Class AB, Mobile and Handheld Applications 

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

STM915-3 
STM870-6 

STM870-20 
STM950-6 

STM950-20 
STM915-14 

890-915 
806-870 

806-870 

870-960 
870-950 

890-915 

3.5 

6 
20 

6 
18 
u 

35.4 

23 

19 
22 
17 

41.5 

40 

30 

30 
30 
30 

35 

7.2 

12.5 
12.5 
12.5 
12.5 

12.5 

03e 0493 
04t /Q194 

Current 
Q493/Q194 

Current 

Current 

The "ST" series of high perfor¬ 
mance modular amplifiers brings a 
new dimension to RF and micro¬ 
wave amplifier technology. These 
high performance amplifiers 
address requirements in a wide 
range of product and market areas 
with advanced technology based 
on the proven performance of SGS-
THOMSON semiconductor products 
and designs. 

800-960 MHz Class AB, Base Station Applications 
STM900-30 
STM960-10 

STM960-15 

STM961-15 
STM1000-1 

•SD4590 

860-900 
935-960 

935-960 

915-960 

800-1000 

800-960 

30 

10 

15 

15 

150 

36 
26 

26 

27 

15 
8 

25 
30 

31 

35 
8 

45 

26 
26 

26 
24 

28 

26 

Current 
Current 

Current 

Q393/Q493 
Q493/Q194 

Current 

Our industry-leading RF 
suppliers . .. 

1.6-2.0 GHz Class C Satcom Applications 
STM1 645-10 

STM1645-12 

STM1 645-30 

1625-1665 

1625-1665 

1625-1665 

10 

12 

30 

30 

35 

35 

40 

40 

40 

28 

28 

28 

Current 

Q3/O3 
Current 

^7 SGS-THOMSON 

1.8-1 .9 GHz AB Base Station Applications 
STM1880-30 1805-1880 15 40 30 

’denotes product is a transistor. 

AmphenoQ 
24 Q493/Q194 

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 

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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AMERICAN 
MICROWAVE 

PINEAPPLE 
TECHNOLOGIES 



^ou can’t buy 
a better precision 
timepiece for 
under 2.4 GHz. 

If you’re operating in a frequency range from 100 MHz 
to 2.4 GHz, you can’t buy a better oscillator than an 
Andersen VCO. It gives you the highest spectral purity 
with the lowest spurious (> -60dB). And typical single 
sideband phase noise of > -1 19dBC @1 KHz offset. 

It’s compact. It’s rugged. It operates in temperatures up 
to 100°C. It can be tuned up to 1.5 MHz or phase-locked 
to a reference. Plus, its low mass and low profile make it 
ideal for surface-mount technology, DILS or flatpaks. 

Isn’t it about time you discovered the precision, the 
versatility and simplicity of designing with Andersen 
oscillators? Contact Andersen Laboratories, 45 Old 
Iron Ore Road, Bloomfield, CT 06002. Telephone 
(203) 286-9090/FAX 203-242-4472. 

® ANDERSEN LABORATORES 
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