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PERFORMANCE THAT RIVALS 
NATURE'S POWER 

Versatile, super-power tetrodes are designed for tough, 
on-the-job results under difficult circumstances. For CW or long 
pulse service in plasma heating and accelerator applications, 
rugged Varian Eimac power tubes fill your needs. 

The table below shows examples of 8973 performance. 

Varian Eimac cavity RF amplifiers and oscillators have 
proven to be rugged and reliable, especially when pulse power 
is required. Typical cavity products are listed below and have 
demonstrated performance in TACAN, IFF, Electronic Warfare, 
Radar, Communications, Hyperthermia and Linear Accelerators. 

Ion Cyclotron Heating 

Frequency 

(MHz) 

Power 

Output 

Pulse 

Length 

25-50 1.5 MW 20 Seconds 

110-130 750 KW 10 Seconds 

10-40 1.5 MW 300 Milliseconds 

29-50 1.5 MW 3 Seconds 

It takes a sturdy, reliable power tube to have results like 
these and the 8973 is doing it, day after day. 

Another example, the X-2242 has demonstrated 2.5 mega¬ 
watts at 80 MHz and 1.5 megawatts at 110 MHz. All of this, plus 
1.4 megawatts anode dissipation rating make Eimac tubes the 
best choice. 

varían® 
eimac san carlos division 

301 Industrial Way, San Carlos, CA 94070, 415 592-1221 

Frequency 
(MHz) 

CV-8020 CV-8025 CV-8055 CV-8024 

960-1215 
(Single knob 
tuned) 

900-970 
(Instantaneous 
bandwidth) 

400-900 
(Any 100 MHz 
segment) 

400-500 
(Single knob 
tuned) 

Power (Watts) 5,000 peak 15,000 peak 40,000 peak 60,000 peak 

Pulse Length 3.5m Sec Gaussian 10m Sec 10m Sec 60m Sec 

Duty Cycle 0.04 0.03 0.02 0.02 

Gain >13 dB >13 dB >13 dB >13 dB 

A complete line of high frequency RF products is available. 
For over two decades a tradition of manufacturing quality 

products has shown Varian Eimac to be the recognized leader 
in cost effective cavity amplifiers and oscillators. 

varían® 
eimac salt lake division 

1678 S. Pioneer Road, Salt Lake City, UT 84104, 801 972-5000 



A-7550 Spectrum Analyzer 
with Quasi-Peak Detector 

EMI/EMC Testing 

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

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

previously unavailable on spectrum analyzers in 
this price range. 

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

For more information or a demonstration 

IFR SYSTEMS, INC. 

contact your local IFR distributor or 
representative, or contact IFR 

directly at 316/522-4981. 

10200 West York Street / Wichita, Kansas 67215-8935 U.S.A. 
Phone 316/522-4981 / TWX 910-741-6952 / FAX 316/524-2623 us»' 
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DAICO 7-BIT 
ATTENUATORS 

FOUR-OF-A-KIND 

Part No. DA0285 DA0295 DA0617 DA0375 Units 

Frequency 

LSB/ Range 

Switching 
Speed 

Transition 
Time 

Control 
DC Power 

30-500 

0.5/63.5 

5 

3 

CMOS 
30 

30-500 

0.5/63.5 

5 

3 

TTL 
50 

45-250 

0.5/63.5 

0.025 

0.007 

TTL 
400 

45-75 

0.1/12.7 

0.020 

0.005 

TTL 
400 

MHz 
dB 

50% TTL to 90% RF 
Msec 
10%/90% RF Msec 

mA at +5VDC 

1988 Daico Industries. Inc. mp88477 R 

DAICO 7-bit attenuators provide a full range of 
solutions to your RF needs. With 0.1 and 0. 5dB 
LSB’s and attenuation ranges up to 63.5dB in a 
38-pin hermetically-sealed MIC: these packages are 
a perfect deal for your RF attenuator applications. 

You can choose a lightning fast DÁ06 17 or 
DA0375 with 25 nanosecond switching-speed, or a 
low current DA0285 or DA0295. 

All Daico MIC attenuators are available with 
MIL Screening and in connectorized packages. 

Call our Application Engineering Department 
for further information. 

DAICO INDUSTRIES. INC. 
2139 East Del Amo Blvd. 
Compton. CA 90220 
Telephone 213/631 1143 
TWX 910-346 6741 FAX 213/631 8078 
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industry insight 
21 RF Packaging — To BeO or Not to BeO 

With RF devices, whether large power devices or the smallest ICs, the primary packaging 
problem is heat removal. This report looks at the materials and packaging industry's 
efforts to improve thermal performance. — Katie McCormick 

cover story 
New Transistors for the Next Generation of 
Cellular Base Stations 
High power RF transistors have been developed by SGS-Thomson for the cellular radio 
marketplace, providing up to 120 watts output from a single push-pull device. 

— Serge Juhel, John Walsh and William Imhauser 

featured technology _ 
32 Design of Constant Phase Difference Networks 

90-degree phase difference networks are key components in single-sideband modulators, 
image-reject mixers, I and Q receivers, and other applications. This article reviews the 
design of active and passive allpass phase shift networks. — Thomas A. Keely 

47 A BASIC Program for 90-Degree Allpass Networks 
The subject of quadrature networks continues with this note describing the mathematical 
basis and operation of a BASIC program which calculates the pole locations and 
theoretical performance of allpass phase difference networks. 

— Allan G. Lloyd 

54 Easy Phase Noise Measurement 
A consumer AM stereo decoder IC can be used to measure the phase noise of a signal 
source by utilizing the performance capabilities required for its original function. 

— Raymond Dewey 

rfi/emc corner 
57 A Fundamental Review of EMI Regulations 

This article reviews the basic EMI standards in the U.S , Japan and Germany, with com¬ 
parisons of their origins and applicability. — Daryl Gerke 

63 Bridged-Tee Delay Equalizers — 
A Computer-Aided Realization 
In many wideband communications systems, distortion due to variations in time delay 
across the bandwidth used can be significant. This note describes a design method 
and computer program for the design of delay equalizers. 

— Robert C. Kane 
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HIGH POWER 
COMBINERS 
1.0-500 MHz 

2 WAY 
MODEL D2500 

4 WAY 
MODEL D2502 

SPECIFICATIONS 

Freq. Range 10-500 MHz 
Loss 0.6 dB Typ. 
Isolation 20 dB Min. 
VSWR 1.3:1 Max. 
Power 400 Watts 

FEATURES 

Base Plate Cooling 
Useable to 1 MHz at 300 Watts 
High Power Internal Terminations 

BROADBAND RF 
COMPONENTS 

* Hybrid Junctions 
* Power Dividers 
• Directional Couplers 
* Power to 20 kw 
• Frequency .01-1000 MHz 

WERLATONE INC. 
P. O. Box 47 

Brewster, NY 10509 

TEL: (914) 279-6187 
FAX: (914) 279-7404 

decades ahead 

rí editorial_ 

The Vitality of RF Engineering 

By Gary A. Breed 
Editor 

In this issue is a report on RF Technol¬ ogy Expo 89. What the news report 
can't really communicate is the overall 
“buzz” of activity at the show. Technical 
discussions in the exhibit aisles, hall¬ 
ways, or over drinks and dinner were 
commonplace. The social atmosphere 
was fun, too, as might be expected when 
so many people with similar interests 
get together. Read the whole report on 
page 14. 

Technical sessions featuring basic 
design techniques drew the biggest 
crowds, but the more “serious” papers 
generated lively discussions among 
some true experts in synthesizers, am¬ 
plifiers, filters, oscillators and receivers. 
Exhibiting companies were inundated 
with questions on the performance and 
applications of their products. If you 
weren’t there, just imagine 2450 RF 
engineers in one place, and I think you’ll 
get the picture. 
The importance of conferences and 

trade exhibitions is obvious to us. The 
exchange of ideas and problem-solving 
techniques keeps the industry vital. With 
this in mind, RF Design will be visiting 
or participating in several events through¬ 
out the year. Coming soon are the 
National Association of Broadcasters 
Convention, the Frequency Control Sym¬ 
posium, the IEEE/EMC Conference, and 

the IEEE MTT-S Conference and Exhibi¬ 
tion. Look for us; we'll be delighted to 
see you. 

Coming Attractions 
Over the next three months, we will 

be emphasizing design techniques by 
frequency ranges: LF and MF this 
month, HF in May, and VHF-UHF in the 
June issue. 

This issue has two articles covering 
the lower part of the electromagnetic 
spectrum. The first is a look at 90-degree 
constant phase shift networks, imple¬ 
mented primarily with active all-pass 
networks. Included are two means of 
computing the required poles: Lotus 
123™ spreadsheets, and a BASIC pro¬ 
gram. The second feature is an interest¬ 
ing application of a consumer AM stereo 
decoder IC. The circuit requires precise 
recovery of low-level phase modulation 
in its primary application, which the 
author uses to create a simple phase 
noise measurement circuit. 

In the next two months, you can look 
forward to articles on FM demodulation, 
intermodulation analysis, digital commu¬ 
nications, microstrip design, high dy¬ 
namic range measurements and other 
key topics. We hope these three “heart 
of RF” issues will be an interesting 
series, leading up to the announcement 
in July of this year’s RF Design Awards 
Contest prize winners. 
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THE NCI FILES 
Case study No. 1 : 

AN ULTRA-STABLE DTO/SYNTHESIZER 
NCI takes the toughest challenges in frequency 
control. And we deliver solutions — fast. 
A case in point: 
NCI was asked to design an extremely stable 

digitally tuned oscillator (DTO) that could handle 
modulation from DC to 10 MHz with deviations up to 

loop DTOs and synthesizers from other 
manufacturers. 
Give NCI’s design innovators your toughest 

specifications. We’ll give you solutions, fast. Call 
(201) 261-8797, and ask for Gary Simonyan. 

+ 250 MHz. High stability and pinpoint accuracy were 
critical. The unit would also operate as a synthesizer 
with 1 MHz resolution and narrowband FM deviation. 
And it had to be small. 

NCI designed the synthesizer/DTO in 2 weeks and 
produced a prototype in 8 weeks. Performance of the 
production units exceeds the customer’s 
specification in every area. 
The synthesizer/DTO utilizes a PROM and D/A 

converter to achieve excellent linearity and 
resolution. The tuning command is simple — the 
output frequency equals the input word. Proprietary 
temperature compensation circuitry unconditionally 
maintains stability. 

It’s what you’d expect from the innovators at NCI, a 
veteran design team that will produce results from 
your toughest challenges. We build enormous 
capability into very small enclosures, with power 
consumption generally one-fifth of open and closed 

What they What NCI 
Parameter needed delivered 

GENERAL 
Frequency 
coverage 2 to 4 GHz 2 to 4 GHz 
Output power OdBm +4 dBm 
Flatness ±1.5 dB ±1 dB 
Power 
consumption 41 W maximum 8 W typical 
Size 4 in. X 4 in. x 4 in. 
Environmental -35 to +70 C, 10,000 ft., 12 G shock. 

Vibration and humidity to MIL-STD 810D 

DTO 
Stability ±O.2°/o ±O.O4°/o 
Accuracy ±100 MHz ±1 MHz 
Settling time 1 s 200 ms 

SYNTHESIZER 1 MHz resolution, 10 Hz to 1 MHz modulation 
Stability ±0.03% 50 ppm 
Accuracy ±50 ppm ±10 ppm 

A DIVISION OF NOISE COM, INC. 

The Force In Frequency Control_ 

E. 64 Midland Avenue, Paramus, New Jersey 07652 
(201) 261-8797 • FAX: (201) 261-8339 • TWX: 910-380-8198 
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Mil-Spec 
RF Microcircuits 

5 MHz to 1500 MHz 

RF Amplifiers, Switches, 
Attenuators & Subassemblies 

for 
Military, Communication 

or Space Application 

* Low Noise 
* High Efficiency 

* High Gain 

B Standard and Custom 
Design 

B Cascade Assemblies with 
a Variety of Connectors 

■ TO-8, TO- 12 and 4 Pin 

DIP Plug-In Modules 

B Full Military Temper¬ 

ature Range 

B Varying Gain, NF and 
Power Outputs 

B Screened to MIL-STD 
Specifications 

Full One Year 

Warranty 

Competitive 

Pricing 

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

(215) 968-4271 

FAX 215-968-3214 
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ß 

connectors and 
adapters that go 
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619-587-0656. 
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and TNC. All with 
silver pins, nickel 
plated brass bodies, 
and a lifetime 

L warranty. Find out 
' more. Call your 

RFI distributor, or 
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A division of Centronics 
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FPD-OO2 
145-170 MHz FREQUENCY 
& PHASE DETECTOR 
FEATURES 

• Combined Instantaneous Fre¬ 
quency Measurement and 
Fast Phase Detection Circuit 

• Small Size, Low Power, Surface 
Mount Technology 

LLA-OO3 
LOGARITHMIC AMPLIFIER 
FEATURES 

• Wide Dynamic Range 60 dB 
• High Linearity . ±1 dB 
• Wide Bandwidth . 50 to 250 MHz 
• Fast Risetime 35 nSec. 
• Log Video and Limited IF 
Outputs 

• Single +5 Volt, 130 mA 
• Miniature Size, Low Cost 

TFG-OO2 
50-500 MHz TRANSMIT 
FEED/GAIN UNIT 
FEATURES 

• Broadband, High Linearity, 
Temperature Compensated, 
Active Multi-channel Signal 
Combining and Processing 
Transmitter 

RFG-OO2 
50-250 MHz RECEIVE 
FEED/GAIN UNIT 
FEATURES 

• Broadband, High Linearity, 
Temperature Compensated, 
Active Multi-channel Signal 
Combining and Processing 
Receiver 

VMA-OO2 
VECTOR MODULATOR 
ASSEMBLY 
FEATURES 

• Independent, High Resolution 
Control of: 
Amplitude 0.07 dB 
Phase 0.45 Deg. 

• Fast Settling Time 150 nSec 
• Wide Bandwidth . 135 to 235 MHz 
• Size 3.4W X O.6H x 5.8H 

ARMS 
AUTOMATED RADAR 
MEASUREMENT SYSTEM 
FEATURES 

Computer Controlled 
• High Speed Data Acquisition 

• IO K Pulses per Second 
• Pulse by Pulse Frequency Agility 

Coherent l/Q Detection 
• 16 Bits per Channel 
• Pulse by Pulse Recording 

Precision 
• ±0.3* Phase 
• ±0.05 dB Amplitude 

Frequency Range 
• 1OO MHz to 2 GHz 
• Expandable to 18 GHz 

DQD 
DIGITAL QUADRATURE 
DETECTOR 
FEATURES 

• Ultra-High Accuracy: 
Amplitude ±0.02 dB Typ. 
Phase ±0.2 Degrees Typ. 

• Wide Dynamic Range >90 dB 
• Flexible Operation CW to 

200 nSec Pulses 
• Sampling Rate to 3OOK 

Samples/Sec. 
• Resolution, I & Q 16 Bits 
• Computer Interface Parallel 

or Multiplexed 
• Temp. Stable O to 5O°C 
• Rack Mount 3.5 Inch Panel 
APPLICATIONS 

Precision Doppler Radar Systems; 
RCS and Antenna Range In¬ 
strumentation; Synthetic Pulse and 
Imaging Radars; Communication 
Systems; Signal Nulling Systems; 
and Coherent STE Systems. 

537 LAKESIDE DRIVE • SUNNYVALE, CALIFORNIA 94086 • PHONE: (408) 733-3200 FAX: (408) 738-6952 



Nothing Lets Your Imagina 
Talk and Transmit Like 

They've got 30% 
higher gain and 7% 

better efficiency 
than any 
other 
devices on 

the market. 

You can't get innovative ideas 
off the ground with off the shelf 
solutions. 

If you’re designing with RF 
transistors, you should be custom 
designing with Acrian. 

Our latest breakthroughs in 
transistor processing and thermal 
technologies are enabling ampli¬ 
fier designers to leapfrog current 
system technology. 

Be part of the next generation 
of power solutions with Acrian as 
your partner. 

SCAN 
Push the horizons in radar. 

Our new wideband (2.7- 3-1 
GHz), widepulse S-Band radar 
devices are above 50 watts now 
and are pushing on to 100 watt 

The UDR-500 is the latest in our line-up of high-powered, wideband 
pulsed transistors for EW applications. 

It delivers a typical 535 watts power output and a minimum of 
8.5 dB gain across the UHF communications frequencies (60 pisec 
pulse width, 2% duty factor) making it the largest building block 
available for high power EW transmitters. 

TRACK 
Fly into the future of avionics. 

Acrian transistors have broken 
the 150 watt power level for 
JTIDS, 270 watts for L-Band, 
and 650 watts forTCAS. 

New ion implantation 
technology is being used to 
improve the performance charac¬ 
teristics of these parts, maximizing 
pulse widths/bursts and increasing 
duty cycles to meet the demands 
of next generation systems. 



TiON Scan, Jam, Track, Call, 
Agrian RF Transistors. 

TALK 
The excitement in radio communications is in 
wafer processing techniques. New technologies for 
FETs are yielding power levels up to 150 watts, and 
bipolar designs are pushing extra-wide bandwidths 
to 90-550 MHz at the 100-125 watt power levels. 

CALL 
We have the winning number in 
cellular communications. 

Improve the quality and 
linearity of your cellular signals 
with Acrian’s 900 MHz line-up 
for base station applications. The 
new Class AB common emitter 
cellular parts will be high powered 
and high efficiency (60% ) to 
ensure non-fading, uninterrupted 
transmission every time. 

TRANSMIT 
Acrian’s Class A and AB TV 
broadcast devices operate over 
Band HI and IV. Whether you’re 
looking for high power trans¬ 
ponder amplifiers, reliable 
solid state drivers for klystrons, 
or combined power for multi¬ 
kilowatt transmitters, the 
UTV125O delivers 125 
watts of brute power for 
clear signal transmission. 

Acrian wants to be your 
partner in developing the next 
generation of high performance 
amplifier systems. Call our sales 
department at (408) 294-4200 
or your local representative with 
your system ideas. 

Because nothing lets your 
imagination soar like Acrian. 
490 Race St.,San Jose,CA 95126, 
Phone (408) 294-4200, FAX (408) 

279-0161. TWX (910) 338-2172. 

• O 
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25ns Settling [0.01%] 

Q = J1V/V 

Outstanding Gain/Phase Performance 

A faster decompensated 
model, OPA621, is also 
available offering a 
500V///S slew rate and a 

OPA620 is a versatile new 
op amp for video, RF, and 
other high speed signal 
processing applications. It 
provides exceptional 
speed, accuracy, and 
output drive in a very 
easy-to-use monolithic 
design. 

For additional information 
and assistance, contact 
your Burr-Brown sales office 
or call 1-800-548-6132 toll 
free. 

Burr-Brown Corp., P.O. Box 
11400, Tucson, AZ 85734. 

Prime Time 
Performer 
Besides high speed and 
drive, OPA620 also features 
very low differential gain 
(DG) and differential 
phase (DP) errors, 
important considerations 
for many video 
applications. Both DG and 
DP are specified at the 
NTSC sub-carrier frequency 
of 3.58MHz. 

Classic 
Op Amp 
Design 
OPA620's classic design 
avoids the problems of 

I asymmetrical inputs and 
noisy, long settling tails 
associated with many 
current-feedback op 
amps. The unity-gain 
stable OPA620 settles fast 

I and clean, and it's usable 
I over a wider range of 
■ gains. Other key OPA620 
features include: 

• ±5V supply operation 
• Plastic, ceramic, and 
SOIC package options 

• 0/4- 70° C and 
-55/+125°C temp 
ranges 

• 150mA internal short-
circuit protection 

• $8.25’ 
Fast^ 
Driver! 
OPA620 has all the speed 
needed for RF/video 
buffering, PLL 
amplification, peak 
detecting, and signal 
distribution applications. 
Plus, its high current output 
lets you drive multiple 
cables and other heavy 
loads easily and 
economically. 

• Gain-bandwidth, 
200MHz (G = 4-10V/V) 

• Settling time, 13ns to 0.1 % 
25ns to 0.01% 

• Slew rate, 250V//zs 
• Output drive, ±3.0V 

into 500 
• Offset voltage, ±100pV 
• Drift, 8pV/°C 
• Noise, 2.3nV/\/Hz @ 1MHz 

INTRODUCING 

OPA62C 
THE COMPLETE 
VIDEO/RF AMP 

BURR-BROWN® 
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rf letters_ 
Letters should be addressed to: 
Editor, RF Design, 6300 S. Syracuse 
Way, Suite 650, Englewood, CO 
80111. 

Some Comments on 
Noise Blanking amd AM Radios 

Editor: 
I read with interest the article on the 

Sprague noise blanker IC for AM band 
entertainment radios (Feb 1989, RF 
Design). It demonstrates how effective 
pre-detection noise blanking can be in 
correcting what I believe to be inherent 
deficiencies in RF front-end design. 

In a home receiver most near-field 
manmade noise can be eliminated by 
using balanced antenna coupling and a 
balanced (preferably loop-type) antenna. 
This was demonstrated by E.H. Scott 
back in the thirties in his famous All-
Wave radio consoles. Philco also em¬ 
ployed balanced center-tapped antenna 
coupling in their 1937 high fidelity 
models, which are extremely effective 
in suppressing locally generated noise. 
Collins Radio in their R-390/URR mili¬ 
tary receivers in the early sixties went 
one step further with split-stator balanc¬ 
ing capacitors across the antenna input 
coils to cancel common mode interfer¬ 
ence. Obviously, a balanced antenna is 
required which, although practical for 
home reception, is not feasible for the 
car. Incidentally, the front-end design of 
most AM table radios is terribly deficient. 
High frequency signals can easily be 
received due to harmonic mixing and 
lack of RF selectivity. 
What about the AM car radio, since 

supposedly no one listens to music on 
AM home radios anymore? The situation 
is no better here because car radio 
front-ends are designed for optimum 
FM antenna matching. No longer is 
low-capacity coax used to couple an 
appropriately longer whip to the re¬ 
ceiver’s antenna input. Instead, a shorter 
quarter-wave resonant whip and low-
impedance coax are standard. Thus, 
AM antenna efficiency is sacrificed and 
the result is low sensitivity and suscepti¬ 
bility to ignition and alternator noise, 
which auto manufacturers no longer do 
an acceptable job of suppressing in the 
AM broadcast band. 

Balanced antenna coupling for the 
home receiver and low-capacity cou¬ 
pling for the auto radio can significantly 
suppress impulse noise in the former 
and improve sensitivity in the latter. As 
far as thunderstorm static is concerned, 
the best assurance is a strong signal 

since lightning discharge noises are too 
long in duration to employ blanking. The 
use of sophisticated noise blanking is 
practical with today’s technology only 
because a pound of silicon is probably 
cheaper than a pound of copper. 

Sheldon M. Rubin 
Loral Electronic Systems 

A Practical Precaution From 
Theoretical Physics 

Editor: 
It is surprising how many engineers 

forget old Heisenberg's saying: 

Ax*Ap > h 

While this is a limiting condition and is 
more applicable to atomic physics, the 
basic premise of this Uncertainty Princi¬ 
ple is still valid in electronics — you 
affect the parameter you are measuring. 
When the nurse sticks that thermometer 
in you, you notice that action. By the 
same token, when you place a voltmeter 
probe on a circuit, that circuit notices it 
too. The thermometer may make you 
flinch (especially if it a cold one). The 
circuit also reacts — the voltage (or 
current or impedance) changes. It may 
even oscillate (if it is an amplifier). The 
effect may be very small, but it is there. 
This applies to all circuits at all frequen¬ 
cies (including DC). High frequency, 
high impedance circuits are usually 
more sensitive. 

Fortunately, the precautions are rela¬ 
tively simple: use a suitable measuring 
device (a voltmeter with an impedance 
higher than that of the measured circuit), 
make sure that long leads to the instru¬ 
ment do not change that instrument’s 
characteristics, and monitor the output 
to make sure that it does not change 
much when the instrument is applied. 
As simple as this sounds, these precau¬ 
tions are often forgotten, with the result 
of misleading data, which may cause 
unnecessary circuit changes, etc. 

Andrzej B. Przedpelski 
A.R.F. Products Inc. 
Boulder, Colorado 

Correction 
In “Design of Line Matching Net¬ 

works" by Peter Martin (Feb 1989, RF 
Design), Ba was incorrectly referred to 
as a complex function (p. 99). Also, in 
Figure 3, the value of the 90 degree line, 
bottom left, should have been 27.4 ohms. 

Frequency: 4-200 MHz 4-1,000 MHz 

Noise: -145dBc/Hz -155dBc/Hz 
(floor at 100 MHz) 

Aging: 5 x 10 l0/day 

Temp.: 4x10~’l/°C 4x10 w/°C 

Noise: 
(a 1kHz: -160dBc/Hz -155dBc/Hz 
(a 50kHz: -168dBc/Hz -163dBc/Hz 

Size: 2W x 2%" x 4'/«" 2'A" x 27<" x 1 %" 

Stability: ±25 ppm over 0/ + 70°C 
Opt: ± 5 ppm over 0/ + 50“C 

± 50 ppm over - 55/ + 85°C 

CO-484 C0-286 WL1 

Size: 0.8" x 1.0" x 0.2" 1.0" x 2.0" x 0.6j 

Small Sinewave 
XOS 4-1,000 MHz 

Reduced Noise 
OCXOs 

CO-245L2 I CO-218L2 

The Crystal Oscillator Company 

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

Phone: (203) 853-4433. FAX: (2Q3) 849-1423. 
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rf news 

RF Expo 89 Has Record Attendance 
2450 RF Engineers Convene in 
Santa Clara—With attendance up 
more than 30 percent over any previous 
RF Expo, this February’s conference 
and exposition demonstrated that there 
is a high level of activity in RF technol¬ 
ogy. A very strong local turnout showed 
that the Silicon Valley electronics indus¬ 
try is a lot more than microchips and 
digital computers. Diversity was another 
characteristic evident in the crowd. 
Exhibiting companies who rated the 
show “excellent” included medical elec¬ 
tronics firms, packaging and hardware 
fabricators, and primarily non-RF analog 
component companies, in addition to 
the traditional RF instrument, compo¬ 
nent and subsystem houses. 

With government spending slowing, 
many companies seem to be looking to 
the commercial marketplace to sustain 
growth. A majority of those applications 
are in L-Band and lower frequencies. 
Many of the surviving military programs 
are RF systems, too, particularly in 
frequency-hopping communications and 
other electronic warfare (EW) and elec¬ 
tronic countermeasures (ECM) applica¬ 
tions. 

New Products Previewed 
Several companies unveiled products 

for the first time in Santa Clara, without 
prior announcement. Engineers in atten¬ 
dance got the first look at the following 
products and technologies: 

Acrian, Inc. chose RF Expo for a press 
conference and introduction of their new 
PSAT (Polysilicon Self-Aligned Transis¬ 
tor) fabrication process. Acrian claims 

2450 RF engineers crowded into the Santa Clara Convention Center for RF 
Technology Expo 89. 

that the new devices, beginning with 
UHF, L-Band and S-Band parts, have 2 
dB better gain and 5-10 percentage 
points improvement in efficiency over 
current technology. 
The PSAT process is derived from a 

method successfully used for high¬ 
speed digital integrated circuits. The key 
to its performance in RF devices is the 
ability to easily manufacture transistors 
with shallow emitter junctions and in¬ 
creased emitter periphery/base area 
ratios. As a result, emitter ballasting is 
more evenly distributed and the manu¬ 
facturability increases yield and reliability. 

Avantek, Inc. announced new silicon 
MM IC products at the show. Active 
mixer/amplifiers were presented, with 5 
MHz to 5 GHz operating range. The 
IAM-81018 provides a typical RF-IF gain 
of 8 dB with a -5 dBm LO, and the 
IAM-82018 offers 15 dB gain operating 
from a 0 dBm LO. Also shown was the 
IFD-50010, an ECL-compatible fre¬ 
quency divider (divide-by-four) suitable 
for many applications up to 5 GHz. 
Rounding out the group is a low-noise 
amplifier, the INA-02170, covering DC-1 
GHz with a noise figure of 2 dB and an 
output power of +1 1 dBm. 

Exhibiting companies found interest high as engineers exam¬ 
ined their products. 

Many papers were delivered to standing-room-only crowds. 
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A patent-pending variable resolution 
to provide decimal frequency resolution 
was announced by Digital RF Solutions, 
whose new VR1070 direct digital synthe¬ 
sizer provides exactly 1.000 Hz resolu¬ 
tion and a DC-3.3 MHz output fre¬ 
quency. Either an on-board reference 
or external precision clock (10.0 MHz) 
can be used. 

Erbtec, which manufactures equip¬ 
ment and systems for medical magnetic 
resonance imaging (MRI) applications, 
brought a brand new power amplifier for 
the crowd to see. Intended for 1.5 Tesla 
systems, the MRI-20K series amplifier 
has a 20 kW peak linear power output, 
with an input level of -4 dBm. A combina¬ 
tion of solid state and advanced vacuum 
tube technologies is used. Special fea¬ 
tures include extensive control and 
diagnostic functions, modular design, 
and a unique “dynamic bias” technique 
devised by Erbtec to compensate for 
temperature and device variations. 
A new battery-portable microwave 

frequency counter from Racal-Dana was 
introduced at RF Expo, the Model 2101. 
10 Hz to 20 GHz frequencies can be 
measured to 1 Hz resolution in 1 second 
with high sensitivity (-27 dBm at 20 
GHz). Three overlapping ranges and 
either track or low-FM measurement 
modes are standard features. The unit 
is also capable of benchtop and ATE use 
as well as portable field measurements. 

Sciteq Electronics announced an ad¬ 
vance in high frequency direct digital 
synthesizers, an enhancement to the 
GaAs logic and data conversion-based 
ADS line. These products now achieve 
an output frequency of up to 300 MHz 
with less than 1 Hz resolution. 

Microwave Technology, Inc. intro¬ 
duced their new solid state triode (SST) 
power FET line, now available in sample 
quantities. The SU50B12TG, a 50-watt, 

Attending engineers found design solu¬ 
tions on the exhibit floor. 
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GLOBAL SUPPORT 
Ute*! FOR GLOBAL 

COMMUNICATIONS 

100W RF 
Power Ä 
Generators fe* 

MOL RF POWER GENERATORS are solid state main frame assemblies 
with a frequency range from 10 to 2500 MHz. Mainframes are available 
for 115VAC, 60 Hz and for 208/220/240VAC, 50 Hz. 
Standard models provide optimum reliability and stability with custom 
models available for specific design requirements. Features include 
short and open circuit protection, regulated power supply voltages, 
internal square wave modulation, external AM modulation, external 
pulse modulation, power output variable 500mW to maximum, overload 
protected with overload indicators. 
STILL ALSO AVAILABLE: Model 10270, “4-in-One" 1000 Watt RF, CW 
POWER AMPLIFIER SYSTEM. . 40 to 1000MHz coverage in one 
complete package. Write for details. 
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Manufacturers of TWT and Klystron Amplifiers for Satellite Communications. 
24-Hour Sales and Technical Support for Immediate Service Worldwide. 

Write or call MCL today and 
request your FREE copy of 

brochure for details and 
technical specifications. 

MCL, INC. 
501 S. Woodcreek Road 
Bolingbrook, IL 60439 
312-759-9500 TWX 910-683-1899 
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new time-saving 

RF/Microwave prototyping boards r 
QUICK BOARDS™ tor breadboarding and evaluation of all 

commonly used components and circuit functions: 
• low pass/high pass/band pass filters Model 
• Gain Blocks (AVANTEK MODAMPS™) LPF1

• TO-8 amplifiers/vcos GB1
• TO-8 mixers .Tq81

• FLATPACK mixers & power dividers ‘tdrmyi 
• TFM mixers (Mini-Circuits) PP1

• Phase Locked Loops (with applications) .TPM1
* Available with sockets. Call for price and Free Brochure PL L1 

RF Prototype Systems 12730 Kestrel Street • San Diego. CA 92129 • 

rom $3.30 
your 

10-24 qty 
$ 3.30 
$ 4.03 
$ 3.30 
$ 3.50 
$ 5.40 
$ 5.50 
$65.00 

(619) 538-6771 
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DC-3GHZ 

Kay Dependable Attenuators 

Kay Elemetrics Corp, offers a complete 
line of Programmable, In-Line and 
Continuously Variable Attenuators. We 
can supply you with the right model to fit your 
application. We have both 50Q and 75Q 
models from DC-3GHz. 

For more information or to place an order call Kay's 
Product Specialist at (201) 227-2000. 

Model Imped- Freq. Atten. 
No. anee Range Range Steps 

839 500 DC-3GHz O-lOldB ldB 
1/839 500 DC-lGHz 0-22. ldB ldB 
847 750 DC-lGHz 0-102.5dB ldB 
870 750 DC 1GHz 0-132dB ldB 

4440 500 DC-1.5GHz 0-130dB lOdB 
4450 500 DC-1 5GHz 0-127dB ldB 
1/4450 500 DC-lGHz 0-16.5dB ldB 
4467 750 DC-lGHz 0-31dB ldB 

O/4OO 500 DC-500MHZ 1 13dB 
O/41O 750 DC-400 MHz 2-14dB 

Kay Elemetrics Corp 
12 Maple Avenue • Pine Brook. NJ 07058 USA 
Tel. (201) 227-2000 • TWX: 710-734-4347 
FAX: (201) 227-7760 
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Fl F Expo's first panel session featured 
Andy Przedpelski, Dan Gavin, Mike 
Black and Bill Egan discussing PLLs. 

60-volt, 50-500 MHz device is the first 
of the new line. MwT also announced the 
success of first-generation devices de¬ 
signed to operate with 100-volt power 
supplies up to 1 GHz. The higher output 
impedances of these devices should 
make matching and combining easier 
and less lossy. 

Courses are Popular 
Two courses were presented for the 

first time on the west coast at RF Expo 
89. Randy Rhea's Computer-Aided Fil¬ 
ter Design class drew 65 engineers, and 
was extremely well-received by the stu¬ 
dents. This concentrated presentation 
of a single topic seemed to reach many 
experienced engineers who needed spe¬ 
cific information on the design of RF 
filters. 

At RF Expo East last November Les 
Besser introduced a two-part Funda¬ 
mentals of RF course, with the second 
part devoted to deeper exploration of 
several important areas. Most engineers 
attending this class also took part in the 
first day’s Part I session. In Santa Clara, 
this was again the case, with 150 
engineers attending each day, a solid 
indication that RF continuing education 
is in high demand. 

Technical Sessions 
Many sessions were filled to standing 

room only, in rooms with seating for 
over 150. Based on the evaluation forms 
returned by the engineers in atten¬ 
dance, several speakers received ex¬ 
ceptionally high marks in knowledge 
and ability to communicate. Of 40 per¬ 
sons presenting technical papers, 12 
received a majority of “4” ratings, on a 
scale of 1 to 4. Six were overwhelming 
favorites: 

Al Ward of Avantek, for his paper 
"UHF, L-Band and S-Band Applications 
of Low Noise GaAs FETs”; Mike Black 
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of Texas Instruments, whose paper was 
“A Phase-Lock Loop in a Non-Coopera¬ 
tive Environment — A Pulsed Input”; 
Ed Oxner from Siliconix, who presented 
‘‘Subnanosecond Switching with DMOS 
FETs”; Mary Holly, with FEI Microwave 
discussing “Design Analysis of a Space 
Qualified 0.8 to 1.6 GHz GaAs MESFET 
Low Noise Amplifier”; Donald Steinbre¬ 
cher, Steinbrecher Corp., for his three-
hour tutorial “Mixer Fundamentals”; 
and C.W. Pond of McCoy Electronics, 
whose paper was “A Review of Crystal 
Filters.” 
The others in the top dozen included 

Edward Marrone from APPCOM, Bruce 
Long of Piezo Crystal, Peter Bachert 
from Motorola, Bob Witte from Hewlett-
Packard (Oscilloscopes), Barry Brown 
of Hewlett-Packard (Network Measure¬ 
ments), and Oliver Richards from 
Sprague Semiconductor. 

These individuals, plus the other 28 
speakers who contributed timely and 
relevant papers, were responsible for 
the success of the technical program. 
Under the direction of the Program 
Chairman, Dr. Tim Healy of Santa Clara 
University, the consensus of experi¬ 
enced RF Expo attendees is that this 
collection of papers was as good as, or 
better than, any previous program. 

Broadcasters to Convene in Las 
Vegas—The 1989 National Association 
of Broadcasters (NAB) Convention will 
take place April 28-May 2, 1989 at the 
Las Vegas Convention Center. Over 600 
exhibitors will be present on the exhibi¬ 
tion floor, displaying equipment, prod¬ 
ucts and services for the broadcasting 
field. An advanced television (ATV) 
exhibit is planned, and all proponents 
of ATV broadcast systems have been 
invited to participate in the display and 
demonstration of this new technology. 

Of special interest to the RF engineer 
should be the 43rd Annual Broadcast 
Engineering Conference, held jointly 
with the exhibition. The engineering 
conference will offer 21 sessions and 
workshops with more than 100 technical 
papers. The program will cover a wide 
range of broadcast engineering topics, 
including technical sessions on digital 
audio and radio systems, AM systems 
engineering, radio engineering, radio 
production and audio processing, UHF 
transmission systems, and HDTV pro¬ 
duction. Engineering workshops will ad¬ 
dress RF radiation compliance, acous¬ 
tics, AM antenna systems, and digital 
diagnostics. For further information on 
the convention, contact the NAB at 1771 

N Street, N.W., Washington, DC 20036. 
Tel: (202) 429-5300 

Call for Quartz Devices Papers— 
A call for papers has been issued for 
the 11th Quartz Devices Conference 
and Exhibition, to be held in Kansas 
City, Mo., August 28-31, 1989. The 
conference is a technical forum which 
addresses quartz frequency control. Pa¬ 

pers may be tutorial or application-
oriented, dealing with recent progress 
in design, development, processing or 
manufacturing control in areas repre¬ 
sented by, but not restricted to, the 
following topics: properties of natural 
and cultured quartz; design of quartz 
frequency control devices; processing 
techniques; CAD/CAM, manufacturing 
and process control; measurement and 

OUR CATALOG IS BURSTING WITH 
HIGH REL OSCILLATORS AND 
CRYSTALS THAT DON'T STRAIN 

BUDGETS. GETA COPY. 
Send us your name and we II send you a 

catalogful of specs that include: 

• OCXO, TCVCXO, DCXO crystal oscillators. 
• Surface Mount, SC cut and high stability quartz crystals. 

For computer, telecommunications, aerospace, 
defense and commercial applications. 

First Name in Frequency Control. 

BLILEY ELECTRIC COMPANY 
2545 West Grandview Blvd. 
P.O. Box 3428, Erie. PA 16508 : : : : ”¿2 
(814)838-3571 TWX 510-696-6886 
FAX 814-833-2712 
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rí news Continued_ 

test techniques and packaging; and 
hybrid techniques. Specific topics of 
interest include: Surface Mount Packag¬ 
ing, Improved Equivalent Circuit Mod¬ 
els, Crystal Parameters of Importance 
for Oscillators and Filters, and Control 
of Contamination in Crystal Devices 
Processing. An abstract of the proposed 
paper, clearly describing the content, 
scope, organization, key points and 

presentation time should be submitted 
by April 21 , 1989. Send three copies of 
the abstract to the Electronic Industries 
Association, 1722 Eye Street N.W., 
Washington, DC 20006. 

Publication Describes Generation 
of EM Fields in TEM Cells—The 
National Institute of Standards and Tech¬ 
nology (NIST) has pioneered in the use 

High-Performance 
RF Amplifiers in Standard 

or Custom Designs 

FREQUENCY MHz 

Janel's high dynamic range RF amplifiers are available in standard 
or custom designs, in the frequency range of one to 2000 MHz 
and power up to 25 watts. GaAs FET, Power Mos FET, and Bipolar 
devices are utilized in quadrature, push-pull, ferrite isolated, or 
feed-forward designs. 

■ Two-Mear Warranty ■ Fast, On-Time Delivery 
■ High Performance Guaranteed ■ Mil-Spec Capabilities 

Also available: more than 30 models of standard power dividers. 

Call or write today for a free catalog! 
(503) 757-1134 ■ FAX: (503) 757-7415 

Design & Manufacture of Quality RF Equipment since 1969 

JANEL LABORATORIES, INC. 
33890 Eastgate Circle ■ Corvallis, OR 97333 
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of transverse electromagnetic (TEM) 
cells for the generation of standard 
electromagnetic fields. Electronic equip¬ 
ment and/or components are inserted 
into TEM cells and tested for susceptibil¬ 
ity to or emission of electromagnetic 
radiation. The cells are also used to 
calibrate portable probes for the meas¬ 
urement of electromagnetic fields. A 
new publication, Generation of Standard 
Electromagnetic Fields in a TEM Cell, 
documents the facilities and procedures 
used by NIST to generate these fields. 
In addition to advantages, limitations, 
and characteristics of TEM cells, the 
publication discusses setup and meas¬ 
urement procedures for users, uncer¬ 
tainties in the standard field, and statisti¬ 
cal control of the system. The publica¬ 
tion is available for $12 prepaid (order 
stock no. 003-003-02898-3) from: Super¬ 
intendent of Documents, U.S. Gov¬ 
ernment Printing Office, Washington, 
D.C. 20402. 

FM-CW Radar System for Atmos¬ 
pheric Monitoring—Radian Corp., of 
Austin, Texas, has received a $1.5 
million contract from the U.S. Army to 
build a frequency modulated-continuous 
wave (FM-CW) atmospheric Doppler 
radar. The system will be delivered to 
White Sands Missile Range in 1989, 
following extensive testing in Boulder, 
Colo., at the National Oceanic and 
Atmospheric Administration’s (NOAA) 
Boulder Atmospheric Observatory. The 
radar system will run continuously for 
five years at White Sands, providing 
real-time and cumulative atmospheric 
information necessary for Strategic De¬ 
fense Initiative directed energy research. 
The FM-CW atmospheric Doppler ra¬ 

dar is a synthesis of two different radar 
techniques: high resolution continuous 
wave and Doppler technology. The end 
product is a powerful radar capable of 
operating in all types of weather and at 
short range as well as long. This radar 
can detect invisible clear-air turbulence, 
wind speed and direction, and all forms 
of hydrometeors. It will also be the 
highest resolution radar system of this 
type available, capable of resolving less 
than a meter in range. 
Due to project and environmental 

specifications required by the Army, the 
FM-CW atmospheric radar system will 
be portable. Two parabolic antennas 
will be mounted on a trailer and con¬ 
nected to a van which will house the 
computer equipment for the radar sys¬ 
tem. Data will be available on site as 
well as remotely accessed. 
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New Standard! 
•ANZAC-

Surface mount components 

Now, your favorite ANZAC Quality components are available 
in Surface Mount packages for high performance RF appli¬ 
cations. .. from stock! These fully hermetic, Kovar housings 
provide excellent RF and DC ground transitions with tabs 
for inspectable circuit mounting. In addition, our solderless 
manufacturing technique insures vapor-phase-mountabil¬ 
ity without sacrificing circuit performance. 

The new Surface Mount standard from ANZAC. 
Send for listing of components available from stock 

Adams Russell INFO/CARD 17 
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Why 
our chip 
inductors 
are more 
attractive 

Theirs. 

The point of this little demonstra¬ 
tion is that Coilcraft surface mount 
inductors are made of ceramic. A 
decidedly non-magnetic material. 
Most other chip inductors are 

made of ferrite. Which is great for 
demonstrating the principles of 
magnetism, but not so hot for high 
frequency magnetics. 
Take self resonance, for example. 

SRFs on our coils are up to 3 times 
higher than equivalent ferrite chips. 
And located a safe distance away 
from your operating frequency. 
The actual inductance you'll get 

with Coilcraft chips at higher 

frequencies is very predictable and 
consistent. Not so with ferrites. 
Beyond the test frequency, their 
inductance curves rise steeply and 
vary significantly from part to part. 

Coilcraft ceramic chips also have 
a low temperature coefficient of 
inductance: +25 to +125 ppm/°C, 
depending on inductance. TCLs on 
ferrite chips are often two to four 
times higher! 
And if you need close tolerance 

parts, we offer even more advan¬ 
tages. Thanks to our computer -
controlled manufacturing and 
ceramic's neutral properties, it's 
easier for us to make 5% or 2% 

parts. We can even production-test 
at your operating frequency! Other 
chip makers have to cope with 
ferrite's permeability variations, so 
their yields are lower. Which means 
delivery can be unpredictable. 
So next time you're selecting 

surface mount inductors, forget the 
ferrite and stick with Coilcraft 
ceramic chips. 

For complete specifications and 
information on our handy 
Designer's Kits of sample parts, 
circle the reader service number. 
Or call 800/322-COIL (in Illinois 
312/639-6400). 

(^ic/bO^L 
See our catalog in Vol A, Section 1800 

88m!! eiectromc engineers master 

1102 Silver Lake Road, Cary IL 60013 800/322-COIL Fax 312/639-1469 
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rf industry insight 

RF Packaging — To BeO or Not to BeO 
By Katie McCormick 
Assistant Editor 

The demand for improved perform-
I anee and reduced cost represents a 

real challenge to today’s designer of 
electrical devices. In the RF world, the 
pursuit of increased power, higher 
speeds and greater densities translates 
ultimately into a problem of heat. Not 
surprisingly, one subject receiving in¬ 
creasing attention from designers and 
manufacturers is the issue of packaging. 
In fact, in terms of performance as well 
as cost, packaging is now viewed as a 
critical limitation. “Miniaturization is great 
from a performance point of view,” says 
Steve Lockard, market development super¬ 
visor for Rogers Corp., “but it creates pro¬ 
blems with thermal management.” 

At present, there is only one packag¬ 
ing material in widespread use which 
addresses the need for the efficient 
dissipation of heat demanded by high 
power RF applications. That substance 
is beryllia (beryllium oxide, or BeO) — a 
ceramic material whose properties of 
high thermal conductivity and low ther¬ 
mal resistance, combined with an ability 
to be easily metallized, make it an ideal 
substrate material for use in RF power 
transistor packages. Ideal, that is, at first 
glance. In reality, the subject at the 
forefront of any discussion of RF pack¬ 
aging is the search for a replacement for 
beryllia. “The big issue for packaging is 
the use of BeO,” observes Bert Berson, 
president of Berson and Associates, a 
strategic planning firm with strong in¬ 
volvement in packaging. 

There are several problems associ¬ 
ated with the use of BeO. The first, and 
most urgent, is its toxicity — exposure to 
BeO dust can cause berylliosis, a disease 
similar to asbestosis. Use of BeO in the 
manufacturing process requires extra 
precautions, and thus extra cost. Bob Shaw, 
sales manager for Cabot Ceramics’ 
Microwave Division, notes that another 
cost factor is the fact that BeO is supplied 
by only one vendor (Brush Wellman, 
Cleveland, Ohio). “They control price 
and delivery to all packaging vendors,” 
he explains. The main problem seems to 
be finding a material which can produce 
the same level of performance as 
beryllium oxide for higher power applica¬ 
tions. We use all the thermal conductivity 

RF Design 

we can get out of BeO,” stresses Tom 
Rice, senior manufacturing engineer with 
Motorola’s RF Optoelectronics Products 
Division. Any replacement material 
must be at least as good, if not better 
he adds. 

Several materials are being evaluated 
as potential substitutes for BeO. “The 
immediate trend," according to Allan 
Buck, sales manager for Kyocera Amer¬ 
ica’s Metallized Products Division, “is 
to go to aluminum nitride.” Generally 
believed to be the most promising 
candidate, aluminum nitride has the 
thermal conductivity and expansion char¬ 
acteristics needed, and will likely be 
supplied from several sources rather 
than only one. “The problem with alumi¬ 
num nitride as a replacement for beryllia 
is in finding a good metallization,” notes 
Bob Shaw. 

Another material mentioned as a 
possible replacement for BeO has been 
boron nitride, but there are problems. 

It doesn t have the thermal conductivity 
that we need, it’s cost-prohibitive, and 
not as readily manufactured here in the 
United States,” Rice points out. Dia¬ 
mond may be a good replacement but 
research into its applications is not as 
far along as for aluminum nitride, and 
the cost factor is significant. 

Several companies are currently in¬ 
volved in investigating aluminum ni¬ 
tride s potential, and estimates about its 
eventual use as a replacement for BeO 
are optimistic. “If in fact the material 
does turn out to be O.K.,” comments 
Rice, “I see limited production some 
time next year.” Dennis Duff, vice-
president, sales and marketing for Kera-
mount Corp., an aluminum nitride pow¬ 
der manufacturer, also anticipates pro-
duction-level use of the substance by 
next year. His long-term prediction — “A 
significant amount of beryllia consump¬ 
tion should be replaced by aluminum 
nitride.” 
As mentioned, a motivating factor in 

the search for a BeO substitute is the 
desire to reduce cost. One explanation 
for this, according to Cabot’s Bob Shaw, 
is the shift he is observing from military 
to commercial applications among pack¬ 
aging customers. “They’re being forced 

to be cost-sensitive to be competitive,” 
he says. In addition to rising materials 
costs, Shaw points out that the cost of 
the package as a percentage of total 
device cost is on the rise. He sees this 
as a key reason behind the increased 
attention being paid in the industry to 
packaging. Efforts aimed at reducing 
costs include the move to offshore 
production in order to reduce labor 
rates, a greater focus on increasing 
productivity and yields, and the incorpo¬ 
ration of surface mount technology and 
automation into the production process. 

Bert Berson agrees that cost is of 
prime concern in the packaging industry 
right now. One step toward a solution 
which he advocates is the implementa¬ 
tion of some packaging standards. Ber¬ 
son notes the enormous proliferation of 
different kinds of packages, along with 
the time and research involved in getting 
new package designs. These are some 
of the problems being addressed at the 
Electronic Packaging Center at Wash¬ 
ington University, St. Louis, Mo., estab¬ 
lished a year ago by Berson and Fred 
Rosenbaum, the center’s director. 
As far as overall market trends go, 

GE Ceramics marketing and sales man¬ 
ager Normand Allard anticipates that the 
ceramic packaging market will continue 
its growth. “The market,” he says, “is 
definitely growing; I guess my biggest 
fear is whether it will stay in the United 
States.” He advises that American firms 
“ought to start supporting their U.S. 
suppliers. Allan Buck of Kyocera sees 
growth opportunities in European com¬ 
mercial markets. In addition, he pre¬ 
dicts, “The long-term trend is to go to 
modules.” 
What impact do these concerns have 

on the design process? “We’re seeing 
a lot more involvement and concern 
over packaging in the last year from our 
customers, states Bob Shaw. “Our 
customers, the device manufacturers, 
are putting that pressure to reduce cost 
on their designers,” Allan Buck reports. 
These trends should continue as new 
technologies offer the design engineer 
more freedom and greater performance, 
in the midst of increasing emphasis on 
competitiveness and cost. ra 
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April 25-27, 1989 
IEEE Instrumentation and Measurement 
Technology Conference 
Key Bridge Marriott Hotel, Washington, DC 
Information: Robert Myers, 1700 Westwood Boulevard, Suite 
101, Los Angeles, CA 90024. Tel: (213) 475-4571 

April 26-28, 1989 
Aerospace and Defense 89 
Santa Clara Convention Center, Santa Clara, CA 
Information: Chuck Jungi, American Electronics Association, 
5201 Great American Parkway, Santa Clara, CA 95054 TeF 
(408) 987-4202 

April 29-May 2, 1989 
National Association of Broadcasters 67th Annual Conven¬ 
tion and 43rd Annual Broadcast Engineering Conference 
Las Vegas Convention Center, Las Vegas, NV 
Information: National Association of Broadcasters, Conventions 
and Meetings, 1771 N Street, N.W., Washington, DC 20036 
Tel: (202) 429-5300 

May 17, 1989 
Emerging Microwave Technologies Symposium and Show 
Crest Hollow Country Club, Woodbury, NY 
Information: Pari Boloori, Narda Microwave Corporation, 435 
Moreland Road, Hauppauge, NY 11788. Tel: (516) 231-1700 
ext. 437 

May 22-24, 1989 
39th Electronic Components Conference 
The Westin Hotels, Houston, TX 
Information: EIA, 1722 Eye Street, N.W., Washington, DC 
20006. Tel: (202) 457-4930 

May 23-25, 1989 
IEEE 1989 National EMC Symposium 
Radisson Hotel, Denver, CO 
Information: Jon Tary, Tri-State, 12076 Grant Street, Denver, 
CO 80233. Tel: (303) 452-61 11 

May 31-June 2, 1989 
43rd Annual Frequency Control Symposium 
Denver Marriot Hotel — City Center, Denver, CO 
Information: Michael Mirachi, Synergistic Management Inc., 
3100 Route 138, Wall Township, NJ 07719. Tel: (201) 280-2022 

June 5-7, 1989 
NBS/Boulder Time and Frequency Seminar 
Boulder, CO 
Information: David Allan, NIST, 325 Broadway, M/S 576, 
Boulder, CO 80303. Tel: (303) 497-5637 

June 15-16, 1989 
33rd Annual ARFTG Conference 
Long Beach Convention Center, Long Beach, CA 
Information: ARFTG, P.O. Box 2182, Longmont, CO 80502. 

Semiconductors from FEI Microwave 

NEED COMMERCIAL OR QPL 
GLASS SCH0HKY& PIN DIODES? 

® 1989 FEI Microwave, Inc 

If you need quick turnaround for glass 
Schottky and PIN diodes, both commercial 
and QPL types, look no further, we can 
deliver off the shelf. Here’s our line-up: 

QPL Parts (Meet MIL-S-19500/443, 444A & 445A) 
JAN, JANTX, JANTXV: 
1N5711 1N5712 1N5719 

Commercial Parts 
1N5165 1N5711 1N5719 
1N5166 1N5712 1N5767 
1N5167 1N5713 

So, for fast delivery on glass Schottky and PIN diodes, 
look to FEI Microwave. We’ve been shipping QPL parts 
since 1975. 

For price and delivery, contact us, or our authorized 
distributors, Zeus Components, Hall-Mark Electronics, 
or Penstock. 

FEI Microwave, Inc. 
A SUBSIDIARY OF F REQUENC* ELECTRONICS INC 

FEI Microwave, Inc. 
825 Stewart Drive. Sunnyvale, CA 94086 
Telephone: 4087320880 TWX: 9103399207 
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rf courses-
The George Washington University 

Frequency-Hopping Signals and Systems 
May 8-10, 1989, Washington, DC 
Monopulse Radar Principles and Techniques 
May 8-11, 1989, Washington, DC 
Radar ECM and ECCM Systems 
May 8-12, 1989, Washington, DC 
Radar Systems and Technology 
May 8-12, 1989, Washington, DC 

Information: Misael Rodriguez, Continuing Engineering Educa¬ 
tion, George Washington University, Washington, DC 20052. 
Tel: (800) 424-9773; (202) 994-6106 

Compliance Engineering 

EMI 
April 25, 1989, Boston, MA 
June 20, 1989, Chicago, IL 

Safety 
April 26, 1989, Boston, MA 
June 21 , 1989, Chicago, IL 
August 23, 1989, San Jose, CA 
ESD 
April 27, 1989, Boston, MA 
June 22, 1989, Chicago, IL 
August 24, 1989, San Jose, CA 
Telecom 
April 28, 1989, Boston, MA 
June 23, 1989, Chicago, IL 
August 25, 1989, san Jose, CA 

Information: Compliance Engineering, 629 Massachusetts 
Avenue, Boxboro, MA 01719. Tel: (508) 264-4208. 

EEsof Inc. 

MMIC Design Workstation (MMIC) 
April 24-28, 1989, Westlake Village, CA 
System Design (OmniSys) 
May 11-12, 1989, Westlake Village, CA 
CAD for Nonlinear Microwave Circuits (mwSpice) 
May 18-19, 1989, Westlake Village, CA 

Information: Sande Scoredos, Training Coordinator, EEsof 
Inc., 5795 Lindero Canyon Road, Westlake Village, CA 91362. 
Tel: (818)991-7530, ext. 197 

EMC Services 

EMI Control for Switching Supplies 
May 1-5, 1989, San Diego, CA 
July 24-28, 1989, San Francisco, CA 

Filter Design for Switching Supplies 
May 1-5, 1989, San Diego, CA 
July 24-28, 1989, San Francisco, CA 

Information: Sonya Nave, EMC Services, 11833 93rd Avenue 
North, Seminole, FL 34642. Tel: (813) 397-5854 

1239,580 
Filters 
Lowest prices in America 

on small quantities 
0.1 Hz to 500 MHz 
1,239.580 standard fill 
types □ Miniature and 
subminiature sizes □ 
Passive and active 
types □ Telemetry 
filters □ Gaussian, 
Butterworth. Cheby¬ 
shev designs □ Call 
or write for free 
catalog today. 

TTE, Inc. 
11652 W. Olympic Blv 
West Los Angeles, CA 
(213) 478-8224 

INFO/CARD 20 

Do you have a specialty or standard 
Ferrite or Powdered Iron Core need? 
Call 1-800-387-7213 

We have over 35 years of experience 
in manufacturing Nickel-Zinc and Powdered 
Iron components. 

NEOSID CANADA LIMITED 
10 Vansco Rd., Toronto. Canada 
M8Z 5J4 (416) 251-2831; 1-800-387-7213 

NEOSID 
SI 

RF Desiqn 
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nap-lite 
A Simply Better 

Insulator Application 
System 

• Quick, easy snap-on design 
• Flat or dimpled .014 Mylar 
insulator/spacers 

• Prepackaged cartridges for 
semiautomatic application 

Just load For: 
and apply • Transistors, semiconductors, 

630 S. ROGERS RD. • OLATHE. KS 66062 • (913) 764-5210 
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BRADFORD ELECTRONICS 

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

POWER 
CAPACITORS 
...for high power density applications 

Plate, barrel and feed-through capacitors for 
a wide range of applications such as solid 
state RF generators, RF suppression and HF 
transmitters. 
Capacitance: 1.540,000 pF • Voltage: 2-30 kVp 

Power: 2-150 kVA • Current: 5-50 Arms. 
Manufactured by Draloric GmbH. Call now 

for information including special design 
assistance. 

rf courses Continued 

Henry Ott Consultants 

Workbench EMC Measurements and Troubleshooting 
May 1-2, 1989, East Hanover, NJ 

Electrostatic Discharge Protection and Control 
May 3-4, 1989, East Hanover, NJ 

Information: HOC, 48 Baker Road, Livingston, NJ 07039. Tel: 
(201)386-5622 

' Integrated Computer Systems 

C Programming Hands-On Workshop 
April 18-21, 1989, Boston, MA 
April 25-28, 1989, San Diego, CA 
May 2-5, 1989, Indianapolis, IN 

Fiber Optic Communication Systems 
April 25-28, 1989, Los Angeles, CA 
May 9-12, 1989, Washington, DC 
June 6-9, 1989, Boston, MA 

Digital Signal Processing: Techniques and Applications 
May 2-5, 1989, Los Angeles, CA 
May 16-19, 1989, San Francisco, CA 
May 23-26, 1989, Washington, DC 

Information: John Valenti, Integrated Computer Systems, 5800 
Hannum Avenue, P.O. Box 3614, Culver City, CA 90231-3614. 
Tel: (800) 421-8166; (213) 417-8888 

Interference Control Technologies, Inc. 

EMC Design and Measurement 
May 1-5, 1989, Palo Alto, CA 

Practical EMI Fixes 
May 1-5, 1989, Chicago, IL 

Grounding and Shielding 
May 9-12, 1989, Orlando, FL 

Information: Penny Caran, Registrar, Interference Control 
Technologies, Inc., State Route 625, P.O. Box D, Gainsville, 
VA 22056. Tel: (703) 347-0030 

R & B Enterprises 

Real Life Solutions to EMI Problems 
May 2-4, 1989, Washington, DC 

Information: Registrar, R & B Enterprises, 20 Clipper Road, 
West Conshohocken, PA 19428. Tel: (215) 825-1966 

UCLA Extension 

Microwave Circuit Design I: Linear Circuits 
June 19-23, Los Angeles, CA 
Microwave Circuit Design ii: Non-linear Circuits 

June 26-30, Los Angeles, CA 

Information: UCLA Extension, P.O. Box 24901, Los Angeles, 
CA 90024. Tel: (213) 825-3344. 
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Eight percent mortgages. 
Affordable auto insurance. 

Thirty bucks a watt. 
Sound too good to be true? The first two probably are, 
but $30 a watt is about all you’ll pay for our new model 
1000L power amplifier—$30 a watt in the handwidth you 
need for rf susceptibility testing. 

For little more than $30 a watt, the 1000L delivers a 
full 1000 watts over a bandwidth of 10 kHz to 220 MHz. 
In pulse mode, the output rating is more than doubled— 
2500 watts to 150 MHz—or a little under $13 a watt. 
As important to you as its cost is the fact that the 

1000L will come through any load mismatch without 
d,image, foldback, or oscillation. And this self-contained 
amplifier is smaller than similarly-rated competitive 

amplifiers. While we’re comparing, please note also that 
its 1000-watt rating indicates the minimum output at 
every point in its frequency range. 

Admittedly, mortgages and auto insurance are 'way 
outside our expertise, but thirty bucks a watt we can do. 

nmPLiFieR 
research 

160 School House Road, Souderton, PA 18964-9990 USA 
TEL 215-723-8181 • TWX 510-661-6094 • FAX 215-723-5688 
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in SMB and SMC connectors 

OUR CUSTOMERS THINK WE'RE # 1 
Actually, we're not. In sheer volume, everyone 
knows Sealectro is, and we're second. But our 
customers rate us number one in service, quality, 
and delivery. 

This isn't just an idle claim In fifteen years, we have 
grown to be number two by delivering millions of 
SMB and SMC connectors a year to thousands 
of satisfied customers — on time and with near 
zero rejects. 

What does this mean for you? It means we can help 
make things easier for you by shipping you high 
quality SMB and SMC connectors in large or small 
quantities, on time and at a reasonable price. Our 
nationwide distributor network makes it easy to get 
immediate delivery on standard parts. 

SEE US AT THE MTTS SHOW- BOOTH 1337 

Call or write for our 172-page catalogue which 
contains our full line of SMB and SMC connectors 
(including over 100 MIL-C-39012 QPL items), along 
with our SMA, 7000 microminiature, 75 ohm, and 
SLB series connectors. A cross-reference to all 
other major manufacturers and complete assembly 
instructions make the AEP Blue Book a valuable 
reference guide. 

Find out why the biggest isn't necessarily the best. 
For same-day attention to your needs, call your 
local AEP distributor or: 

APPLIED ENGINEERING PRODUCTS 
P.O. Box A-D, Amity Station 

New Haven, CT 06525 
203/387-5282 
FAX 203/387-7832 
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rf cover story 

New Transistors for the Next 
Generation of Cellular Base Stations 

John Walsh, and William Imhauser By Serge Juhel, 
SGS-Thomson Microelectronics 

The next generation of cellular tele¬ 
phone systems will require cell sites with 
increased power output and linearity. 
Fl F power amplifiers will need the capa¬ 
bility for 100-150 watts PEP (16 chan¬ 
nels), and have total intermodulation 
products below -60 dB (approximately 
-30 dB in the amplifier, and the rest 

obtained by signal processing tech¬ 
niques). Until recently, this high power 
could only be achieved by paralleling 
several devices, with increased power 
consumption due to combining ineffi¬ 
ciencies and large size. This article 
describes new high-power devices for 
this demanding application, and the 

Figure 1. Interdigitated die structure used in the SD1660 and SD 1680. 

Figure 3. 120-watt amplifier circuit diagram and p.c. layout. 

RF Design 

description of a 120-watt amplifier cir¬ 
cuit. 

Two new high power common emitter 
devices especially designed and 

processed for class AB cellular base 
station applications have been intro¬ 
duced by SGS-Thomson: the SD1660, 

Figure 2. Package layout using 
plated-through holes for emitter 
connection. 

EEsof - Touchstone - wea Jan 25 15: 39: 15 1 989 - S01660TFWJT 

Figure 4. Theoretical vs. meas¬ 
ured performance of balun. 

2 



rf cover story Continued 

a 120 W PEP, 24 V device for 860-900 
MHz with 6.0 dB gain and intermodula¬ 
tion distortion (IMD) products < -32 dB; 
and the SD1680, optimized for 915-960 
MHz with 100 W PEP, 6.0 dB minimum 
gain, and IMD < -32 dB. Both are 
balanced, push-pull devices. 
These devices are the result of a 

two-year development program to attain 
a 150 W (minimum) class AB linear 

transistor for the UHF television band, 
470-860 MHz. The SD1492, developed 
through this program, has been in 
production for a year, and is now used 
in television transmitter designs up to 
30 kW. The starting material, emitter 
ballast levels, and base diffusion of this 
die have been optimized to create the 
SD1660 and SD1680 for higher-fre¬ 
quency cellular base station applica-

When the U.S. Navy is called to action there is no 
margin for error. Standard Missile System components 
must perform reliably to insure a successful mission. You 
can rely on EG&G Frequency Products for precise, reliable 
control of frequency selectivity. 

Our expert engineers 
custom-design high perform¬ 
ance crystal and LC filters, 
discriminators, equalizers 

and modules that meet your most strict electrical and 
environmental requirements. 

Our high reliability standards include compliance 

Custom-designed crystal and 
LCfilters, discriminators, 
equalizers and control mod¬ 
ules found in sophisticated 
C3Iand weapons systems. 

with WS6536E. EG&G also provides you with quality 
AT and SC cut quartz crystals, oscillators and high per¬ 
formance atomic frequency standards making us a sin¬ 
gle qualified source for all your frequency control needs. 

Call or write today for more information on sys-

Qualified contract manufac¬ 
turing of Mil Spec PCB 
Modules requiring skillful 
manual assembly, component 
preselection and computer¬ 
ized testing. 

terns that go in critical applications. 

^EGaG FREQUENCY PRODUCTS, INC. 
EG&G Frequency Products, Inc. 4914 Gray Road, Cincinnati, Ohio 45232 

FAX 513-542-5146, PHONE 513-542-5555, TWX 810-461 -2749 
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tions. Broadband application circuits 
have been developed for these transis¬ 
tors and accompanying pre-driver de¬ 
vices. 

The Transistor Die 
Interdigitated structures, although dif¬ 

ficult to process, offer the best perform¬ 
ance for linear applications. Excellent 
emitter periphery utilization (related to 
saturated power) allows the use of very 
high levels of emitter ballast, achieving 
maximum linearity for a given power 
gain. The die (Figure 1) for these new 
cellular devices has three forms of 
ballasting. The primary ballast medium 
is a diffused resistor which has a “pinch 
off” effect at high current levels. Also, a 
polysilicon resistor offers finger bal¬ 
lasting and some site ballasting due to 
contact resistance at the interface with 
the single crystal. This contact resis¬ 
tance presents a high impedance to 
localized hot spotting tendencies, which 
are severe in DC-biased class AB opera¬ 
tion. Another benefit of the polysilicon-
covered emitter is relative immunity 
from emitter-base leakage, a significant 
problem in yield for interdigitated struc¬ 
tures. 
The present device utilizes a two-step 

metallization process to reduce output 
capacitance and improve metal feeder 
efficiency by allowing a much thicker 
second metallization of about 3 microns. 
The geometry has a 7 micron pitch 
(emitter plus base contact repeats every 

Table 1. SD1660 input/output im¬ 
pedances. 

f 
MHz 

Z|N 
Base to Base 

_ ^LOAD 
Collector to 
Collector 

850 6.8 + j3.5 4.4 +j1.6 

860 6.5 + j3 4.3 + j2 

880 5.9 + j2.1 4.2 + j2.8 

900 5.2 + j1.6 4.3 +j3.7 

ZL0AD = Optimum load impedance into 
which the transistor operates at the 
specified power out, voltage and 
frequency. 
860-900 MHz Broadband Amplifier: 
P0UT = 120 Watts 
Vcc = 24 Volts 

Class AB 
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Figure 6. Input performance at 900 MHz. 

Figure 5. Input circuit configuration. 

Figure 8. Two-tone IMD test 
results. 

7 microns). The emitter is 0.8 microns 
wide and contacts are submicron to 
allow full coverage by a 2 micron metal 
finger. 

The device performance can be attrib¬ 
uted to a basic 3 GHz geometry which 
utilizes shallow ion implantation for all 
diffusions. Thus, an S-band geometry 
and diffusion is combined with a very 
high level of ballasting to achieve a very 
linear device with acceptable gain at 900 
MHz. A single die produces 20 watts 
class AB. Die are combined in a pack¬ 
age, along with an input matching 
network to optimize performance over a 
given bandwidth. 
The SD1660 operates in a common 

emitter configuration, and must have 
low emitter inductance. To reduce the 

negative feedback and accompanying 
reduction in gain caused by emitter 
inductance, SGS-Thomson uses a pack¬ 
age with plated-through ground holes 
(Figure 2). 

120 W Amplifier Circuit 
Figure 3 shows the layout of an 

amplifier for 860-900 MHz using the 
SD1660 to obtain 120 watts class AB 
output. Input and output impedances 
have been measured from base to base 
and collector to collector (Table 1). The 
circuit is built on a 30-mil PTFE glass 
p.c. board, tr = 2.55. 

Since the SD1660 is a push-pull 
device, the unbalanced input has to be 
transformed to the balanced base input. 
A balun transformer is used to simulta-

Figure 9. 16-tone test results, showing greater than 
-30 dBc IMD products. 

Figure 10. Device lineups for 860-900 MHz (a) and 
915-960 MHz (b). 

RF Design 
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cover story Continued 
neously reduce impedance, maintain 
large bandwidth, and provide a bal¬ 
anced output. Figure 4 shows the per¬ 
formance of the 50 ohm to 2x12.5 ohm 
balun circuit used in the amplifier. 

Next, consider the schematic in Fig¬ 
ure 5. It can been seen that the matching 
network must match 25 ohms to the 
device input impedance. The network 
used consists of lowpass sections. C3 

is adjusted for optimum VSWR in the 
band. Figure 6 demonstrates input per¬ 
formance at 900 MHz. 
The output matching is accomplished 

in the same fashion as the input, with 
two distinct sections: a matching net¬ 
work transforming the output imped¬ 
ance to 25 ohms (balanced), and a balun 
to transform the balanced 25-ohms to 
the 50-ohm unbalanced output. 

Reduce Your Costs for 
Extended Signal Monitoring 
With These Compact, High 

Performance, Modular Receivers. 

Up to eight receivers in 
only seven inches of rack 
space. All receivers share a 
common reference oscillator and 
tuning control interface; yet may 
be individually set for the desired 
operating mode. 

Tune from 20 to 520 MHz in 
1 kHz increments with the 
IEEE-488 control bus. Each 
receiver may be individually set 
for AM or narrow band FM 
detection. Available outputs 
include audio, predetection IF, 
and COR status. Standard IF 
bandwidth is 15 kHz; bandwidths 
up to 300 kHz are available. 

Superior performance is 
achieved with fully synthesized 
tuning with 1 PPM stability. The 
overall noise figure is 12 dB; inter¬ 
nally generated spurs are limited 
to less than —100 dBm. 

Related products include 
IF to Tape Converters, Spectrum 
Display Units, Video Distribu¬ 
tion Amplifiers, Audio/IF/ 
Timing Distribution, Snapshot 
Recorder Converters, Base Band 
Translators, IF/Predetection 
Converters, and Digital Signal 
Processors. 

APCOM 
INCORPORATED 

APCOM INC. 
625A Lofstrand Lane 
Rockville, MD 20850 

(301) 294-9060 

In class AB, the transistors are biased 
just at the start of conduction, about 400 
mA per side in the case of the SD1660. 
To maintain a stable quiescent current, 
a diode (D3 in Figure 7) is used to 
compensate for the variation in tempera¬ 
ture (-2 mV/°C) of the base-emitter 
junction of the RF device. This diode 
should be mounted as close as possible 
to the device flange, to get the best 
thermal tracking. D1 and D2 are com¬ 
pensation for the darlington pass tran¬ 
sistor Q3. Compensation of quiescent 
current is a critical parameter when 
considering intermodulation distortion 
(IMD). Also, the bias network must be 
able to supply sufficient current for 
proper transistor operation. 

Linearity 
The most convenient method of meas¬ 

uring the linearity of an amplifier is the 
multicarrier/IMD product test, with the 
amplifier operating at rated PEP output 
level. In this case the power read by a 
power meter is: 

PauB,anB = PEP/n dvui aye 

where n = number of carriers 

The level of IMD products generated 
in such a test is a measure of linearity. 
Figure 8 shows the SD1660 amplifier 
two-tone test results, while Figure 9 is 
the same amplifier under a 16-tone test. 
The IMD is greater than -30 dBc, and 
with signal processing techniques, -60 
dBc can be achieved. 

Using the device lineup shown in 
Figure 10(a), a 22 dB gain amplifier 
subsystem can be constructed for the 
860-900 MHz band. For the Pan Euro¬ 
pean Radiophone system, which oper¬ 
ates in the 915-960 MHz band, the 
devices in Figure 10(b) can be used to 
obtain 180 W with 29.5 dB gain. 

Readers interested in more informa¬ 
tion about these transistors can contact 
the authors at SGS-Thomson Microelec¬ 
tronics, 21 1 Commerce Drive, Montgom¬ 
eryville, PA 18936-1002, or by telephone 
at (215) 362-8500. Information can also 
be received by circling INFO/CARD 225. 

References 
1. Dave Wisherd, “Balanced Transistor 
III, Apply Microstrip Methods to Bal¬ 
anced Amplifiers,” Microwaves, July 
1980. 
2. Thomson Semiconductors, “Transis¬ 
tor Linear Power Amplifiers —Some 
Aspects of HF Wideband Design,” Data 
Book 1985, p. 1061 . 
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^■Richardson Electronics, Ltd. and SGS-THOMSON ... 

l/l/e Pack the Power! 

Richardson Electronics and SGS-Thomson 
team up to manufacture and distribute RF and Microwave 

Bipolar and FET Power Transistors. 

2 . 30MHz Linear SSB . Up to 250 Watts 200 950MHz UHF Pulse . Up to 500 Watts 

27... 88MHz FM, Class C . Up Io 250 Watts 960 1200MHz PulseDME/IFF TACAN. Up to 1200 Watts 

88 . 108MHz- Class C, FM Transmitters Up to 250 Watts 1 2 ... 1 4GHz Pulse for Radar Applications. Up to 285 Watts 

108 152MHz- Class C, Aircraft Up to 125 Watts 0.75 2GHz Microwave, Class C . Up to 20 Watts 

2 . 150MHz MOS FETS . Up to 300 Watts 2. 4GHz Microwave, Class A . Up to 6 Watts 

130 230MHz • Class C, FM Mobile Up to 150 Watts 0.7 ... 2.5GHz Microwave, Oscillators . Up to 2 Watts 

2 400MHz - MOSFETS . Uptol5Watts 14 2.7GHz Microwave, Telecomm. Up to 30 Watts 

450 512MHz Class C, Mobile . Up to 65 Watts 40 900MHz • Class A Linear for CATV/MATV, 6GHz FT/ 1 2dBNF 

806 960MHz Class C, Land Mobile. Up to 60 Watts 2MHz 1GHz - Small Signal Die and Wafers 

WidebandVHF UHF . Up to 1 25 Watts 2MHz 3 5GHz RF and Microwave Die and Wafers 

TV Transmitters Band 1 & II. Up to 240 Watts Active Bias Devices 
TV Transmitters, Band III . Up to 200 Watts MOS Chip Capacitors for Hybrid Applications 

TV Transmitters, Band IV & V Up to 150 Watts JANTX, JANTXV Equivalent Screening 

See SGS-Thomson at RF Expo West Booth #114 Environmental Testing Services 

Off the shelf from Richardson Electronics. Ltd. corporate Headquarters: LaFox. il (800) 323-1770, 
(312) 232-6400. FAX (312) 208-2550 USA Sales Offices: (800) 348-5580 Brooklyn: (800) 221 -0860 Canada: (800) 387-2280 

SGS-Thomson Sales Offices — Northeast: (201 ) 890-0884 Southeast: (215) 362-8500 Central: (214) 466-8844 
West: (213) 675-0742. 
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rf featured technology_ 

Design of Constant 
Phase Difference Networks 

By Thomas A. Keely 
Honeywell Inc. 
Military Avionics Division 

A standard topic of college electronic communications 
courses is the synthesis of single sideband signals. Typically, 
textbooks discuss two methods of sideband synthesis: the filter 
method, which selectively filters one of two sidebands produced 
by suppressed carrier modulation, and the phase shift method, 
also known as the Hilbert Transform (1), where the carrier and 
the baseband modulating signal are mixed in phase quadra¬ 
ture. This article describes the design of wideband phase 
difference networks for implementation of the phase shift 
method, meeting specified phase shift criteria, phase shift error 
bounds and bandwidth criteria. 

A limitation of the phase shift method is the requirement for a wideband phase shift or phase difference network that 
would keep the baseband modulating signal in 90° phase shift 
over a wide range of frequency. Darlington’s discussion (2) of 
realizing a constant phase difference over a specified 
bandwidth treats the theoretical aspects of the subject, but it’s 
easy to get lost in the elliptic functions. 

In the time since Darlington’s 1950 article, applications of 
wideband phase difference networks have expanded beyond 
single sideband synthesis, including the following: 

• Signal generators with outputs in quadrature. 
• I and Q receivers which require local oscillator signals in 

phase quadrature. 
• Digital filter phase difference networks requiring s-plane 

poles and zeros which can be transformed into the time 
sampled z-plane. 

This article describes one important method used to realize 
a constant phase difference, in which two allpass networks are 
employed with the difference between the two phase transfer 
functions producing the constant phase difference. Figure 1 
illustrates this principle. 

Allpass networks are distinctive since their attenuation is 
constant but phase shift changes with frequency. Mathemati¬ 
cally, the transfer function looks like: 

T(s) = 
(s + p,) (s + p2) (s + p3) ... (s + pn) 

In order to achieve the constant attenuation, the poles and 
zeros must be symmetric with the jœ axis. In other words, for 
any pole-zero pair: 

the zeros are o + jœ and o - ja> 

and the poles are - o + ja> and - o - ja> 

The trick to achieve the constant phase difference is through 
proper placement of pole and zero locations. It’s simple to 
say, “by proper placement of pole and zero locations...,” but 
how is it really done? 

Reference 2 goes to great lengths to develop the mathemati¬ 
cal details, but only a synopsis is presented here. Consider two 
allpass networks which have phase shift functions (tan (0,/2) 
and tan (02/2)), then there is a function, tan (0/2) which 
represents the phase difference where 0 is 0, - 02. If the 
difference function is equated to a Cauer-Chebyshev polynomi¬ 
nal, the roots of the polynominal are then the roots of the 
network transfer function. It so happens that roots of the 
Cauer-Chebyshev polynominal are elliptic functions which are 
solved in the design procedure. 

Fortunately, with the aid of spreadsheets and up-to-date 
circuit implementations, it is possible to design realizable 
networks in minimum time. The design procedure for synthesis 
of networks producing a constant phase difference over a 
range of frequencies is shown below. Figure 3, a Lotus 123™ 
spreadsheet, automates the design. 

Figure 1. Allpass network phase 
transfer functions. 

Figure 2. Phase difference plot: 
N =4, frequency ratio =10. 

Figure 4. Phase variation for 
n-section networks. 
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Discover the STC Beauty! 

STC has taken the beast out of TCXOs 
by the use of analogue chip compensation. 

• Highly stable 
• Less than 1 cubic inch 
• Low phase noise 
• Low power consumption 

• • Selectable output 
• Frequencies up to 350 MHz 

Buy one or borrow one. 
For further information, technical literature, and complete details, 

call us. 

STC COMPONENTS INC., 636 REMINGTON ROAD, SCHAUMBURG, IL 60173 
■800 624 6491 • 312 490 7150 • FAX 312 490 9707 

CANADA 800 624 6454 UK 0279 626626 
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Leading the race for 

SPECTRUM ANALYZER 

e new ADVANTEST R4136 
Spectrum Analyzer makes difficult 
measurements easy. It covers the 
submicrowave band, incorporating 
a synthesized local oscillator and other 
refinements that could only be created 
from ADVANTEST’s high-frequency 
measurement technology. The YIG 
oscillator achieves excellent skirt 
characteristics. And the 4-to-8 GHz 1st 
local oscillator enables low-order mixing 
and measurements to -115dBm even 
at 23GHz. Send now for the R4136 
catalog: It details all the advantages 
the R4136 can bring to your high-
frequency analysis applications. With 
memory card it is possible to develop 
and store a measurement program and 
perform input/output and comparison 
of data. This greatly simplifies 
operator set up and screen storage. 

R4136 
23GHz Spectrum Analyzer 

POWER 

,- EXT YlXER 

the ultimate microwave spectrum analyzer 
at an affordable price— ADVANTEST 

Advantest America, Inc. 

The world’s Low Cost 3.5GHz 
Spectrum Analyzer by ADVANTEST 

¡ÕOnaíí 
A*« .ÈB 

ZIDVANTEST 

NEW 
R4131 Series Spectrum Analyzer 

■ Excellent Skirt Characteristics: 80dBc 
■ Advanced Signal Track 
■ Built-in Quasi-Peak Measurement 
■ Automatic Occupied Band width Measurement 
■ Tracking Generators Available to 3.5GHz 
■ Positive/Negative Peak Detect 

Test 
spectrum t0 23 Ghz 

an external mixer) 
(up to 325 GHz us 0 or |owe, 

.Average noise level. 

/id Q to 23 GHz) . 

.30 Hz resolution ban*™« 

.Built-in frequency counter 

with resolul,O" ° card function (option) 
• 128-K byte memory car 

300 Knightsbridge Parkway, Lincolnshire, IL 60069, U.S.A. Phone:(312)634-2552 Facsimile:(312)634-2872 
For R4136 Demo, Circle Info/Card 79. For R4131 Demo, Circle Info/Card 81. 
For R4136 Literature, Circle Info/Card 80. For R4131 Literature, Circle Info/Card 82. 



Al: 'PHASE SHIFTER DESIGN SPREADSHEET 
A3: 'ENTER HIGH FREQ LIMIT (HZ) 
D3: [W12] 3000 
A5: 'ENTER LOW FREQ LIMIT (HZ) 
D5: [W12] 300 
A7: 'ENTER NUMBER OF P-Z PAIRS 
D7: [W12] 4 
A9: 'FREQ RANGE IS 
D9: [W12] +D3/+D5 
All: 'k IS 
Dll: (F4) (W12) ßSQRT( (D3 *2) ~(D5 A2) )/D3 
Ell: • 
A13: 'k'IS 
D13: (F4) (W12] ®SQRT( 1-D11 A2) 
A15: ————————————————————— 
A17: 'APPROXIMATE q 
A19: 'qO IS 
D19: [W12] 0.5*( (1-3SQRT (D13))/(1+3SQRT (D13 ))) 
A22: 'q IS 
D22: [W12] +D19+ (2*D19 A5) +(15*D19 A9) +(150*D19 A13) 
A24 : 
A26: 'CALCULATE RHO POSTION 
D26: [W12] '(SET UP FOR N-6) 
A28: 'RHO 0 
D28: [W12] (-®PI/4)/D7 
A30: 'RHO 1 
D30: [W12] (0. 75*êPI)/D7 
A31: ' 
A32: 'RHO 2 
D32: [W12] (1.75*GPI)/+D7 
A33: ' 
A34: 'RHO 3 
D34: [W12] (2 .75*$PI)/+D7 
A35: ' 
A36: 'RHO 4 
D36: [W12] (3 .75*0PI)/+D7 
A37: ' 
A38: 'RHO 5 
D38: [W12] (4 .75*$PI) /+D7 
A4 0 : ' 
A4 2: 'CALCULATE ROOTS 
A4 4: 'MEAN FREQ (HERTZ) 
D44: (S4) [W12] êSQRT($D$3*$D$5) 
A4 5: 'MEAN FREQ (RADIANS) 
D45: (S4) [W12] ePI*2*eSQRT($D$3*$D$5) 
E45: ' 
D46: (Fl) [W12] * 
A47: 'pO 
D47: (S3) [W12] 
+ D4 5* (êCOS (D28) + ((D22 * 2)*®COS (3*D28) ) + ((D22 A6) *$COS(5*D28) ))/(®SI 
N(D28)-( (D22 A2) *$SIN (3*D28 ))+((D22 A6) *$SIN (5*D28 ))) 
A49: 'pl 
D49: (S3) (W12] 
+D45* (ßCOS (D30) +((D22 A2) *?COS (3*D30) )+((D22 A6) *$COS(5*D30) ))/(§SI 
N(D30) -((D22 A2)*§SIN (3*D30) )+((D22 A6) *0SIN(5*D3O) )) 
A51: 'p2 
D51: (S3) [W12] 
+D4 5* (GCOS (D32 )+((D22 A2)*@COS (3*D32 ))+((D22 A6) *§COS (5*D32) ))/(0SI 
N(D32)-( (D22 A2) *$SIN (3*D32))+((D22 A6) *esIN(5*D32) )) 
A53: *p3 
D53: (S3) [W12] 
+ $D$4 5* (êCOS (D34 ) + (($D$22 A2)*^COS (3*D34 )) + (($D$22 * 6) *$COS (5*D34 )) 
)/(GSIN(D34) -( ($D$22 A2)*esiN(3*D34) )+( ($D$22 A6) *$SIN (5*D34 ))) 

Figure 3. Lotus spreadsheet for allpass networks. 

limit and a>2 represent the lower limit. Compute the Frequency 
Ratio = œ1/a>2

3. Determine the design criteria for an acceptable error 
bound for the Phase Variation (d). The phase variation is the 
delta from the target phase shift value. 

4. Using the chart in Figure 4, determine the number of 
sections (n) required to meet the Frequency Ratio and Phase 
Variation specifications. 

5. Now compute the roots of the elliptic functions using the 
Fourier series expansions. Let Pa represent the roots. 

(cosirj + q2 cos (3Fo) + q6cos (5FJ ...) 

(sin (ro) - q2 cos (3TJ + q6cos (5Q ...) 

where a = 0,1. ..(n-1) 

In order to calculate q, a number of constants must be 
determined: 

a. the modulus k = Vco,2 - co22 /a>2

b. the complementary modulus k' = V1 - k2

c. The modular constant q = e(-nK7K). The modular constant 
q can be found by evaluating k’and k numerically, but there 
is a simpler approximation. 

q ~ q0 + 2q05 + 15q09 + 15°q013

where q0 = (1/2)(1 - vT)/(1 + vT) 

The procedure is: 
1. Determine the desired phase shift (0). In most applications 

this is n/2 or 90 degrees. 
2. Determine the range of frequencies over which the 

constant phase shift is required. Let œ, represent the upper 

The angles, Fo, can be calculated from: 

r„ = (on - (1/2)0) /n radians 

where a = 0,1, ...(n - 1) 

Figure 5. Example 1 network. 



Figure 6. LC network from Example 2. 

6. Group roots of like signs together. The negative roots will 
become one half of the network and the positive roots will 
become the other half. With the roots determined, a realizable 
circuit can be implemented to provide constant phase shift 
over the specified bandwidth. 

Design Examples 
Example 1. This circuit provides an audio phase shift 

network for use in a phasing type single sideband transceiver, 
with these design specifications: 

Desired phase shift = 90° 
Upper frequency limit = 3000 Hz 
Lower frequency limit = 300 Hz 
Phase Variation = 1° 

Figure 7. Steffan allpass network from Example 3. 

By matching the Frequency Ratio (10) to the Phase Variation 
(1°), the closest “n” is equal to six. The upper branch of the 
circuit will have three pole-zero pairs and the lower branch will 
have three pole-zero pairs. 

When you 
need TTL Clock 

Oscillators 

or quality Crystals 

call 800-333-9825 

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

S-BAND BLOCK DOWNCONVERTER 
SPECIFICATIONS - LUNAR MODEL DCB-S/B-02 

INPUT FREQUENCY 
OUTPUT FREQUENCY 
NOISE FIGURE/TEMPERATURE 
OVERALL CONVERSION GAIN 
OUTPUT 1 dB COMPRESSION 
INPUT/OUTPUT SWR 
POWER REQUIRED 
CONNECTORS 
SIZE 
WEIGHT 

25 - 2.7 GHz (S-Band) 
950 - 1150 MHz 
<10 dB/65 deg K nominal 
60 dB nominal 
+12 dBm nominal 
<151 nominal 
12 — 28 VDC al 135 mA 
Type N mput/output 
183 X 119 X 5 2 cm 
03 kg nominal 

IMPROVE RECEIVER CAPABILITY 
WITH LUNAR GaAs FET PREAMPS 

The first commercial preamps utilizing 
GaAs FET technology make unintelligible 
signals readable by increasing the signal 
to noise ratio before the receiver And by 
reducing the over-all noise figure of the 
receiving system 

TYPICAL PERFORMANCE 
Noise 1 dB 

Gain Figure Compression 
dB dB dBm 

PAG 156 20+ 04 +11 
PAGH 156 20+ 06 +20 
PAG 460 17+ 05 +11 
PAGH 460 16+ 03 +20 
PAG 800 17+ 0.7 +11 
PAGH 800 16+ 09 +20 

Other models and frequency rannes available 
PAGH modes have increased compression 
point for greater dynamic range 
SP's Available Additional gain 

Ihll 
COMMUNICATIONS & SYSTEMS DIVISION 

9353 ACTIVITY RD., STE I • SAN DIEGO, CA 91216 
TELEPHONE (619) 549-9555 • TELEX 181747 

GaAs FET PREAMPS 
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Their $14,000 sweep. 

Wavetek’s $7,000 sweep. 
If all you need is a sweep 

generator that tests below 2500 
MHz, Wavetek thinks that’s all you 
should have to buy. 

But other sweep generators 
cover frequency ranges many com¬ 
munication bands don’t use. And 
they require plug-in modules and 
bulky, costly mainframes. 

So you end up spending 
thousands more for frequency 
range capabilityyou don’t need. 

Exactly what you want. 
At Wavetek, our sweep gener¬ 

ators get back to the basics. Simple, 
honest, reliable, sensible. 

Model 1801 C. $4,350. Model2002B. $6,900. 

Each sweep covers a discrete 
frequency range in the sub-micro-
wave area. Just what you need for a 
specific application. 

Our 2002B’s broad range of 1 
to 2500 MHz makes it perfect for 
testing radar systems, communica¬ 
tion equipment and components. 
In the lab, the field or the plant. 
Harmonic markers at 1,10, 50 and 
100 MHz are standard. 

Our 2001 has become the 
instrument for people working in 
VHF, UHF and Extended Range UHF 
bands. Its range is 1 to 1400 MHz, 
in three bands: 1 to 500, 450 to 
950 and 900 to 1400. Harmonic 

markers are 
standard. 

.And our 
1801 C, with its 

75 Í1 output 

Model2001. $4.795. 
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and 1 to 1000 MHz range, is ideal 
forCATVand broadband LAN appli¬ 
cations. Its one wide band VCO 
eliminates the transients found in 
band switching instruments. 

You buy only what you need. 
By limiting our sweep 

generators to below 2500 MHz, 
Wavetek is able to design them to 
be simple but effective. And to build 
them for much less. 

And do you really have an extra 
$7,000 to spend on something you 
don’t need? 

For more information and the 
name of your nearest distributor, 
call Wavetek at 1-800-428-4424. In 
Indiana call 317-788-9351. 



rí featured technology 

From the spread sheet, the roots are: 

po=-6.024E4 
p, = 1.773E4 
p2=4.239E3 
p3=5.898E2 
p4=-2.004E3 
p5=-8.383E3 

The negative roots will form the lower half of the circuit. 
The circuit can be realized with the simple RC and op amp 

topology shown in Figure 5. Computation of the RC values is 
straight forward from the roots. 

Example 2. Design an LC lattice network that meets the 
following specifications: 

Desired phase shift = 90° 
Upper frequency limit = 500 MHz 
Lower frequency limit = 166 MHz 
Phase Variation = .2° 

By matching the Frequency Ratio (3) to the Phase Variation 
(.2°), “n” equal to four is chosen. 

From the spread sheet, the roots are: 

p0=-9.742E9 
p, = 2.787E9 
p2 = 3.364E8 
p3=-1.176E9 

Bl: [W12] 'STEFFAN APN DESIGN SPREADSHEET 
Fl: 'TK 
F2: "4 NOV 88 
A3: [W12] "ENTER W1 = 
B3: (S3) [W12] 39370 
B4: (S3) [W12] ' 
A5: [W12] "ENTER W2 = 
B5: (S3) [W12] 3559 
A7: [W12] "WO = 
B7: (S3) [W12] @SQRT (+B3*+B5) 
A9: [W12] "q = 
B9: (S3) [W12] + B7/(B3+B5) 
All: [W12] "ENTER RI = 
Bll: (S3) [W12] 100000 
cil: "R2 = 
Dll: (F0) +$B$25 
A13: [W12] "b = 
B13: (S3) (W12] -(4+B9*-2)/Bll 
C13: "R3 = 
D13: +$B$23 
A15: [W12] "c = 
B15: (S3) [W12] 4/Bll*2 
C15: "C = 
D15: (S2) (+B7*-1)*(@SQRT (Bl1A-1* (Dll*-1+D13 *-1)) 
A17: [W12] "a = 
B17: (S3) [W12] 1 
A19: [W12] "kl = 
B19: (S3) [W12] (-B13+ (@SQRT (B13 *2-4 *B15) ))/2 
A21: [W12] "k2 = 
B21: (S3) [W12] (-B13- (@SQRT (B13 *2-4 *B15) ))/2 
A23: [W12] "R3 = 
B23: [W12] +B11/2 
A25: [W12] "R2 = 
B25: [W12] +B23/(B23*B19-1) 

Figure 8. Spreadsheet for Steffan network design. 
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Analog Circuit Simulation 
Completely Integrated CAE from $95 

Schematic Entry, Device Models, 
Spice Simulation, Post Processing 

ICAP/2 has it all for only $790 
IsSpice, $95.00: The complete Spice analog circuit simu¬ 
lator runs on all PC's. Performs AC, DC. Transient. 
Noise. Distortion, Fourier and Sensitivity Analysis. 
IsSpice/386, $386.00: The fastest PC based Spice cir¬ 
cuit simulator available. Ten times the speed of an 
8MegHz 286 PC. Has virtually no memory limitations. 

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

PreSpice, $200: Extensive model libraries. Monte Carlo 
analysis, parameter sweeping, optimization and 
equation based modeling. 

IntuScope, $250: A graphics post processor that works 
like a digital oscilloscope. Easy to use 
with all the waveform operations you will 
ever need. 

For Information, 
Please Write or Call 

intusoft 
(213) 833-0710 

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

All Programs come 
with a 30 Day Money 
Back Guarantee 
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1989 lEEE/MTT-S International 

Microwave Properties of Superconduc-
Fi Iters 

Overview 

□ Yes, I would like additional information on attending MTT-S '89. Please send it to: 

Title 

ties 
tors • Microwave CAD - European Activity 

Microwave Superconductor Applications 

Register Now 

Send now for the Advance Program, advance regis¬ 
tration form and hotel reservation forms. Complete 
the coupon below and return it to the Microwave 
Journal. 

Name_ 

Organization 

Address_ 

City_ 

Country_ 

■ An Outstanding Technical Program of Full Length 
and Short Papers, and Open Forum. 

Featuring Sessions on: 
Phased and Active Array Technique • Ferrite Applica¬ 
tions • Medical Applications • Optical/Microwave 
Interaction • Passive Components • Microwave 
Acoustics • Modeling and Application of Active De¬ 
vices to Circuit Design • Gallium Arsenide Capabili-

• Millimeter Wave Sources • Guiding Structure 
Analysis • Lightwave Links • Millimeter Wave Amplifi¬ 
ers • Microwave Manufacturing • Microwave Inte¬ 
grated Circuit Measurements • FET Amplifi¬ 
ers • Losses in Guided Wave Structures • Microwave 
Measurements • High Power • Time Domain Appli¬ 
cations • Solid State Devices • Microwave Integrat¬ 
ed Circuits • Millimeter Wave Applications 
• Monolithic Integrated Circuits 

• High Frequency Interconnections • Microwave 
Characterization of Superconductors • MMIC Pack¬ 
age Standards and Problems in Packaging • Recent 
Advances in Microwave & Millimeter Wave Supercon¬ 
ductor Applications • Microwave Education: Present 
Status & Future Trends • Hetrojunction Devices, Cir¬ 
cuits and Reliability • Microwave Hardware Descrip¬ 
tive Language • Entrepreneurship and the Engi¬ 
neer • MMIC Design Approaches for Low Cost, High 
Volume Applications • Improving Time to Market 

■ The World’s Largest Microwave Exhibition 

Visit the displays of more than 300 microwave com¬ 
ponent, device, instrumentation, material, and sub¬ 
systems suppliers. 

■ Full Social Program 

Spouses' tours, an exhibitor reception and the MTT-S 
Awards Banquet provide a memorable complement 
to the industry's premier event. 

Special Workshops and Panel Sessions 

Optical/Microwave Circuit Interactions • High Power 
Passive Equipment for Satellite Application • High 
Power Generation and Microwave Applications 
Microwave & Millimeter Wave Synthesizers 

_ Stale 

Telephone _ 

Your Ship 
Has 

Come 
In! 

Are you an MTT-S member? □ Yes □ No 

Have you ever attended MTT-S before? □ Yes □ No How many times? 

Microwave Journal 685 Canton Street, Norwood, Massachusettes 02062 

— ____ ■ 
Microwave Symposium/Exhibition 

Long Beach, California, June 13-15, 1989 



rf featured technology_ 

Since the lattice configuration is specified, the resultant circuit 
is shown in Figure 6. Component values are computed from 
L= Ro/poandC= 1/(Ropo). 
Example 3. The final example is for an RF phase shift 

network implemented using a high speed op amp such as the 
NE5539. Design specifications are: 

Desired phase shift = 90° 
Upper frequency limit = 5.0 MHz 
Lower frequency limit = 4.0 MHz 
Phase Variation = .1° 

This time, a Steffan allpass filter can be used for the upper 
and lower branches. Each Steffan filter has a second order 
transfer function, hence the complete transfer function of the 
network is fourth order and “n” also equals four. 

From the spread sheet, the roots are: 

p0=-1.417E8 
p, = 4.210E7 
p2=5.572E6 
p3=-1.875E7 

The circuit equations to derive the component values for this 
filter are slightly more complex (see reference 6 for details). 
Figure 8 shows a spreadsheet automate the design process. 
The resultant circuit is shown in Figure 7. H 
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Expected performance. Unexpected prices. 
HP Model Freq. Range Freq. Response Price 

0.01-18 GHz ±0.3 dB $270 

0.01-33 GHz ±0.5 dB $250 

0.01-50 GHz ±0.9 dB $345 

HP33334C 
APC-3.5 
Connector 

HP33334B 
Type N 
Connector 

HP33334E 
2.4 mm 

Connector 

*U.S. prices only. 
•OEM discounts available. 

New HP Coaxial 
GaAs Detectors. 
HP just rewrote the pricing rules 
for high performance microwave 
coaxial detectors. Drop 10% to 30% 
off current prices and get 
unmatched broadband flatness 
and improved temperature sta¬ 
bility. Our GaAs PDB technology 
offers superior performance for 
your OEM requirements. 

Call your local HP sales office or 
circle the inquiry number below 
for performance and application 
data. Expect the best from HP, 
products you can trust. 

HEWLETT 
PACKARD 

• 1989 Hewlett Packard Co. TMSPO910 
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THE CHOICE IS YOURS 

S'hc on MMICS 

Avantek Offers Both GaAs & 
Silicon Wideband MMIC 
Amplifiers 
Now, both GaAs and silicon MMIC ampli¬ 
fiers covering the frequency range from 
DC to 18.0 GHz, are available from one 
reliable source .. .Avantek. Avantek’s GaAs 
and silicon MMICs offer outstanding broad¬ 
band amplifier performance, providing 
increased circuit density, and reduced 
system complexity. They are ideal solu¬ 
tions to your system performance and 
cost goals. 

Performance Options to Meet 
Your Design Needs 
Avantek’s MMIC amplifiers are available 
with a wide spectrum of performance 
options to satisfy nearly every design need. 
These easy to use MMIC amplifiers provide 
premium performance and reliability. They 
are available with a range of chip to her¬ 
metic package options for use in the 
most demanding industrial and military 
applications. 

Typical MMIC Performance 

Model Test Gain Noise Pyg 

Frequency (dB) Figure (dBm) 

(GHz) (dB) 

INA-02170 0.5 31.0 1.9 11.0 

MSA-1120 0.5 12.0 3.5 18.0 

MSA-1023 1.0 9.0 - 27.0 

MSA-0910 2.0 8.0 6.0 11.0 

MGA-62100 4.0 14.0 2.5 12.0 

MGA-65100 14.0 10.0 - 24.0 

MGA-61000 18.0 6.0 6.5 14.0 

GaAs and Silicon MMICs... 
Distributor Direct 
Each year Avantek produces more than ten 
million high performance, high frequency 
MMICs. So you can be assured the MMICs 
you need, in packaged and chip form, 
will be available to support your volume 
production needs. And, these MMICs are 
in stock at your local Avantek distributor 
for immediate delivery. For additional infor¬ 
mation, or the name and address of your 
local distributor, contact the regional sales 
office nearest you. 

Regional Sales Offices 
North American 

Eastern: (301)381-2600 
Central: (312)358-8963 
Western: (805)373-3870 

European (44) 276-685753 

MMIC Technology Leadership 

0 AVANTEK 
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Make your plans TODAY 
to attend the 

Fourth Annual 

-atfexpo.— rFeast 
The dates: October 24-26, 1989 

The place: TropWorld 
Atlantic City, New Jersey 

The agenda: 3 full day fundamentals courses on RF circuit design, and 
computer-aided design 

Dozens of papers presenting new ideas on filter design, 
component technology, receiver design and more 

More than 100 of the leading suppliers exhibiting the latest 
in RF design equipment 

The sponsor: RF Design magazine 

To register: Return the card on page 45 or call the show department at 
(800) 525-9154. 

Sponsored by RF Design magazine, 
6300 S. Syracuse Way, Suite 650, 

Englewood, CO 80111 



Registration Form 
Register now for the 

1989 RF Expo East 
October 24-26, 1989 • TropWorld 

Atlantic City, New Jersey 

Select type of registration and complete form below 
IMPORTANT! Complete one form per person. If more are needed, please copy. In order to obtain 
group rates, it is necessary to send all registrations from the same company together. 

Check box of your selection. 

□ Three-Day Pass 
includes sessions & exhibits 

□ One-Day Pass 
includes sessions & exhibits 

□ Exhibits Only Pass 
for the duration of the show 

(registrations must be mailed together to receive discount) 

FEES 
$165/person for 1 or 2 people 
$ 95/person for 2 or more 
$245/person ON-SITE 

FEES 
$65/person for 1 or 2 people 
$55/person for 3 or more 
$95/person ON-SITE 

FEES 
$10/person 
$20/person ON-SITE 

Check box of course you would like to attend 
Special Courses: You must pre-register for these courses. 
□ RF Circuit Design — Part I 

Fundamentals 

Session Date: 
Oct. 23, 1989 
8:00 a.m.-5:00 p.m. 

□ RF Circuit Design — Part II 
Advanced Topics 

Session Date: 
Oct. 24, 1989 
8:00 a.m.-5:00 p.m. 

□ Computer-Aided 
Filter Design 

Session Date: 
Oct. 23, 1989 
8:00 a.m.-5:00 p.m. 

FEES (includes lunch and RFEE Exhibits Pass; textbook and class notes where applicable.) 

Title Name 

□ This is my first time to attend RFTE Phone 

Company Name 

Address 

City/State ZIP Country 

Badge should indicate: (please 
O Broadcast, CATV, Video 

Equipment 
LJ Instrument & Test Equipment 
[J Govt., Military, Aerospace, 

ECM & EW Equipment 

check one box) 
LJ Communications Equipment 
O Component Manufacturer 
LJ Labs & Consultants 
LJ Other_ 

RF Proceedings Available 
If you would like to order a copy 
of the proceedings, please fill out 
the form above (name & address) 
and check box below. 
LJ $50.00 Attendee price 
LJ $125.00 Non-Attendee price 

Payment: 
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BASIC Program for 90-Degree 
Allpass Networks 

Quickly calculates up to 50 Phase-Shift Network Pole Pairs 

By Allan G. Lloyd 
Magnavox Electro-Optical Systems 

This article describes a BASIC pro¬ 
gram developed to calculate the poles 
for 90-degree allpass networks. Like the 
previous article by Thomas Keely, the 
calculations are based on elliptic func¬ 
tions, but with some variation in calcula¬ 
tion method. 

A minimum specification for calculat¬ ing the zero/pole frequencies for a 
90 degree phase difference network 
could be: 

F1 - The lower frequency limit, Hz. 
F2 - The upper frequency limit, Hz. 
N - The number of zero/pole pairs. 

where: F2 > F1 > 0, and N = integer (1, 2, 
3, etc). 

From these inputs, range and center 
frequency are calculated, R = F2/F1 and 
FC = SQR(F1*F2). In the program 
described here, given any two of F1 , F2, 
R or FC as input, the remaining two are 
calculated automatically. Note that range 
R is a dimensionless ratio, not a fre¬ 
quency difference, and FC is the geo¬ 
metric mean. R and N determine the 
remaining two parameters: 

TOL = Phase tolerance, ± DEG 
DB = Sideband suppression when used 
in an SSB modulator. 

An early version of the program (1) 
was written for the now obsolete HP 
2114 mini-computer. The program has 
since been translated into APPLE II 
Applesoft, Commodore BASIC, Data-
point BASIC, HP 1000 BASIC, IBM 
BASIC, and Borland Turbo BASIC. The 
version shown is in GWBASIC, which 

makes program segments easily refer¬ 
enced and explained by line number. 

Operation 
The program operates in an infinite 

loop which is exited by typing “X” at any 
prompt (line 2020). The input and output 
screens are shown in Figure 1. The input 
variables have a calculation priority 
based on their order of appearance on 

90 DEG PHASE DIFFERENCE PROGRAM 
By Allan G. Lloyd 

UP = up <SP> = clear entry 
DN = dn <CR> = enter value X = exit program 

input Fl = 300 

input F2 = 3000 

input FC = 948.6833 

input R = 10 

input N = 8 

input TOL= 5.119102E-03 

input DB = -86.99918 

(Q= .2621962 ) 

CALCULATE POLES NOW? - (Y/N/UP) 

(a) Input screen 

A NETWORK, HERTZ B NETWORK, HERTZ 

12872.33 
2090.389 
735.1565 
225.1481 

3997.365 
1224.229 
430.5416 
69.91728 

Fl = 300 HZ 
F2 = 3000 HZ 
FC = 948.6833 HZ 
R = 10 

N = 8 POLES 
TOL= +/" 5.136302E-03 DEG 
DB = -86.97004 

(b) Output screen 

Figure 1. Program input/output formats. 
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the input screen, top to bottom. F1 , if 
present, has highest priority, and DB, 
the lowest. Previously used values, if 
any, are stored and edited at the 
prompts. This saves having to retype 
them if only one input is changed for a 
new calculation. To change an input, 
type in a new value. To suppress an 
input, which forces recalculation of that 
input from lower priority inputs, press 

the space bar as input, or input a “0” 
(zero). Use the up/down arrow keys to 
move the cursor up/down to the next 
input position. This is very handy for 
exploring “what if" scenarios, or for 
correcting input errors. 

For example, to design a speech 
bandwidth network for an SSB modula¬ 
tor, type “300” <CR> at F1 and then 
“3000” <CR> at F2. The program automati-

CADLITERATE 
cad-lit-er-ate (käd-Iit'er-it) adj. [Lat. litteratus] 
1. Having the ability to effectively utilize computers 
in engineering. 2. Being up-to-date in CAD 
advancements. 3. Creative in the science of CAD. 
—n. A designer who is computer-literate. 

Are you Cadliterate? 
Did your education include topics on modern circuit design? Are you 
able to compete with those who fit the above definition? 

Let us assist in upgrading you or your designers to an advanced level 
of “cadliteracy”. Our internationally recognized instructors have suc¬ 
cessfully trained thousands of engineers throughout the world. We 
offer courses at various levels, to fullfill your needs, as follows: 

* • RF Circuit Fundamentals 1 & 11 
* • Transmission Lines Realization 
*• RF/Microwave Amplifiers 
*• MW Filters and Couplers 
• Linear and Non-linear CAD 
• Large-signal Amplifiers 
• Mixers and Oscillators 
• CAD Product training 
• MMIC Technology 

* indicates availability on video tapes 

For additional information or for a quote of on-site courses, contact: 

Besser 
Associates 
1170 E. Meadow Dr. • Palo Alto, CA 94303 • Tel: 415-493-1425 

48 INFO/CARD 38 

cally calculates and prints FC = 
948.6833, R = 10 and places the cursor 
at input N. Now type “8” for input N. 
Following this, TOL = 5.119102E-03 and 
DB = -86.99918 are calculated and 
printed. A prompt line appears asking if 
you want to calculate the poles now. If “N" 
is entered, the cursor restarts at F1, allow¬ 
ing any changes to be entered. If “Y” is 
entered, the pole frequencies are 
calculated, and the output screen ap¬ 
pears. It prints the A-network and B-
network frequencies in hertz, and displays 
the input parameters. Another prompt line 
appears, asking if you want this output to 
go to the printer, programmed as LPT1:. 

The program will handle all 27 = 128 
possible combinations of input. For 
example, input “space” for F1, F2, FC 
and R. Then input “4” for N and “1” for 
TOL. This is enough to calculate a 
normalized design whose center fre¬ 
quency is 1 (unit). (The program outputs 
F1=F2=FC=0, however.) Don’t forget 
that the program uses variables in the 
order that they appear on the list. To use 
DB as an input after F1 and F2 are input, 

ETF9000 — MICRO-S 
Test Fixture 

The ETF9000 is a unique high-speed 
socketed test fixture allowing evaluation of 
MMICs up to 12 GHz and beyond. The fix¬ 
ture will accommodate TriQuint’s Micro-S 
packaged devices. The ETF9000’s socket ar¬ 
rangement significantly eases the task of 
evaluation and characterization of MMICs. 
The ETF9000 is $490.00 and is available 
from TriQuint Semiconductor, Beaverton, 
OR. (503) 641-4227. 

TriQuint 
SEMICONDUCTOR 

A TEKTRONIX COMPANY 
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then both N and TOL must be blanked 
out (input as spaces or 0). The blanks 
are then reverse calculated and filled in. 
The whole procedure is easier done 
than said. Input can be in scientific form, 
i.e., R = 1E10. The program allows for 
N from 1 to 50 and R up to 9.99999E1 0. 

All but the first character of the input 
line can be edited using the backspace 
key. If you make a mistake here, press 
ENTER and start over. The input proc¬ 
ess extends from lines 40 to 1080. The 
elliptic function “nome”, Q, is calculated 
in 390-560. One of the equations in¬ 
volved is (510): 

1 1 - (1 - K1 . K1) * (1/4) 
L = — • -

2 1 + (1 - K1 • K1) * (1/4) 

K1=1/R 

For large range, K1=1/R is small. 
K4=K1*K1 is even smaller, so that 
(1-K4) Ä (1/4) is near unity. The numerator 
term can result in large computational 
errors because you are subtracting 
nearly equal quantities. To avoid this, 
the expression for L was expanded 

TQ9151/2 — 1-10 GHz 
Monolithic SPDT Switch 
The TQ9151/2 are fast, broadband microwave 
SPDT switches. The TQ9151 has integral 
TTL drivers and the TQ9152 can be driven 
directly. They are available in both die and 
packaged form. 
* “On" Insertion loss: 1.5 dB 
* “Off’ isolation (1 GHz) 45 dB 

(10 GHz) 25 dB 
* Switching speed: (TQ9151/2) <3 ns 
♦ Maximum RF input power +20 dBm 

The TQ9151/2 packaged/die are $96.00/ 
$33.00 (Qty. 100); TriQuint Semiconductor, 
Beaverton, OR, (503) 641-4227. 

TriQuint & 
SEMICONDUCTOR 

A TEKTRONIX COMPANY 

using binomial series expansion into its 
equivalent (infinite) series form. The first 
twelve terms are used to calculate L for 
K1=0.7 (420-480). The dividing line at 
K1=0.7 was determined experimentally 
by comparing the results of both calcula¬ 
tions for various K1. At K1=0.7 they are 
equal to nine decimal places. 
The program contains another unique 

calculation, namely, the inverse calcula¬ 

tion of R from Q (760-860). This is 
required when range data is not avail¬ 
able as input. Line 760 calculates Q from 
N and TOL. Lines 790-850 use the first 
twenty terms of the inverse series ex¬ 
pansion of Q, which is itself expressed 
as a rapid converging truncated series, 
(520-540). See Reference 4 for details. 

After satisfactory iteration of perform¬ 
ance parameters on the first screen, the 

Innovation 

YOUR EMI 
PROBLEMS ARE 
ONE OF A KIND. 

SO ARE 
OUR SOLUTIONS. 

No two electronic products are 
quite the same. Neither are the 
environments in which they work. 

That's why no two solutions to 
EMI problems are quite the same 
either. Sanders understands that. 
We've been solving interference 
problems for more than 2 decades; 
more than 10,000 last year alone. 

At Sanders you can count on 
total service -from design con¬ 
sulting to manufacturing. Sanders 
Electromagnetic Compatibility 
Engineering Group uses advanced 
computer modeling to ensure your 
product meets all FCC standards 
and MIL specs before hardware 
development. Sanders EMI facilities 

can complete the most complex 
tests, often in four days or less; 
simple tests in less than two days. 
Sanders also is expert at designing 
custom filters to meet your exacting 
size, weight and environmental 
constraints. 

Call or write Sanders Associates, 
Inc., EMC Dept., C.S. 2004, NCA 
1-6268. Nashua. NH 03061-2004; 
(603) 885-4961: TWX: 710 228-
1894; TELEX: 094-3430 You'll find 
our service is a perfect match for 
your EMI problem: both are one 
of a kind. 

^^Sanders 
A Lockheed Company 
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main pole calculating routine (1090) is 
entered with a “Y” answer at the prompt 
(1050). Here also, the first twenty terms 
of the series expansion form for the pole 
frequencies are used (1150-1200). 1210 
gives the normalized poles P(J), which 
are then frequency scaled in 1240. Line 
1220 collects the phase contribution of 
each pole at F1 as it is calculated (inside 
the J-loop) and adds up the resultant 

phase error. 1260 and 1270 calculate 
the actual tolerance and DB based on 
the above. Output routine 1280-1580 
prints either to the screen (SCRN:) or the 
printer (LPT1:). 

Double Precision 
Line 5 specifies double precision 

calculations for all variables except 
integer loop counters J and K°/o. The 

result is a much closer agreement 
between GWBASIC and double preci¬ 
sion TURBO BASIC for large R and N 
(R=1E9 and N=24). Double precision 
GWBASIC is invoked as “GWBASIC/ 
D”. Slow down was not noticed on a 12 
MHz AT clone with an 80287 co¬ 
processor. For small R and N (i.e., 10 
and 4) omit line 5 and start in the single 
precision default mode as “GWBASIC”. 

Small Signal Bipolars: 
For high performance 
at low cost, no one 
has a wider selection. 

All our bipolars, including our super-
inexpensive tape and reel devices, are 
fabricated using the same technology 

as our Space Grade devices. 
So if you need gain as 

high as 25 dB, noise figure 
lower than 1 dB, and fre¬ 
quencies all the way to 
10 GHz, give us a call. 

We’ll work with you engi-
neer-to-engineer to insure 
you get top performance— 
at a great price. And in most 

cases we can ship jn 4g hours. 
NEC technology and quality—and 

CEL service. It’s a powerful combina¬ 
tion. Put it to work for you. 
FREE DATA FOR 
DESIGNERS 

For a full line Small 
Signal Bipolars 
specifications brochure 
call, write or circle the 
number below. 

NEC 
California Eastern Laboratories 
3260 Jay Street. Santa Clara, CA 95054 (408) 988-3500 
Western (408) 988 3500 Eastern (301) 667-1310 

Canada (613) 726-0626 
Europe NEC Electronics GmbH 0211/650301 

© 1987 California Eastern laboratories 
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Final Comments 
This program is a major improvement 

in terms of user friendliness and speed 
over the original (1). An attempt was 
made to reduce the large number of 
GOTO’s in it, in the name of “good” 
programming practice, but the effort was 
deemed not worth it. The original proto¬ 
type version had only F1, F2 and N as 
input. The inverse mode of calculation 
and the other bells and whistles were 
added later. 

This program is available on disk from 
the RF Design Software Service (details 
on page 78). The GWBASIC version and 
a compiled version are included. (Pro¬ 
gram listing appears on p. 53.) H 

TQ9111 — 1-8 GHz 
MMIC Amplifier 

The TQ9111 is a general purpose cascadable 
gain block designed for applications in 
broadband microwave systems. It is available 
in both die and packaged form. 

* Gain (typical) 8 dB 
* Pout @1 dB compression: +18 dB 
* Reverse isolation: 23 dB 
* Two tone third order 

Intercept point: +28 dBm 

The TQ911 packaged/die is S106.00/S38.00 
(Qty. 100); TriQuint Semiconductor, Beaver¬ 
ton, OR, (503) 641-4227. 

TriQuint & 
SEMICONDUCTOR 

A TEKTRONIX COMPANY 
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TQ9161 — 1-10 GHz 
Monolithic Variable 

Attenuator 
The TQ9161 is a voltage controlled variable 
absorptive attenuator designed for gain com-
pensation/control and leveling loop applica¬ 
tions. It is available in both die and pack¬ 
aged form. 

* Insertion loss: 2 dB 
* Attenuation range: (1 GHz) 15 dB 

(10 GHz) 12 dB 
* Response time (10-90%): <50 ns 
* Maximum RF input power +20 dBm 

The TQ9161 packaged/die is $111.00/$43.00 
(Qty. 100); TriQuint Semiconductor, Beaver¬ 
ton, OR (503) 641-4227. 

TriQuint & 
SEMICONDUCTOR 

A TEKTRONIX COMPANY 
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New! 
2.8 GHz Prescalers... 
in Silicon! 

By directly synthesizing frequencies up 
to 2.8GHz our new low priced prescalers 
help you simplify your designs, minimize 

MODEL FREQUENCY ^CC Lx DIVISION 
RATIO 

the number of components, and 
reduce board space. 

What does your application 
call for? Low cost plastic pack¬ 
ages? Chips or ceramic packages 
that can be MIL or Space 
screened? Low voltage devices for 
battery powered designs? 

UPB581 0.5-2.8GHz 5V 30mA 2 

UPB582 0.5-2.8GHZ 5V 45 mA 4 

UPB584 0.5-2. 5GHz. 5V 18mA 2 

IIPB5X5 O5-2.5Ghz 5V 26mA 4 

UPB587 0 05-lGHz. 2.210 3.5V 5.5mA 2.4,8 

Call today. Well work with you engineer-
to-engineer to see that you get the parts 
you need, at a price that’s right. And in 
most cases, we can ship directly from stock. 

NEC technology and quality—and CEL 
service. It's a powerful combination. Put it 
to work for you. 
FREE DATA FOR 
DESIGNERS 

For data sheets and 
a full line Si MMIC 
specifications 
brochure, call, 
write or circle the number below. 

NEC California Eastern laboratories 
3260 Jay Street. Santa Clara, CA 95054 (40«) 988-3500 
Western (408) 988 3500 Eastern ( 301) 667 1310 
Canada (613) 726-0626 
Europe NEC Electronics (¡mbH 0211/650301 

I9XX California Eastern laboratories 
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RF & MICROWAVE NEWS 
April 7, 1989 

ANZAC Announces Coast to Coast Distributors 

Burlington, Ma. The ANZAC division of 
Adams-Russell recently announced the 
opening of three distributors in the United 
States. The introduction of one distributor¬ 
ship in Florida, two on the West Coast, and 
A NZAC 's own standard product distribution 
center in Massachusetts now makes local 
procurement of ANZAC catalog com¬ 
ponents easier than ever. 

A spokesperson for A NZAC expounded on 
the advantages design engineers and pro¬ 
curement agents are receiving by dealing 
with their local ANZAC distributor. "By 
opening regional distributors, we now offer 
2 distinct advantages to our customers. The 
first is local delivery. Each distributor is fully 
stocked with A NZAC components and can 

provide off-the-shelf delivery in 24 hours 
or less. The second advantage is service. 
ANZAC distributors have years of technical 
experience in the RF & Microwave industry 
and are already familiar with the ANZAC 
product line. They can offer technical 
assistance to design problems and provide 
the devices to solve those problems right 
away." 

Future plans for ANZAC distributors in¬ 
clude the sale of components from other 
Adams-Russell Components Group com¬ 
panies such as RHG Electronics and 
SDI Microwave. ANZAC distributors are 
presently fully stocked. For more infor¬ 
mation, interested parties in these areas 
should call their local distributor direct. 

Na California Washington, Oregon: 
TW Components 
625 Ellis Street, Suite 101 
Mountain View, CA 94043 
(415) 965-9840 
(206) 583-0804 in Seattle 

Sa California: 
L&M Component Sales 
8939 So. Sepulveda Blvd. 
Suite 104 
Los Angeles, CA 90045 
(213) 417-3044 

Southeast United States: 
Precision Components 
12020 N.W. 40th Street tt 203 
Coral Springs, FL 33065 
(305) 344-4274 

All Other Domestic: 
Adams-Russell 
ANZAC Division 
80 Cambridge Street 
Burlington, MA 01803 
(617) 273-3333 

• DIGITAL ATTENUATORS • DOUBLERS • HYBRIDS • RF & MICROWAVE MIXERS • MODULATORS • OSCILLATORS • PHASE SHIFTERS • POWER DIVIDERS • TRANSFORMERS • 
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1 ■ AL90GW.TXT - 90DEC PHASE DIFFERENCE NETWORKS -
(GWBASIC) 
2 • BY ALLAN C. LLOYD 

4 DEFINT J : COLOR 7,0 
10 DIM Z(50) ,P(50) ,W(50) 
20 PI - 4*ATN(1): P2 - PI • PI: P7 - 720 /PI: LG - 20 / 
LOG (10) 
10 ON ERROR GOTO 2100 

j5 • -- -———-- — - - - input Fl 
40 GOSUB 1800:GOSUB 2050 • print heading 4 old values 
50 FLAG - 0:MSG$ - "":VT - 7: GOSUB 1590 'recursion flag 
60 ON G GOTO 50,80 'up or dn 
70 Fl - PT 'assign input to variable 

75 • _ —- -------input F2 
80 VT - 9: GOSUB 1590 'VT is vert tab, get input 
90 ON G GOTO 50,160 
100 F2 - PT 
110 IF Fl-0 OR F2-0 THEN 160 'input testing starts here 
120 IF Fl < F2 THEN FC - SQR (Fl • F2) : GOTO 140 
110 MSG$ - " REENTER F2": GOSUB 1690: GOTO 80 
140 R - F2 / Fl: IF R < 1E*11 THEN 180 •somewhat arbitrary 
liait for R 
150 MSGS - " RANGE TOO BIG": GOSUB 1680: GOTO 50 

155 • — - - - —- —- ——- -- input FC 
160 VT - 11:G1 - G: GOSUB 1590 'save G for later 
170 ON G GOTO 80,280 
180 FC - PT 
190 IF FC - 0 THEN 280 
200 IF R >0 AND Gl - 1 THEN 140 'don't reenter R 
210 IF Fl - 0 THEN 240 
220 IF Fl < FC THEN F2 - FC • FC / Fl: GOTO 140 
210 MSGS - " REENTER FC": GOSUB 1700: GOTO 160 
240 IF F2 - 0 THEN 280 
250 IF F2 > FC THEN Fl - FC • FC / F2:GOTO 140 
260 GOTO 210 
270 FLAG - 0 

275 • - input R (RANGE) 
280 VT - 11: GOSUB 1590 
290 ON G GOTO 160,570 
100 R - PT 
110 IF R - 0 THEN 560 
120 IF (R > 1 AND R < 1E+11) THEN 140 
110 MSGS - " REENTER RANGE": GOSUB 1710: GOTO 280 
140 IF FC >0 THEN Fl - FC / SQR (R):F2 - FC • SQR (R) : 
GOTO 380 
150 IF Fl > 0 THEN FC - Fl * SQR (R):F2 - Fl * R: GOTO 180 
160 IF F2 >0 THEN Fl - F2 / R:FC - F2 / SQR (R) : GOTO 180 
170 GOTO 190 
180 GOSUB 1680: GOSUB 1690: GOSUB 1700: GOSUB 1710 'print 
Fl, F2, Fc, R 

J85 . - CALCULATE 'Q' 
190 KI - 1 / R 
400 K4 - KI * 2 
410 IF KI > .7 THEN 500 'dividing line for direct or 
series calc of Q 
420 Y - 0 'where results are equal to 9 
digits 
410 FOR J - 12 TO 1 STEP - 1 'series calc 
440 Y - (J - 1.25) • K4 • (1 ♦ Y) / J 
450 NEXT J 
460 L “ - Y / (4 • 2 • Y) 
470 IF L > .000001 THEN 520 
480 Ql - L 
490 GOTO 540 
500 K2 - (1 - K4) * (1/4) 'direct (closed fora) calc 
510 L - .5 • (1 - K2) / (1 ♦ K2) 
520 M - L * 4 
510 Ql - L • (1 ♦ M • (2 ♦ 15 • M) ) 
540 Q - EXP (P2 / LOG (QI)) 'a really weird foreula! 
550 LOCATE 21,1: PRINT "(Q- ";Q:")" 
560 IF FLAG -1 THEN GOSUB 1720: GOSUB 1710: GOSUB 1740: 
GOTO 1010: 'OUTPUT 

565 ' - input N 
570 VT - 15: GOSUB 1590 
580 ON G GOTO 270,700 
590 N - PT 
600 N» - INT ( ABS (N) ♦ .5) 'round up 
605 LOCATE 15,10: GOSUB 2040 'blank old N1 
610 GOSUB 1720 'print N 
620 IF N» < 51 THEN 640 
610 MSGS - " TOO BIG, RE-ENTER": GOSUB 1720: GOTO 570 
640 IF N»-0 OR R-0 THEN 700 
650 T - P7 • Q • Nt 'calc prelis TOL froe Q 4 N 
660 DB - LG • LOG ( TAN (2 • Q ‘ Nt)) 'calc DB froe Q 4 N 
670 GOSUB 1710: GOSUB 1740 'PRINT TOL 4 DB 
690 GOTO 1010 'go test for pole calc 

695 . - input T (TOL) 
700 VT - 17: GOSUB 1590 
710 ON G GOTO 570,950 
720 T - PT 
710 IF T - 0 THEN 950 
740 DB - LG • LOG ( TAN ( Pl • T / 160)): GOSUB 1740 
'calc DB froe T 
750 IF Nt - 0 THEN 890 
760 Q - (T / P7) • (1 / Nt) 'calc Q from N 
770 Y3 - .5: Y4 - .5 
780 C - 0 
790 FOR J - 1 TO 20 'calc R free Q 
(inverse calc) 
800 C — C + 2*J-1 
810 E - Q * C 
820 Y3 - Y3 ♦ E 
810 Y4 - Y4 ♦ E • ( - 1) ‘J 
840 IF E < .0000001 • Y4 THEN 860 'prevented underflow in 
old HP coap. 
850 NEXT J 
860 R - (Y3 / Y4) * 2 
870 GOSUB 1710: 'print R 'recursion here, after getting 
R, go back 
880 FLAG - 1: GOTO 110 'and calc Fl, F2, 4 Fc (if 
possible) 
890 IF R - 0 THEN 40 
900 N1 - LOG (QI) • LOG (T / P7) / P2 'calc theory N froe 
Q 4 TOL 
910 Nt - INT (N1 ♦ .999999) 'round up 
920 GOSUB 1720: 'PRINT Nt 
910 LOCATE 15,10: PRINT "(Nl- ";N1;")" '(for info only) 
940 GOTO 1010 

945 • ————————————————Input DB 
950 VT - 19: GOSUB 1590 
960 ON G GOTO 700,50 
970 DB - - ABS (PT) 'always expressed as neg 
980 GOSUB 1740 
990 IF DB - 0 THEN 50 'restart 
1000 T - (160 / PI) * ATN ( EXP (DB / LG)) 'calc T froB DB 
1010 GOSUB 1710 'print TOL 
1020 GOTO 750 'go back for N 

1010 LOCATE 21,40: GOSUB 2040 'blank old Bsg (froB next 
1 ine) 
1015 IF FC - 0 THEN PRINT "(NORMALIZED ONLY)"; 
1040 LOCATE 21,1: PRINT "CALCULATE POLES NOW? - (Y/N/UP) ";s 
GOSUB 2000 

1050 IF XS - "Y" OR XS - "y" THEN 1090 
1060 IF X - 72 THEN 950 'UP 
1070 IF X - 80 THEN 50 'DN 
1080 GOTO 50 'default restart 

1085 •-- —- -- this is the pole calculating routine 
1090 S - PI / 2 
1100 PRINT : PRINT -CALCULATING POLE »■; 
1110 FOR J - 1 TO Nt 
1120 PRINT ■ ■; J; 
1110 U - 0: V - 0 
1140 Z(J) - ( - 1) - (J - 1) • PI • (2 • J - 1) / (4 • N») 
1150 FOR Kt - 0 TO 20 'uses series 
approxisation 
1160 W - (Q ' (Kt ♦ 1) ) ’ Kt 
1170 IF W < 9.999999E-21 THEN 1210 
1180 U - U ♦ W • COS ((2 * Kt ♦ 1) • Z(J)) 
1190 V - V ♦ ( - 1) * Kt * W • SIN ((2 • Kt ♦ 1) * Z(J)) 
1200 NEXT Kt 
1210 P(J) - ( - 1) • Nt • U / V 'noraalized poles 
1220 S - S ♦ 2 • ATN ( SQR (KI) / P(J)) 'add up phase 
error 
1230 P(J) - ABS (P(J)) 'get ri<> of sign 
1240 W(J) - FC * P(J) 'scaled poles 
1250 NEXT J: PRINT : PRINT 

1260 T - 180 • S / PI 'actual TOL based 
on sub at Fl 
1270 DB - LG • LOG ( TAN (S / 2)) 'for SSB 

1275 ——————————————- output routines 
1276 ' "11" - SCRN: or (if selected) LPT1: 
1277 • 
1280 CIS: OPEN "O" ,1,"SCRN: " 'default to screen 
1290 IF FC - 0 THEN 1370 'print norsalized 
1300 PRINT 11, "A NETWORK, HERTZ"; TAB(26) ; "B NETWORK, 
HERTZ" 
1310 PRINT 11, 

1330 FOR J - 1 TO Nt STEP 2 
1340 IF J - Nt THEN PRINT »1, W(J) : GOTO 1440 'print 
last odd pole 
1350 PRINT 11, W(J); TAB(25) ; W(J ♦ 1) 
'alternate poles to A 4 B 
1360 NEXT J: GOTO 1440 

1370 PRINT 11, "A (norsalized)"; TAB(26); "B (norsalized)" 
1380 PRINT »1, 

1400 FOR J - 1 TO Nt STEP 2 
1410 IF J - Nt THEN PRINT »1, P(J) : GOTO 1440 
1420 PRINT 11, P(J); TAB(25); P(J ♦ 1) 
1430 NEXT J 

1440 PRINT »1, 'print suaaary of inputs 
1450 PRINT »1, "Fl Fl; ■ HZ«; TAB(35); "N Nt; -
POLES" 
1460 PRINT 11, "F2 -"; F2 ; " HZ"; TAB(35); "TOL- ♦/-": T; " 
DEG" 
1470 PRINT »1, "FC -"; FC; " HZ"; TAB(35); "DB - DB 
1480 PRINT »1, "R -"; R 
1520 PRINT fl, 
1550 CLOSE '(SCRN or LPT1) 

1560 LOCATE CSRLIN,1 : PRINT -WANT PRINTOUT - (Y/N)? ";: 
GOSUB 2000 
1570 IF X$-"Y" OR X$-"y" THEN OPEN "O" ,1,"LPT1 :■:GOTO 1290 
•print it! 
1580 GOTO 40 'otherwise, restart using old values 

1585 i _ ———————input subroutine 
1590 LOCATE VT.12: G-0: GOSUB 2000 
1610 IF X - 72 THEN G - I: RETURN : 'up-H 
1620 IF X - 80 THEN G - 2: RETURN : 'down-P 
1630 IF X - 32 THEN PT - 0: GOTO 1670: '<SPACE> 
1640 IF X - 13 THEN ON (VT - 5) / 2 GOTO 
1680, 1690, 1700, 1710, 1720, 1730,1740 
1650 PRINT X$;: INPUT "", A$ 'print 1st char 4 
input the rest 
1660 AS - X$ ♦ AS: PT - ABS (VAL (AS)) 'cosbine 4 remove 

1680 VT - 7:PT - Fl: GOTO 1750 'print old values 
1690 VT - 9:PT - F2: GOTO 1750 
1700 VT - 11: PT - FC: GOTO 1750 
1710 VT - 13:PT - R: GOTO 1750 
1720 VT - 15:PT - Nt: GOTO 1750 
1730 VT - 17:PT - T: GOTO 1750 
1740 VT - 19:PT - DB 

1750 LOCATE VT.12: GOSUB 2040 'blank old value 
1770 IF MSGS <> "" THEN PRINT MSGS: MSGS • "": RETURN 
1780 IF PT - 0 THEN MSGS - " GOTO 1770 'val-0 used in 
branching tests 
1790 PRINT PT: RETURN 

1795 ' ————————————————— print heading 
1800 CLS : PRINT TAB(20) ;"90 DEG PHASE DIFFERENCE PROGRAM" 
1805 PRINT TAB(27) ;"By Allan G. Lloyd" 
1810 PRINT : PRINT TAB(13);"UP - up <SP> - clear 
entry 
1820 PRINT TAB(13);"DN - dn <CR> - enter value"; 
1825 PRINT SPC(8) ; "X - exit prograa" 
1830 LOCATE 7,1 
1835 PRINT “input Fl - ": PRINT 
1840 PRINT "input F2 - ■: PRINT 
1850 PRINT "input FC - PRINT 

1860 PRINT "input R - ": PRINT 
1870 PRINT "input N - ": PRINT 
1880 PRINT "input TOL- ": PRINT 
1890 PRINT "input DB - ": PRINT 
1900 RETURN 

1910 • get input char 
2000 COLOR 23: PRINT " ";:COLOR 7 'blinking underline 
2010 X$-INKEYS:IF LEN(XS)-0 THEN 2010 'test for keypress 
2020 IF XS-"X" OR xs-"x" THEN CLOSE :CLS:PRINT"EXIT" : END 
'exit 
2030 X-ASC(RIGHT$ (XS, 1) ): LOCATE CSRLIN, POS (0) -1 : PRINT « 
"I : RETURN 

2035 'blanking subroutine 
2040 FOR J-l TO 30: PRINT " ";: NEXT: LOCATE 
CSRLIN,POS (0)-30 : RETURN 

2050 GOSUB 1680:GOSUB 1690:GOSUB 1700:GOSUB 171O:GOSUB 1720 
2060 GOSUB 1730:GOSUB 1740: RETURN 'print Fl, F2, Fc, R, N, 
TOL, DB 

2100 RESUME 40 ' error handler 

Figure 2. Program listing (GWBASIC). 
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TQ9141 — 1-8 GHz MMIC 
Active Power Divider 

The TQ9141 is a general purpose cascadable 
active power divider providing both in-phase 
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both die and packaged form. 
* Gain (typical) 2 dB 
♦ Pout @1 dB compression: +14 dB 
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rf featured technology_ 

Easy Phase-Noise Measurement 

By Haymond Dewey 
Sprague Electric Co., Semiconductor Group 

The spectral purity of radio-frequency 
sources has become a significant con¬ 
cern in the design of radio communica¬ 
tions and certain radar systems. In 
response to this relatively new require¬ 
ment, phase-noise measurements have 
become an important method of verify¬ 
ing the purity and short-term stability of 
these sources. Presented here is an 
easily constructed phase-noise meas¬ 
urement circuit using an inexpensive, 
readily available consumer integrated 
circuit. 

Originally designed as an application¬ 
specific integrated circuit to decode 

the C-QUAMR AM stereo signal (1), the 
MC13020D/P (Motorola or Toshiba) or 
ULN3820A/LW (Sprague) can also be 
used to measure the phase noise of a 
signal source with significant reductions 
in cost and complexity. (Motorola, 
Toshiba, and Sprague manufacture the 
same IC under a cross-licensing agree¬ 
ment.) A simplified functional block 
diagram of this IC is shown in Figure 1. 
Since the L-R component of the C-
QUAM stereo signal is phase-modu¬ 
lated, the integrated circuit contains a 
phase-locked loop, an envelope detec¬ 
tor, synchronous in phase (I) and quad¬ 
rature (Q) phase detectors, as well as 
other circuitry to process and detect the 
25 Hz phase-modulated pilot signal 
used in C-QUAM AM stereo broadcast¬ 
ing. 

To get some idea of the requirements 
of this complex consumer IC AM stereo 
decoder, from Reference 2, consider 
that it has an audio signal-to-noise ratio 
of about 55 dB at 30 percent AM stereo 
modulation. The peak phase modulation 
of the carrier at 30 percent L-only 
modulation is 23.2 degrees, so the 
residual phase modulation of either the 
decoder PLL or incoming signal must 
be less than 0.073 degree RMS (0.106 
degree peak). The 25 Hz level at the 
quadrature detector is typically 20 mVp, 
and the noise is about 1 mVp. This gives 
a typical phase noise of about 0.07 

degree peak at the low frequencies of 
interest. Because the integrated circuit 
is designed to provide an output signal-to-
noise ratio of greater than 50 dB in the 
stereo mode, the phase-locked loop is 
very quiet. The loop is normally de¬ 
signed for a natural frequency of about 
10 Hz so that the 25 Hz C-QUAM AM 
stereo pilot can be recovered from the 
quadrature phase detector. Internal emit¬ 
ter-coupled logic dividers are used to 
insure good phase accuracy and low 
noise for the signals used in the phase 
detectors. The device is designed for 
an IF input of 450 or 455 kHz. The 
oscillator runs at eight times the input 
frequency, which ensures that it is 
outside the AM broadcast band, even if 
a 260 kHz IF frequency were used. 

Figure 1. Simplified C-QUAM de¬ 
coder function. 

CSC 500X7 

Figure 2. Phase noise detector 
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Figure 3. Crystal resonator. Figure 4. LC resonator. 

Because the device has such a low 
loop cutoff frequency, the quadrature 
detector output (pin 11) can be used to 
observe the phase noise of the receiver 
local oscillator or any other input signal. 
A phase-noise detector using the 
MC13020D/P is shown in Figure 2. 
Alternative oscillator configurations us¬ 
ing crystal or LC resonators are shown 
in Figures 3 and 4. The pull-in range for 
the crystal oscillator is about ± 100 Hz (at 
450 kHz) and de-Q-ing with a series 
resistor can increase the range only 
slightly. For the LC and ceramic oscilla¬ 
tors, the pull-in range is about ± 2500Hz 
(at 450 kHz). The VCO constant (KJ is 
the conversion factor between the VCO 
frequency and control voltage in radians 
persecond. For the three oscillator 
types, the constants are: 

Ceramic Ko = 30k to 40k (Figure 2) 
Crystal Ko = 1250 (Figure 3) 
LC Ko = 28k (Figure 4) 

The crystal oscillator features the 
lowest inherent phase noise while the 
LC circuit has the advantage of being 
adjustable and can be used to center the 
circuit operation at the exact frequency. 
The signal input impedance at pin 3 is 
in excess of 20 K. A 200 mV RMS carrier 
level is an ideal input level, but because 
of the internal AGC circuit, the input 
level can be between 100 and 350 mV 
RMS. The source impedance at the level 
detector output (pin 4) is about 8.2 
kohms and the output voltage will vary 
from about 1.6 VDC with no signal 
applied to a maximum of about 3.3 VDC. 

With the components shown, the loop 

C-QUAM AM Stereo 
One of the simplest AM stereo 

methods would use quadrature modula¬ 
tion with two amplitude modulated 
RF carriers that are 90 degrees out 
of phase. L+R information would be 
on the in-phase carrier and L-R would 
be suppressed-carrier modulated on 
the quadrature carrier. However, 
about 14 percent distortion occurs in 
a standard AM envelope detector 
when this system is transmitting in 
stereo, making it incompatible with 
monophonic receivers. 
The Motorola C-QUAM system pro¬ 

vides compatibility by modulation 
both in-phase and quadrature carri¬ 
ers by the cosine of the modulation 
angle (cos|). The MC13020 IC uses 
full-wave envelope detection, a phase-
locked loop for suppressed-carrier 
restoration, and a comparator and 
variable-gain amplifier to develop the 

cosine correction signal. The 1/cos<|> 
correction signal is obtained from 
the difference between the envelope 
detector and the I detector outputs, 
then applied to the variable-gain 
amplifier at the I and Q inputs. The 
Q detector and envelope detector 
outputs then feed the decoding ma¬ 
trix for stereo output. 
The system also uses a 25 Hz pilot 

tone, added to the L-R signal at 4 
percent modulation to identify stereo 
transmission. A signal level detector 
drives the Q AGC to provide a 
constant level to the pilot decoder. 
The same signal level information is 
supplied to the decoder. With a 
strong signal, the decoder switches 
to stereo in 7 cycles, but with a 
weaker signal, it takes 37 cycles 
before switching to avoid false trig¬ 
gering. 

FREE 
RF+MICROWAVE 
LINE CARD!!!!!! 

250,000 PARTS IN STOCK/ 
OVER $3,000,000 IN INVENTORY/ 
ACTIVE + PASSIVE/DC-50 GHZ 

(408) 
730-0300 (CA) 

(800) I 
255-6788 

520 MERCURY DRIVE, 
SUNNYVALE, CALIFORNIA 

94086-4018 

PENSTOCK 
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SURCOM ASSOCIATES, INC. 

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

HIGH ENERGY CORP 
CERAMIC RF CAPACITORS 

C-D/SANGAM0 
MICA RF CAPACITORS 

A LEAR SIEGLER COMPANY 

VACUUM CAPACITORS 
VACUUM RELAYS 
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Optimize Filter Response 
to Fit Your Design Target! 

COMTRAN now runs on your PC* 
• Designs filters with custom-shaped responses 
• Magnitude, Phase, Zin, Zout, or combination 
• Fits any precision response using available 
capacitor values (by recalculating resistors) 

• Derives equivalent circuit from measured data 
• Cuts opamp count in half (4 poles per opamp) 
• Tolerance, Time Domain, Waveform Digitizing 
• FAST — Less than 1 second per point typical 
'Requires AT compatible w/ HP 82300B BASIC Language Processor card w/1 MB RAM, & 
HP 9122 floppy drive. This card adds HP Rocky Mountain BASIC, w/ HP-IB interface, to your PC. 
Lets your PC run HP 200/300 BASIC software. COMTRAN previously ran only on HP computers. 

COMTRAN* Integrated Software 

A Division of Jensen Transformers, Inc. 
10735 BURBANK BOULEVARD. N. HOLLYWOOD. CA 91601 • FAX (8 18) 763-4574 • PHONE (213) 876-0059 
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FOR STATEK 
MOUNT CRYSTALS 

surface mount 
Ultra miniature, low profile, small footprint 
Soldering temperatures to 270°C for 30 sec 
Wave solder, vapor phase, infrared soldering 
Frequency range 10 KHz to 32 MHz 
Mil specs; will test to MIL-C-3098 reqs. 
Rugged, hermetically sealed 
Severe shock and vibration survival 
Extremely low aging 

STATEK STATEK CORPORATION 
512 N. Main Street, Orange. CA 92668 

(714) 639-7810, FAX (714) 997-1256, (TELEX) 67-8394 

Choice is 

frequency is about 10 Hz so that the 
quadrature detector output will have a 
flat response from 25 Hz to about 7 kHz. 
The bandwidth will be limited by the 
bandwidth of any input tuned circuits 
and the value of the quadrature detector 
filter capacitor at pin 20. Of course, a 
lower loop natural frequency could be 
used if desired. It may be necessary to 
adjust the resistor in series with the loop 
filter capacitor at pin 19 to make the 
quadrature output flat down to the 
loop-cutoff frequency. The loop filter 
components can be calculated from: 

C = KdK0/(2nf„)z

R = C/nfnC 

Where, 

Kd = Phase detector gain constant. The 
conversion factor between the phase 
detector output voltage and the phase 
difference between input and VCO sig¬ 
nals in volts per radian. 
Í = Damping factor. The ability of the loop 
to respond quickly to an input frequency 
step without excessive overshoot. In this 
application it is recommended that I, be 
kept between 0.5 and 0.8. 
fn = Natural frequency of the loop which 
is determined by the final pole positions 
in the complex plane. This is the low-
frequency cutoff of the loop when the 
loop is critically damped (t, = 0.707). 
The phase detector output at pin 11 is 

636 mVp per radian. The source im¬ 
pedance of pin 11 is approximately 400 
ohms. Any phase noise produced by the 
signal source will show up here An opera¬ 
tional amplifier between pins 13 and 14 can 
be used for other purposes. H 
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rfi/emc earner 

A Fundamental Review of EMI 
Regulations 

By Daryl Gerke 
Kimmel Gerke Associates, Ltd. 

With the increasing demand for elec¬ 
tronic communications, the electromag¬ 
netic spectrum has become very 
crowded. Aggravating this problem is 
pollution from non-intentional users of 
electromagnetic energy, such as com¬ 
puters, microprocessors, and household 
appliances. To control this problem, 
various government regulations have 
emerged. This article compares some 
electromagnetic interference (EMI) regu¬ 
lations that apply to non-intentional 
users of radio frequencies. Although 
military regulations are discussed, the 
primary focus is on international com¬ 
mercial regulations. 

Addressed in this article are five major 
sets of government regulations for 

EMI. These are MIL-STD-461/462 
(United States, Department of Defense), 
MIL-E-6051 (United States, Department 
of Defense), FCC Part 15J (United 
States, Federal Communications Com¬ 
mission), VDE 0871 (West Germany, 
Verband Deutscher Electrotechniker), 
and VCCI (Japan, Voluntary Control 
Council for Interference). The first two sets 
of regulations apply to military equipment, 
while the remaining three apply to com¬ 
mercial equipment. 
Any EMC situation can be described 

in terms of a source-path-victim model. 
Electronic equipment can be both a 
source of emissions and a victim sus¬ 
ceptible to emissions. These emissions 
can be intentional, as with radio equip¬ 
ment, or unintentional, as with comput¬ 
ers and microprocessors. The energy 
coupling paths can be either conducted, 
by wiring and components, or radiated, 
by electromagnetic fields. 
These distinctions in coupling paths 

and directions have led to the classifica¬ 
tion scheme shown in Table 1, which 
accounts for both the status (source or 
victim) and the coupling path (conducted 
or radiated) of equipment. To assure 

electromagnetic compatibility, one must 
keep the radiated emissions (RE) below 
the radiated susceptibility (Rg) thresh¬ 
olds, and the conducted emissions (CE) 
below the conducted susceptibility (Cs) 
thresholds of the system. 

Military vs. Commercial 
Requirements 
The differences in military and com¬ 

mercial EMI regulations are due both to 
the environments and to the system 
objectives. In general, military require¬ 
ments are more stringent than commer¬ 
cial ones, and thus more difficult and 
more expensive to meet. 

Military regulations are aimed at as¬ 
suring mission success. The goal is to 
ensure satisfactory operation, or self¬ 
compatibility within a system, by main¬ 
taining margins between sources and 
victims. Thus, both susceptibility and 

CE : Conducted emission 

Cs : Conducted susceptibility 

Re : Radiated emissions 

Rg : Radiated susceptibility 

Table 1. Classification scheme. 

emission levels are addressed, and the 
particular environment (ground, air¬ 
borne, ship) is considered. Equipment 
processing classified data may be fur¬ 
ther constrained with the TEMPEST 
regulations. These regulations deal only 
with emissions that could compromise 
security. 

E db Wim S/N 
(Expected (Signal 

useful - to 
signal) Noise) 

300-1000 MV/m 20-40 dB 

Bldg atten Limit at distance 
0-10 dB = (3 to 30 meters) 

Figure 1. Regulatory model for radiated emissions. 
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THINKING 
RADAR? 

IF Amplifier 

INFO/CARD 71 Oscillator 
INFO/CARD 73 Circulators & Isolators 

INFO/CARD 72 

Get quality, deliverability, 
security — all in one stop. 

If you’re thinking RADAR, 
you’re thinking about where to find 
components and subsystems. The 
stakes in the RADAR race are high. 
Compromises must be avoided 
— and second best just isn't 
good enough. 

As a respected DOD supplier 
for more than 25 years. TRAK 
brings you a complete set of solu¬ 
tions. We design and make our 
own components and subsystems. 
All with quality standards set to 
the toughest specs in the world. 

You benefit from reliable, 
compatible RADAR solutions, 
obtained in less time with fewer 
“shopping trips?’ 

So with your design in mind, 
consider the possibilities on these 
two pages. 

Synthesizers 
TRAK military synthesizers 

offer top performance in small, 
rugged packages. For example, 
our Model 4002-1320 covers 
2. 7-2.9 GHz with 5 MHz steps, 
and 25 microseconds tuning speed 
in only a 36 cubic inch package. 

Direct or indirect, wide or nar¬ 
row band, modular, and militarized 
— just give us your performance 
requirements, and we’ll customize 
for you. 

Typical Phase Noise (dBc/Hz) 

Multipliers 
Challenge us! TRAK offers 

miniature, low noise units with a 
wide range of multiplication factors, 
filtering options and output powers. 
For example, our Model 381 1-1603 
is a passive tripler with 4. 7-5. 3 
GHz output. Input power is 2(X) mw 
maximum, output power is 25 mw 
minimum. Harmonics and spurious 
are — 50dBc. Total volume is 
3.9 cubic inches including input 
and output isolators. 

Circulators & Isolators 
A full line of mil-spec cir¬ 

culators and isolators — from 
500 MHz to 40 GHz - starting 
with the world's smallest: the 
incredible shielded Micropuck® 
TRAK units are designed into the 
complete spectrum of RADAR 
applications including Phased 
Arrays. Example: 2. 7-2. 9 GHz 
Drop-In Isolator w ith 0.3 dB loss 
max. over mil-spec temperature 
and ± 3 degrees phase matching. 
Size is .875 x .875 x .345 inches. 

2. 7-2. 9 GHz Drop-In Isolator 



INFO/CARD 74 INFO/CARD 76 

Oscillators 
XCO’s similar to our 5045 

Series are delivered in large produc¬ 
tion numbers for several missile 
RADAR applications, as are several 
TRAK DSO’s. These and other 
types of TRAK oscillators, such as 
VCO’s are used in many RADAR 
applications such as MLS, ASR. 
LR3D and others. For high per¬ 
formance in small envelopes, 
RADAR Systems throughout 
the Western Forces use TRAK 
oscillators. 

X Band Crystal Oscillator 
Typical Phase Noise (dBc/Hz) 

IF amplifiers 
We concentrate on miniature, 

wide dynamic range, linear ampli¬ 
fiers. customized to your RADAR 
applications. For instance, our new 
Drop-In designs are ideal for air¬ 
borne applications, only 0.35 inch 
high, with a volume of 0.4 cubic 
inches and weighing a mere 
0.4 ounces. 

A World of Radar Components 
From our NEW operating divi¬ 

sion in Dundee Scotland come 
Flangeguide Isolators. Waveguide 
Circulators. Hybrid Couplers, 
Directional Couplers. Rotary Joints 
and other Radar Band components. 
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Call or write for our Free 
Components Catalogs. See EEM 
or MPDI) for other TRAK mili¬ 
tary products. 
TRAK MICROWAVE 
CORPORATION 
Microwave Sales 
4726 Eisenhower Blvd. 
Tampa. Florida 33634-6321 
Phone: (813)884-1411 
TLX: 52-827 TWX: 810-876-9140 
FAX: 813-886-2794 
TRAK MICROWAVE LTD. 
Microwave Sales 
3/4 Lindsay Court 
Dundee. Scotland DD21T4 
Phone: (44) 382-561509 
TLX: (851) 76266 
FAX: (44) 382-562643 

Ä TRAK AÍICROMS4VE 
CORPORATION 

THINK 
A subsidiary of Tech Svm. TRAK and Micropuck are registered trademarks of TRAK Microwave 



0 to 25 MHz 
in 20 nsec! 

INTRODUCING 
The Q2334-C2 50 MHz 
Dual Direct Digital 

Synthesizer 
HIGH PERFORMANCE: 

• 32-bit Phase Accumulators 
• 16-bit Sine Lookups (on-chip) 
• 12-bit Digitized Sine Outputs 
• All Spurs below -70dBc 
• New 50 MHz Sampling Rate! 
• 1M Frequency Switches/Sec. 

POWERFUL FEATURES: 
• Microprocessor Interface 
• Built-in PSK Modulation Mode 
• Built-in FSK Modulation Mode 
• Coherent Frequency Change 
• Noise Reduction Circuit 

PLUS: 
• Two Complete Independent 
DDS Circuits on-chip 

• LOW Price: $119.00 (100's) 
• 30 MHz Version Also Available 
• Complete Demonstration 

Kit Available 
Spectrum of Typical Q2334 Synthesized Waveform 

Jul 

Start: OHz.Res B/W: 3kHz. Scale: 10 dB/div, Stop: 25MHz 

Qualcomm 
N CORPORATED 

“...the elegant solution. ” 
10555 Sorrento Valley Road 

San Diego, CA 92121 
Phone: (619)587-1121 ext. 540 

rfi/emc corner 

Figure 2. FCC limits for radiated 
and conducted emissions. 

The military requirements include 
both equipment level and system level 
specifications. At the equipment level 
(MIL-STD-461/2), the levels and test 
methods are quite specific, while at the 
systems level (MIL-E-6051), the issue of 
overall compatibility is addressed. The 
underlying assumption is that if the 
individual units meet MIL-STD-461, the 
probability of system success is very 
high. In addition, specific tests and test 
levels can be waived or modified as part 
of the contract negotiations, assuming 
such modifications make sense. 

Commercial regulations are aimed at 
protecting commercial communications 
equipment from pollution of the electro¬ 
magnetic spectrum. The general inten¬ 
tion is to limit emissions from equipment 
to levels that will not interfere with 
residential radio and television recep¬ 
tion. Thus, only emissions are ad¬ 
dressed. Furthermore, those levels are 
often divided into conducted emissions 
below 30 MHz and radiated emissions 
above 30 MHz, since conduction is more 
likely at low frequencies, and radiation 
is more likely at the higher frequencies. 
The commercial requirements are not 

divided into equipment and system level 
categories. Rather, the underlying as¬ 
sumption here is that radio/television 
reception can be assured by keeping 
emission levels low enough. Inciden¬ 
tally, since the commercial radiated 
emissions regulations are essentially 
based on television signal levels, they 
may not be adequate to protect more 

sensitive land mobile radio communica¬ 
tions receivers (5). 

In the commercial world, tests and 
test levels cannot be waived or modified. 
In fact, in most instances, equipment 
cannot be sold until it is fully compliant 
with the appropriate regulations. Figure 
1 shows a model for the commercial 
radiated emission requirements. The 
aim is to keep the emissions 20 dB or 
more below normal television signal 
levels in an urban environment. As¬ 
sumptions on typical distances between 
computer and television have resulted 
in the 3,10, and 30 meter test distances. 

Although it is difficult to make a direct 
comparison between military and com¬ 
mercial specifications, military specifica¬ 
tions typically require 30 to 60 dB more 
shielding to meet the limits that compa¬ 
rable commercial systems require. 

MIL-STD-461 
Due to its longevity and widespread 

use, this is a very influential EMC 
specification for individual electronic 
equipment, even in the commercial 
world. Originally issued in 1967, it has 
undergone numerous changes and re¬ 
finements. The current version, MIL-STD-
461 C, was issued in 1986. 

It is accompanied by two additional 
documents — MIL-STD-462, which de¬ 
fines the test methods, and MIL-STD-
463, which defines units, abbreviations, 
and acronyms. MIL-STD-461 actually 
defines the test levels and limits. 

Over the years, more than twenty 
different test procedures have been 
specified by these standards. Only 
some, however, will apply to any specific 
equipment. MIL-STD-461 groups equip¬ 
ment into general classes, depending 
on type and use (airborne, ground, ship, 
etc.), and then specific tests that apply 
are called out in tables. In addition, 
further modifications to specific test 
requirements may be part of contract 
negotiations. 

MIL-E-6051 
This specification describes overall 

requirements for EMC at the system, 
rather than at the equipment, level. As 
such, it includes control of the electro¬ 
magnetic environment, lightning, static, 
bonding, and grounding. It also ad¬ 
dresses electromagnetic hazards to ord¬ 
nance and personnel. By its very nature, 
this specification is intended to apply to 
acquisition of major military systems. It 
is also often applied to subsystems, to 
assure coordination of EMC issues. It 
does reference MIL-STD-461 and MIL-
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Figure 3. VDE limits for radiated 
and conducted emissions. 

STD-462, as well as numerous other 
applicable specifications and standards, 
both military and commercial. 

FCC Part 15J 
In the United States, the Federal 

Communications Commission (FCC) is 
responsible for regulating devices which 
can cause interference to radio or 
television reception. This includes any 
industrial, commercial, consumer, or 
non-government user of the radio fre¬ 
quency spectrum in the United States. 

The major parts of the FCC rules and 
regulations most applicable to EMC are 
set forth in Title 47, Parts 15, 18, and 
68 of the U.S. Code of Federal Regula¬ 
tions. These are augmented by a series 
of bulletins that clarify various provisions 
of these regulations. 
A major regulation of interest is Part 

15, which sets the standards for unli¬ 
censed incidental and restricted radia¬ 
tion devices. Of particular interest is 
Subpart J of Part 15, which covers the 

EMI limits for computing devices. Due 
to the proliferation of computers in 
today’s society, FCC Part 15J is prob¬ 
ably the most visible and most notorious 
of today’s EMC specifications. 

Equipment subject to Part 15J is 
divided into two classes, based on type 
of use. Class A equipment is used solely 
in commercial environments, while Class 
B equipment can be used in either 
commercial or residential environments. 
The limits are emissions only, and are 
divided into conducted only below 30 
MHz and radiated only above 30 MHz. 

Figure 2 shows the FCC limits. All of 
the figures with commercial radiated 
limits have been scaled to a measure¬ 
ment distance of 3 meters to simplify 
comparisons. Actual measurement dis¬ 
tances may vary according to the appro¬ 
priate specification. 

As can be seen from Figure 2, the 
Class A limits are less stringent than the 
Class B limits. The paperwork is also 
less stringent with Class A, which re¬ 
quires only verification by testing. Class 
B equipment, on the other hand, must 
be certified, which requires both testing 
and the filing of an application with the 
FCC. Since the Class B limits are more 
stringent, they must be applied unless 
it can be shown that the equipment will 
not be used in the home. 

Presently, Part 15J requirements ap¬ 
ply primarily to home and business 
computers. Exceptions are given for test 
equipment, appliances, industrial con¬ 
trols, and transportation equipment. 
These exemptions may change in the 
future, particularly if interference prob¬ 
lems from these sources become wide¬ 
spread. 

Additional high visibility FCC require¬ 
ments for EMI include Part 18 (industrial, 
scientific, and medical equipment) and 
Part 68 (equipment connected to the 
telephone network). Part 18, like Part 
15, is an emission specification with an 
objective of preventing interference to 
authorized radio services. Part 68, on 
the other hand, focuses on compatibility 
with the telephone network. 

Although the FCC Part 15 regulations 
address only emissions, the laws pro¬ 
vide for susceptibility testing as well. 
Presently, the FCC has not mandated 
susceptibility limits for commercial equip¬ 
ment, preferring to leave that to the 
individual manufacturers. 

VDE 0871 and 0875 
In Europe, most countries have their 

own agencies and regulations regarding 
EMI. There have been broad efforts at 
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coordinating those limits, however, par¬ 
ticularly within the European Economic 
Community. One of the more strict, and 
widely accepted, set of standards is that 
of West Germany, known as the VDE 
regulations. 

Unlike the FCC, the VDE (Verband 
Deutscher Electrotechniker, or Associa¬ 
tion of German Electrical Engineers) 
does not have regulatory powers. 
Rather, the VDE issues standards, much 
like the IEEE (Institute of Electronic and 
Electrical Engineers) or SAE (Society of 
Automotive Engineers) in the United 
States. Those standards are subsequently 
incorporated into the German laws by 
decree. 

The legal responsibility lies with the 
Deutsch Bundespost, or German Post 
Office, and is administered through the 
FTZ, or Central Telecommunications 
Office. The VDE does, however, retain 
the testing responsibility, which is simi¬ 
lar to that of the FCC in the United 
States. 
Two VDE regulations for EMI are VDE 

0871 and 0875. VDE 0871 applies to 
computer equipment and parallels FCC 
Part 15J. VDE 0875 applies to house¬ 
hold appliances, electrical appliances 
and tools, and fluorescent lights — all 
areas currently unregulated in the United 
States. Figure 3 summarizes the VDE 
0871 levels. Compared to the FCC 
limits, the VDE requirements are broader 
in scope and frequency range than the 
FCC requirements. In the frequency 
areas of overlap, however, they are quite 
similar. 

Equipment subject to the VDE 0871 
requirements is divided into three 
classes. Class A applies to commercial 
equipment, Class B to residential, and 
Class C is a special site certification 
provision. Since the Class A limits are 
less stringent than the Class B limits, the 
VDE is more particular about the testing 
and paperwork. This is opposite the FCC 
approach. In any event, products that 
meet the less stringent Class A limits 
must be tested by the VDE or at a 
VDE-approved lab, and additional pa¬ 
perwork must be submitted. 

Products that meet the more stringent 
Class B limits can be self-certified. Thus, 
many manufacturers prefer to suppress 
their emissions to Class B limits, even if 
their equipment is to be used only in the 
commercial environment, saving test 
time and money and reducing the time 
to market. The best of both worlds, for 
the United States and European mar¬ 
kets, is to be eligible for Class A (easier 
to test in the United States) and to meet 

Figure 4. VCCI limits for radiated 
and conducted emissions. 

Class B (easier to test and market in 
Europe). 

Like the FCC, the VDE 0871 require¬ 
ments are emission-related. The radi¬ 
ated electric field limits are similar, with 
some small differences due to different 
television frequencies. The conducted 
limits extend to lower frequencies with 
the VDE limits. In addition, the VDE also 
tests for magnetic field emissions, which 
is not required by the FCC. 
The VDE is also responsible for 

product safety in West Germany. These 
limits are also quite stringent, and in 
general, products that meet North Ameri¬ 
can standards may not be accepted as 
safe in Germany or the rest of Europe. 

VCCI 
In March 1986, Japan instituted a set 

of voluntary test requirements for limit¬ 
ing emissions from computer equip¬ 
ment. These requirements were estab¬ 
lished by the VCCI (Voluntary Control 
Council for Interference by Data Proc¬ 

essing Equipment). Although still volun¬ 
tary, these requirements are expected 
to become mandatory in the future. 

Like the FCC and VDE, the VCCI 
limits are subdivided into two classes. 
Class 1 equipment applies to ITE (Infor¬ 
mation Technology Equipment) that is 
designed for use in industrial or com¬ 
mercial environments, and Class 2 equip¬ 
ment is equipment designed for residen¬ 
tial use. 
The VCCI limits are shown in Figure 

4, and apply to equipment manufactured 
after December 1988. The VCCI had 
applied a phased application of the 
limits, giving manufacturers a cushion 
during the transition to the requirements. 

Summary 
Although there are several different 

EMI regulations that affect electronic 
equipment, the general goal is the same 
— to assure successful operation of the 
equipment itself without causing upsets 
to nearby equipment. 

In the military environment, this gen¬ 
erally means testing for both emissions 
and susceptibility, to ensure operating 
margins within a system. In the commer¬ 
cial environment, this usually means 
only testing for emissions, against limits 
that ensure that nearby television and 
radio receivers will not be adversely 
affected. H 
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rf equalizers 

Bridged-Tee Delay Equalizers— 
A Computer-Aided Realization 

By Robert C. Kane 
Motorola, Inc. 

With the many types of signal transmission that require 
accurate recovery of information, distortion of any kind is a 
problem. RF engineers are increasingly asked to reduce 
distortion in systems as performance demands escalate. One 
important problem area is time distortion, or group delay, 
where a signal experiences unequal transit times for different 
frequencies within a system passband. This article describes 
a computer-assisted design method for group delay equalizers, 
which reduce the delay distortion in RF systems. 

Group delay distortion associated with a signal, or group of 
frequencies, passing through a network or circuit results 

in a degradation of system performance. In some instances the 
degradation will be insignificant, such as when a relatively 
narrow-band signal is passed through a network with a wide 
bandwidth response. An example would be an 18 GHz carrier 
modulated to achieve a maximum 6 MHz bandwidth passing 
through a 100 MHz bandwidth preselector filter. In the region 
close to the center frequency of the filter, the group delay 
distortion contribution is insignificant and can generally be 
ignored. 

However, if the modulation of that same carrier were to 
increase to 30 MHz, the group delay distortion becomes 
considerable as the dispersion of the signal through the 
network increases to those components of the signal farther 
away from the center frequency, as shown in Figure 1. 

In a system where these performance degradations cannot 
be tolerated, delay equalizers are employed to generate a 
delay function which is opposite to that of the delay response 
of the un-equalized system. For a properly designed equalizer, 
the cascaded responses will yield a constant propagation delay 
over the frequency range of interest (Figure 2). 

It should be noted that in most instances it is not necessary 
or desirable to equalize the delay over an entire passband. 
Rather, only the narrower region of the occupied bandwidth 
need be considered. In the previous example, equalization 
over the 30 MHz modulation bandwidth would be adequate. 
Equalizing over the entire passband of the filter would be 
unnecessary and would increase the complexity and cost of 
the equalizing network. 

The purpose of this paper is to present a systematic 
approach to the realization of bridged-tee delay equalizers of 
the order 1 through 8. The development leads to a computer 
program which, when implemented, eliminates the previously 
used trial-and-error approximation iterations. 

The Design Method 
The development by Phillips (1) is used as the basis for the 

work which follows. In those papers a procedure was presented 
whereby standardized delay curves may be plotted utilizing the 
methods of Skwirzynski (2). It was left to the circuit designer 
to match a delay function to be equalized by iterating various 
equalizer responses onto the standardized curves until a 
suitable correlation was achieved. 

In this paper, the development effort is reduced to a software 
routine which performs the iteration over a specified range of 
parameters and searches for the most appropriate equalizer. 

Placing the equalizer development into a software routine 
requires that the delay response to be equalized must be 
represented by a suitable function. The Newton interpolation 
method using Chebyshev nodes is utilized for this purpose. 

For n nodes: 

X = 1/2(a +b) + 1/2(b - a)cos[(2i-1)n/2n] 1<i<n 

For our application the interval always begins at 0.0, which 
allows us to simplify the above equation to: 

Figure 1. Delay effects versus bandwidth. 
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Xj = b/2 + b/2{cos[(2i-1)n/2n]} 

Xj = b/2{1 + cos[(2i-1)n/2n]} 

where b is the upper end of the interval corresponding to the 
upper limit of the range of frequencies to be equalized. 
From the x? corresponding values of delay are determinded 

from the filter data. 

Xj = Af X1.X2.X3. - xn

KXj) = td f(x,), f(x2), f(X3), ... f(xn) 

The polynomial to be generated takes the form: 

P(x) = a, + a2(x - X,) + a3[(x - x,)(x - x2)] + 
a4[(x - x,)(x - x2) (X - X3) ...an[(x - x,)(x - x2)...(x - xn)] 

f[xr..xk] = { f[x2...xk] - f[x,. xk _ J } / (xk - X,) 

Therefore, 

HXj] = f(Xj) 

f[xj,xj+1 ] = {f[x)+1]-f[xj]}/(xj + 1-xJ) 

'M +„Xj +2] = { f[Xj + „Xj + 2] - ffXj.Xj + ,] } / (Xj +2 - Xj) 

When placed in the form: 

X, f[x,J 
f[x„x2] 

x2 f[x2J f[x„x2,x3] 
f[x2,x3] f[x„x2,x3,x4] 

x3 f[x3] f[x2,x3,x4] 
f[x3,x4) 

X4 Hx4] 

P(x) = a, + (X - x,)[a2 + (x - x2)[a3 + (x - x3)!...]]]]]] 

The polynomial coefficients are determined as follows: 

ai = f(x,) 

Kx,) = a, 

a2 = P(x2) f(x,)]/(x2 - x,) 

f(x2) = a, + a2(x2 - x,) 

a3 = [f(X3) - f(x,) - (f(x2 - f(x,)Xx3 - x,)]/[(x3 - x,)(x3 - x2)] 

= a, + a2(x3 - x,) + a3(x3 - x,)(x3 - x2) 

a4 = W - f(x,) - [(f(x2) - f(x,))(x4 - x,)/(x2 - x,)] 
- IKX3) - f(x,) - (f(x2) - f(x,))(x3 - x,)/((x3 - x,)(x3 -x2))] 

(X4 - X,)(x4 - x2)}/(x4 - Xj)(x4 - x2)(x4 - X,) 

KxJ = a, + a2(x4 - X,) + a3(x4 - x,)(x4 - x2) 
+ a4(x4 - X3)(x4 - x2)(x4 - x,) 

Which can be represented as, 

the upper diagonal yields the desired polynomial coefficients. 

P(x) = f[x,] + f[x„x2](x - x,) + f[x„x2,x3](x - x,)(x - x2)... 

Recall that this function is unique for each value of t 
(maximum equalizer delay) used. Therefore, the polynomial is 
determined each time the program iterates on tte . 

Before the delay function can be compared to the 
standardized functions, the polynomials of the standardized 
functions must be generated. This is a one time event and the 
results will vary only by a scaling factor. 

For the one section equalizer, 

^orm =  1 / (1 + eS2) e = n2/3 the scaling factor 

For the n-tuple section equalizer, 

‘norm = 1/M { I1/ ((O' + L,)2 + 1) + W ~ L,)2 + 1)] 
+ K2[1/ ((K2Q' + L2)2 + 1) + 1/((K2Q' -L/ + 1)] 
+ WKjQ' + L3)2 + 1) +1/ «K3S' - L/ + 1)] 

+ KJ1/((K4Q' + L/ + ¡I) + 1/((K4Q' - LJ + 1)] 
+ Ko / ((KoQ )2 + 1) J 

Where, 

Figure 2. Delay equalizer operation. 
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M = 2/ (Lj2 + 1) + 2K// (L,2 + 1) + 2K// (L,2 + 1) 
+ 2K42/ (LZ + 1) + K,, 

and, 

Lj = AjRj Kj = BH| (See Ref. #1 for table of values) 

Also, 

Q' = (n/Tax^M) 

In order to preserve the correlation, when integrating to find 
the closest fit, remember to scale the normalized frequency 
by the same factor. 
The process now evolves as follows: 
1. Select data nodes by Chebyshev node algorithm. 
2. Take data at these nodes. 
3. Select a maximum filter equalizer delay tte . 
4. Normalize frequency to map onto the standard delay 
functions. 

°j = XAe 

gS 
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Figure 3. Bridged-Tee equalizer configurations. 

5. Construct the function polynomial. 
6. Integrate to determine area between function polynomial 
and standard delay functions. 
7. Iterate for n section (1 <n<8). 
8. Iterate over the range of allowable equalizer delay. 
9. Select the appropriate n-section equalizer which yields 
minimum error. 
10. Repeat for the modified delay functions for a specific 
nth-order equalizer and select best fit. 

11. Realize n-section Bridged-Tee cascaded networks. 
The integration is accomplished numerically by the Trape¬ 

zoidal method with 1000 sub-intervals in order to achieve a 
significant degree of accuracy when comparing values of the 
function associated with a given tte to those of the adjacent 
standard delay functions. 

Software Implementation 
Note that the designer is given the option of selecting from 

a number of solutions. These solutions are identified as 
Designs 1, 2 and 3, which take the configurations of Figure 3. 
The difference between Design 1 and 2 lies only in the resultant 
ratio of capacitance values. 
The net deviation for a given tte and equalizer standard 

function (En) is: 

I f, - El I 
Upon completion of iteration of n and the desired allowable 
range of tte , the best fit (least area of deviation) determines the 
n and tte to be used in realizing the actual circuit. A printout 
of a design example is shown in Figure 4. 
The program will prompt the designer for inputs such as 

center frequency, bandwidth, allowable delay range and 
terminating impedances. Since the delay is assumed to be 
symmetric about the center frequency, the relative fit can be 
determined over either the upper or lower half-band. The 
printout of the example demonstrates this with a listing of the 
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SFDR2 94 dB 
DR3 116 dB 
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(Reference: "Microwave Transistor Amplifiers" by Guillermo Gonzalez). 
3 Dynamic Range, DR = 174 + P, dB - 10 ‘ Log(BW) ■ NF-X-G 
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X is the number of dB above the noise floor, 3 dB used here 
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NETWORK TERMINATING IMPEDANCE - 75 OHMS • ••• . «»EQUALIZER SECTION « 1 .. .. 

DELAY RANGE OF EQUALIZER IS 40nSEC. TO 80nSEC. DELAY CENTER FREQ. = 163 .273688656MHz 

DELAY RESPONSE CENTER FREQ. IS 140MHz EQUALIZER DESIGN #1 C2-C3 

EQUALIZES BANDWIDTH 60MHz Cl - 38.6pF C2 = 6pF C3 - 6pF 
LI = .022uH L2 = .234uH 

DATA POINT » 1 9 140.2278MHz 
EQUALIZER DESIGN «2 C1-C2 

DATA POINT # 2 9 142.0096MHz 
Cl = 27.8pF C2 - 27.8pF C3 = 4.3pF 

DATA POINT « 3 © 145.3581MHz LI = .022uH L2 = .234uH 

DATA POINT «49 149.8696MHz EQUALIZER DESIGN #3 C3-INF. CAP. 

DATA POINT #59 155MHz Cl = 40.6pF C2 - 2pF 
LI = ,022uH L2 - .234uH 

DATA POINT #69 160.1303MHz . »EQUALIZER SECTION # 2 . . •' 

DATA POINT #79 164.6418MHz DELAY CENTER FREQ. “ 116.726311344MHz 

DATA POINT #89 167.9903MHz EQUALIZER DESIGN #1 C2-C3 

DATA POINT # 9 9 169.7721MHz C 1 - 35.7pF C2 » 11 .8pF C3 = 11 .8pF 
L1 = ,044uH L2 - .234uH 

80 nSEC 9 140MHz EQUALIZER DESIGN #2 C1=C2 
80. 1 nSEC 9 140.2278 MHz 
80.2 nSEC 9 142.0096 MHz C1 = 27.8pF C2 = 27.8pF C3 - 9.2pF 
80.4 nSEC 9 145.3581 MHz L1 = .044uH L2 = .234uH 
80.8 nSEC 9 149.8696 MHz 
81.6 nSEC 9 155 MHz EQUALIZER DESIGN #3 C3»INF. CAP. 
83.2 nSEC 9 160. 1303 MHz 
86.4 nSEC 9 164.6418 MHz Cl = 39.7pF C2 - 3.9pF 
92.8 nSEC 9 167.9903 MHz L1 - .044uH L2 - .234uH 
105.6 nSEC 9 169.7721 MHz .. EQUALIZER SECTION # 3 ♦»♦••»• . •••• 

3SECTI0N EQUALIZER REQUIRED DELAY CENTER FREQ. - 140MHz 

48 nSEC. MAX. EQUALIZER DELAY EQUALIZER DESIGN #1 C2-C3 
.533948740317 RELATIVE MATCH FACTOR 

REVISED FORM # 1 IS BEST FIT C) _ 31 ,5PF C2 = 9.4pF C3 - 9.4pF 
.483483677352 RELATIVE MATCH FACTOR L) _ .035uH L2 = .204uH 

EQUALIZER DESIGN #2 C1-C2 

C1 = 24.2pF C2 = 24.2pF C3 = 7.2pF 
LI = ,035uH L2 - .204uH 

EQUALIZER DESIGN #3 C3-INF. CAP. 

C1 - 34.7pF C2 - 3.1pF 
L1 = .035uH L2 = .204uH 

Figure 4(a). Design example printout. 

calculated Chebyshev nodes for a 60 MHz bandwidth centered 
at 140 MHz. Notice that only the nodes for the upper half-band 
are needed. 

The length of the program precludes its publication here. 
The program is available on disk from the PF Design Software 

Service (see page 78 for details). A printout of the program 
listing can be obtained by sending a self-addressed legal-size 
envelope with 45 cents postage to RF Design. Please note 
that the program is written in HP BASIC. The listing is only 
available in this form. The disk version will have the HP BASIC 
version on an MS-DOS readable disk. H 
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Figure 4(b). “Best fit” iterations (left) and equalized results (right). 
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1. Richard R. Phillips, “Curve-Matching Method Specs Delay 
Equalizers,” Parts I and II, Microwaves, September 1980, pp. 
67-78, and October 1980, pp. 65-71. 
2. J.K. Skwirzynski, Design Theory and Data for Electrical 
Filters, Van Nostrand, 1965, pp. 188-243. 
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Hi-Power RF 
AMPLIFIERS, TRANSMITTERS, POWER GENERATORS 
10-10,000 WATTSI/2-500 MHz Frequency Range! 

HENRY RADIO 
HAS THE PRODUCT 
YOU NEED. 
(If we don't have it, well make it.) 

APPLICATIONS: 
■ NMR, Nuclear Magnetic Resonance 
■ PLASMA Generation 
■ MEDICAL Applications 
■ NUCLEAR Magnetic Imaging 
■ COMMUNICATIONS Applications 

HENRY RADIO 
Over a half-century 
of reliability in communications. 

2050 S. Bundy Drive, Los Angeles, CA 90025 
TOLL FREE: 1-800-877-7979 
FAX: 1-213-826-7790 

PRECISION TERMINATIONS 

WBE Precision Terminations are 
available in several connector configurations. 
When ordering, please state impedance and con¬ 
nector desired. 

0-500 MHz VSWR: 1.006:1 max 

Price: $43.00 

0-600 MHz VSWR: 1.006:1 max 

Price: $50.00 

0-900 MHz VSWR: 1.02:1 max 

Price: $72.00 

WIDE BAND ENGINEERING COMPANY, INC. 

P.O. Box 21652. Phoenix, AZ R5036 U.S.A. 

Telephone (602) 254-1570 

x_ _ _ / 
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Avantek Introduces Si MMIC Active Mixer/Amplifiers 
Designated IAM-81018 and IAM-

52018, these active mixers operate with 
RF input signals from 5 MHz to 5 GHz 
vith IF outputs from DC to 1 GHz and 2 
3Hz, respectively. The 81018 provides 
ypical RF-to-IF gain of 8 dB, and 
operates with a -5 dBm LO level. The 
52018 provides typical RF-to-IF gain of 
15 dB, operating from a 0 dBm LO level. 
Both of these parts are inherently insen-
îitive to load characteristics. 

Specifications include IF output at 1 
IB gain compression of -6 dBm typ, 
hird-order intercept point of 3 dBm, and 
SSB noise figure of 15 dB. VSWR is 
1.5:1 between 0.05 and 5 GHz for the 
RF and LO ports. 
The units are packaged in a hermetic 

180-mil surface-mount package with 
gold-plated leads, and are fully compat-
ble with 50-ohm microstrip systems. 
They are built with a fully isolated 
nterdigitated bipolar process which re¬ 
sults in fT of up to 15 GHz and fmax of 25 
GHz. 
The Avantek IAM-81018 is priced in 

the $16 range, while the IAM-82018 is 
priced in the $25 range — both in 
100-piece quantities. Avantek, Inc., 
Santa Clara, CA. INFO/CARD #200. 

Miniature Quartz Crystals From Savoy 
The HC 45/U and HC 80 high fre¬ 

quency crystals are available for fre¬ 
quencies from 100 to 250 MHz with 
maximum frequency tolerance of + 30 
ppm. Temperature stability for a 250 
MHz unit is +20 ppm from -10 degrees 
C to 60 degrees C. Equivalent series 
resistance is 60 ohms max for the 100 
to 150.99 MHz range, 80 ohms for 151 
to 200.99 MHz range and 120 ohms max 
for the 201 to 250 MHz range. Modes of 
oscillation for the above frequency 
breaks are at 5th, 7th and 9th overtones, 
respectively. 

Aging is 5 ppm/year and drive level 
is set at 1 mW. The shunt capacitance 
is 7 pF while the load capacitance is 
determined by the particular require¬ 
ment. The HC 45/U package features 
maximum dimensions of 0.319 in. X 
0.272 in. X 0.126 in., with a tolerance of 
+0.0005 percent. For improved aging 
characteristics, a cold weld sealing 
method is used for the HC 45/U and 
resistance weld is used for HC 80. 

Custom specifications are available 
from 1 MHz, and overall pricing for the 
crystals is determined by customer speci¬ 

fications and quantity. Savoy Electron¬ 
ics, Inc., Ft. Lauderdale, FL. Please 
circle INFO/CARD #199. 
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ULTIMATE 
CONTROL 
Rear Panel 

RS232/422 
Serial User Port 
GPIB/488 
Chart Outputs 
Digital 

User Port 

Front Panel 

• Local 
Programing 

• User Friendly 
• Ramping 
• Dual Probes 
• Menu Set-ups 

(Stand-alone & Retrofit 
Controllers available) 

With Chamber Dynamics 

ENVIRONMENTAL 
CHAMBERS 
Just what you’d expect 
from SUN SYSTEMS 
SUN ELECTRONIC SYSTEMS 
1601 NW 38th Avenue ./
Ft Lauderdale, FL 33311 aL — 
Tel. (305) 587-5577 
FAX (305) 587-0450 ' x ' 
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Synthesized Function/Sweep 
Generator 

The HP 3324A is a synthesized 
function/sweep generator that can be 
used as an alternative to standard 
function generators. It offers a fre¬ 
quency accuracy of 5 ppm, -55 dBc 
spurious distortion and is characterized 
by -50 dBc phase noise. The instrument 
generates five waveforms: sine, square, 
triangle, negative and positive ramps 
with frequency coverage from 1 mHz to 
21 MHz (sinewave). A 1 mHz to 60 MHz 
TTL clock is incorporated in the genera¬ 
tor for use in operations such as clock 
generation for fast A/D or D/A convert¬ 
ers. 

Amplitude (10 V p-p) and DC offset 
(±4.5 V) can be set with 4-digit resolu¬ 
tion. A high-voltage option, which in¬ 
creases the output signal by a factor of 
four, is also available. When the wave¬ 
forms are turned off, the instrument can 
be used as a DC source. The basic unit 
is priced at $3,500. Hewlett-Packard 
Company, Palo Alto, CA. Please circle 
INFO/CARD #198. 

Miniature Power Amplifiers 
Model AMPS1150 exhibits 13 dB 

typical gain from 1 to 500 MHz with 
minimum output power of 30 dBm at 1 
dB gain compression. The 2-tone inter¬ 
mod is typically -38 dBc referenced to 
the PEP level. Efficiency is 20 percent 
and input VSWR is 1.7:1. Available 
packaging includes solder-in, connecto-
rized and finned-heatsink styles. The 1 
watt, 1 to 500 MHz connectorized ampli¬ 
fier is priced at $275 and the solder-in 
version is $120 when purchased in 
quantities of 1 to 4. Acrian, Inc., San 
Jose, CA. INFO/CARD #197. 

Signal Generator/Deviation Meter 
This synthesized signal generator 

covers the 0.01 to 550 MHz range with 
an RF output range of 13 to -127 dBm 
with output accuracy of ± 1.5 dB and 
full band flatness of ± 1.0 dB. Standard 
features include software-controlled self¬ 

calibration for frequency and amplitude, 
GPIB interface, and external clock input/ 
output. Model 2407 is priced at $4595. 
Wavetek RF Products, Inc., Indian¬ 
apolis, IN. INFO/CARD #196. 

Voltage Controlled Oscillator 
EMF Systems introduces a VCO with 

a 1.5 to 2.7 GHz frequency range in four 
bands. Power is 10 dBm and harmonics 
are measured at 15 dBc. At 150 kHz 
frequency offset, the single-sideband 
phase noise is measured at 120 dBc/Hz. 
EMF Systems, Inc., State College, PA. 
INFO/CARD #195. 

RF Power MOSFETs 
M/A-COM PHI introduces the LF 

Series of N-channel enhancement mode 
RF power MOSFETs. The LF2802A 
features DMOS structure, a frequency 
range of 500 MHz to 1400 MHz, and 2 
watts Class A output. Gain is 10 dB at 1 
GHz, VSWR is 10:1 , and forward trans¬ 
conductance gm is 40 mhos. Other 
members of the series feature different 
power levels. M/A-COM PHI, Inc., Tor¬ 
rance, CA. INFO/CARD #194. 

Receive-Only Antennas 
Mark Antennas Division introduces a 

line of receive-only antennas in both 
parabolic grid and solid configuration. 
Typical applications include ITFS, 
MMDS and MDS bands. Radiation 
Systems, Inc., Mark Antennas Div., 
Des Plaines, IL. INFO/CARD #193. 

150 MHz Op Amp 
CLC500 is an operational amplifier 

that settles to 0.01 percent in 25 ns 
max. Since the device uses a current¬ 
feedback architecture, the settling per¬ 
formance is independent of gain setting. 
It offers 12-bit performance and features 
output voltage clamping which allows 
designers to set the maximum positive 
and negative output voltage swings to 
protect sensitive A/D systems from over¬ 
load and saturation. At 20 MHz and 2 V 
p-p, the second harmonic distortion is 
typically -50 dBc while the third har¬ 
monic distortion is -60 dBc typ. Available 
packaging includes 14-pin plastic DIP 
and hermetic sidebrazed ceramic 14-pin 
DIP. In 100-piece quantity, price ranges 
from $17.35 to $43.30, each depending 
on packaging. Comlinear Corp., Ft. 
Collins, CO. INFO/CARD #192. 

DDS With Decimal Resolution 
The DRFS-VR1070 is a direct digital 

synthesizer that provides exact decimal 
frequency resolution. With the on-board 
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or external 10 MHz reference, the device 
will synthesize frequencies from DC to 
3.3 MHz with 1 Hz resolution. Output 
spurious levels are below -70 dBc and 
settling time and agility between any 
output frequency is 500 ns max. Digital 
RF Solutions Corp., Santa Clara, CA. 
INFO/CARD #191 . 

Tubular Filters 
A line of “In-a-Cable” lowpass, high-

pass and bandpass filters is available 
from Micro-Coax. The design permits 
the filter element to be imbedded within 
the cable, eliminating up to four previ¬ 
ously required connectors. Lowpass fil¬ 
ters are available in cutoff frequencies 
from 0.25 to 26.5 GHz in cable sizes of 
0.085 in., 0.141 in., and 0.250 in. The 
bandpass filters provide center frequen¬ 
cies from 1 to 23 GHz and come in a 
cable diameter of 0.141 in. Cutoff fre¬ 
quencies from 2 to 5 GHz in 0.141 in. 
diameter are available for the highpass 
configuration. Micro-Coax Compo¬ 
nents, Inc., Collegeville, PA. Please 
circle INFO/CARD #190. 

Gold Metallized Power FETs 
Semetex introduces the ST1016 sili¬ 

con gold-metallized RF power GigaFET 
that features push-pull configurations to 
2 GHz. The devices are tested at 500 
MHz, 10 watts and 13 dB gain. Semetex 
Corp., Newbury Park, CA. Please circle 
INFO/CARD #189, 

Second Generation Tuning Stick 
The second generation of Tuning Stick 

kits from ATC includes all in-between 
values from 0.1 pF to 1000 pF. Featured 
are 27 different values which contain 
ATC 100 Series SuperchipR radial wire 
leaded capacitors labeled with their 
specific values. Each capacitor is at¬ 
tached permanently to a nonconductive 
holder. American Technical Ceramics 
Corp., Huntington Station, NY. Please 
circle INFO/CARD #188. 

Instrument Amplifier 
Marconi Instruments introduces a 10 

MHz to 4.2 GHz amplifier which boosts 
the input sensitivity and tracking genera¬ 
tor output of the 2380 Series of spectrum 
analyzers. When used with the 2380 
Series, the amplifier delivers a gain of 
at least 25 dB. As a preamplifier, the 
input sensitivity of the spectrum ana¬ 
lyzer is normally increased by 25 dB, 
allowing the instrument to view low level 
signals. The tracking generator output 
is boosted to 15 dBm providing a range 
of output levels from -20 dBm to 15 

dBm. The amplifier can also be used to 
boost the output of other instruments. 
Marconi Instruments, Inc., Allendale, 
NJ. INFO/CARD #187. 

DIP VCO 
Model VC-373 is a non-crystal-

controlled VCO providing a TTL output 
at any frequency from 1 MHz to 90 MHz; 
HCMOS output is available up to 40 
MHz. Linearity and deviation are ± 10 
percent and Class B screening to MIL-O-
5531 0 is available. In the 25-piece 
quantity, the VCO costs $84. Vectron 
Laboratories, Inc., Norwalk, CT. 
Please circle INFO/CARD #186. 

Image Reject Low-Noise 
Front-End 
Miteq’s ARN0251070P15 image reject 

low-noise front-end has an RF/LO fre¬ 
quency range of 2 to 2.5 GHz with an IF 

frequency of 70 MHz. Gain is typically 
30 dB and noise figure is less than 1.2 
dB. Image rejection is greater than 20 
dB and the output at the 1 dB compres¬ 
sion point is 12 dBm. Bandwidths are 
10 to 35 percent of center frequency in 
the 0.4 to 10 GHz range. A switchable 
sideband option is also available. Miteq, 
Hauppague, NY. INFO/CARD #185. 

30 A MOSFET Hybrid 
The DE-375X4 Macho MOS is a 1000 

V, 30 A, MOSFET hybrid that operates 
at 30 kW at frequencies in excess of 1 
MHz. Switching time is less than 10 ns 
with 400 kW peak power and 400 A peak 
current. Applications for the device 
include radar, sonar, HF communica¬ 
tions, lasers, EMP and power conver¬ 
sions. In evaluation-size quantities, the 
price is $550. Directed Energy, Inc., 
Fort Collins, CO. INFO/CARD #184. 

Frequency Agile Signal Simulator 
The HP 8791 Model 10 hardware 

platform provides an agile carrier that 
switches in less than 250 ns over a 10 
MHz to 3 GHz bandwidth. Frequency 
resolution is 0.125 Hz and the carrier 

FREQUENCY 
SYNTHESIS 

for 
• EW 
• ATE 
• NMR 
• MSK, FSK 
supports many 
other acronyms 

Specialized 
Synthesizers 
for 
the 
OEM. 

Sciteq Electronics, Inc. 
8401 Aero Drive 
San Diego. California 92123 
(619) 292-0500 
Fax: (619) 292-9120 

The 
ADS-2 
all GaAs 
DDS-
simple, 
small. 
reliable, & 
very fast. 
• up to 300 MHz coverage 
• 20 nanosecond switching 
• <10 Hz steps 
• phase-continuous 
• phase noise of reference 
• <-45 dBc spurious 
• small board or module 
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CRYSTEK 
The pulse of dependable 

communications 

New Product 
INTRODUCING 

o.c.c.o. 
Oven Controlled 

Crystal Oscillators 

QUALITY 
FREQUENCY 
CONTROL 

• A new generation of ovenized crystal 
oscillators is introduced to the 
electronics industry. 

• An O.C C O is the answer to tight 
frequency/timing control over a wide 
temperature range (—30° to 85° C) 

• The high reliability of O.C C O s 
guarantees optimum performance in 
Two-Way Communicaton. Telemetry 
and Instrumental application 

• SERVICE 

• DESIGN 

• SUPPORT 
Made in U.S A 

FEATURES ARE: 
8 ■ 200 MHZ 
♦ i p p M over a temperature range ot - 30°C 
to ♦ 85*C 

T rim Range 

Fast Warm-Up 

Current Oram (oven) 

Oscillator Current 

Output Level / Shape 

' 2 P p M first 6 months 
« t p p M for life 

• 6 p p M minimum 

« 1 mmute from cold 

• 50 mA 25-C 

' 30 mA a 12 VDC 

Per customer requirement 

Write or Call Us Today! 
TOLL FREE: 1-800-237-3061 

Crystek Corporation 
DIVISON OF WHITEHALL CORPORATION 

2351/71 Crystal Drive - Fort Myers. FL33907 
P O Box 06135 - Fort Myers, FL 33906-6135 

(813) 936-2109 - TWX 510-951-7448 
FAXIMILE: 813/939-4226 
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has a direct-digital synthesis modulation 
capability with a 40 MHz instantaneous 
bandwidth, allowing for spread-spec¬ 
trum formats such as chirps, Barker 
codes, maximal-length sequences, 
QAM, and FSK. For applications requir¬ 
ing carriers above 3 GHz, band-oriented 
up-converters are available to 18 GHz, 
providing 2 GHz of agile bandwidth. Also 
available is the HP 8791 Model 100 
precision signal generator ID, HP 8791 
Model 200 radar simulator ID and HP 
11776A Option K10 waveform genera¬ 
tion software. Hewlett-Packard Com¬ 
pany, Palo Alto, CA. INFO/CARD#183. 

SiO2 Cables With QD Connectors 
Kaman introduces SiO2 connectors 

with quick disconnect (QD) connectors 
which mate with standard female con¬ 
nectors. Connector insertion loss per 
connector pair is 0.14 dB and VSWR is 
1.2 at 2 GHz. Kaman Instrumentation 
Corp., Colorado Springs, CO. Please 
circle INFO/CARD #182. 

Receiver Multicoupler System 
This receiver multicoupler system has 

a frequency range of 5 kHz to 900 MHz 
with 0 dB gain from input to output. Four 
separate receiver multicouplers are used 
to cover individual bands from 5 kHz to 
2 MHz, 2 MHz to 30 MHz, 30 MHz to 200 
MHz, and 200 MHz to 900 MHz. In the 
HF and VHF stages, reverse isolation is 
120 dB, third-order intercept point is 53 
dBm min, and output-to-output isolation 
is 40 dB. The VLF/LF and UHF receiver 
multicouplers have reverse isolation of 
90 dB and output-to-output isolation of 
25 dB. Wi-Comm Electronics, Inc., 
Massena, NY. INFO/CARD #181. 

HF Tuner 
The Steinbrecher Model 12102A HF 

tuner provides 96 dB of dynamic range 
in a 2 MHz bandwidth with noise figure 
of 12 dB. The half-rack-wide unit allows 
side-by-side mounting in a standard 19 
in. RETMA rack. When connected to an 
appropriate analog-to-digital converter, 
the tuner supports 16 bits of resolution. 
Steinbrecher Corp., Woburn, MA. 
INFO/CARD #180. 

GaAs MMIC Attenuator 
This line of GaAs linear and nonlinear 

MMIC attenuators covers the DC to 6 
GHz range. Model 2201-23-022 has an 
attenuation range of 10 dB with linearity 
of 2.15 dB/V and accuracy of ±0.2 dB. 
The input power at 1 dB attenuation 
change is 2 dBm and maximum VSWR 
in and out is 1.7:1. When purchased in 

small quantities, price is $120 each. 
Midisco, Commack, NY. Please circle 
INFO/CARD #179. 

Rubidium Frequency Standard 
The Austron Model 2112 provides TTL 

outputs of 1 MHz, 5 MHz, 10 MHz or 100 
kHz; sinewave outputs of 1 MHz, 5 MHz 
and 10 MHz; and a 1 pps clock output 
that can be synchronized externally. 
Options include dual reference input, 
IEEE-488, and an internal battery 
backup. Austron, Inc., Austin, TX. 
INFO/CARD #178. 

EMI/Field Strength Antennas 
Schaffner EMC introduces a line of 

antennas manufactured by Schwarz-
beck Electronik AG. The VHA-9103, a 
dipole for use from 30 to 300 MHz, and 
the UHA-9105, a dipole with a 300 to 
1000 MHz range, are available in two 

versions. The precision version, with a 
compensating attenuator, produces an 
output with a flatness of ±0.1 dB. The 
standard version is provided with a 
calibration curve which permits manual 
correction readings to similar accura¬ 
cies. The precision dipoles cost $2,200 
each and the standard units are priced 
at $1,350. Schaffner EMC Inc., Union, 
NJ. INFO/CARD #176. 

SMT Beam Lead Diode Packages 
These surface mount beam lead diode 

packages are available in 0.050 in., 
0.070 in., 0.0850 in., and 0.100 in. 
octagon sizes. Designed for mixer and 
detector applications up to 18 GHz, 
these ceramic packages are available 
in two-, three- or four-lead versions with 
0.010 in. and 0.020 in. standard thick¬ 
nesses of 96 percent alumina ceramic. 
The packages are screened per MIL-
STD-1 05D, MIL-STD-883, and MIL-STD-
750 requirements and are plated with 
50 micro-in. nickel and 50 micro-in. gold 
min. Cabot Ceramics, Greenville, RI. 
INFO/CARD #175. 
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Waveform Processing Software 
W.A.V.E. is a data acquisition and 

inalysis tool that can directly create, 
tcquire, and manipulate waveforms, 
-eatures include macro-capability, work¬ 
space and macro editors, a waveform 
slement editor, and Lotus 1-2-3 compati-
jility. The software supports various 
lata types including waveforms, vec-
ors, matrices, scalars and strings. Rec-
angular plots, Smith charts, polar plots, 
contour charts, and 3-D mesh plots are 
provided. W.A.V.E. is designed for use 
>n IBM-PC/XT/AT and IBM PS/2 com-
juters and compatibles. It is priced at 
¡>495. Vespine Corp., Urbana, IL. 
’lease circle INFO/CARD #230. 

EMC Database and 
Engineering Solver 
PT Express is a memory resident 

program that features conversions, equa-
ions, math and tables tailored towards 
he EMC and RF engineer. The user can 
employ the standard templates or create 
specific ones for the operations men-
ioned. For equations, the software fea-
ures Ohm’s law, reactance, resonance, 
ind VSWR. The Math section provides 
ï full screen editor-type calculator/ 
blotter, and the tables featured include 
-CC Part 15-J, Capacitor Self-Reso-
lance, E-Field to Power Density, and 
Skin Depth. The software is priced at 
¡>99.95. Liberty Labs, Inc., Cedar Rap-
ds, IA. Please circle INFO/CARD #229. 

Component Matching Software 
Component Matching Software 
natches measured component charac-
eristics by specified tolerances, and 
produces component groupings by the 
naximum number of matched sets. It 
operates from a table of measured data 
which lists measurement points and 
Hatching tolerances by component iden-
ification number. A typical application 
s for providing cable in matched pairs. 
Fest Quality Company, Santa Clara, 
CA. Circle INFO/CARD #228. 

^adar-Jammer Simulation System 
Radar Vulnerability Assessment Sys-
em (RVAS) is a software system of VAX 
computers which models radar receiver 
systems and evaluates their response 
:o jamming. The software provides a 
nenu-oriented interface through which 
he user can construct block diagram 
circuit models of radar systems and 
combine them with jammers and tar¬ 
gets. Research Associates of 
Syracuse, Inc., North Syracuse, NY. 
NFO/CARD #227. 

Who says 
nobody loves 
trimmer 
capacitors? 

e When it comes to high frequency 
1^. applications, engineers are dazzled by 

y Sprague-Goodman’s sparkling selection 
of Sapphire Dielectric Pistoncaps®. 

There are several good reasons. These flawless gems feature very high Q 
at UHF frequencies, subminiature size, and 6 standard mounting styles, 
including surface mount ... all with precision high resolution adjustment. 

The 350 PPM/°C and NPO versions meet the requirements of 
MIL-C-14409D. 

For more information, call or write for Engineering Bulletin SG-207A. We'll 
also send data on other trimmer capacitors for virtually every requirement. 

SPROGUE 
Gooompn 

The World's Broadest Line Of Trimmer Capacitors 
134 FULTON AVENUE, GARDEN CITY PARK, NY 11040-5395 
TEL: 516-746-1385 «FAX: 516-746-1396 • TELEX: 14-4533 
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NON-IONIZING 
RADIATION 
TEST EQUIPMENT 

HI-3600-01 VDT Radiation 
Survey Meter 
Easy to use. Measures electric 
and magnetic fields surrounding 
VDT or CRT's in the office or work 
areas. Frequency range of 10KHz 
to 300 KHz. 
Sensitivity Range: 
E-Field 1 V/M to 2000 V/M. 
H-Field 1 ma M to 2 A M. 

HI-3600-02 ELF/Power 
Frequency EMF Survey Meter 
Measurements in home and 
industrial environments of 
power frequency electric and 
magnetic fields from electric 
power lines (50 - 60 Hz). 
Sensitivity Range: 
E-Field - 1 VMto200KVM. 
H-Field 1 ma/M to 200 A'M. 

For more information, please call or write: 

HOLADAY INDUSTRIES, INC. 
14825 Martin Drive 
Eden Prairie, MN 55344 
Telephone: (612) 934-4920 
Telex 29-0922 Fax (612) 934-3604 
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Software Data Sheets 
DGS Associates announces the re¬ 

lease of data sheets describing the 
advanced features and benefits of S/ 
FILSYN™ —a microwave filter design 
software program. As described in the 
data sheets, the software is an interac¬ 
tive filter design, synthesis and analysis 
program which is offered in modules and 
comes with a number of utilities. Fea¬ 

tured in the literature are common 
characteristics, physical implementa¬ 
tions, general features, complementary 
programs and hardware requirements. 
DGS Associates, Inc., Santa Clara, 
CA. INFO/CARD #216. 

Radiation Meters Brochure 
This publication features RF and 

microwave field strength meters for 

features the 

PARTIAL SELECTION CHART 
Guaranteed Spec's: 0 to S0°C, 50 ohm system 

Model 

POWER OUTPUT: 100-150 Milliwatts Typ. 

FREQUENCY - GHz 

WCDUGFIR 
' rUMPONENTS 

OUTPUT: 250-500 Milliwatts 

26.0 
25.5 
23.0 
23.0 

STOcft BBLnranv 
on atosr nonets 

40 
39 
36 
36 

Frequency 
Range 
(MHz) 

15 
15 
15 
15 

170 
170 
150 
150 

All Cougar Components products are 
manufactured using materials and 
processes which meet or exceed 
MIL-STD-883 requirements. 

Power 
Output 
(Min.) 

(dBm) 
Typ. 

COUGAR 
COMPONENTS 

POWER SERIES of 
Cascadabie Amplifiers 

2225-K Manin Avenue. Santa Clara. CA 95050 
(408) 492-1400 FAX (408) 492-1500 

D. C. 

Volts J mA 

- » - -POWER OUTPUT VS. FREQUENCY J 

Gain 
(dB) 

N. F. 
(dB) 

Typ. I Min. Typ. I Max. 

AC509 
AC559 
AC519 
AC1019 
AC 1069 

AC1219 
AC1569 
AC1529 
AC2069 
AC2039 

5-500 
5-500 
5-500 

10-1000 
10-1000 

10-1200 
200-1500 
10-1500 

200-2000 
10-2000 

13.5 
11.5 
28.0 
11.5 
24.5 

10.0 
17.0 
9.0 
15.0 
7.5 

13.0 
10.0 
26.5 
10.5 
24.0 

9.0 
16.0 
8.5 
14.0 
6.8 

5.0 
5.7 
4.2 
6.0 
4.5 

6.5 
6.0 
8.0 
6.5 
8.0 

5.5 
6.5 
5.0 
7.0 
5.5 

8.5 
7.0 
9.0 
7.5 
9.5 

20.0 
20.0 
20.5 
20.5 
20.5 

20.5 
19.0 
20.5 
19.0 
20.0 

37 
38 
36 
35 
34 

35 
33 
32 
32 
34 

15 
15 
15 
15 
15 

15 
15 
15 
15 
15 

88 
88 
127 
90 

127

90 
130 
90 
130 
90 

5-500 
10-1000 

200-2000 
200-2600 

13.5 
13.5 
9.0 
7.0 

12.5 
12.5 
8.0 
6.5 

4.7 
5.0 
5.0 
5.5 

6.0 
6.5 
5.5 
6.0 

measurement of non-ionizing radiation. 
Incorporated are microwave oven leak¬ 
age meters, isotropic field strength me¬ 
ters, and meters for measuring electric 
and magnetic fields near VDTs and 
electric power lines. Holaday Indus¬ 
tries, Inc., Eden Prairie, MN. Please 
circle INFO/CARD #220. 

Quartz Crystals and Oscillators 
Piezo Crystal introduces its catalog 

covering quartz crystals and crystal 
oscillators for commercial, military and 
spacecraft applications. Technical and 
product information on quartz crystals 
and quartz oscillators up to 600 MHz are 
featured. Piezo Crystal Company, Car¬ 
lisle, PA. INFO/CARD #219. 

RCS Target Mounting Systems 
Brochure 

Described in this brochure is Scientific-
Atlanta’s line of Series 55500 low RCS 
target mounting systems. It contains 
product descriptions, specifications and 
ordering information covering pylons 
and rotators. This system minimizes 
electromagnetic backscatter while pro¬ 
viding a method for mounting and 
positioning RCS targets. A glossary of 
terms can also be found in the brochure. 
Scientific-Atlanta, Inc., Atlanta, GA. 
INFO/CARD #218. 

Paper Describes Display Shielding 
This technical paper, “A Study of 

Materials and Methods for EMI Shield¬ 
ing of Displays,” was presented at the 
annual conference of the Society of 
Information Display. It provides a techni¬ 
cal commentary and graphs with design 
considerations and constraints in the 
selection of EMI shielding windows for 
government, military, medical and sensi¬ 
tive business applications. Teknit, Cran¬ 
ford, NJ. INFO/CARD #217. 

Test and Instrument Product Guide 
United States Instrument Rentals has 

published its 1989/1990 product guide. 
It contains information on over 5,000 
models from more than 170 manufactur¬ 
ers of electronic test and measurement 
instruments, data processing equipment 
and telecommunications test devices, 
available for rent, lease or sale. Included 
are specifications, descriptions, photos 
and other technical data. United States 
Instrument Rentals, Inc., San Mateo, 
CA. INFO/CARD #215. 

Scalar Network Analyzer Brochure 
This brochure describes the 562 sca¬ 

lar network analyzer that measures 
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transmission, return loss and power 
over the 10 MHz to 40 GHz range. In 
addition to specifications, the brochure 
contains front panel functions, applica¬ 
tions, accuracy tables and a list of 
available accessories. Wiltron, Morgan 
Hill, CA. INFO/CARD #214. 

Application Note on Determining 
Bandwidth 
Using Computer Simulation to Deter¬ 

mine Operational Bandwidth of Digital 
Packages outlines the methods used to 
simulate the performance of a 196-pin 
VLSI package with commercially avail¬ 
able software. A package representation 
that includes discontinuities is simulated 
using Touchstone”. Also, since the 
package is a passive device, the original 
model can be simplified and analyzed 
in the time domain. EEsof, Inc., Wes¬ 
tlake Village, CA. INFO/CARD #213. 

SAW Brochure 
This brochure from Sawtek describes 

resonator theory of operation, one-port 
resonators, two-port resonators, delay 
lines, performance characteristics and 
packaging. A table lists performance 
parameters of the above products and 
a section on definitions is featured. 
Sawtek, Inc., Orlando, FL. Please 
circle INFO/CARD #212. 

Product Catalog 
This catalog, from Racal-Dana, cov¬ 

ers programmable switching systems 
from DC to 26.5 GHz, universal counters/ 
timers, digital test subsystems, and RF 
instrumentation. Specifications, photo¬ 
graphs and ordering information is in¬ 
cluded. Racal-Dana Instruments, Inc., 
Irvine, CA. INFO/CARD #211. 

SPICE Reference Guide 
Simulating With SPICE features a 

tutorial on SPICE which allows the 
novice to become familiar with the pro¬ 
gram. Example problems, application 
note sections, benchmark circuits, a 
SPICE related bibliography and netlists of 
all circuits used are included. The book 
costs $64 and comes with a $50 IsSPICE 
coupon. For more information circle the 
reader service number. Intusoft, San 
Pedro, CA. INFO/CARD #210. 

Contacts and Connectors Catalog 
This catalog covers the AMP multiple 

COAXICON coaxial connector family, 
which incorporates a variety of male and 
female contacts into plastic rectangular 
housings or inserts with metal shells. It 
provides product facts, materials and 

finish information, performance specifi¬ 
cations, and wire and cable selection 
charts. Information on application tool¬ 
ing, technical documents and connector 
hardware, as well as detailed product 
drawings, are included. AMP Inc., Har¬ 
risburg, PA. INFO/CARD #209. 

Modulation Meter Bulletin 
This six-page bulletin discusses the 

features of the Marconi Model 2305 50 
kHz to 2.23 GHz modulation meter. Four 
block diagrams detail the operation, 
set-up, demodulation sequential sig¬ 
nalling tones, and the measurement of 
audio tones. GPIB programming and 
programming codes are highlighted to¬ 
gether with a specification summary on 
the instrument. Marconi Instruments, 
Allendale, NJ. INFO/CARD #208. 

Software 
for PCs 

• Tune components by tapping curser keys. 
• Fast and hang resistant optimizer. 
• Easy to learn and use. 
• Affordably priced. 
• Runs on your IBM PC/XT/AT/PS2 or compatible. 
Coprocessor recommended. 

Circuit Busters has released =OSCILLATOR= which 
designs L-C, distributed, SAW, and quartz crystal oscillators. 
• Calculates RF and bias component values. 
• Automatically writes =SuperStar= circuitfile. =SuperStar= isthen 
used to simulate, tune and optimize the design. 

• Computes the SSB phase noise performance, and integrates this 
data to obtain the residual FM and PM modulation. 

• The fully referenced manual discusses fundamentals, oscillation 
starting, non-linear effects on output and harmonic level, biasing, 
frequency tuning and pulling, phase noise, and advanced 
techniques. 

• Only $495 (single quantity). 

Other Circuit Busters programs for your PC: 

• =SuperStar=: General purpose circuit simulation and 
optimization. 

• =FILTER = : Designs L-C filters. Writes =SuperStar= files. 
• =TLINE= : Relates transmission line dimensions and 

performance. 

CIRCUIT BI STERS, INC. 

1750 Mountain Glen 
Stone Mountain, GA 30087 USA 
(404) 923-9999 

VISA MasterCard . 
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RF - IF MODULES 
□ Cut Design & Mfg Costs 
a Prototype Quickly 
□ Hi-Sensitivity/Low Power 
□ Specials Our Business 

Modules for HF/VHF/UHF receivers, oscillators, and 
transmitters. Prototype to production volumes for 

FM, FSK, ASK, SCA, DATA, SECURITY, and 

specialty RF systems. Write or call: 

ANDERSON SYSTEMS 
P. 0. BOX 975, BEN LOMOND, CA 95005 

(408) 462-7208 (408) 336-3305 

ELECTRONIC 
COMPONENTS 

Free 192 -page catalog including 
capacitors, resistors, relays, connec¬ 
tors, soldering equipment and 
supplies. 

MOUSER ELECTRONICS 
1-800-992-9943. 

VICE PRESIDENT-ENGINEERING 
& ADVANCED DEVELOPMENT 

Leading manufacturer of RF Communications products including 
Two Way Radio, Satellite Communications and Marine 
Electronics has an opportunity for a strong engineering 
professional to be responsible for sustaining engineering, 
new product development and engineering services. 
Position requires 10 years management experience in 
engineering/product development environment, BSEE and 
RF product design & support experience. 

Send resumes & salary requirements to: 
STANDARD COMMUNICATIONS 

P. O. Box 92151 Los Angeles, California 90009 

when you 
move... 
1 For FASTEST service attach old 

mailing label in space below 

Please 
allow 

6 weeks 
lor 

change 
to 

take 
effect 

2 Print your NEW business 
address here 

NAME_ 

title_ 

COMPANY_ 

ADDRESS_ 

CITY_ 

3. Mail to: 

Circulation Dept. 
RF Design 
P.O. Box 6240 
Duluth, Minn. 55806-9940 

AN ENVIRONMENT 
FOR INNOVATION 

PA Consulting Group, an international 
technology based consulting firm, is 
seeking unusually gifted RF Engineers. 
We need people who will enjoy the 
challenge of solving "impossible" 
problems while working on state-of-
the-art projects. 

This is an excellent opportunity to work 
in a technically stimulating environment, 
while remaining in close touch with the 
business and commercial aspects of the 
real world. 

Your responsibilities will include: 

• concept creation 
• detailed engineering design 
• prototype development 
• project management 
• customer presentations 

We are seeking talented individuals 
with an undergraduate degree in 
Physics, Electronics or related 
technical curriculum with a 
minimum of 5 years experience 
in one or more of the following: 

• communications networks, 
wired or wireless 

• RF and high frequency analog, 
circuits and systems 

• microwave circuits and systems 

We offer an excellent salary and 
benefits package. If you know 
you are good-we want to hear 
from you. Please write, describing 
your achievements, to: Recruitment 
Manager, PA Consulting Group, 
279 Princeton Road, Hightstown, 
NJ 08520 

Consulting 
.LZ*. Group 
An equal opportunity employer M/F 

VHF/UHF 
DESIGN ENGINEER 

Expanding telecommunications com¬ 
pany in the San Francisco Bay Area 
seeks RF Project Engineer with BSEE 
or MSEE and at least five years hands-
on circuit experience. Small company 
atmosphere, competitive compen¬ 
sation and full employment benefits 
package. 

Send your resume to: 
P. O. Box 378 

Sunnyvale, CA 94087 
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Digital Cellular Radiotelephone Systems 

Advanced Electronics for a More Productive World 

AND 
HE BEAT 
.GOES 

At Motorola Cellular, we keep in tune with new 
technological advancements through the talent and 
drive of our professionals. 

Our revolutionary Digital Cellular Radiotelephone 
Systems exemplify the phenomenal breakthroughs in 
ooject-oriented design using C++, advanced data 
protocols, a CASE/CAE environment, ASIC design, 
advanced error coding and encryption methodology, 
to name a few. 

We are seeking performers who want to orchestrate 
their own future and the future of cellular technology. 
The following opportunities are currently available: 

ANALOG & RF ENGINEERS: Design/develop RF 
and analog circuits for high capacity cellular systems. 
Requires minimum of two years experience in any of 
the following: DSP; ASIC Design; CAE Environment; 
Digital Modulation; Digital Mobile Communications; 
Channel Equalizers; Transmitter-Receiver-Synthe¬ 
sizer or Audio Design; Digital Signal Processing. 

CELLULAR SYSTEMS ENGINEERS: Evaluate and 
optimize customer requirements and the development 
of cellular frequency plans based on cell topology, 
propogation predictions, subscriber demands and 
future growth forecasts. Minimum of two years ex¬ 
perience in: Broad Based Electrical Engineering; 
Computer Programming. Telecommunications or Two-
Way Communication Systems Technologies, a plus. 

Motorola offers the "chance of a lifetime" to compose 
a system of major scale. Join the undisputed leader 
of cellular technology. For consideration, forward 
your resume to: Professional Staffing, Dept. 
#RF388, Motorola, Inc., Cellular Group, 1501 
West Shure Drive, Arlington Heights, IL 60004, 
or FAX your resume to: (312) 632-5717. Equal 
opportunity/affirmative action employer. 
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RF ENGINEERS WHO SEEK 
CHALLENGES CHOOSE 
ADVANCED ENERGY INDUSTRIES, INC. 

We develop the world’s most advanced power 
supplies for leading edge process technologies, and 
our commitment to quality and excellent customer 
service has earned us recognition as the fastest 
growing, privately held company in Colorado. You'll 
also find we have a commitment to participative man¬ 
agement. At Advanced Energy Industries, Inc you 
can make a difference. 

Currently, we’re looking for RF engineers who have 
a BSEE and 4-7 years design experience with RF 
power amplifiers, class C & D, directional couplers, 
RF power filters, detectors, magnetic components, 
frequency range of 10-100 MHz, and power range of 
500-5,000 watts. 

Advanced Energy is a commercial manufacturer 
located in Fort Collins, Colorado, less than an hour 
from Denver and just a short drive from the wilderness 
of the Rocky Mountains. Send your resume to 
Advanced Energy Industries, Inc., 1600 Prospect 
Parkway, Fort Collins. Colorado 80525. 

/\ — ADVANCED 
¿AC ENERGY 

EOE 

RF Design Software Service 

Computer programs published in RF Design are available on disk. For a minimal cost, you can avoid 
the problems of typing program listings into your computer 

The following is a complete listing of available programs (all disks are provided in MS-DOS format): 

Disk RFD0489 /April 1989 RF Design/ 

I Lotus spreadsheets from "Design of Constant Phase Difference Networks." by Thomas Keely 
2. Interpreter and compiled versions of "A BASIC Program for 90-Degree Allpass Networks." by 

Allan Lloyd. 
3. HP BASIC program from "Bridged-Tee Delay Equalizers — A Computer-Aided Realization." by 

Robert Kane. (Wb are attempting to get this lengthy program translated into BASICA or 
GWBASIC.) 

4. "Match," by Peter Martin, referenced in his article. "Design of Line Matching Networks." in 
the February 1989 issue. 

Disk RFD-O389 /March 1989 RF Design/ 

I. "A Design Program for Butterworth Lowpass Filters" 
2. "A Parallel-Coupled Resonator Filter Program" 

Disk RFD-0289 (February 1989 RF Design/ 

I. "CAD for Lumped-Element Matching Circuits" 
2. "Modeling PLL Tracking of Noisy Signals" 

Prices are $9.00 each for a 5 1/4 in. diskette, or $10.00 for a 3 1/2 in. mini-floppy Outside of the U.S. 
and Canada, add $8.00 (disks will be sent airmail). Make check or money order payable to RF Design 
Software Service Specify disks wanted, and send orders to: 

RF Design Software Service 
P. O. Box 3702 

Littleton, CO 80161-3702 

Questions and comments should be directed to RF Design magazine 

Advertiser Index 

Acrian Inc. 10-11 
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FREE SUBSCRIPTION REQUEST 
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80 
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25 
45 
140 
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90 
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Usar of electronic equipment 
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□ Video, audio equipment 
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□ Medical electronics 

equipment 
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RF POWER AMPLIFIERS 
FOR ALL OCCASIONS 
FROM 10 MW TO 1KW AND 30 TO 3000MHZ 

MILCOM CAN SATISFY YOUR POWER AMPLIFIER REQUIREMENTS 

If you need an RF Power Amplifier for any linear or non-linear, narrow or broadband application call 
Milcom first. Chances are that we can fill your requirements with one of our standard products or a 
combination of our off-the-shelf modules and sub assemblies. We are specialists in RF Power 
Amplifiers and related control systems for the following applications: 

• 30-960 MHz Land Mobile FM 
• 116-152 MHz Aircraft AM 

• 30-88 MHz Military Tactical FM 
• 225-400 MHz Los AM & Satcom FM 

• 150 MHz and 220 MHz ACSB • 1400-1600 MHz Linear 

• 400-1600 MHz Tropo and Point-to-Point Microwave Link 

ONLY MILCOM OFFERS A FULL 2 YEAR WARRANTY AND A MONEY BACK GUARANTEE. 

M
a B “Home of the Tuff Trunk Amplifier" 

ilcom 
International Inc. 

10891 CAPITAL AVENUE, GARDEN GROVE, CALIFORNIA 92643 • 714-554-1710 
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The most comprehensive catalog in the industry. With easy to 
use selection guides for the full range of discretes and 

MMIC’s. Call or write for your copy today. 
From the company that offers Semiconductor Solutions 

for RF, Microwave and Millimeter Challenges. 
M/A-COM Semiconductor Products 
South Ave., Burlington, MA 01803 

Telephone (617) 272-3000 ext. 3808 • Telex 94-9464 
TWX 710-332-6789 • FAX: (617) 272-8861 




