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RESISTORS

AIbeRAN

ATTENUATORS

TERMINATIONS SERVICE

Richardson
Electronics, Ltd.

OFF-THE-SHELF FROM
RICHARDSON ELECTRONICS

When you are designing with
high power transistors, you
need a RAT!

The fact is, if the output stage of your amplifier
has more than one transistor, you need at least two
RATS (Resistors, Attenuators, and Terminations).
And with power ranges of today’s technology well
into the multikilowatt levels, the selection of high
power passive products is more critical than ever.
Acrian introduced high power RATS to the world
more than 10 years ago, and we still manufacture
the best resistors, attenuators and teminations on
the market.

Richardson has more than twenty standard
package styles for microstrip

applications, both flanged and "Im
unflanged. - rm——

ACRIAN RATS feature:

o More watts/square inch dissipated

® Lowest VSWR (1.25:1)

e Standard resistor values at 50 and 100 Ohms
¢ High-temperature brazing

® Lowest thermal resistance

® Hi-Rel screening available

For the most reliable high power passive products
call for Acrian RATS today at:

Richardson
Electronics, Ltd.

Corporate Headquarters
40W267 Keslinger Rd., LaFox, IL 60147
(312) 232-6400 Toll Free (800) 323-1770

USA Sales OffTices (800) 348-5580; Brooklyn (800) 221-0860

Canada (800) 387-2280

INFO/CARD 1



Unprecedented Performers /

\The A-BOGO Spectrum Analyzer.

LA step beyond the

Now 2.6 GHz frequency coverage!
Fully synthesized. Tracking generator.* Quasi-peak detector.*
Truly portable. And again, an exceptional value!

The new A-8000, quite simply put, is our response to
industry’s demand for a higher frequency, yet still econom-
ical, Spectrum Analyzer.

Now, with two models and seven options to select
from, you can custom configure the unit that meets your
specific testing requirements.

The commonality of the A-8000 and A-7550 offer you
many benefits. Two powerful microprocessors, menu
driven display modes and single function keyboard entry
aid the user in the operation of all analyzer functions. To
further increase the operational simplicity of the A-8000
and A-7550, the microprocessor systems automatically
select and optimize the analyzer's bandwidth, sweep rate
and center frequency display resolution, with manual
override if desired.

Increased flexibility...added features...and
exceptional value continue to make IFR the logical
choice when considering your next Spectrum Analyzer. |

Contact your IFR distributor or representative
for a demonstration.

,f& /'

IR

A-8000 and A-7550 Features — All Standard:

= Fully synthesized (A-8000) 10 kHz to 2.6 GHz (A-7550) 10 kHz
to 1 GHz = VRS™ (Vertical Raster Scan) CRT display = Single
function keyboard entry ® Menu driven display modes

= Automatic amplitude calibration = Selectable linear /log display
modes = Digital storage of all displayed parameters = 70 dB
dynamic range ® 300 Hz resolution bandwidth = Selectable
scan widths, 1-2-5 sequence + 0 and full scan ® Accurate center
frequency readout ® Direct center frequency entry

= Automatically scaled electronic graticule = Variable top scale
reference (+30to —95in 1 dB steps} = IF gainin 1 dB steps

= Line, bar, average, compare and peak hold display modes

= 300 Hz and 30 kHz video filters = 106 to 266 VAC operation
without switching ® 12 to 30 VDC operation

*Optional Features Include: = Internal rechargeable 5 APH
battery for truly portable operation = Internal tracking generator
with 1 dB step attenuator = FM/AM/SSB receiver = |IEEE-488
interface bus = RS-232 interface bus = 75() adapter

= Internal quasi-peak detector

IFR SYSTEMS, INC.
10200 West York Street / Wichita, Kansas 67215-8935 US.A.
316 /522-4981 / TWX 910-741-6952
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URRENT
MISER.

150..AGaAs FET Switches

TYPICAL CHARACTERISTICS DAICO GaAs FET switches meet  built-in TTL compatible drivers and

Frequency: 5MHz - 4GHz the need for nanosecond switching  50ohm terminations in a 14-PIN

RF Transtion time: 4ns speed combined with extremely DIP Package. Surface-mount and

Switching speed: 26ns low current consumption. Now avail-  Hi-REL options offered.

DC current consumption: 150.:A at +5V able from stock these switches have Call or write for details.
DAICO INDUSTRIES, INC.

P 2139 East Del Amo Bivd., Compton, CA 90220
Telephone (213) 631-1143 FAX (213) 631-8078

INFO/CARD 3 © 1989 Daico Industries, Inc mp88488
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industry insight
C 21 RF Power Transistors — A Status Report
| Although there are potential breakthroughs on the horizon, power transistor
manufacturers are going through a steady evolution in product performance.
— Mark Gomez

L featured technology

27 An Active Tunable Group Delay Equalizer
In order to compensate for system-dependent passband group delays in digital
microwave radio systems, tunable delay equalizers are often needed. In this article,
the authors describe an active all pass equalizer network design and implementation.
— Vishwajit Mitra and W. Rupprecht

¢ 35 Monolithic Ceramic Block Combline Bandpass Filters

Ceramic materials can be used to create small, rugged coaxial structures to meet

Page 27 — Tunable Delay Equalizer demanding military and OEM specifications. The mechanical requirements for
construction, coupling and tuning this type of filter are addressed in this

article. — Darioush Agahi

43 A Design Program for Butterworth Lowpass Filters
This note reviews the theoretical development of the Butterworth polynomial, and
describes a program which assists in determining the order and component values

Cross Section of Coaxial Resonator

of maximally flat lowpass filters. — David C. Greene
f— Thick Film
Silver Center
Ceramic Conductor
i N —
g ouer rfi/emc corner
Metaization 46 EMC News Report
7 This month’s column is a summary of recent news of interest to engineers involved
Shorted p in EMC. Government information and industry events are reported.
End —
48 A Microwave Oven to Amateur TV Transmitter
Conversion
Page 35 — Ceramic Block Filters One of the prize winners in the 1988 RF Design Awar_ds Contest was this unique effort.
The author has evaluated the performance of microwave oven magnetrons and
developed a method of frequency control and video modulation to create an
inexpensive, high power transmitter. — David Pacholok
designer’s notebook

56 A Parallel-Coupled Resonator Filter Program
This note presents a program which was developed to assist in the design process
of this common filter type in an L-band system. The program presents idealized
frequency response and computes the even and odd impedance of the coupled pairs

used. — Andrew W. Westwood
departments
6 Editorial 58 New Products
13 Letters 64 New Software
; 16 News 65 New Literature
Page 48 — Amateur TV Transmitter 22 Calendar 66 Advertisers Index
23 Courses 68 Info/Card
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HIGH POWER
COUPLERS

2000 WATTS

.01-250 MHz

* MODEL C1460
e COUPLING 50 dB
e DIRECTIVITY 20 dB
e VSWR 1.16:1

100 WATTS

.05-1000 MHz

MODEL C1634
COUPLING 40 dB
DIRECTIVITY 20 dB
VSWR 1.2:1

BROADBAND RF
COMPONENTS

¢ Hybrid Junctions

e Power Combiners

¢ Power to 20 KW

¢ Frequency .01-2000 MHz

See Gold Book and Microwave & RF
Product Directory for Additional
Products.

{  WERLATONE INC.

P.O. Box 47
Brewster, NY 10509
Tel: (914) 279-6187

decades ahead TWX 510-600-0747
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rf editorial

Get Those Contest Entries

Finished

By Gary A. Breed
Editor

he last day of March is the deadline

for entries in the Fourth Annual RF
Design Awards Contest. It's time to
buckle down and put the finishing
touches on that great idea of yours.
(Complete information is on pp. 14-15.)

My words of encouragement are the
same as |'ve used for every past contest.
We don’t expect major technological
breakthroughs, just good ideas that
save time, save money, or just work
better. Our previous winning designs
haven’'t been earthshaking develop-
ments; they have primarily been inter-
esting adaptations of existing designs,
accompanied by clear descriptions and
performance data.

We get occasional letters wondering
why one design or another was judged
a winner, since it really wasn’'t a novel
idea. To those who wonder, the answer
is simple — there aren’t many truly
novel ideas in the world. However, there
are lots of new ways to design, con-
struct, or apply an idea that may have
been around for awhile. That is why
originality is only one of three different
criteria for judging. We put equal weight
on the others, engineering and docu-
mentation.

We insist that our winning designs
be created in reponse to a need. That's
what engineering is — a problem-

solving profession. ‘“How do we turn an
idea into something that works?"’ is the
ongoing question that must be ad-
dressed. And although many engineers
hate the time-consumirg task of record-
ing the results of their work, we all know
how important documentation is. With-
out it, the same problems will keep
returning. Often, the extra work needed
to completely describe one design ex-
poses an unexpected performance char-
acteristic that solves an entirely different
design problem.

Be assured that the contest judges
understand RF engineering. Joining me
again this year are our Consulting
Editors, Andy Przedpelski and Bob
Zavrel. Their experience ranges from
advanced military systems to integrated
circuits, with solid uncerstanding from
RF basics to advanced theory. Joining
the team is another experienced engi-
neer, Al Helfrick, last year's winner.
Together, we have 80 years or more of
RF experience.

We'd like to think that our contest is
a microcosm of the entire RF engineer-
ing profession. All of you are out there
turning ideas into functioning hardware.
Along the way, every one of you finds a
new way to solve an old problem, or an
old idea that can be applied to a new
problem. These are the ideas we want
you to send us. I'll be watching the
mailbox.

i
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THE NOISE COM
APPLICATION FILES

NOISE IS A NATURAL

IN RECEIVER TESTING

Noise Com noise sources in TO-8 and 24-pin
DIP packages add value and sophistication to
your receiver systems far in excess of their cost.
In fact, designing Noise Com noise sources into
receiver systems may have little impact on the
price of the finished product. But their versatility
is astonishing.

WHY NOISE?

Noise sources are excellent reference signals.
Their response is flat and their temperature
stability is excellent over vast frequency ranges,
SO you can set receiver gain to provide optimum
performance. The detected output can then be
used to set squelch levels, or in digitizing
receivers to trigger a desired quantization

level at the A/D converter. In radar receivers, the
noise source can simulate ground clutter or set
receiver sensitivity to an acceptable false-alarm
rate.

IF TEST
PORT

ONOFF [ procEsson
|

ANTENNA X —{RF FRONT END]»~ 46—{ DEMODULATION o BASEBAND

Noise sources can also be used in setting
minimum detectable signal level, establishing
dynamic range, or setting a reference for go/no-go
testing. Frequency response can be measured at a
test port prior to the demodulation circuitry. Since
noise sources provide constant energy across the

receiver bandwidth, frequency response
can be measured instantaneously — without
tuning an input signal.

Bandwidth, sensitivity,
passband ripple, and
spurious responses
can be measured as
well. Frequency
conversions make
these measurements
very difficult with
network analyzers,
but have no effect

on the characteristics
of noise.

WE WROTE THE BOOK

In receiver testing, noise is a natural. And Noise
Com is naturally your source for quality noise
products. You'll find our noise sources in commer-
cial and military receivers throughout the world.

Let us tell you how Noise Com NC 500 and
NC 2000 built-in noise sources can add a new
dimension to your receiver designs. Call Gary
Simonyan at (201) 261-8797 for details.

NOIS%M E. 64 Midland Avenue, Paramus, New Jersey 07652
(201) 261-8797 » FAX: (201) 261-8339 » TWX: 910-380-8198
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The New Leader in

DIRECT DIGITAL

SYNTHESIZERS

' The New QUALCOMM
Q2334 DDS Offers:
HIGH PERFORMANCE:

+ 32-bit Phase Accumulators
+ 16-bit Sine Lookups (on-chip)

+'12-bit Digitized Sine Outputs
» 30 MHz Sampling Rate
« All Spurs below -70dBc

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

PLUS: :
» Two Complete Independent '
DDS Circuits on-chip
+ LOW Price: $98.00 (100's) |
« MIL-STD-883 Parts Available |
« Complete Demonstration
Kit Available

Spectrum of Typical Q2334 Synthesized Waveform

|

Start: 0 Hz, Freq: 4.1 MHz, Scale: 10 dB/div, Stop: 15 MHZ2

UALCOMW

NCORPORATED

“..the elegant solution

10555 Sorrento Valley Road
San Diego, CA 92121
Phone: (619)587-1121 ext. 540
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SAWING
QUARTZ?

ELECTRO ABRASIVES ARE
YOUR No. 1 ANSWER.

Sawing and lapping quartz into timing
devices, and other precision lapping and
polishing of components require precision
abrasives: the type produced at our new
Buffalo powder plant.

Our new generation powders

For these reasons:

are your best choice: * Sized to rigid FEPA standa-ds
o Electrocarb® Silicon Carbide ® Water classified with state-of-the-art
o Brown Fused Aluminum Oxide technology

Optical Powders Used daily in production sawing of quartz
e White Precision Alumina ¢ In stock for immediate shipment

Request Dascriplive Product Literature.

of your nearest Electro nn

distributor. i ABRA SIVES

ELECTRO ABRASIVES CORPORATION » 701 Willet Road « Buffalo, N.Y. 14218
Tel: 800-333-0622 Fax: 716-822-2858

Contact Al Ramming
for assistance in grit-size
selection and the name
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Monolithic PIN Diode
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6060B typical level accuracy vs. frequency at - 127 dBm.
Sample: 38 units. Solid line: worst case. Shaded: Typical (75%).

Getting the performance you expect
from your instruments can sometimes
be a pain. But not when it comes to
the Fluke 6060B RF signal generator.
It delivers more performance than
you thought you paid for, even at

the extremes.

On paper, most general purpose RF
signal generators look pretty much the
same.

But how they perform in your real-world
test environment is another matter.

Take the Fluke 6060B. Its specified
amplitude level accuracy in a typical work-
ing environment is +1 dB. Nothing surpris-
ing there. Except that this performance is
available over the entire dynamic range of
-127 dBm to +13 dBm. What's more, as
the chart above shows, typical perform-
ance is much better: 2:1.or more. Even at
-127 dBm. And in the over range areas to
+16 dBm and - 140 dBm, the 6060B typi-
cally stays within its 1 dB specification.

That means the devices you test can

be specified and measured more precisely
withincreased confidence. Your test yields
go up. And you can process more workload
with a single signal generator.

What is the key to this extra margin of
performance? Attention to the details. Soft-
ware compensation techriques. And out-
standing linearity and repeatability over the
6060B's amplitude and frequency range.

Which means you can be sure of your
measurements. From instrument to instru-
ment. Test to test.
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The 6060B also offers a number of

amenities that make it easy to use. Unclut-

tered front panel layout. Bright digit edit-
ing. Stored front panel set-ups. Increment
stepping. And relative amplitude and fre-
quency. To name a few.

The 60608 is just one member of a

family of general purpose RF signal gener-

ators from Fluke, each designed to deliver
more performance than you thought you
paid for.

Test the true performance of the

The 1.05 GHz Fluke 6060B.

60608 for yourself. Because what you
don’t know might hurt you. Cali Fluke toll-
free at 1-800-44-FLUKE and arrange
for a demonstration.

Fluke 6060B

10kHz — 1.05GHz

+13 dBm maximum output level
1d8B level accuracy

-60 dBc spurious

INFO/CARD 9

John Fluke Mfg. Co., Inc., PO. Box C9090, M/S 250C,
Everett, WA 98206. U.S. (206) 356-5400. Canada (416)
890-7600. Other countries: (206) 356-5500. Specifications

subject to change without notice. ©1988 John Fluke Mfg. Co.,

Inc. All rights reserved. Ad no. 0881-F6060.
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RUGGED
FLEXIBILITY:

What Kaman’s SiO:
Cable is all about...

Electronic warfare cable assemblies should
be designed for fast, uncomplicated installa-
tion, and yet be tough enough to withstand the
harshest operating conditions.

Valerie Woldridge answers this challenge.
As Production Supervisor, Valerie sees to it
that Kaman Instrumentation’s semi-rigid SiO2
cable assemblies deliver unsurpassed reli-
ability and performance, as well as the
strength of stainless steel jacketed, hermeti-
cally sealed and all-welded construction.

Kaman’s SiO2 cable can tolerate greater
tensile and torque loads and has superior
resistance to impact damage and corrosive
breakdown. For critical space applications,
no harmful outgassing effects are incurred.

Most of all, Kaman’s EW cable assembilies
are built to last — virtually eliminating all
replacement costs.

For more information about Kaman’s SiO2
cable assemblies, call or write today.

Kaman Instrumentation Corporation

Microwave Products

PO. Box 7463

Colorado Springs, CO 80933-7463
(719) 599-1821 FAX: (719) 599-1942




rf letters

Letters should be addressed to:
Editor, RF Design, 6300 S. Syracuse
Way, Suite 650, Englewood, CO
80111.

Re-Discovery is Important

Editor:

| am writing regarding Harvey Mor-
gan’s article ‘‘An Emitter Follower Oscil-
lator”” (Oct 1988, AF Design) and Nathan
Sokal's letter (Dec 1988, RF Design).
As a mature (aw, what the hell — old)
analog circuit designer, | see from time
to time some clever ideas that were
considered many years ago. More than
once in my career | have found that the
basics of an ‘“‘original’’ idea were previ-
ously presented. It was much easier 30
years ago to find out whether a circuit
had been covered. | had only one circuit
design back then (1961), but today
several hundred fill my bookcases.

Mr. Sokal points out, *‘...a recurring
problem in our industry — past knowl-
edge is ‘lost’ and previously available
information is re-created.’’ Sad, but true.
However, today’'s circuit designers
should be indebted to all the Harvey
Morgans for such re-creations. Without
them some clever ideas might lie wasted
in dusty old books.

Like many analog circuit designers, |
have found that emitter followers can
(and do) oscillate — with a vengeance.
The two references below solved any
problem.

1. M.V. Joyce and K.H. Clark, Transis-
tor Circuit Analysis, Addison-Wesley,
1961, pp. 264-269.

2. P.J. Beneteau, Stable Wideband Emit-
ter Follow, Fairchild Application Data,
APP-41, Sept. 1961.

Richard Smith Hughes
U.S. Naval Weapons Center
China Lake, California

Little Computers Aren’t Just
for Games

Editor:

| have always enjoyed RF Design,
especially since it occasionally includes
submitted programs for my “‘obsolete”
Commodore 64. Herewith submitted is
a simple, yet useful, C64/128/Vic20
program (Figure 1) | recently wrote
which calculates dB and power levels
for those of us still lacking scientific
calculators.

I work full time for Los Alamos
National Laboratory and operate a part-
time mail order business making and
marketing 12 volt power supplies and
packet radio modems for the C64 com-
puter.

Jim Devenport
DEVCOM
Los Alamos, New Mexico

Correction

The following companies should be
added to the listing provided in the
RF Design 1988 Directory (Dec. 1988):
1. Innovative Frequency Control

Products Inc.

P.O. Box 300

Plainfield, PA 17081

(717) 258-5425

quartz crystals and resonators
2. Power Systems Technology Inc.

63 Oser Avenue

Hauppauge, NY 11788

(516) 435-8597

power amplifiers

24 GETP$:IFP$="D"THEN100
27 IFP$="P"THEN30

28 IFP$="S"THENSTOP

29 GOTO24

35 GETC$:IFC$="D"THEN200
37 IFC$="I"THEN39
38 GOTO35

10 REM THIS IS A POWER/DB CALCULATOR PROGRAM WRITTEN BY WBS5AOX 12/88.
20 REM ENTER POWER IN WATTS AND DB'S IN DECIMAL FORMAT.
21 PRINT"SOLVING FOR (P)WR OR (D)B OR (S)TOP?"

30 PRINT"SOLVING FOR PWR (I)NCREASE OR (D)ECREASE?"

39
40
50
60
100
110
120
130
200
210
220
300

PRINT"ENTER MEASURED POWER LEVEL':INPUTP
PRINT"ENTER TOTAL ATTENUATION IN DB':INPUTD
PRINT"ACTUAL POWER IS:"P#*(104(D/10))

GOTO21

PRINT"ENTER HIGHER POWER LEVEL IN WATTS":INPUTHP
PRINT"ENTER LOWER POWER LEVEL IN WATTS":INPUTLP
PRINT"ATTENUATION IN DB IS:"10%LOG(HP/LP)/LOG(10)
GOT021

PRINT"ENTER DESIRED HIGHER PWR LEVEL:":INPUTHP
PRINT"ENTER ATTENUATION IN DB:":INPUTDB
PRINT"ATTENUATED PWR LEVEL IS:"HP/(10+(DB/10))
GOTO21

READY.

Figure 1.

RF Design

Devenport’s dB and power level program.

RFDesigner

RF Analysis and Optimization
Software

u

Berr =

NEW for
Macintosh Computers

RFDesigner offers full nodal inear ANALYSIS of one l
and two port circuits with stability analysis of active
circuits.

Simuttaneous OPTIMIZATION of any number of cir-
cuit components highlights the real power of
RFDesigner. Forward and reverse gain, phase, input
and output reflection coetficients could be selected for
optimization using Gradient and Random optimizers. |

Statistical Yieid prediction, which is based on ran-
dom optimizer, enables RAFDesigner to keep track of
how many analyses met the design objective set by
the user.

RFDesigner aiso provides: |
built-in parasistics tor all components '
automatic error checking

variety of numerical and graphical outputs
s-parameters interpolation

s-parameters Hbrary of small signal devices

full featured Schematic Capture

ingSOFT has atlocated its resources to provide regutar |
program up-dates, product support and newsletter to |
registered users.

ingSOFT Limited

213 Dunview Ave., Willowdale, Ont. M2N-4HS, Canada 7
TEL: (416) 730-9611 FAX:(416) 733-3884

Trademarks: RFDesigner — ingSOFT Limited, Macintosh — Apple Computer Inc. -

INFO/CARD 12
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Your idea may win this
Grand Prize, provided by
Webb Laboratories:

CommView
Receiver simulation software. Calculates pre- and
post-detection SNRs, bit error probability and
AGC voltage for user-entered system cascades.
Graphics support Pagemaker and Ventura
desktop publishing software.

FilSolv
Webb Labs’ filter synthesis package. Creates
practical, buildable lowpass, highpass and band-
pass filters in Butterworth, Chebyshev, Bessel
and Elliptic realizations. Incorporates losses
found in “real” components. Files can be saved
in formats compatible with major circuit analysis
packages.

C
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SYSCAD
RF/Microwave system engineering software. Per-
forms link, terminal and RADAR characterization,
receiver architecture analysis, transmit and
receive spurious analysis through an order of
2000, plus phase noise calculations.

TRANSCAD
Powerful single and coupled transmission line
and waveguide synthesis package. Analyzes and
synthesizes over 40 structures, including nearly
every microwave geometry of interest. Applies
numerical methods to the best known algorithms
to eliminate common synthesis errors.

Plus, a Zenith SupersPort laptop computer, with an
8088/8087 pair running at 8 MHz, 640 K RAM, a 3.5 in.
720 K floppy and an internal 20 MB hard disk! Includes
CGA graphics, MS-DOS 3.21 and carrying case. Perfect

for running all of Webb Labs’ software!
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¢ % RF Design Awards Contest Y

Just follow these

or one of five runner- simple entry rules:

up prizes from Fluke.

e 1. Entries shall be RF circuits containing no more than 6 single active
devices or 4 integrated circuits, or be passive circuits of comparable
complexity.

1 2. The circuit must have an obvious RF function and operate in the
? below-3 GHz frequency range.

3. Circuits must be the original work of the entrant. If developed as part
of the entrant’s employment, entries must have the employer’s approval
for submission.

4. Components used must be generally available, not obsolete or
proprietary.

5. Submission of an entry implies permission for RF Design to publish
the material. All prize winning designs will be published, plus addi-
tional entries of merit.

6. Winners shall assume responsibility for any taxes, duties or other
assessments which result from the receipt of their prizes.

7. Deadline for entries: March 31, 1989

JUDGING CRITERIA

1. Originality: The purpose of the contest is to reward engineers for their
unique design contributions. Each design will be evaluated according
to its similarity to work by others, unusual application of a device or
technique, and other judgments of its contribution to the advancement
of the engineering craft.

2. Engineering: Engineering is the application of technology to solve a
problem or meet a design goal. Entrants should clearly identify how
their circuit was created in response to such a need. Judges will
evaluate performance, practicality, reproducibility and economy.

Multimeter, with high resolution
analog pointer, MIN MAX averaging,

10pF - 5uF capacitance measure-
ment, plus, duty cycle from 0.1 to
99.9% overload protection, 4% digit
display and ragged, sealed construc-
tion are additional features.

Documentation: Communicating ideas to others is the business of
RF Design and a necessary part of good engineering. Each entry will
be judged on its description, analysis and graphical material. Each
circuit should have a complete list of components, explanation of func-

tions, and a summary of performance and test data.

l_"_design

6300 S. Syracuse Way
Suite 650
Englewood, CO 80111

Provided by John Fluke Mfg. Co., Inc.

MAIL YOUR
ENTRY BY
MARCH 31, 1989
TO GARY BREED,
EDITOR. . .
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rf news

A group of nearly 20 U.S. electronics
companies have agreed to work to-
gether to develop a plan for U.S.
development of High-Definition Televi-
sion (HDTV) technology. The announce-
ment, made by the American Electron-
ics Association (AEA), came at the
Winter Consumer Electronics Show
held in Las Vegas, Nev., in January.
Among the companies involved in the
effort are Motorola Inc., Hewlett-
Packard, Harris Corp., Texas Instruments
and IBM. The proposed partnership
has been likened by some observers
to Sematech, the semiconductor in-
dustry’s cooperative effort.

HDTV was also a subject of discus-
sion during January Senate con-
firmation hearings with now-confirmed
Commerce Secretary Robert A.

HDTV: The Discussion Continues

Mosbacher. Mosbacher affirmed that
HDTV research and development will
be a *‘high priority”” for the Commerce
Department under his direction. He
indicated that Commerce would be
ready to assume a leading role in the
fostering of commercial technology in
the United States, and would consider
providing some funding, or ‘seed
money’’, for HDTV work.

The Commerce Department’'s Ad-
visory Committee on Advanced Televi-
sion has added its voice to those calling
for strong U.S. participation in the
development of HDTV technology. In a
preliminary report, the Committee en-
dorsed the idea of a cooperative effort
between government and industry, and
also warned of the adverse impact of
U.S. non-participation (or weak participa-

tion) in this emerging technology.

The report stressed that the lack of a
significant U.S. presence in the HDTV
market will have effects that reach
beyond the area of consumer electron-
ics. “If U.S. semiconductor manufac-
turers do not have significant access
to this market, they will be severely
disadvantaged relative to their verti-
cally integrated competitors,’’ warned
the Committee. Materials, instrument
and equipment manufacturers will also
be affected. This assessment echoes
the analysis of the AEA’s Advanced
Television Task Force, which pre-
dicted that a weak U.S. presence in
the HDTV marketplace would translate
into a 50 percent reduction in the
U.S. share of the world chip market
by 2010.

Proposed 1990 Defense Budget to
Increase R&D, Procurement Fund-
ing—A budget of $305.6 billion has
been requested by the Defense Depart-
ment for fiscal year 1990, according to
an article in Electronic News (January
16, 1989). The proposed figure repre-
sents an increase of approximately 9
percent in funding of research and
development work, and an increase of
about 6 percent in procurement funding.
Proposed R&D funding for 1990 totals
$41 billion, with virtually no additional
increase scheduled for 1991. 1990 pro-
curement spending is set at $84.1
billion, with a 9 percent increase to $91.9
billion proposed for 1991. The overall
1990 budget proposal represents a 5
percent rise over fiscal 1989. This
amounts to a real growth, after account-
ing for inflation, of 2 percent over 1989,
Programs receiving increased fund-
ing in the proposed 1990 budget include
the Strategic Defense Initiative, the Air
Force’s Advanced Tactical Fighter
(ATF), and the Army's Light Helicopter
(LHX). Some other major programs,
including the B-2 Stealth bomber, will
continue to be funded under the pro-
posed budget, but will be put on a
somewhat revised timetable. The De-
fense Advanced Research Projects
Agency (DARPA) will continue to fund its
MMIC program, with $82 million in
spending proposed for fiscal 1990.

D.W. Roth, 1937-1988—The RF com-
munity suffered a profound loss when
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D.W. (Dan) Roth, vice president of
Amplifier Research Corp., Souderton,
Pa., died December 31 in Evanston, lIl.
Mr. Roth had been known and respected
throughout the electronics industry for
20 years, having founded Amplifier
Research with Donald R. Shepherd in
1969. Roth and Shepherd had worked
closely in the design and marketing of
broadband ECM equipment at American
Electronic Laboratories (AEL) before open-
ing their own power amplifier enterprise.

In addition to his successful career in
RF power and testing, Dan Roth was a
lifelong civic leader — chairman of the
Lower Salford Township Board of Super-
visors, founder of the Harleysville Senior
Adult Activity Center, and an active
member of the local Lions Club, Boy
Scout Troop Committee, Lansdale Meth-
odist Church, Indian Valley Library,
Jaycees and Toastmasters.

Siemens Components to Continue
GaAs Work—The Special Products
Division of Siemens Components Inc.
will continue to provide small-signal
gallium arsenide (GaAs) microwave/RF
components to the commercial and
military markets. This Siemens product
line is not affected by the recent an-
nouncement of the pending sale of
Microwave Semiconductor Corp. to Phoe-
nix Monolithics.

The Special Products Division's GaAs
components include GaAs FETs and
GaAs monolithic microwave integrated cir-
cuits (MMICs), manufactured in Munich,

West Germany, and marketed by the
Iselin-based Siemens division.

Navy Lifts Suspension of Varian’s
Continental Electronics Division—
The U.S. Navy has lifted its suspension
of Varian Associates’ Continental Elec-
tronics Division, Dallas, Texas. Under
the suspension, the division was pre-
vented from contracting with any agency
in the executive branch of the Federal
Government. The suspension was an-
nounced last July as a result of the
government’s nationwide investigation
of irregularities in government contract-
ing. In response to the suspension,
Varian has reviewed, updated and reis-
sued its written policies and practices
governing good business conduct, and
has initiated expanded training and
internal audit programs to help ensure
compliance. No fines or oenalties have
been assessed as a result of the investi-
gation; however, Varian has agreed to
assume the Navy's investigative costs
and has established a $250,000 escrow
account in order to cover any claims that
might arise.

Rockwell International Terminates
AIL Purchase Negotiations—Rock-
well International has announced the
termination of negotiations aimed at
acquiring Eaton Corp.’s AIL subsidiary.
The action followed the decision by
Rockwell not to proceed with the trans-
action in the absence of definitive con-
tracts with the Air Force on all aspects
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of AlL work on the B-1B bomber. AL has
been seeking, without success, addi-
tional Air Force funding for its work to
correct problems with the B-1B’s AN/
ALQ-161 defensive avionics system. In
announcing its decision to withdraw
from acquisition negotiations, Rockwell
reaffirmed its confidence in the technol-
ogy of the ALQ-161 and its belief that
AlL’s proposal to the Air Force can bring
the system up to its full potential.
Rockwell will continue to assist Eaton
on a contractual basis in work on the
defensive electronics on the B-18.

Soladyne Announces Fusion Lami-
nation Process for PTFE-Based
Circuits—The Soladyne Division of Ro-
gers Corp. now has the capability to
manufacture PTFE-based microwave cir-
cuits by the fusion lamination process.
Conventional manufacture of stripline
and other muiti-layer circuit boards
based on PTFE (polytetrafluoroethylene)
involves the use of adhesive films. The
electrical properties of these films, which
can differ from those of the laminates,
may degrade the electrical performance
of the circuit. With fusion lamination, no
adhesive films are used. Instead, the
multi-layer circuit board is heated to 725
degrees F (385 degrees C). At this
temperature, the surfaces of the PTFE
layers begin to reflow and melt together.
This process, while more expensive
than conventional methods, produces
circuits which meet tighter tolerances in
electrical performance.

Report Predicts Growth for Euro-
pean DSP Market—A report compiled
by Frost and Sullivan Ltd., of London
presents an analysis of the European
market for digital signal processors
(DSPs) in the next five years. The report
forecasts the overall West European
DSP market will rise to $360 million by
1993 (in constant 1986 U.S. dollars).
This represents an increase of 300
percent over estimated figures for 1988.
General purpose single-chip DSPs are
the fastest-rising product category. Spe-
cial purpose DSP chips, especially those
used for telecommunications applica-
tions, are forecast to reach $140 million
in 1993. Data conversion components
used in signal processing, such as
analog/digital and digital/analog con-
verters, multiplexers, and sample and
hold circuits, will rise from an estimated
$169 million in 1988 to $411 million by
1993. The European Market for Digital
Signal Processors and Data Conversion
Products (#E1031) is available for

RF Design

$3,200 from: Frost and Sullivan Inc., 106
Fulton Street, New York, NY 10038. Tel:
(212) 233-1080

Chomerics inc. Receives NSA TEM-
PEST Endorsement—Chomerics Inc.
of Woburn, Mass., a subsidiary of W.R.
Grace and Co., has received a National
Security Agency (NSA) endorsement of
its TEMPEST test services facilities.

Companies applying for endorsement
under the auspices of the NSA’s En-
dorsed TEMPEST Test Services Pro-
gram undergo review and inspection of
test facilities, equipment and personnel,
and must employ a certified TEMPEST
engineer. Since 1984, Chomerics has
doubled its TEMPEST test capability,
with facilities which now comprise two
shielded enclosures, three adjacent

We can cut your
UHF frequency source
requirements down to size!
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” news Continued

shielded rooms housing equipment, and
filtered power lines. Data is generated
on the company’s Watkins Johnson
89408 receiver and HP 8566B spectrum
analyzer.

AEG Completes Siliconix Acquisi-
tion—AEG A.G. of Frankfurt, West
Germany has completed its acquisition
of a 39 percent share in Siliconix Inc.

AEG purchased one million shares of
stock directly from Siliconix, and also
acquired a block of shares held by
Westinghouse Electric Corporation. The
agreement between AEG and Siliconix
includes a 10-year option permitting
AEG’s acquisition of non-exclusive li-
censes to selected Siliconix high-power
MOSFET and power IC technologies.
The agreement between the two compa-

Quartz Crystals,

Filters and Oscillators
for Aerospace, Military and
Industrial Applications

For over 35 years MCCoy Electronics
Company has offered the most
broadbased capability in frequency
devices 10 our marketplace.

Supporting the product base are
special capabilities including
photofabrication, thick film hybrid
manufacturing, fabricated enclosures,
environmental testing, chemical milling,
and computerized engineering

services ¥

Our customers have entrusted MCCoy
Electronics with their confidence in
supplying hardware, documentation,
testing, and special services in a
demanding environment.

We would welcome the opportunity to
furnish your frequency product
needs. . . .

For catalog or additional information
write: MCCoy Electronics Company,
100 Watts Street, P.O. Box B,

Mt. Holly Springs, PA 17065

Or call: (717) 486-3411;

TWX 510-650-3548.

N

a subsidiary of @AK ludustries Inc.
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nies also grants AEG & one-year option
to purchase an additional one million
Siliconix shares.

TIW Systems Receives Antenna
System Contract—TI'W Systems Inc, of
Sunnyvale, Calif., has been awarded a
contract by Telespazic SpA of Rome,
ltaly, for an INTELSAT Telemetry Track-
ing and Control (TT&C) antenna system
to be installed by TIW at Telespazio’s
Fucino Station. TIW will provide a 14.2
meter, full motion antznna which will
operate at Ku-band. The antenna sys-
tem will be used by Telespazio as part
of INTELSAT’s Post 1989 TT&C Net-
work, which provides worldwide tele-
communications capacity.

AEL Defense Corp. Wins $2.0 Million
Raytheon Contract—AEL Defense
Corp., a subsidiary of AEL Industries
Inc. of Lansdale, Pa., has received a
$2.0 million contract from Raytheon Co.
for switch filters. The components, to
be produced by AEL’s Microwave Hy-
brid Division, will become part of the
U.S. Air Force's AN/ALQ-184 electronic
countermeasures system. The AN/ALQ-
184 is designed for installation on F-4,
F-15, F-16, A-7, A-10 and F-111 aircraft.

Sage Acquires Pragmatic Test Sys-
tems—Sage Enterprises Inc. of Palo
Alto, Calif., has announced its acquisi-
tion of Pragmatic Test Systems Inc.
(PTS), a Milpitas, Calif, manufacturer
of benchtop linear, digital and linear/
digital test systems for semiconductor
devices. PTS will continue its present
product line offerings with manufactur-
ing and customer service supported by
Sage Enterprises. Future products, ex-
pected to be announced within a year,
will employ technology from both com-
panies’ current products.

Hughes Receives $14.6 Million Air
Force Contract—Hughes Aircraft Ra-
dar Systems Group has received a $14.6
million contract for AN/APG-63 radar
upgrade work for the Ar Force’s F-15
aircraft. The contract was awarded by
the U.S. Air Force Waraer Robins Air
Logistics Center, Robins Air Force Base,
Ga.

Cougar Components Moves—Cou-
gar Components has moved its opera-
tions to a new 4600 sq. ft. facility. Their
new address is: 2225-K Martin Avenue,
Santa Clara, CA 95050. Tel: (408)
492-1400, Fax: (408) 492-1500.
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Model
Number

AU-1189
AU-1158
AU-1263
AU-2A-1045
AU-1054
AUP-1224
AM-1052
AM-3A-000110
AM-2A-0510
AM-3A-0510
AM-2A-1015
AM-3A-1015
AM-2A-0515
AM-3A-0515
AM-2A-0420
AM-3A-0420
AM-2A-1020
AM-3A-1020
AMMIC-1022-100
AMMIC-1022-101
AMMIC-1047

b ]

MITEQ’S

AMPLIFIERS OFFERING:

® PERFORMANCE
® PRICE ® DELIVERY—
AN UNBEATABLE
COMBINATION

Gain Gain
Frequency (Min.) Var.
(MH2z) (dB) (xdB)

1-100 30
20-200 29
5-200 43
100-450 29
1-500 29
5-500 31
1-1000 25
1-1000 35
500-1000 22
500-1000 35
1000-1500 19
1000-1500 30
500-1500 19
500-1500 30
400-2000 19
400-2000 30
1000-2000 19
1000-2000 30
50-2000 16
50-2000 16
50-2000 34

o
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Noise

Figure

(Max.)
(dB)

Dynamic Range
1dB Gain
Comp. Output
(Min., dBm)

+2 30
+ 18 120
+20
+8
+8

Nom. DC
mA
@ +15V Price

$250.
$275.
$350.
$300.
$250.
$495.
$300.
$400.
$335.
$395.
$350.
$400.
$350.
$425.
$450.
$625.
$375.
$450.
$470.
$470.
$580.

In/Out
VSWR
(501)

-
X

+9

NORNNNNNRORONNAANNW=S=SNW
QOO NNNOODDDOOoOOOTOOD

NRRRRRNRRRRRNRRRNNOONN
—l—A—l—l-l—A—A—A.A—A—L—L—A—L-A—A—A_:L_A—A—A

Custom options include bias tee, DC power via output cable, AC power supply, internal
regulation and many others. Most items from stock, with guaranteed 30-day delivery
and a 2-year warranty.

For further information call Bill Pope—he is ready to serve you !
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100 Davids Drive, Hauppauge, New York 11788-2066
Tel: (516) 436-7400
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rf industry insight

RF Power Transistors —
A Status Report

By Mark Gomez
Technical Editor

he general opinion in the power

transistor market is that there will
be continued growth. ‘‘There are several
things occurring in the industry that lead
me to believe that this market is grow-
ing,”’ says George Krausse, chief techni-
cal officer at Directed Energy. According
to B.J. McDaniel, marketing manager
for the silicon semiconductor division at
Acrian, there are many major contracts
in the marketplace that range from
cellular systems to radar systems. *“The
cellular marketplace is very large, par-
ticularly in base stations,” he adds.
‘“Also, in the European market, there is
potential growth for linear TV transpon-
der transistors."’

Another reason for market expansion
is the conversion of existing technology
to solid-state. ‘‘There is growth in UHF
broadcast TV where conversions from
tubes to solid-state are taking place,”
notes John Walsh, product marketing
manager of the RF and microwave
products group at SGS-Thomson Micro-
electronics. Fred McAdara, vice presi-
dent of sales and marketing at M/A-COM
PHI, Inc., feels that although the de-
fense market itself is flat to declining,
there will be growth due to the replace-
ment of older systems and conversions
to solid-state. ‘‘There are several com-
mercial applications to offset the general
decline in the military sectors. The
commercial areas include position locat-
ing, mobile satellite applications and
medical electronics.”

The Packaging Problem

Packaging has always been a prob-
lem with power transistors. Package
performance in terms of parasitic induc-
tances and capacitances is a limitation,
but more obvious is the thermal limita-
tion. ‘‘The largest single problem in RF
devices is heat,”” says Terry Simons,
vice president of sales — major pro-
grams at Microwave Modules and De-
vices (MMD). “‘We are able to generate
more power than we are able to get the
heat out,” adds Howard Bartlow, MMD’s
manager of transistor engineering.

“The best package is no package at

RF Design

all,” according to Norm Dye, manager
of planning for the RF and optical
division at Motorola. ‘‘The problem is to
minimize the effects of a package yet
make the part useful to the customer.”
The desire for better packaging has
resulted in research for other packaging
materials and techniques. According to
Dye, there is a major effort in the
industry to find a substitute for beryllium
oxide. He feels that there are some good
possibilities that the properties of alumi-
num nitride will improve the perform-
ance of packages, particularly at higher
temperatures. Also, new die designs
which investigate the possibility of mak-
ing topside connectors and bottom-side
emitters are being researched, espe-
cially for the 20 or 25 watt output region.
This leads to the elimination of dielectric
materials such as BeO for the insulation
properties needed to reduce capaci-
tance. “‘In an effort to reduce packaging
problems, we have customers that
mount the BeO with leads, cap and no
flange directly onto the heatsink. This
eliminates one interface and results in
better thermal conduction,” adds Walsh
of SGS-Thomson.

Another problem with packaging is
price. *‘Pricing will creep up because of
an increase in package costs,’”’ says
McDaniel of Acrian. According to John
Salzey, product manager at Amperex
Electronic Company, the selling price
of the device is mostly the cost of the
package itself. In general, prices for
baseline type products will go up. This
is attributed to package costs and
environmental issues. ‘‘The total market
for discrete power devices is so small
that the companies involved are not
willing to or capable of investing the
huge amounts of money that will be
required to do a revolutionary package
design that could be cost-effectively
manufactured for products all across the
board,” observes Lee Max of Lee B.
Max Enterprises, an independent con-
sultant to the RF and microwave indus-
try.
As far as future trends for RF power
transistors, consumers should see prod-

ucts with improved specifications. “‘For
power levels in excess of 150 or 200
watts, JFETS or static inductions tran-
sistors or solid-state triodes offer higher
breakdown voltages than that provided
by MOSFETSs,”" notes Dr. Adrian Cogan
of Microwave Technology. ‘‘A solid-state
triode that has a cutoff frequency of
about 5 GHz has a breakdown voltage
of 120 volts. This number decreases to
about 70 volts for MOSFETSs and 60 volts
for bipolars.” He adds that with solid-
state triodes, as you go higher in
frequency, you see higher impedance
levels which enable wider bandwidths
or higher gains at a given frequency
because of lower combining or matching
loss.

‘““Customers are putting tighter con-
trol on a lot of parameters. For example,
in radar systems, they pay more atten-
tion to pulse droop and thermal resis-
tance. Also, they are looking for stability
into load mismatch, and are moving to
a more linear class of operation,”” says
McDaniel. *‘With improved die and pack-
aging technology, as well as demands
from the marketplace, designers are
trying to accomplish Class AB common
emitter devices much higher in fre-
quency than done in the past,”” adds Lee
Max. ‘“The switch to Class AB common
emitter from Class C common base is a
trend in bipolar.’”’ Another direction that
RF power is taking is towards complete
amplifier assemblies. Instead of buying
transistors, more and more people are
buying amplifiers to perform a function.

Although the current trend is towards
a slight price increase, in the long run
the price of power transistors should
drop. *‘Pricing will come down, because
as we learn more, we can produce
products at a lower price,” says Dave
Adamson, president of Directed Energy.

There is considerable activity in the
RF power transistors industry. This
includes the use of new technologies
that range from wafer fabrication to
packaging techniques. This report only
skims the surface of the ongoing work
and future trends making a positive
change in this field.
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rf calendar

March 29, 1989

EMC MINI-CON ’89

Inland Meeting Center, Westmont, IL

Information: Radiometrics Midwest Corporation, 2200 Main
Street, Lombard, IL 60148. Tel: (312) 932-7262

March 29-30, 1989

1989 National Radar Conference

Sheraton Park Central Hotel, Dallas, TX

Information: Russell Logan, IEEE AESS, P.O. Box 1000-262,
McKinney, TX 75069

April 4-7, 1989

6th International Conference on Antennas and Propagation
Coventry, England

Information: ICAP 89 Secretariat, Conference Services, IEE,
Savoy Place, London WC2R OBL, England

April 10-13, 1989

Electronic Imaging West 89

Pasadena Convention Center, Pasadena, CA

Information: MG Expositions Group, 1050 Commonwealth
Avenue, Boston, MA 02215. Tel: (800) 223-7126; (617)
232-3976

April 11-13, 1989
1989 IEEE VLSI Test Workshop
Bally’s Park Place Casino Hotel, Atlantic City, NJ

Information: Wesley E. Radcliffe, IBM, East Fishkill, Depart-
ment 277, Building 321-5E1, Hopewell, NY 12533. Tel: (201)
323-2560

April 25-27, 1989

IEEE Instrumentation and Measurement Technology
Conference

Key Bridge Marriott Hotel, Washington, DC

Information: IMTC, 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, AEA, 5201 Great American Park-
way, Santa Clara, CA 95054. Tel: (408) 987-4202

April 29-May 2, 1989

National Association of Broadcasters Annual Convention
Las Vegas Convention Center, Las Vegas, NV

Information: NAB, Conventions and Meetings, 1771 N Street,
N.W., Washington, DC 20036. Tel: (202) 429-5300

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
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S/FILSYN™
a mainframe program

ANY FILTER YOU NOW
THOUGHT WAS for the

IMPOSSIBLE!

professional
PC user

Whether you design and build passive LC filters, microwave ® Need a delay-equalized filter or a stand-alone delay equalizer?
filters, active RC filters, switched-capacitor filters or digital ® Need a bandpass that has a lowpass-like topology?

fitters, S/HLSYN is the program to handle your requirement.
S/ALSYN designs lowpass, highpass, bandpass and band-reject
filters. You can design delay equalizers, delay lines, matching
networks, interstage networks, and diplexers

and multiplexers of any complexity. D A

You can have filters of degree up to o
50 with flat loss and/or delay in the :
passband and meet arbitrary requirements  \ \8
in the stopbands. ﬁ

CALL FOR FREE, NEWLY-RELEASED
LITERATURE 408/554-1469

Available also for mainframes and workstations

DGS ASSOCIATES,
1353 Sarita Way, Santa Clara CA 95051 408/554-1469

® Need a bandpass with a sloping passband, a linear-phase

passband or one with all inductors equal?

® Need a bandpass that is symmetrical on a linear frequency

scale and has equal minima stopoand?
® Need a crystal filter or one that has crystal
sections in it?
® Need a predistorted filter or one with
SN arbitrary terminations?
i ® Need a microwave filter with unit
elements as integral parts?
ONLY S/FILSYN CAN DO ALL OF THESE
AND MORE... with a 90 day, no ques-
tions asked, money-back guarantee.

I N C

® Copyright 1989 DGS Assaciates, inc
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rf courses

The George Washington University

Pulsed-Power Technology
March 27-29, 1989, Washington, DC
Microwave Radio Systems
March 30-31, 1989, Washington, DC
Microwave High-Power Tubes and Transmitters
April 10-14, 1989, Washington, DC
Modern Radar System Analysis
April 10-14, 1989, London, England
Modern Communications and Signal Processing
April 17-21, 1989, Washington, DC
Grounding, Bonding and Shielding
April 20-21, 1989, Washington, DC
Optoelectromagnetics
May 1-3, 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
ELINT: Analyzing Radar Signals
June 6-8, 1989, Washington, DC

Information: Misael Rodriguez, Continuing Engineering Educa-
tion, George Washington University, Washington, DC 20052.

Tel: (800) 424-9773; (202) 994-6106

Georgia Tech Education Extension

Electronic Support Measures
March 21-23, 1989, Atlanta, GA

Information: Education Extension, Georgia Institute of Tech-

nology, Atlanta, GA 30332-0385. Tel: (404) 894-2547

Amador Corporation

Electromagnetic Emissions: Testing and Design
March 28, 1989, Minneapolis, MN

ESD Immunity for Electronic Equipment
March 29, 1989, Minneapolis, MN

Information: Diane Swenson, Amador Corporation, Wild Moun-
tain Road, Taylors Falls, MN 55084-0270. Tel: (612) 465-3911

The Keenan Corporation (TKC)

Design for ESD and RFI
April 26, 1989, St. Petersburg, FL

Information: Jean Whitney, The Keenan Building, 8609 66th

Street North, Pinellas Park, FL 34666. Tel: (813) 544-2597

Semiconductors from FEl Microwave

NEED COMMERCIAL OR QPL

GLASS SCHOTTKY & PIN DIODES?

QPL Parts (Meet MIL-S-19500/443, 444A & 445A)

",1

© 1989 FEI Mcrowave, Inc

RF Design

If you need quick turnaround for glass
Schottky and PIN diodes, both commercial ~ JAN, JANTX, JANTXV:
and QPL types, look no further, we can IN5711 1N5712 1N5719
deliver off the shelf. Here's our line-up:

since 1975.

or Penstock.

é FEI Microwave, Inc.
v A SUBSIDIARY OF FREQUENCY ELECTRONICS INC
FEI Microwave, Inc.

825 Stewart Drive, Sunnyvale, CA 94086
Telephone: 408 7320880 TWX: 9103399207
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Commercial Parts

1N5165 INS711 1IN5718
1N5166 IN5712 1N5767
1N5167 1N5713

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

For price and delivery, contact us, or our authorized
distributors, Zeus Components, Hall-Mark Electronics,
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Integrated Computer Systems

Digital Control Systems: Design Techniques and Tools
March 28-31, 1989, Los Angeles, CA

Fiber Optic Communication Systems
March 28-31, 1989, San Diego, CA

C Programming Hands-On Workshop
April 4-7, 1989, Albuquerque, NM

Digital Signal Processing: Techniques and Applications
April 4-7, 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.

Practical EMI Fixes
April 17-21, 1989, Orlando, FL
May 1-5, 1989, Chicago, IL

Intro to EMI/RFI/EMC
April 18-20, 1989, San Diego, CA
May 23-25, 1989, Washington, DC

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

Compliance Engineering

EMI

April 25, 1989, Boston, MA
Safety

April 26, 1989, Boston, MA
ESD

April 27, 1989, Boston, MA
Telecom

April 28, 1989, Boston, MA

Information: Compliance Engineering, 271 Great Road, Acton,
MA 01720. Tel: (508) 264-4208.

R & B Enterprises

Introduction to MIL-STD-461C
April 5, 1989, Boston, MA
Identification and Control of Microwave/Radiofre-
quency Hazards
April 17-19, 1989, Washington, DC
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

MORE EMI/RFI
PROTECTION

HIGHER PERFORMANCE
Independent tests show Lindgren’s double-
electrically-isolated (DEI) design assures higher
shielding effectiveness in low-frequency magnetic
and high-frequency electric fields.

MORE SHIELDING SYSTEM OPTIONS
We offer a complete line of modular enclosures,
cabinets, and custom rooms.

Shielding materials, in solid-sheet or screen,
cover almost any shielding requirements.

Our application engineers will help you design
enclosures that meet your requirements for
windows, filters for power and signal lines, wave
guide feedthrus, and lights.

Other options include RF connectors, fiber-
optics, special access panels, automatic doors,
emergency exits, permanent ramps, and flush
floors with low-rise thresholds.

EASY MODULAR ASSEMBLY

ONLY LINDGREN MODULAR SHIELDING SYSTEMS
ARE ASSEMBLED, TESTED, & GUARANTEED
TO MEET SPECIFICATIONS BEFORE THEY'RE SHIPPED.

Call us for more information and applications assistance.

Our patented resilient clamping system permits 312-307-7200

easy assembly. Enclosures can be modified and

relocated again and again without compromising

performance. 7] LINDGREN
Lindgren also designs and builds a variety of J RE ENCLOSURES

shielding solutions for industrial, medical, military, = 400 High Grove Bivd.

and scientific applications. Glendale Heights, lllinois 60139

INFO/CARD 19 (312)307-7200
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That's what experienced design

engineers do when system perfor-

mance requirements demand the
use of crystal filters that won't fail
tomeasure up.

They know thatas a leading
custom developer of crystal filters
for more than 25 years, we’ve
established a pattern of success
when it comes to satisfying a
wide range of signal processing
requirements involving commu-
nications, missile guidance, and
radar applications.

And that in the process,
we've earned areputation for
meeting some rather imposing
specifications in the 10KHz -
150MHz range with a set of
equally imposing accomplish-
ments thatinclude: Shape factors
assteep as 1.05:1 with 80dB atten-
uation levels...Phase and

amplitude matching
within the tightest

tolerances... And passbands

that remain constant overa wide

temperaturerange.

Asasystem designer it means
that you can optimize incoming
signal processing, thus assuring
better selectivity at the front end.

Specify
Crystal Filters with
Shape Factors As Steep

As1.05:1.

/ | 100BDVISION /1 i
A | TRy
! . L
! i
I [
T
! [
ESsD

25 KHz/DIVISION

All of which adds up toincreased
design flexibility in terms of both
performance and packaging, as
well asimproved reliability at the
overall system level.

Behind this claim is Damon’s
continuing commitment to the
latest in manufacturing resources,
which includes a facility that's
equipped with the latestin CAD
and CAE technology, as well as
provisions for in-house environ-
mental testing (MIL-5td-202),
crystal fabrication (MIL-C-3098),
and soldering (WS-6536E). And
that's only the beginning.

For more information, call us
today to discuss your application
(1-800-348-0028). And send for
our complete catalog.

Damon also manufacturesa full
lineof V.C.X.05,T.C.X.Osand
S.A.W. Delay Lines.

80 WILSON WAY, WESTWOOD, MASS. 02090, TEL: (617) 329-2460

FAX (617) 329-0551, TWX 710-348-6722
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“ECONO-LINE”’
MOS - FET
R.F. POWER AMPLIFIERS

MOS-FET Technology/Linear, Hi-Gain
Low Noise, Small Size, Low Price

This new generation of Hi-Tech RF amplifiers makes use of Hi-Density microcircuits, as well
as “Gigafets” in their final power output stages. Their superb wideband performance is matched

only by the simplicity in package design and small size.

Specifications Model 505 FC Model 510 FC Model 520 FC Model 550 FC Model 700 LC Model 06 FC
Frequeacy Range 05 - 525 MHz 05 - 525 MHz 1 - 525 MHz 100 - 512 MHz 003 - 1000 MHz €5 1000 MHz
Power Gain S Watts CW or Pulse 10 Watts CW or Pulse | 20 Was CW or Pulse 50 Wans CW or Pulse | 1.5 Watt CW Minimum | € Watt CW Minimum
Gain Flataess 40 dB Minimom 45 dB Minimum 45 dB Minimum 50 dB Minimum 33 dB Minimum 38 dB Minimum
Load Mismatch Tol. Can Withstand Infinite VSWR

Noise Figure 8 dB typical 8 dB typical 8 dB typical | 8 dB typica | 9 48 typical $ dB typical

AC Line Vokage 90-255 VAC, S0/60Hz

Size (LaWaH) AR LRt g By RS Bi i Bl At ikt
Weight 1 Ibs. (63 kg) 1 1bs (63kg) 1 Ibs (63 Kg) 19 Ibs (86 kg) 7 Ibs (315 kg) ¥ Ibs. (63 kg)
Price $1,32500 $1,99500 $2,88500 $3,99500 §1,29500 £1,99500

Engineering International, Ltd., U.S.A.
21820 87th SE. Woodinville, WA 98072 (206) 485-9000 TELEX: 24-7028. FAX: (206)486-9657
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An Active Tunable Group Delay

Equalizer

By Vishwajit Mitra,

Radio Div., TRC, India,

and Dr. Ing. W. Rupprecht,
University of Kaisers-Lautern, FRG

Tunable group delay equalizers are
frequently needed in analog/digital radio
systems to equalize the passband group
delays of IF/RF filters. An unequalized
group delay causes system degradation
due to waveform distortion and conse-
quent intermodulation noise generation
in analog FM systems and intersymbol
interference manifestation in digital QAM
systems. While it is common to equalize
the group delay of IF filters at IF (70
MHz), the group delays caused by RF
branching filters in a hop are very
frequently equalized in the receiver at
IF. The hop group delay is system
engineering-dependent and, therefore,
has to be adjusted in the field. Tunable
group delay equalizers can also be used
to obtain delay lines for bandpass-
type signals. These are required in
digital systems to fabricate transversal
equalizers.

i
Y\
o—— —— o
— -
c c
R, TR (s R,
c
2
O T -0

Chyl
/1
v v
i |
R=0 "
R R= c©
O— —

Figure 2. T-type all pass network
with 2nd order delay response.

RF Design

he following techniques have been
used to obtain group delay equaliza-
tion:

a. A standard “T’ type all pass
network (Figure 1) of constant iterative
impedance (R) with passive compo-
nents is used. These sections have
second order delay (parabolic) response.
The tuning of these sections, however,
is very difficult since five components
per section have to be varied in order
to meet delay, response and return loss
specifications simultaneously.

b. In another technique, active de-
vices are used to implement an all pass
transfer function of the following form:

Hw) = B~ X
R+ X

A simple all pass network (Figure 2) has
been realized to give second order delay
response.

The Design Process

At the beginning of the design proc-
ess the following design objectives were
formed:
¢ Derive an all pass network with sec-
ond order delay response.
¢ Tuning for delay has to be independ-
ent of both response and return loss.
¢ The loss of signal has to be minimum

A jw
P-—-—---aq=m -~ 0z
: 1
' :

' 1

A 1

- |

1

. 1

: 1

) I >0
—a' 1a

1 1

| ]

!

. |

1 1

1 i

| 1

1 1

1 1

i '
L R et BT e @7

Figure 3. Pole-zero configuration.

in order to have a low noise figure.
e |nput/Output impedances are to be
of definite resistive value in order to
avoid interfacing problems.
e Component count and power consump-
tion has to be minimum for better
reliability and cheaper implementation.
The search for an all pass configura-
tion was started from a fundamental
symmetrical pole-zero configuration as
illustrated in Figure 3. The transfer
function was derived as:

Cyf
V. : Uo
% | e IR0
L L~
u() 0« -+
O o]

Figure 4. A canonical form realization.
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A Dynamic Range of 120dB puts
High and Low Level Signalsﬁ
on Screen Simultaneously

Y

RUM ANALYZER
INTENSITY pgoa E

1 R336 P
TG OUTPUT 500

BFrequency range'--9kHz to 3.6GHz (R3261B/3361B)
9kHz to 2.4GHz (R3261A/3361A)

MBuilt-in tracking generator (R3361A/33618B)

M Overall level accuracy of 1dB

H120dB displayable dynamic range

ADVANTEST

e EECcC:
‘'‘mE geaem-

The R3261/3361 series synthesized
spectrum analyzers are compact,
lightweight, synthesized analyzers
covering the frequency ranges of
9kHz to 2.4GHz (R3261A/3361A)
and 9kHz to 3.6GHz (R3261B/3361B).
They represent the combination of
ADVANTEST’s many years of
experience in RF circuit technology
with the latest in software calibra-
tion technology. The bottom line
for the user is a guaranteed overall
level accuracy of 1dB. In addition,
these analyzers feature: stop, start,
and center frequency resolution to
e H 1Hz, together with a built-in fre-
quency counter, also with 1Hz
resolution. The result is a truly
powerful analyzer in an amazingly
compact package.

NeW R3261/3361 Series
(é A _ Spectrum Analyzer

B Synthesis technique used for 1Hz-resolution
setting and measurements

B High performance and portability

B Quasi-peak measurements 70dB dynamic range

BMMemory card and GP-IB provided as standard

EBuilt-in control function (option)

HUser definable soft keys

Advantest America, Inc. X5 s,

Phone:(312)634-2552 Facsimile:(312)634-2872

Advantest UK Limited

New Maiden Surrey, KT3 4HH, UK

e S e Phone: (01)336-1606 Facsimile:(01)336-1657

For information on Literature, Circle INFO/CARD #26

For information on Demo, Circle INFO/CARD #27
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10K <

P1=100 ohm pot

3l
e 70
RS 10KS
°< <
CSE b
Ros?s ohms clxe-aepr variable Ll=6 turns 36 SWG C.T. Inductances are formed on
C=1000pF bypass G1=NE0213S VOGT A-3022606100 coilformer

La-lo turns 36 SWG C.T.

L3=‘+ turns 36 SWG C.T.

and 0221981010 core.

Figure 5. Circuit with multi-sections.

Hw) - 8-2XS-2)
(S-P)XS-P)

where

Y4

N

)

[}

atijb
a—-jb
—a+jp
-a-jb

In this network a change in “‘b”’ will tune
for frequency of peak delay (F ) and a
change in “‘a” will tune for peak delay
(T p) The tunings are independent of
each other.
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A Before GDE P After GDE
0ds

/— _-h / + ~208 \
' 1
1
: +10ns
' 1
| 1
] [}

+7ns 1
! '
! '
[}
1 |
: |
' s )
]
; 1
0 |
3§ ]

-9 70 MHz +9 -9 70 MHz +9

Figure 6. Group delay equalized to within 1 ns.

In the next step the above transfer
function was realized as a network
(Appendix 1). A canonical form realiza-
tion was tried in order to have the least
component count. This realized network
is shown in Figure 4. It uses a capacitor,

a resistor and a center tapped inductor
of high Q. The circuit is ideally driven
from a voltage source and drives into a
load of infinite impedance. In this circuit
the frequency of peak delay, Fp, and
peak delay, T, are given by:

F 1

gl =

2m/LC

Thus, the peak delay can be tuned
independently through R and the fre-
quency of peak delay can be tuned
independently through L. The tuning of
C will change both. Since the intended
frequuncy of operation of this circuit is
around 70 MHz, the ideal conditions
postulated above do not occur in prac-
tice. The effects of finite Q, driving
source impedance and load parasitic
capacitance have to be taken into
account. The finite driving point resis-
tance and the finite Q cf the inductance
result in a non-parabolic response in the
network. However, by suitably adjusting
the driving resistance, the effect of the
finite Q of the coil can be compensated
exactly. This effect, therefore, has been
used advantageously by providing addi-
tional control over the response in the
circuit. Thus, the circuit would be able
to equalize not only the delay in the
system but also, to a certain extent, the
response in the system.

The effect of load capacitance is more
complex and results in a cubic response
in the passband. However, it was estab-

T, = 16RC

PICOSECOND — NANOSECOND
PULSE GENERATORS

Our new free 80 page catalog describes

over 150 models of puise generators, pulse

amplifiers, impuise generators, sample and

: P hold ampiifiers, deiay generators, trans-

formers, power apiitiers, bias tees and ascope

i probu with specifications covering the
following ranges:

H RISE & FALL TIMES TO 40 PSEC

® PW FROM 130 PSEC TO 100 USEC
B PRF FROM 0 TO 300 MHZ

8 VOLTAGES FROM § TO 350 VOLTS
B PEAK CURRENTS TO 100 AMPS

P.O. Box 265 Ogdensburg
New York 13669
(315) 472-5270
P.O. Box 5120 Stn “F"
Canada K2C 3H4
(613) 226-5772
Telex: 053-4591

Germany: N GmbH Hamburg 040/63 20 03-0

UK: LYONS UMENTS Hoddeson (0992) 467161

France: Ei MENTS SCIENTIFIQUES Sa Garches 741 90 90
Japan: ELECTRONICS Tokyo (03) 816 6581 2
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Figure 7. Stagger tuning of three
sections.

lished experimentally that the cubic
response vanishes for a particular value
of R. This resulted in making R fixed in
the original circuit.

Design Implementation

For actual implementation of the
circuit with multi-sections, emitter follow-
ers were used as isolating stages. The
advantages of using this practice are:
¢ Qutput impedance (driving imped-
ance for all pass network) is low, as is
required for proper operation.
* |Input impedance (load for all pass
network) is high.

e Loss per stage is low (€ 1 dB). For
matching purposes, the front stage has
a 75 ohm termination and this results in
6 dB matching loss.

¢ Since the circuit has overall passband
loss, there will be no chance of oscilla-
tions in the circuit.

* The second and succeeding stages
do not need a separate biasing arrange-
ment since direct DC coupling is possi-
ble through inductor coils.

The overall test circuit configuration
is shown in Figure 5. Note that for 70
MHz operation, any coil with a value of
approximately 0.05 to 0.47 uH can be
used. Similarly, any IF transistor is
usable.

Test Results

In the test circuit of Figure 5, group
delays of various shapes and magni-
tudes can be generated very easily while
keeping the response to a tight specifi-
cation of 0.1 dB in the 70 + 35 MHz
bandwidth. To check the tunability, a
fifth-order Chebyshev bandpass filter
whose characteristics are shown in
Figure 6 was group delay equalized to

within 1 ns in about 2 dB bandwidth (+9
MHz).

In another example, an electronically
variable delay line (currently in final
development stages), required for a fade
simulator, was fabricated. In this case
R was replaced by a PIN diode to obtain
variations in bandpass delay. The cubic
response term which manifests itself in
changing the value of R was compen-
sated by the use of a variable capacitor
across R. Thus, the circuit gives a very
simple implementation of electronically
varying the delay in a range of about 10
ns. The authors have not yet come
across any other technique by which this
could have been done so easily. An
equivalent fade simulator for mobile
radio uses a high-speed ADC/DAC. (o

About the Authors
Vishwajit Mitra is affiliated with
DD(RD), Radio Div., TRC, Janpath,
New Delhi, India 110001. Dr. Ing. W.
Rupprecht is associated with the
University of Kaisers-Lautern in the

Federal Republic of Germany.
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Sr. Systems
Engineer

8.75"H x 19"W x 21"xD.....
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With off the shelf products
or products built to your specifications

INTECH Incorporated
AMPLIFIERS-COMMUNICATIONS-NAVIGATION

Excellent Linearity ..
High Speed Gating ...

1000W Pulsed Power.....

Microprocessor Controlled..

Com/Nav Division TEL  408-727-0500

282 Brokaw Road TWX  910-338-0254

Santa Clara, CA 95050 FAX  408-748-9489
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RF Design

Motorola’s Cellular Group continues to impact the
communications and electronic products develop-
ment of tomorrow’s technological breakthroughs.

We seek an individual to assume responsibility for
directing the activities and to provide systems and
support information to our field sales and service
organizations. This comes in the form of project
designation, training and coordination of activities
on system engineering projects. Provide support at
customer locations ontimely technical issues.

Position requires BSEE or equivalent; advanced
degree also desirable. Background of six yearsin ad-
vanced cellularradio communications systems ap-
plications engineering required. Excellent motiva-
tional and training skills essential. Group leader ex-
perience desirable.

You will find our remunerative package most com-
petitive.Those seeking consideration should forward
resume with salary specifics to: Professional Recruit-
ment, Dept. YF/25, Motorola, inc., Cellular Group, 1501
West Shure Drive, Arlington iL 60004. An
equal opportunity / affirmative action employer.

@ MOTOROLA INC.

Cellular Group

Advanced Electronics for @ More Productive World
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A. Derivation of the all pass network (Figure A) IH( o) 4R - w? 4LCR — jwlL (14)
Writing loop equations with the Laplace Transform: = 4R — w? 4LCR + job
V, =% SL(, - 1) - v SLI, + Rl (M Therefore, the phase of H( jw) is:
1 v = L
=gght WS+ WS-+ %S -1 @ He)=2tan ‘[,,TU%QTC)] (15)

1
s, Group delay T (w) is given by:

V, =% SLI, + % SL(, - 1)) + R, @3
d = wl
—_ |2tan™
<4 )

5@)=£ym= (16)

From equation 2, dw R (1 - «’LC)
1 2
t (@) — 4R~ LOL - wL(-2)uLC4R :
and eliminating I, in equations 1 and 2, ) = [4R (1 = oLO ; n
V. =(w sL4r - 2SLC), 5 2
L T sc+1)" ©) 1+ (w?L3/[4R(1 — w?LCYP
va SUC After simplification:
V2 = (-1/4 SL+R+ m—)h (6)
Since H(S) = (V,/V,), after simplification: o = eRe (1 = SLOP+ o'
H(S) = Vo _ S~ S(/4RC) + 1LC (7  This typically gives a second-order delay response, with
V, S S(1/4RC) + 1/LC maximum delay at f :
! S%4LCR) — SL + 4R § o= 1 (19)
~ S%4LCR) + SL + 4R PN STE
Hence: By substituting w, = 1/ VLC,
r x 0)
- L+ V64 CR T = 16R (2
Poles P,, P, . - * VL= B4 ICHR! TR s
8LCR
2 1 e 1 c
= "8CR * llcT sacme ot
=aztijb I3
The poles/zeros are as shown in Figure B. g 3
; . 3 TNl |
A = s v U, open
®~“gr " Y wmow (840) } @ A 2 circuit
/ 1 o . )
orb == o (1)
Figure A. All pass network.
Thus, b is the resonant frequency. %
x + b ®
; p3 | S-Sz | \ As_s/
Response |H(jw)| = ___: Doy (12) X X
2|s-sp,| // i
a ’ +a 8
since| S —Sz,|=|S - Sp, | (13)
B. Derivation of group delay ‘
From equation 6, as s — jw, : + 5 e

Figure B. Poles and zeros for an all pass network.

Appendix 1. Analysis of group delay equalizer.
32 March 1989



american
& technical
ceramics

Cp ke Published by ATC

News From ATC
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48 Hour Shipment
for 250 Capacitors
or Less.

ATC is the industry leader for quality, rugged,
reliable UHF/Microwave Capacitors. Our new
OUIK-PICK™ Svystem launches our commitment Lo
be the leader in service and customer satisfaction.
Al American Technical Ceramics, we know the
importance of your deadline.

At ATC,
Deadlines Are No Joke.

[] Call me. I have immediate requirements.

[J 1 want more information. Please send me \TC's 3-Ring
Binder Product Catalog.

[] Put me on your mailing list.

NAMETITLE

COMPANY

\DDRESS

CITY/STATE VALY

PHONE

Mall to:
American Technical Ceramics, \dvertiging Dept.
One Norden La.. Huntington Station, NY 11746-2102
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Expand Your Present
Tuning Stick Kit

Select the capacity value your
circuil needs with ease.

Now it is possible to extend the range of your Tuning
Stick™ Kit to include all in-between values from 0.1 pF
to 1000 pF. Like the original Tuning Stick™ Kits

(ATC TS1001), the new kits contain ATC 100 Series
Superchip® Radial Wire Leaded Capacitors labeled
with their specific values. Each capacitor is
permanently attached to a non-conductive holder.

Request ATC TS1002 (26 values) for $79.95,
or ATC TS1001 (20 values) for $49.9535. Order
both Kits for $124.99. ATC offers 48 Hour
OQUIK-PICK® Shipment.

The ATC TS1002 Tuning Stick™ Kit contains

26 values:

CAPACITY CAPACITY

VALUE (pF) [ TOLERANCE | | VALUE (pF) | TOLERANCE
0.2 39
0.3 B 56 J
0.4 82
0.6 120
0.7 150
0.8 o 180
0.9 ) 220
12 270 K
15 330
18 J 390
22 560
27 680
33 820

TOLERANCE CODE:B = +0.1pf;C = +0.25pf;J = +5%;
K= +10%
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Power amplifiers for every rf testing need. Power you
can depend on. Power from one watt to ten kilowatts.
And these power ratings are ultra-conservative:
Whether you order a 10-watt or a 2000-watt amplifier,
you can be certain of at least its rated output zt every
point in its frequency band.

Model 2000L, shown, delivers 2000 watts minimum
cw saturated power over a bandwidth of 10 kHz to 220
MHz. In pulse mode (up to 25% duty cycle), you can
almost double that output rating—a vital feature in
NMR.

Our amplifiers are totally immune to damage from
load mismatch—from wildly fluctuating VSWR to out-
right open or shorted output terminals.

The Amplifier Research line covers the frequency
range from 10 kHz to 1 GHz. Bandwidth is instantly
available without need for tuning or bandswitching. Our
bookiet, “Your guide to broadband power amplifiers,”
will tell you a lot more. Send for it.

160 School House Road
Souderton, PA 18964-9990 USA
Phone 215-723-8181 « TWX 510-661-6094
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Monolithic Ceramic Block Combline
Bandpass Filters

By Darioush Agahi
Motorola, Inc.

Small size and ruggedness are two
important factors in the selection of
bandpass filters for military and OEM
applications. Monolithic ceramic block
combline bandpass filters not only offer
a size advantage in UHF through L-band
frequencies; they also have other char-
acteristics that make them extremely
attractive when compared to other tech-
nologies. The filters are characteristi-
cally lower in cost and have relatively
good insertion loss due to their high Q
material (Q>10,000). This paper de-
scribes the design technique used for
ceramic bandpass filters.

he procedure for designing ceramic
bandpass filters is straightforward
and relies on standard filter theory. It is
only in the construction stage of the

realization that the structure becomes
unique and the commercial attractive-
ness becomes apparent. A design ex-
ample is provided here together with an
equivalent circuit for a Chebyshev equal-
ripple filter constructed with a material
possessing a dielectric constant of 37.

Ceramic materials with low loss tan-
gents (67 x 10%) and high dielectric
constants (37 and 78) provide a means
to create small coaxial structures which
could be coupled to form combline
bandpass filters. The sketch in Figure 1
shows the basic foreshortened quarter-
wavelength coaxial resonator structure.
The resulting filters are compact, rug-
ged devices with low insertion loss in
bandwidths of 0.5 to 6 percent. It is also
possible to realize transmission zeros
in these devices and structures.

Cross Section of Coaxial Resonator

T

Figure 1. Basic resonator
structure.

Figure 2. Lowpass to bandpass
transformation.

Gyl 0 0T R
2 Cm 2 2
S

bl Feo L cal o Lo
i ST [e

Figure 3. Coupled circular rods between ground planes.

RF Design

Design Procedure

The design procedure for these comb-
line filters is based on papers by Mat-
thaei (1) and Cristal (2) which include
descriptions of the physical structures
required for their realization. It is neces-
sary to determine the order of a filter
based on a given bandwidth, rejection,
loss, etc. Using Reference 1, a low pass
to bandpass transformation is per-
formed.

bt (f. 2 i) )

w, w \F F

Where

SenbEb -
{=En

(See Figure 2)

For a Chebyshev response, n is ob-
tained from:

cosh" [ L0 —q) (] la0—1)]*
()

cosh™(w'/w,)

Since n cannot be a fraction, it will be
rounded up to the next highest integer.
Once n is calculated, the low pass
prototype element values (or g values)
are obtained (1). Using the above infor-
mation, coupling coefficients are given

by (1):

K @
g gl glﬂ

To excite the TEM mode, resonators are
located in close proximity to one an-
other. In doing that they become electro-
magnetically coupled via their associ-
ated electric and magnetic fields. While
designing such devices, the desired
degree of coupling is usually known, and
it is required in order to determine the
spacing necessary to achieve this cou-
pling. By using coupling coefficients
(from equation 4), Reference 2, and
transmission line theory, coupling coeffi-
cients are adjusted.
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Wavetek’s $7,000 sweep.

Ifallyou 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.

Soyou end up spending
thousands more for frequency
range capability you don't need.

Exactly what you want.

AtWavetek, our sweep gener-
ators get back to the basics. Simple,
honest, reliable, sensible.
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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.
Inthe 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. Itsrange is 1 to 1400 MHz,
in three bands: 1 to 500, 450 to
950 and 900 to 1400. Harmonic

- markers are
standard.

And our
1801C, with its

75 output

Model 1801C. $4,350. Model 2002B. $6,900. Model2001. $4,795.

and 1 to 1000 MHz range, is ideal
for CATV and 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 doyou 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.
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Figure 4. Admittance inverter coupled bandpass filter.

K
Kad ) = ! 5
10.+1) Fo) (5)
Where:
F(6) S ®)

~ Tan (8) [ cot (6) + 6 csc? (9) ]

Where 8 is the electrical length of the
resonator in radians.

If fringing capacitance beyond the
nearest neighbor resonator is neglected,
it is possible to describe TEM mode
propagation along the structure in terms
of two orthogonal modes designated as
even and odd. They have different
characteristic impedances which are

intimately related to the total static
capacitances of the rods to ground when
in one or the other mode. The total static
capacitances are related to the mutual
capacitance between successive rods
C,, and the self-capacitance C_ of each
rod (2). Figure 3 shows that %he total
capacitance measured between one rod
and ground when the rods are driven in
the odd mode is (2):

C,=C , H4C, )
Total capacitance measured between

one rod and ground when the rods are
driven in the even mode is:

&= @)

9

From equations 7 and 8:

0 e %G )
4

Now, adjusted coupling coefficients can
be related (equation 5) to these capaci-
tances via:

C

f R Ay (10)
G, +2C

Kadm,lﬂ) —

To obtain the spacing, Cristal’'s (2)
graphs are used to interpolate the
desired C_ & C, for given spacing.
Alternatively, a less accurate method
can be used. This involves replacing the
round rods with infinitesimal line charges
located at the center of each cylinder
using the method of images. It gives a
correct asymptotic form to the solutions
of the actual round rod problems in the
even and odd mode. The following are
the equations per Cristal’s second-order
correction.

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)

255-6788

520 MERCURY DRIVE,
SUNNYVALE, CALIFORNIA
94086-4018

PENSTOCK

RF Design
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Trimmer Capacitors.

The World’s
Broadest Line.

SPRAGUE

GO0DMAnN

Including SURFTRIM® SMT
plus
SURFCOIL’ Chip Inductors
STAB-L’ Ultra Stable Inductors
SURFCAP” High Frequency Chip Capacitors
SPRAGUE-GOODMAN ELECTRONICS, INC.

134 FULTON AVENUE, GARDEN CITY PARK, NY 11040-5395
TEL: 516-746-1385 « TELEX: 14-4533 « TWX: 510-600-2415 « FAX: 516-746-1336
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If you’re looking for excellence in
EMI Filters ...

EMI Filters and Filter Caps

These miniature EMI ceramic filters and capacitors are
designed to suppress unwanted EMI in applications
where small size is critical. Tusonix filters and filter caps
cover a variety of voltage, attenuation and capacitance
ranges in both solder and bushing mount styles. We have
QPL approval and most are available from stock, ready
for immediate shipment.

If you're looking for excellence in EMI Filters, Tusonix
is your perfect source. Write for our EMI Filter catalog

TODAY. . . or please call
TUSONIX

us at 602-744-0400.
P.O. Box 371 44, Tucson, AZ 85740-7144
Phone:602-744-0400 Telex:(RCA)299-640
Fax:602-744-6155
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where C=s +d (13)

Equivalent Circuit

In order to simulate the response of
such a filter, an equivalent circuit is
needed. This is done by Matthaei’s (1)
generalized bandpass filter using admit-
tance inverters. For this model, the
resonators are shorted transmission
lines (90 degrees) that are loaded with
lumped capacitors. J (or admittance)
inverters are formed from stubs of

Figure 5. Shorted stub resonator.

electrical length 6 (1). Note that negative
admittances will be absorbed into adja-
cent resonator admittances. Loading
capagcitors are calculated from:

1
W_Z tan (6)
Series shorted stub admittances are
calculated from:

Y Kr +1 (1 5)

Lt = Z—":(—GS
An input admittance inverter which de-

termines the series coupling capacitor
to external circuits is obtained from (1):

(14)

=
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ot L (16)
gog|m1

Where,
1 i b ] )

=2z, |tan(@)  sin¥e)

Series capacitors are also calculated
from (1):

Jm
w, —(J /G
Due to the loading effect of the external

circuit, the first shunt capacitor needs
to be adjusted.

C.c Co
[ TR 2]
1+ (w,C,/G,)

(18)

0=

(19)

(20)

Similarly, since the circuit is symmetri-
cal,

Joan = Jor @
Cpott = Con @2)
Gl =G e (23)
C,=C, a8

Construction of a Bandpass Filter
The specifications for the 0.1 dB

ripple Chebyshev filter to be designed

are as follows:

» center frequency = 1030 MHz

2R

Y Y

0

Figure 6. Shorted stub admittance
inverter.

RF Design

e 3dB BW =40 MHz From the equation in Figure 5, the
¢ number of poles =5 characteristic impedance is calculated:
* block height = 80 degrees
e ground plane separation = 0.308 in. Z _ 138 jog 4(0308) 44560 (25)
e resonator diameter = 0.125 in. SRR n0.125)
Using equation 4, coupling coeffi- 1
cients are: C = =24185pF (26)
W Z tanf

K,, = K, = 0.027291 C,,=1.1137 pF

= K,, = 0.020796 C, =0.3565 pF

n the cockpi P fighter "':“\*“. ; sty
’ B doubt. The pilot must trust his life to complex navigational
; e and communications systems.

You can trust EG&G Frequency Products to provide you
with high quality AT and SC Cut precision quartz crystals
and oscillators that will perform in such critical applications.

EG&G's high reliability

Precision quartz crystals in
solder seal, resistance weld,

and coldweld configurations h !
e s LT standards include compliance
aging and low phase noise with WS6536E. Our continu-
characteristics. ous quality assurance from
raw quartz to finished product

helps maintain that level of excellence. Computerized
production control enables us to provide you with shor-
tened lead time delivery.

EG&G also supplies custom-designed high per-
formance crystal and LC filters, discriminators, mod-

In-house experts working in

; ! : tate-of -the-art facilitie:
ules and atomic frequency standards making us a single ;m:{gh b:,a,,ff »'msxl(’)sm
qualified source for all your frequency control needs. Call  vCX0sand OCXOs for pre-
or write today for more information on precision prod- cise control of frequency.

ucts that perform under pressure.

J EG:z:G 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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Figure 7. Absorption process of negative branches of J-inverter and

their adjacent resonator.

C, =1.4632 pF
Y,,=0.0111 mhos
Y,,=0.00846 mhos
Y,=0.07767 mhos
Y,=0.069209 mhos
Y,=0.071849 mhos

Using the above information, the
equivalent circuit will be as shown in
Figure 8. Using Cristal's asymptotic
approach, the ceramic block was de-

signed with the following dimensions:

Block width (ground plane separation)
=0.308 in.

Block height (physical height) = 0.418 in.
Block length = 1.9 in.

Motorola’s patented approach for realizing
an I/0 means and tuning resonators (3)
was used in the construction of the filter.
The resonators were formed by metalliz-

ing the holes and plating the exterior of
the block as weli as the oottom. The top
of the block was printed using thick film
technology in such a way that loading
capacitors C,, and C,,, were created.

In the course of constructing this filter,
the individual resonators are tuned by
removing metallization around each reso-
nator, thus reducing the loading capaci-
tance (C,, C,, etc) of Figure 9. The
measured response and also the simu-
lated response of the equivalent circuit
modeled by Touchstone™ are shown in
Figures 10 and 11, respectively.

The following results were obtained:

F,= 1030 MHz
insertion loss at F_ = 1.2 dB
3dB BW = 40.3 MHz
K,, = 0.027437

=0.021822

= (0.021881
K = 0.027201

The center frequency was exactly at
desired frequency. The 3 dB BW closely
agreed with the specifications. The
insertion loss was slightly more than the
theoretical value of 0.98 dB which is
given by Cohn (4):

IL - 43433 Tg @)
Q, i
Conclusion

Monolithic ceramic block bandpass
filters are preferred for many OEM and
military applications since they offer a
number of advantages over conven-
tional designs in the UHF to L-band
frequencies. They exhibi: small size, low
weight, little temperature drift (<10
ppm/degrees C), high Qu and low cost
in high volume production.

This article has shown that conventional
filter and transmission line theory can
be applied to ceramic bandpass filters.
Equivalent circuits can te generated to
predict performance, and dimensions
can be calculated as a basis for the

Z,=90077

C,=1.1137

Z,=118.209 Z,~118.209

Z,=90077

Cy=1.11%7

Ic,=2.41es lc,=2.41es

IC,=2.4185
Z,=13918 -[ Z,=14.449 [

‘[ I C,=3565
]E,=1 .4sszI

2 L a " a
= |
I Ic,=1.4632
C,
Ay Z,=12.875 Z2,=14.449

6=80°

Figure 8. 1 dB ripple Chebyshev bandpass filter.
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Figure 9. Individual resonators are
tuned by removing metallization.

realization. As a result, filter components
have improved with the use of existing
theory on new materials and structures.
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CRYSTAL

e
Subsidiary of

HY-Q International

Precision Quality / Fast Delivery

Quartz Crystal Products For:
B CRYSTALS
e COMMUNICATION
e CHANNEL ELEMENTS
* PAGERS
e TEST INSTRUMENTS

B OSCILLATORS
* CRYSTAL CLOCK
* TCXO
* VCXO

M FILTERS
* MONOLITHIC
* DISCRETE

48 HR. SERVICE

Available For Crystals
606-283-5000
Fax 606-283-0883

1438 Cox Avenue
Erlanger, Kentucky 41018
(Greater Cincinnati Area)
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Block Diagram Simulator for
ommunications Runs on Your PC

© Use TESS™ to simulate modems, radios, and other systems
©® Mix analog and digital blocks and test instruments freely
@ Library of over 50 models: Filters, VCO's,
Mixers, A/D & D/A Converters, BER tester, Noise source,
5-wave Punction Generator, Phase meter, S&H, and more!
©® Add your models to TESS with our MODGEN™ option
©® OrCAD® and P-CAD® schematic capture libraries

@ Built-in FFT sp lyzer for frequency analys
©® Super high speed lets you simulate modulated carriers

TESS is not copy protected

CALL FOR FREE APPLICATION NOTE

TESS Simulator $495 TESOFT

MODGEN Model Generator $245 PO BOX 305
OrCAD/SDT III® library $145 Roswell GA 30077-0305
P-CAD® $225 Phone (404) 751-9785
3-Disk Demo Package Call  VISA, MasterCard & PO's
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Custom Design

/. Volume Production Capability

MIL Specification Qualification

Frequency Range: 5 MHz to 18 GHz

15 Years of Design Experience

Prompt Delivery

" Filters
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Lowpass Tubular
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Low Price

YOUR KIND OF WORK DEMANDS OUR KIND OF QUALITY
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TEXCAN INSTRUMENTS e 3169 NORTH SHADELAND AVENUE e
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A Design Program for Butterworth

Lowpass Filters

Simplified Computation of Element Values for This

Common Configuration

By David C. Greene
NAP Consumer Electronics Corp.

This article describes a computer program which determines
the values of series and shunt elements in Butterworth lowpass
filters. The program also can determine the required filter order
for a specified stopband rejection. A computation of zero-
frequency group time delay is also included.

n 1936, S. Butterworth wrote a paper describing a type of filter

that since has become known by his name. More precisely,
his design is the Butterworth approximation which defines the
Butterworth polynomial B(n). The Nth-order polynomial B(n)(W)
= WN has the following properties:

B(N) (W) is a polynomial
B(N) (0) =0
B(N) (W) is maximally flat at origin
B(N) (1) =1
This polynomial describes a network with an attenuation given by:
AW) = 10 LOG [HUW)| * 2

= 10LOG (1 + [KUW)|~ 2) )
Then, when either H{JW) or K(JW) is infinite, the attenuation is
infinite. Only when K(JW) is zero is there an attenuation zero.
For an ideal lowpass filter, |H(JW)| is unity in the passband and

infinite in the stopband. Since this is impossible to realize, the
following practical iowpass filter characteristic function is used:

IKWW)

A (Passband) (Stopband)

KMIN

v WB  WH
Frequency

RF Design

where the maximum passband loss is:
AMAX) =10 LOG (1 + E"~ 2)

and the minimum stopband loss is:
A(MIN) = 10 LOG (1 + KMIN * 2)

For the Butterworth lowpass, the characteristic function is chosen
as:

K(JW) = E-B(N) » (W/W(B)), and

B(N) - (W/W(B)) = (WW(B)) "N

Combining these terms with equation (1) gives:

A(W) = 10 LOG(1 + (E = 2) - (W/W(B))" (2"N)

Solving for the loss at WH,

A(WH) = 10 LOG(1 + (10~(.1* AMAX)—1)" (WH/WB)"(2"N))
Solving for the degree N,

N = LOG((10~ (1+AMIN) — 1)/(10~ (-1 ~AMAX) —1))/(2: LOGIWWH/WB))

The equation for A(W) is solved in line 380 of the program, and
the equation for N is solved in line 360. For more information
on the above mathematical development, see reference (1).

Determining Component Values

Orchard has derived equations to solve for the normalized
component values for doubly-terminated and singly-terminated
maximally flat filters. The equations for normalized values for
the doubly-terminated case are:

AMAX = 3 dB, (W/WB) = 1, G(0) = 1
G(K) — 2+SIN((2-K—1)«Pl/(2+N)), K = 1,2,...,N
G(N+1) = 1

These are the normalized component values solved for in lines
1000—1050 of the program.
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THIS IS AN EXAMPLE OF USING THE PROGRAM TO DESIGN A STH ORDER
BUTTERWORTH LOWPASS FILTER WITH EQUAL 75 OHM TERMINATIONS. THE
3DB DOWN PASSBAND FREQUENCY IS 2MHZ AND THE STOPBAND FREQUENCY IS

4MHZ. THE FOLLOWING IS THE OUTPUT GENERATED BY RUNNING THE ATk ATOR Foh XLk, R= 75.000E+00 (OHMS)
PROGRAM USING THIS EXAMPLE. * *

RAkARChR Ak C= 0.65575E-09 (FARADS)
Amax = 3DB, ENTER PASSBAND FREQUENCY (FC) IN HZ ? 2Eé6 o 2
DO YOU KNOW THE ORDER OF THIS LOWPASS (Y/N) ? Y A L L= 0.96569E-05 (HENRYS)
WHAT IS THE ORDER (MUST BE LESS THAN 20)? 5 o &
ENTER THE STOPBAND FREQUENCY (FS) IN HZ ? 4E6 AARRChA A& C= 0.21221E-08 (FARADS)
ATTENUATION OF THIS LOWPASS AT (FS) WILL BE: 30.08663 DB N= 5 o &
ENTER THE TERMINATION RESISTANCES IN OHMS ? 75 * L L= 0.96569E-05 (HENRYS)
SELECT TERMINATION TYPE ( 1 ) EQUAL OR ( 2 ) EXTREME ? 1 * *

ARARCh Ak R C= 0.65575E-09 (FARADS)
ZERO FREQUENCY GROUP TIME DELAY IN SECONDS = 25.752E-08 * *

*kARRI KRR R= 75.0J0E+00 (OHMS)

BUTTERWORTH MAXIMALLY FLAT LCWPASS FILTER

TO CONTINUE PRESS <ENTER> :
TO EXIT PROGRAM PRESS <Q>

Figure 1. Program example.

50 REM Maximally Flat Butterworth Lowpass Filter Program,
David C. Greene 2-2-1988
60 CLS : PRINT : PRINT
70 REM
a0 REM
90 DIM G(20), C(20), L(20), A(20), B(20)
100 PRINT "THIS PROGRAM DETERMINES ALL THE NECESSARY PARAMETERS
TO DESIGN”
110 PRINT "EQUAL OR EXTREME TERMINATION BUTTERWORTH LOWPASS
FILTERS"™
120 PRINT "DAVID C. GREENE PHILIPS CONSUMER ELECTRONICS
"

™

.

130 PRINT : PRINT : PRINT “"Amax = 3DB, ENTER PASSBAND
FREQUENCY (FC) IN HZ "; : INPUT FC

135 IF FC <= 0 THEN 130

140 PRINT "DO YOU KNOW THE ORDER OF THIS LOWPASS (Y/N) “; :
INPUT 2$

150 IF 2§ = "N" OR 2$ = "n" THEN 190

160 IF 2$ = "Y" OR 2§ = “y" THEN 170 ELSE 140

170 INPUT "WHAT IS THE ORDER (MUST BE LESS THAN 20)“: N

175 IF N <= 0 OR N > 20 THEN 170

180 GOTO 220

190 INPUT "ENTER THE MINIMUM STOPBAND ATTENUATION (Amin) IN DB
" A2

200 IF A2 < 0 THEN A2 = -1 * A2

210 IF A2 <= 3 THEN PRINT : PRINT : PRINT "NOT MUCH OF A
LOWPASS!!...Aminc<=Amax”: GOTO 130

220 INPUT "ENTER THE STOPBAND FREQUENCY (FS) IN HZ ": FS

230 IF FS < FC THEN PRINT : PRINT "LOOKS LIKE A
HIGHPASS!!...FS<FC": GOTO 130

240 REM

250 IF PS = PC THEN PRINT "YOU ARE NOT LOWPASSING

ANYTHING. ..FS=FC!!!": GOTO 130

260 Fl1 = 1: F2 = F§S / FC: Al = 3

270 REM

280 REM

290 REM

300 DE = .4342944819#: DEF FNLGT (X) = LOG(X) * DE: PI = 4 *
ATN(14)

310 REM

320 REM Butterworth Order or Attenuation

330 IF Z$ = "N" OR 2$ = “n" THEN 360

340 A2 = 10 * FNLGT(1 + (10 ~ (.1 * Al) - 1) *» (F2 / Fl)
N)): A = A2

350 GOTO 390

360 N = FNLGT((10 ° (.1 * A2) - 1) / (10 ~ (.1 * A1) - 1)) / (2
* FNLGT(F2 / F1))

370 IP INT(N) <> N THEN N = INT(N) + 1

380 A = 10 * FNLGT(1 + (10 ° (.1 * Al) - 1) * (F2 / F1} = (2 *

< (2w

N))

390 PRINT "ATTENUATION OF THIS LOWPASS AT (FS) WILL BE: "; A;
"DB®; : PRINT " N= "; N

400 IF N > 20 THEN PRINT “PROGRAM CANNOT ACCOMODATE THIS HIGH OF
AN ORDER!!": GOTO 130

410 IF A < A2 THEN PRINT "ORDER IS TOO HIGH !!!": GOTO 130

420 INPUT "ENTER THE TERMINATION RESISTANCES IN OHMS "; TER
430 IF TER <= 0 THEN 420

440 INPUT "SELECT TERMINATION TYPE ( 1 ) EQUAL OR ( 2 ) EXTREME
"; TEX

450 IF TEX < 1 OR TEX > 2 THEN 440

460 CR =1/ (TER * 2 * PI % FC): LR = TER / (2 * PI * FC)
470 IF TEX = 1 AND INT(N / 2) = N / 2 THEN GOSUB 1000 ELSE 500
480 GOSUB 1200

490 GOTO 2000

500 IF TEX = 2 AND INT(N / 2) = N / 2 THEN GOSUB 1400 ELSE 550
510 GOSUB 1200

520 GOSUB 1000

$30 GOTO 2000

540 REM

550 IF TEX = 1 AND INT(N / 2) <> N / 2 THEN GOSUB 1000 ELSE 580
560 GOSUB 1600

570 GOTO 700

580 GOSUB 1400

590 GOSUB 1600

600 GOSUB 1000

610 GOTO 700

620 REM

630 REM

700 REM Printing Routine for odd order

710 PRINT : PRINT "ZERO FREQUENCY GROUP TIME DELAY IN SECONDS =
®; : PRINT USING "##4.484 " """; TD

720 PRINT : PRINT : PRINT " BUTTERWORTH MAXIMALLY FLAT LOWPASS
FILTER ™: PRINT : PRINT

730 PRINT " RARAREANN R= "; : PRINT USIG
"#4%.448°°"""; TER; : PRINT ™ (OHMS)"

740 FOR K = 1 TO N - 1 STEP 2
750 PRINT " * nn

760 PRINT " ARAACHAES C= "; : PRINT USING
“§.44444°°"""; C(K): : PRINT " (FARADS)"

770 PRINT " . "

780 PRINT " * T L= "; : PRINT USING
"$. 498487 °°°"; L(K + 1); : PRINT " (HENRYS)"

790 NEXT K

800 PRINT * * wn

820 PRINT " ARAACRARS C= "; : PRINT USING

"F. 448847 °°°"; C(N); : PRINT " (FARADS)"
830 PRINT " * *n
840 IF TEX = 2 THEN 900

850 PRINT * e eRIRAR R= "; : PRINT USING
“§44.444°°"""; TER; : PRINT " (OHMS)"

900 PRINT : PRINT "TO CONTINUE PRESS <ENTER> : TO EXIT PROGRAM
PRESS <Q> "

910 A$ = INKEY$: IF LEN(AS$) = O THEN 940

920 1IF ASC(AS$) = 13 THEN 130

930 IF ASC(AS$) = 81 OR ASC(A$) = 113 THEN 950

940 GOTO 910

950 END

1000 REM Calculation of normalized values for equal
termination

010 FOR X = 1 TO N

1020 G(K) = 2 * SIN((2 * K - 1) * PI / (2 * N))

1030 NEXT K

1040 TD = 0: FOR K = 1 TO N: TD = TD + G(K): NEXT K: TD = TD / (4
* PI *» FC)

1050 RETURN

1200 REM Calculation of Component Values for Ever Order

1210 FOR K = 1 TO N STEP 2

1220 L(K) = G(K) * LR: C(K + 1) = G(K + 1) * CR
1230 NEXT K

1240 RETURN

1400 REM  Calculation of normalized values for Extreme
Termination

1410 FOR K = 1 TO N

1420 A(K) = SIN((2 * K- 1) * PI / (2 * N)): B(K) = {COS(K ~ PI /
(2 * N))) "2

1430 NEXT K: G(1) = A(1l)

1440 FOR K = 2 TO N

1450 G(K) = A(K) * A(K - 1) / (B(K - 1) * G(K - 1))

1460 NEXT K

1470 RETURN

1600 REM Calculation of component values for odd orier
1610 FOR K = 1 TO N STEP 2

1620 C(K) = G(K) * CR: L(K + 1) = G(K + 1) * LR

1630 NEXT K

1640 RETURN

2000 REM Even Order Printing routine

2010 PRINT : PRINT “ZERO FREQUENCY GROUP TIME DELAY I¥ SECONDS =
®; : PRINT USING "##4.442°""""; TD

2020 PRINT : PRINT : PRINT " BUTTERWORTH MAXIMALLY FLAT LOWPASS
FILTER ": PRINT : PRINT

2030 PRINT " ShLAREAN R= "; : PRINT USING
"4#44.444°°"""; TER; : PRINT " (OHMS)"

2040 FOR K= 1 TON ~ 1 STEP 2

2050 PRINT * & <

2060 PRINT * * L L= "; : PRINT USING
"#.44448°°°""; L(K): : PRINT " (HENRYS)"

2070 PRINT " g LA

2080 PRINT " NRNACHRAS C= "; : PRINT USING
"#.44444°°°°"; C(K + 1); : PRINT " (FARADS)"

2090 NEXT X

2100 PRINT ™ . A

2110 IF TEX = 2 THEN 2130

2120 PRINT " aRsAREMNN R= "; : PRINT USING
"§44.444°°"""; TER; : PRINT "(OHMS)"“

2130 GOTO 900

Butterworth filter design program listing. This program is available on disk, see page 64 for details.
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The equations for normalized values for single termination are:
AMAX = 3 dB, (WWB) = 1, G(0) = 1

A(K) = SIN((2+K-1)+PI/(2+N})), K = 1,2,...,.N

B(K) = (COS(K+PI/(2*N) 2K = 1,2,....N

G(1) = AQY)

G(K) =A(K)«A(K-1)/(B(K-1)+G(K-1)), K=23.....N

(solved in lines 1400—-1470)

The actual component values for even order filters are:

L(K) = G(K)+LR
C(K+1) = G(K+1)-CR
LR = TER/(2+Pi+FC)

K=135,...N
(lines 1200—1240)

(line 460)

CR = 1/(TER+2+PI+FC)

where, TER = termination resistance, Pl = n, and FC = pass-
band —3 dB frequency.
The actual component values for odd order filters are:

C(K) = G(K)-CR )
) K=135,..N
LK+1) = G(K+1)sLR ) (lines 1600-1640)

For the calculation of group delay at zero frequency, if RS = RL
(the network terminations are equal), then the group time delay
as W/WB approaches zero is as follows:

T (d0) = (dOIAW)W’ — 0 =
(1/2) .?N:, G(K) seconds (normalized delay)

Actual Delay = T'(d0)/(2+P1+FC) (iine 1040)

For extreme termination, the program goes back and calculates
the G(K) values for equal termination and then computes the time
delay. For more information on these equations, see reference 2).

The Program

A program has been written in Microsoft QuickBasic!™ to
solve the above expressions and calculate the component
values for a given filter. The program prompts for passband
frequency WB and the attenuation at this point, AMAX (default
is 3 dB). It then asks if the order N of the filter is known. If it is,
the stopband frequency WH is requested and the attenuation
AMIN at WH is calculated. If the order is not known, the
program prompts for minimum stopband attenuation AMIN and
the stopband frequency WH. From here, the program calculates
the required order N.

At this point, the program prints out the stopband frequency,
the attenuation at this frequency, and the order N of the filter.
it then asks for the termination resistance in ohms and the
termination type, equal or extreme. The normalized component
values are calculated and from these the normalized group
delay at DC is calculated and denormalized to give actual
group delay for the passband frequency FB. The actual
component values are then calculated and printed out in such
a format as to form the connection schematic diagram for the
filter network.

Figure 1 is an example of program operation for a 5th order
filter with equal 75 ohm terminations. The 3 dB down passband
frequency is 2 MHz and the stopband frequency is 4 MHz.

For this example, the program has calculated an attenuation

RF Design

of 30.08 dB at 4 MHz using the specified N = 5. The group
delay at DC is calculated to be 257.5 nanoseconds. The
connection schematic is printed showing the equal 75 ohm
terminations, with inductors equal at 965 uH, equal end capacitors
of 655.7 pF, and the center capacitor at 2122 pF.

One note about program operation: Output data for filters
larger than 9th order will scroll off the screen. Use a scrolling
program (such as “‘Snipper” from PC Magazine) to allow you
to look at the complete results. There are also programs to
make the printer follow the screen display, allowing the entry
data and computation to be saved.

This program is available on disk from the RF Design
Software Service. See page 64 for details. o)
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rfi/emc corner

EMC News Report

This month, RF Design takes a look at
some EMC-related news items in this
column. The highlights include the
NAB's disagreement with the FCC pro-
posal for AM interference reduction, a
new Canadian EMI standard, and a
report on EMC growth in the United
States. Various EMC-related publica-
tions are also mentioned.

NAB Contests FCC Proposal to
Reduce AM Interference

The National Association of Broad-
casters (NAB) disagrees with a Federal
Communications Commission (FCC) ap-
proach to combatting adjacent channel
interference for AM radio. NAB contends
that the agency should not adopt the
National Radio Systems Committee
NRSC-2 standard as the sole means for
reducing interference before it imple-
ments the initial NRSC-1 standard.

The two standards are complemen-
tary systems designed to improve the
quality of the AM broadcast signal and
reduce interference. The initial implemen-
tation of NRSC-1 would foster the im-
proved manufacture of receivers, which
in turn would improve the quality of AM
broadcasting as heard by the public.
NRSC-2 builds on these receiver im-
provements by providing additional safe-
guards against distortions in the trans-
mitted signal.

In its filing, NAB pointed out that the
NRSC-1 standard, in addition to being
designed to reduce interference to adja-
cent channels, is intended to aid manu-
facturers in developing high-fidelity re-
ceivers keyed to the NRSC character-
istics of AM transmission. NAB said that
this meets the policy goals of the
Commission, the AM radio industry, and
the public by improving the AM broad-
cast band.

NAB also expressed its opposition to
an FCC proposal to eliminate restric-
tions concerning daytime contour pro-
tection, because it would only increase
interference in the already congested
AM band.

Directory of Federal Labs

This directory guides readers to hun-
dreds of Federal agencies, laboratories,
and engineering centers willing to share
their expertise, equipment and some-
times even their facilities to aid in U.S.
research efforts. Price is $36.00. To
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order specify PN PB88-100011/CAU
from the National Technical Information
Service, 5285 Port Royal Road, Spring-
field, VA 22161 or call (703) 487-4600.

New Canadian EMI Standard

Recently, the Canadian Gazette Part
Il published new mandatory Canadian
EMI standards. According to these stan-
dards, as of January 31, 1989, all digital
apparatus manufactured, modified or
imported into Canada must be compli-
ant. It is important to note that the
Gazette notice spells out that after the
January 31, 1989 deadline there will be
no ‘“grandfathering-in” of equipment
currently being sold in Canada. The
Canadian standards are technically
equivalent to the U.S. Federal Commu-
nications Commission (FCC) EMI stan-
dards.

Seminar Proceedings

The National Technical Information
Service (NTIS) has announced the avail-
ability of a report summarizing a seminar
sponsored by ERA Technology of Leath-
erhead, Surrey, England entitled EMC
Susceptibility of Electronic Equipment
in Civil and Military Applications. The
seminar focused on the fact that the
increasing use of electronic systems
and the harsh electromagnetic environ-
ments in which they must operate
reliably make it important to consider
susceptibility and immunity at the early
stage in the design, development, and
installation of electronic systems.

A total of 10 papers were presented
at this seminar covering standards, civil
and military issues relating to suscepti-
bility. The cost is $130. To obtain a copy
of these seminar proceedings, contact
the National Technical Information Serv-
ice, 5285 Port Royal Road, Springfield,
VA 22161. Tel: (703) 487-4650. Request
ERATL88/01/KJP, EMC Susceptibility
of Electronic Equipment in Civil and
Military Applications — Seminar Pro-
ceedings.

Grounds Improve Imaging Room
The UCLA Medical Center selected a
Lyncole XIT grounding system to im-
prove image clarity and continuity of its
Magnetic Resonance Imaging (MRI)
room. Recent testing of the electrolytic
ground proved that the patented rods
continue to lower resistivity over time.

Continuous testing, using the same
current and range, has revealed that the
resistance of UCLA’s grounding system
has dropped from 0.523 ohms upon
installation to 0.505 ohms 18 months
later. For the MRI user. that translates
into improved images.

MRI equipment, which provides cross-
section images of patients’ bodies, re-
quires a low resistance ground to main-
tain image clarity and to provide protec-
tion for equipment, personnel and pa-
tients. The sophistication of MRI equip-
ment demands an environment free of
radio frequency and other electromag-
netic interference.

The grounding system used for this
installation uses a unique electrolytic
process. Metallic salts used inside the
system’s copper tube absorb moisture
and form an electrolytic solution which
filters out through holes to form roots in
the soil. The result is a continuing
reaction in the ground resistance. Addi-
tional information may be obtained from
Lyncole XIT Grounding, 22412 South
Normandie Ave., Torrance, CA 90502.
Tel: (213) 320-8000.

Army Considers EMI Protection
for the Black Hawk

According to a report in Defense
Electronics (January 1389), Sikorsky
Aircraft, Stratford, Conn., has delivered
its 1000th UH-60 Black Hawk helicopter
to the Army and plans to produce and
develop upgraded versions that will
include enhanced survivability and
safety features. Among the features
being considered are methods to protect
Black Hawks from electromagnetic inter-
ference (EMI). The Army said that the
helicopters are expected to be hardened
to withstand EMI of 200 volts per meter
— a specification identical to that of the
SH-60B Seahawk, the Navy’s Black
Hawk variant. If the entire UH-60 fleet
becomes EMI-hardened, the total cost
couid approach $450 million. Sikorsky
would not be responsible for paying this
amount because it met the aircraft's
original hardness specifications, the
Army said.

Some of the news items reported here
were reprinted with permission from
Electromagnetic News Report (ENR).
ENR is published by Liberty Labs, Inc.,
4920 Johnson Ave. NW., Cedar Rapids,
1A 52405. Tel: (319) 390-3546. [
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rf transmitter

A Microwave Oven to Amateur TV
Transmitter Conversion

By David Pacholok
Creative Electronics Consultants

There are still a few areas where
amateur radio experimentation can be
a significant contributor to the ad-
vancement of engineering. Two of those
areas, microwave communications and
low-cost equipment, are represented in
this unusual application. The author has
developed a method of converting a
microwave oven into a transmitter with
acceptable performance for amateur
television. This design was a prize
winner in the 1988 RF Design Awards
Contest.

he past twenty years have seen a

change in the amateur radio commu-
nity, away from that which sparked an
interest in RF engineering among many
people who today practice the profes-
sion. As youths, they often had no
choice but to build their own equipment,
given the economic realities of the day.
The low-cost imports of recent years
have changed all that, and amateur
radio has gone from a substantial source
of technical innovation to a substantial
consumer of technically innovated prod-
ucts.

Most amateur allocations lie above
1300 MHz, yet one can often scan those
bands and hear nothing but kTB noise.
The common conception is that micro-
wave equipment is complex, expensive,
or just unavailable. The overall design
goal here was to provide an inexpen-
sive, relatively simple high power micro-
wave transmitter using a microwave
oven as the foundation. The goals were
these:

1. Low cost, < $200.

2. High power output, 250 watts mini-
mum,

3. Parts readily available from consumer
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Figure 1. Interior of oven with
waveguide short in place.

electronic supply houses.

4. Emission type compatible with stan-
dard low-cost B/W television receivers.

5. Frequency of emission in the 2390-
2450 MHz amateur band, compatible
with MDS TV downconverters. Histori-
cally, these have been misused to

29

Figure 2. Close-up of TE,, wave-
guide with E-field probe installed.

*‘pirate’’ television movie distribution at
2156 and 2162 MHz. Tens of thousands
of these downconverters are in exis-
tence, having been widely sold through
magazine advertisements and electronic
flea markets.

6. The basic transmitter scheme shouid
be adaptable to other emission modes,

0 80 100 180

‘o

Output Frequency (MHz)
> -
2ivsslonnelnnanbennel
\\

+————————————————————————
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Figure 3. Power output versus |,.

Figure 4. Frequency versus |,.
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Audio
Compandors... —

»’,
When audio =
dynamic range,
s/n ratio, Of
modulation index
are critical.

NE570/571

General Purpose Compandor

¢ 110dB dynamic range

o Compress/Expand/Automatic level
control

» Temperature compensated

o Built-in op amps

¢ Only 3.2mA typical supply current

NES72

High performance compandor

» 110dB dynamic range

e Independent attack and recovery
time

e Low output noise: 6,V typical

o Temperature compensated

o Very low distortion
(0.05% typical at 1kH2)

NE575
Low Voltage Compandor

o QOperates to 1.8V

o Fully specified at 5V

e Two built-in op amps in each
channel

¢ 6000 drive capability

¢ 0.13% typical THD

o Only 4mA supply current at 5V

RF
Systems

Solutions
Signetics

Call 800/227-1817, ext. 900
for the number of your local
Signetics sales office
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Audio Power
Amplifiers...

When audio power
requirements are
critical, listen 10

Signetics.

TDA7052

1 Watt Power Amplifier

e Supply voltage range (3-15V)

o No external components required
e Short-circuit proof

o 8 Pin DIP package

¢ 1.2W (typ) at 8a load

TDA1015
1-4W Audio Power Amplifier
with Pre-Amp

o Separate preamplifier and power
amplifier

* 4.2W (typ) power output

o Excellent noise rejection

o SIL package

o Wide supply voltage range
(3.6Vv-18V)

TDA1013A/B

4W Power Amp

with DC Volume Control

» Wide supply voltage range (10-40V)
« Separate DC*volume control

¢ 80dB of gain control range

o SIL Package

¢ 4.5 (typ) power output

RF
Systems

Solutions
Signetics
Call 800/227-1817, ext. 900

for the number of your local
Signetics sales office
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Low Power IF
Integrated
Circuits...

High performance
AND
low power

NE602/612 VHF Mixer Osc

o HF/VHF/UHF mixing with 2.5mA
current

« 18dB conversion gain at 45MHz

¢ 4.6dB noise figure at 45MHz

» Built-in oscillator to 200MHz

*+ Mil-Spec available

NEG04A/614A FM IF Strip

e 0.27,V sensitivity from
matched load at 455kHz

¢ 0.4,V sensitivity with 10.7MHz
(narrow band)

o Two-stage 90dB limiting amps with
low phase shift

 90dB log signal strength indicator

e Quadrature detector for narrow or
wide-band IF

* 3.0mA supply current

+ Mil-spec available

NE605 FM IF System

e NE602/604 functions combined
¢ 5.5mA supply current
e Excellent compact performance

RF
Systems

Solutions
Signetics
Call 800/227-1817, ext. 900

for.the number of your local
Signetics sales office
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such as narrow-band FM, with additional
phase-lock circuitry.

Magnetron Characteristics

A microwave oven magnetron is a
self-contained, crossed-field power os-
cillator. Built-in cavities primarily deter-
mine oscillation frequency, with anode
voltage and magnetic field having a
second-order effect on this parameter.

First, the magnetron cavity was modi-
fied to couple RF to a transmission line
instead of the oven compartment. This
is shown in Figures 1 and 2. The interior
radome/splatter cover, field stirrer
blades, and magnetron output matching
section were removed. The waveguide
open end was then shorted with a plate
and an E-field probe installed to couple
the RF to an N-connector output jack.

CADLITERATE

cad-lit-er-ate (kad-lit'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:

* e RF Circuit Fundamentals I & 11
* o Transmission Lines Realization

* o RF/Microwave Amplifiers
* o 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
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Magnetron current, woltage, and fre-
quency were measured and plotted
independently to quantify performance
in this modified cavity. Figures 3, 4, and
5 present this data, which leads to the
following conclusions:

1. The 2M189A magnetron is a current-
operated device — anode-to-cathode
voltage changes only about 1 percent
with a 2:1 change in cathode current (1,).

2. Power output is a linear function of I,.
3. Output frequency is a non-linear (but

monotonic) function of |, with increased
current causing an operating frequency

g
\

Plate Voltage (Voits)
§
&

§

Figure 5. Plate voltage versus |,.

increase. The average frequency ‘‘push-
ing” coefficient is about 0.1 MHz/mA,
with a useful frequency swing of about
20 MHz.

From this, AM double-sideband video
was ruled out, owing to the large
incidental FM that wo ild result. On the
other hand, an FM deviation of 2 MHz
would cause incidental AM of only 15-20
percent, so wideband FM video trans-
mission was investigated.

To check compatitility with existing
TV receivers, an FM video modulated
signal generator was used as a signal
source for an MDS downconverter and
5-inch monochrome receiver. With the
television adjusted for IF slope detec-
tion, a fair quality picture was obtained,
with sync and vertical lock achieved at
deviations of 700 kHz to 3.0 MHz. Best
picture quality occurred at 2.2 MHz
deviation.

Modulator Circuit Description

The modulator serves two purposes.
First, it is a high-voltage current source
with high open-loop gain, setting the

March 1989



magnetron current to a known value,
establishing a frequency and power
output. Referring to the circuit diagram
in Figure 6, U2, a 7805 5-volt regulator,
establishes a reference voltage adjusted
by RS and R6. This is applied to the
non-inverting input of high-speed op
amp U1, which drives source follower
Q1. The output of Q1, plus R9 and R7
provide negative feedback to U1 in the
ratio 5.7:1. At equilibrium, Q1's drain-
source current produces a voltage drop
across R11 that equals 5.7 times U1's
non-inverting voltage.

Temporarily ignoring screen grid cur-
rent, plate current equals cathode cur-
rent in Vi(a,b combined). Since V1's
cathode current equals Q1's drain cur-
rent, V,, rises or falls until the V1 grid
1-to-cathode bias causes I, = I, = I, =
Is. V1 is therefore a grounded-grid
voltage amplifier with a current gain of
unity, with enough voltage capability to
drive the magnetron. However, to an
input voltage at U1, a transconductance
amplifier is formed, with transconduc-
tance given by:

A (Ro+RA 1 e

v \ R7 J\R1 R9+R7/

Bandwidth of this amplifier must be
sufficient for the modulator's second
purpose — video modulation. This must
be 4.5 MHz if an audio subcarrier is to
be included. Frequency response meas-
ured with a current probe in the plate
leads of V1 was down 4 dB at 4.5 MHz.
Adding C6 (1200 pF) provides a pole for
this frequency, flattening the response
to beyond 6 MHz. C1 and R8 are
provided to couple an external 4.5 MHz
subcarrier generator to the modulator.

A floating screen supply of about +100
volts is provided, with R28 included to
limit screen dissipation. The floating
supply allows only plate current (magne-
tron current) to be included in the contro!
loop. Additional component functions
are: R3, R14 and R15 prevent parasitic
oscillation in U1 and V1, R12 and R13
aid current sharing in Via and V1b, D3
protects Q1 in the case of V1 arc-over,
and conventional power supply rectifi-
ers, filters and bleeders are used.

Waveguide/Cavity Operation

The waveguide circuit is deceptively
simple. The oven's TE,, waveguide feed
(from tube to cavity) is shorted with a
copper plate. This is analogous to a
coaxial or microstrip short, where
wavefronts are reflected back with a 180
degree phase inversion. At a quarter
guide wavelength from the short,

ma Mar
Vucy -1

where Ac = 2X guide broadwall dimension

Vo b

The reflection is in phase with the
incident wave from the magnetron, and
an E-field probe is inserted at this
voltage maximum. Ordinarily, maximum
power transfer occurs when this probe
is M4 in length. Deliberately shortening
the probe introduces a reactive mis-
match at the magnetron output port.
After an unknown number of degrees
rotation within the feed structure
(Matsushita would not provide tube
data), this causes the magnetron to be

WBE

MINIATURE RF AMPLIFIERS

Series A82 satisfies applications that require the following specifica-

tions in a rugged minfature package.
mounting.

Series A82 1s ideal for direct antenna
Applications fnclude airborne equipment, test instrumentation, sweep

equipment, spectrum analysers, frequency counters, telemetry, radio astronomy,
wide band communications, or a convenfent all around test bench amplifier.

Each stage is transformer coupled for highest power output with minimum
distortion. Selective feedback is used to maintain flatness and impedance match
over the entire bandwidth.

MODELS AYAILABLE

Models A82 and AS2A are amplifiers of ultra wide bandwidth, extreme
flatness, and excellent impedance match.

Models AB2L and AS2LA offer a more limited or specific bandpass with
less stringent flantess specifications.

Models A82/RP, AS2A/RP, AB2L/RP, and AB2LA/RP are remote power option
amplifers which be remotely powered through the output connector.

0.E.M. and quantity pricing available. Consult factory with specifica-
tions.

PICTURED
A)  Mode) AS2A B)

Mode] AB2A/RP C) 0.E.M, Special Amp.

Approximate
3 dB points
(MHz)

Freq Range
(Full Spec)
for | dB

AB2 1-500 +3-650

[

7

1.5:1 74
o max max 3

B
.3-650 table
.5 dB
- 170°F

AB2A 1-500

&

AB2L 4.5 d8 3
AB2ALA

WIDE BAND ENGINEERING COMPANY, INC.

P.O. BOX 21652, PHOENIX, AZ 85036 TELEPHONE: (602) 254-1570

«1-50 .050-150 1.0 [ FY |
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(R M A N C3

w |

+4-30 .3-100 1.0
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pulled lower in frequency by some 25
MHZz from its design frequency, ensuring
legal amateur band operation.

One important feature of this conver-
sion is the modification of the high
voltage power supply for floating opera-
tion. The original power transformer had
one end of the secondary grounded to
the frame. This was lifted and attached
to a high-voltage lead wire. Hi-pot tests
sat twice the rated voltage confirmed
this modification to be reliable. This
modification eliminates the need to fioat

the entire modulator above ground,
which also requires video-bandwidth
opto-isolators.

Performance

Spectrum analyzer photos indicate
the performance of the transmitter.
Figure 7 shows carrier and noise skirts
with no modulation. The Bessel nuill
display in Figure 8 shows that the
modulation is primarily FM. Figure 9 is
a spectral display of a video signal (cross
hatch pattern) at 2.5 MHz deviation.

Additional Comments and Obser-

vations

Narrow band FM (+ 5 kHz deviation)
requires a clean RF source low in noise
and incidental FM. A phase-lock or
frequency-lock loop can be used, with
the non-inverting inpJt of U1 being
equivalent to the varactor control volt-
age in a conventional VCO. The usual
considerations for prescaling, low-noise
reference, loop gain and loop bandwidth
all should be followed The author has
developed a circuit suitable for narrow-

i» -
D6~ ; R16-
D17
H =
T :» -
| Existing controls:
120 VAC interlocks, timer, 7 uF < =
~9 fwps thermal overload, on T 9 v
fan, etc.
REg-
N s Re?
Some sagnetrons use =)
bypass capacitors
here. If present, VESTID il
remove thea. \ N IK_. ]
Cavity N e
Magnetron — W3
J1 Output
Qust be >
terainated r Ip i
%45 Mz awral
subcarrier input
J2 Video Input L
WUp—p, sync positive R1 Rz:L +
Oven 400-500 watt consumer microwave oven. Suitable models C10-C21 100 uF, 400WVDC
include Hotpoint RE6002, Whiripool MW 1000XS-0 or MW Cc22,023 470 uF, 25V
1200XS-0, Tappan 56-1007-10/02, and Goldstar ER-4020. R1 390 ohm
Viab 6JEG/6LQE R2 100 ohm panel-mount potentiometer
v2 2M189A or 2M226A magnetron R3,R8,R9 470 ohm
Q1 VNGBBAF or similar power FET R4, R5 3.3 kohm
U1 LF357 wideband op amp R6 1 kohm p.c. mount potentiometer
u2 7805 regulator R?7 100 ohm
01,02 1N4001 R10 22 ohm
D3 1N4760, 68V, 1W zener diode R11 27 ohm, 1 W
D4 1 amp, 200 PIV bridge rectifier R12, R13 120 ohm, 1 W
DS 10 kV, 250 mA diode R14, R15 100 ohm, 1 W
D6-D17 1N4007 R16 - R27 470 kohm, 112 W
C1 .001 uF ceramic T1 Magnetron plate and filament transformer
c2 10 uF, 25V T2 117 VAC 10 12.6 VAC3.0 A
C3,C4 100 uF, 10V T3 117 VAC 10 12.6 VAC 450 mA
cs 330 uF, 6.3V M1 0-200 mA DC
ce 1200 pF polystyrene S1 SPST,05A 125V
c7,.C8 0.1 uF ceramic J1 Type “N'* female panel mount connector
c9 47 uF, 160V
Figure 6. Circuit diagram for the complete transmitter.
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Frequency: 5 MHz to 50 MHz
Output: HCMOS/TTL

Stability: +2x107 over 0/+50°C
+5x10°7 over —20°/+70°C
+1x10-%over —55°/+85°C

Center
Frequency: 5 MHz to 90 MHz

Output:  TTL (HCMOS optional)
Deviation: +5%to +33%
Control: 0Vto5Vor =5V

Y a
VECTRON

N4

The Crystal Oscillator Company

VECTRON LABORATORIES, INC.
166 Glover Avenue. Norwalk. CT 06850.
Phone: (203) 853-4433. FAX: (203) 849-1423.
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rf transmitier

band FM phase-locked operation. Inter-
ested readers can contact him for de-
tails.

Warmup drift is significant over the
first ten minutes of operation, repre-
senting about 15 percent of the available
tuning range (2.5 MHz). A simple fre-
quency-lock loop could be used to
stabilize this drift if it is deemed unac-
ceptable.

Avoid magnetron ‘‘moding,’”’ appear-
ing on a spectrum analyzer as a comb
instead of a CW signal. This can be
caused by a VSWR greater than 1.5:1,
or by operation below about 50 mA. If
low power operation is desired, raise the
filament voltage to 3.4 - 3.6 V, since
internal RF contributes to proper fila-
ment (cathode) temperature in normal
operation.

If used with a true FM television
receiver, such as a modified satellite
TVRO unit, the simple pre-emphasis
network shown on the schematic dia-
gram will improve video S/N by up to 10
dB. Also, TVRO receivers use greater
than 20 MHz IF bandwidth, greatly
reducing the effects of warmup drift.

Small “hum bars’ are visible in the
picture, due to the floating high-voltage
power supply. The effect is caused by
the 60 Hz switching of the diodes,
varying the capacitance to ground at the
magnetron cathode. These transients
are out of the control loop. Grounding
the power supply and floating the modu-
lator at high voltage is a solution, as is
floating the magnetron and cavity. Either
would increase circuit complexity and
increase exposure to hazardous volt-
ages.

As with any non-locked oscillator, a
change in system load impedance will
change the frequency of operation. A
high power isolator is one solution, albeit
an expensive one. A stretch line was

used to measure the lozd pulling effects
of a 1.5:1 VSWR over zll phase angles.
Frequency was observed to change + 6
MHz as the phase anglzs was varied. At
the design frequency cf 2430 MHz, all
modulating products should remain
within the amateur bard. This is not a
trivial problem, and may require line
trimming or line stretchers to place the
phase angle in a stable region. The
lowest possible antenna VSWR is the
best solution to the line-pulling problem.

Finally, safety is paramount. 4 kV DC
and high power microwave energy are
present in the transmit:er. An inexpen-
sive microwave leakage detector should
be used to check the integrity of the
modified unit, and door interlocks should
be retained (the modulator was installed
in the now-unused cooxing cavity). An-
tennas can easily have high gain at this
frequency, so avoid pointing them at
people, buildings, etc.

Conclusion

Although this is not a “*high perform-
ance” television transmitter, it repre-
sents a low-cost effort to achieve signifi-
cant power output at microwave fre-
quencies. Some of the shortcomings of
this configuration are discussed above,
along with possible imp-ovements. of

About the Author

David Pacholok is the Chief Engi-
neer of Creative Elect-onics Consult-
ants, 1815 W. Higgins Road, Sleepy
Hollow, IL 60118, praviding design
services for switchmode power sup-
plies, electronic ballasts, and RF/
microwave product development. He
holds a BSEE from Qakland Univer-
sity. Dave can be reached by tele-
phone at (312) 428-5676.

new time-saving

RF/Microwave prototyping boards srom $3.30

QUICK BOARDS™ tor breadboarding and evaluation of all your
commonly used components and circuit functions:

® low pass/high pass/band pass filters

[ Model I 10-24 qty
¢ Gain Blocks (AVANTEK MODAMPS™) 3

® TO-8 amplifiers/vcos
* TO-8 mixers

® FLATPACK mixers & power dividers

* TFM mixers (Mini-Circuits)

$ 330
GB1 $ 403
*TO81 $3.30
*TOBMX1 8 350
FP1 $ 540

® Phase Locked Loops (with applications) “TEM1 $ 550
* Available with sockets. Call for price and Free Brochure pLU 365:00

RF Prototype Systems 12730 kestrer street « san Diego. CA 92129  (619) 538.6771
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Figure 7. Carrier and noise skirts
of unmodulated magnetron.

Figure 8. Bessel null display show- Figure 9. Spectrum display of

ing primarily FM modulation. I, emitted signal, with cross hatch
variation from + to — deviation is pattern modulation, 2.5 MHz de-

130-200 mA.

viation.
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Coilcraft is
big in small
inductors

Call Coilcraft for all your surface mount
inductors—fixed, tuneable, transformers, or toroids.

Most are in stock, ready for immediate ship-
ment. And all are priced incredibly low, even in
small quantities.

To help you get started, we've prepared
Experimenter’s Kits with dozens of our most
popular values.

For complete specifications, or to order your
kits, call 312/639-6400.

Experimenter’s Kits

Fixed Inductor Kit CI00-$125

4 nH~1,000 uH, 64 values (6 of each)
Tuneable Inductor Kit C101-$50

100 nH- 10 uH, 11 values (5 of each)

1102 Silver Lake, Cary, IL 60013 312/639-6400



rf designer’s notebook

A Parallel-Coupled Resonator
Filter Program

By Andrew W. Westwood
Hughes Network Systems

This program serves as an aid in the
design of Parallel-Coupled Transmis-
sion Line Resonator Filters (PCTLRF),
a form familiar to most microwave
engineers. While this form is commonly
used at C-band and above on ceramic
or PTFE compound printed circuit
boards, the author’s design group has
found that in an L-band application, it
provides performance that no other
inexpensive filter type satisfies.

recent application is an FR-4 based

7.5 percent bandwidth filter cen-
tered at 1.35 GHz, where helical and
dielectric resonator filters are not readily
available, and where lumped-element
implementations either are unrealizable
or require excessive alignment time.
PCTLRFs are intrinsically inexpensive,
with real estate consumption being the
only severe drawback. If required at all,
tuning is minimal.

While calculations for element pa-
rameters are straightforward, the deci-
sion process for various applications
was found to involve choosing an appro-
priate characteristic and proceeding with
several assumptions, only to find that
the resulting filter was mechanically
unacceptable. The program includes

an idealized response projection section
that solves this problem.

Operation of the program begins with
prompts asking for the number of reso-
nators, Butterworth or Chebyshev filter
type, impedance information, with out-
put impedance and passband ripple
requested for the Chebyshev case. The
user may then choose to see an ideal-
ized amplitude response plot, with an
option to see the response from center
band out to a selected number of
passband muitiples.

Following the satisfactory selection
of filter parameters, the even and odd
impedance of the microstrip coupled
pairs necessary to form the filter are
presented. Several common CAD pro-
grams and algorithmic formulas can
determine the mechanical realization of
these sections from this information.
When the proper substrate material is
chosen, bandpass filters with 0.1 to 15
percent passband widths, from L-band
through 30 GHz are possible. One quick
tip: don’t forget to compensate for the
stray capacitive coupling to ground at
the open sections on the filter. This
coupling “stretches’ the effective line
length. Also, the response plots are ideal;
allow for more practical results.

This program is available on disk from
the RF Design Softwere Service. See
page 64 for details. ]
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of the Technical Staff at Hughes Net-
work Systems, 11717 Exploration Lane,
Germantown, MD 20874. He can be
reached at (301) 428-5608.

Print
Print
Print
Print

Print
Print
Print
Print

Print

Print "dramatic difference."
Print

Input

DEF FNARCOS (X)=1.570796+ATN (X/(SQR(1~X"2)))
DEF FNARCOSH(X)=LOG(X+(X"2~1)°0,5)

DEF FNTANH (X) =FNSINH(X)/FNCOSH (X)
DEF FNCOTH(X)=1/FNTANH(X)

Print "Welcome to the Parallel Coupled Transmission Line Resonator Filter"
Print "Computer Aided Design (PCTLRF CAD) program." Input N

Print "This program assists in the design of printed circuit RF filters"
Print "of the PCTLR form. The program will prompt you to enter basic®
Print "design information regarding the filter, and will give you the* Print
Print *"the opportunity to view an jdealized filter response prior to "
Print "proceeding with the filter calculation.

Print "Please press 'Return' key to continue.
A
REM #4#44449¢ TRIG FUNCTION DEFINITIONS ##i$a###

)
DEF FNCOSH(X)=(2.718281828°X+2.718281828" -X)/2
DEF FNSINH(X)=1/2#(2.718281828°X~-(1/2.716281828°X))

REM #443994¢ QUESTIONS COMMON TO TCHEB AND BUTTER #4§9#4444

BEGIN:
CLS
Questions:

Print "How many resonant elements do you wish to have in the filter"

Print

Print “an integer between 1 and 15)";

Print "What is the fundamental characteristic impedance of the filter"
Print "Note: Default is 50 Ohms";

Input O
If O=0 then 0=50

Print "Which type of filter response do you wish ("B' for Butterworth”

Print "or 'T' for Tchebycheff)";

Input R$

Print "When considering the values for your filter, remember that" Print
Print "PCB materjal 'Q' and imperfect coupling will hold results to®
Print "familiar skirt slopes, and a typical maximum of 70 dB out-of-"
Print "band (OOB) rejection. Good layout and steilding will make a*

Print *(Y or N)";
Input T$
Print

Feady":

Print "Do you wish to see and idealized filter response in graphical form®

If T$="Y" or T$="y" then Gosub FILRES

IF R$="B" OR R$="b" THEN GOTO BUTTER

Print "Please be advised that unless the number of se:tions in a "
Print *Tchebycheff filter is odd, the terminating impadance cannot be”
Print "the same as the characteristic impedance. Pleise choose now™

Print "whether you wish to see the correct terminating impedance or *

Print "continue with the filter calculations. Your cioice (C for ™
Print "continue, I for impedance)";

Input C$

REM swnssaencsss BEGIN MAIN BODY A#swausanadnhwensass

GOTO TCHE!

If C$="I" or C$="{" THEN GOTO TERMIMP
B
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REM tzz2p22: THIS SECTION CALCULATES BUTTERWORTH IMPEDANCES =:#:gs::

Print "Pleasc enter your center frequency in the following format:"
Print "GG.MMMKKK Gigahertz";
Input CF

Print "Please enter your lower 3dB point and then your upper 3dB point"
Print “(Format GG.MMMKKK,GG.MMMKKK)":

Input LF,UF

IF LF=<UF THEN GOTO BAND

PRINT "UNACCEPTABLE VALUES, PLEASE TRY AGAIN."
GOTO ENTRY

BAND:

DIM G{15)

Let G(0)=3.141593*( (UF-LF)/(UF+LF)

Let G(N+1)=G(0)

For V=1 to N
G(V)=2¥*sin(((2*V-1)*3.141593)/(2*N))
Next V

REM #s##:8:: CALCULATES PROTOTYPE ELEMENTS sz#pffss
DIM I(16)
For L=1 to N+1
Let I(L)= G(0)*SQR(1/(G(L-1}*G(L}})
Next L

REM ss:84#84 CALCULATES EVEN AND ODD IMPEDANCES ###::874
DIM 20(15)
DIM ZE(15)
For B- 1 to N+l
20(B)=0*(1-(I(B)*I(B)+I(B))
ZE(B) =0+ (1+ (I (B) *I(B)+I(B)
Next B

)
)

PRINTER:

REM ##2#z2:2z4 PRINTS OUT ODD AND EVEN IMPEDANCES :=:::::3:#
PRINT
X$="SECTION NUMBER" : YS$="
PRINT X$;¥$:2$
For €= 1 to N+l

EVEN IMP" :Z$=" oDD IMP™

PRINT " LEIChRe RZE((C) ";20(C)
NEXT C

PRINT

PRINT “DO YOU WISH TO CONTINUE";

INPUT 0$

IF 0$="Y" OR O$="y" THEN GOTO BEGIN
PRINT "I HOPE THIS PROGRAM HAS BEEN USEFUL, AND IF ANY FURTHER"
PRINT "INFORMATION OR SUGGESTIONS ARISE, FEEL FREE TO CONTACT ME."

TCHEB:
REM #4#:#57% THIS SECTION CALCULATES TCHEB IMPEDANCES #:zs:z#:##

REM ##4:4#27 TCHEB COEFFICIENTS #::izasd
DIM a(15)
DIM b(15)
DIM j(15)
CLS
IF E<>0 THEN GOTO SKIP
Print "What do you wish the peak amplitude ripple across the passband”
Print "to be (in dB)":
Input E
Print

SKIP:

BET=L0OG (FNCOTH(E/17.37))
GAM=FNSINH(BET/ (2+N))

FOR k=1 TO N
a(k)=SIN(((2*k-1)*3.141592)/(2*N}))
b(k)=GAM" 2+ (SIN(K*3,.141592/N)) "2
NEXT k

J(1)=2*%a(1)/GAM

For k=2 to N
j(k)=(4*a(k-1)*a(k))/(b(k-1)*j(k-1))
Next k

Print

Print "What is the filter center frequency (in the format"
Print "GG.MMMKKK Ghz)";

Input CF

Print

Print "What are the lower and upper passband cutoff frequencies"
Print "(in the format GG.MMMKKK,GG.MMMKKK Ghz)";

Input LF,UF

Print

j(0)=3.141593*( (UF-LF)/ (UF+LF))

J(N+1)=](0)

REM ##2i##4) CALCULATES PROTOTYPE ELEMENTS ##3:4:z3z
For L=1 to N+l )
Let I(L)= j(0)*SQR(1/(j(L-1)*j(L)))
Next L

REM ###¢:44: CALCULATES EVEN AND ODD IMPEDANCES :::&:z3:¢
For B=1 to N+1
20(B) =0+ (1+I(B) "2-I(B)
ZE(B)=0*(1+1(B) "2+I(B))
Next B
GOTO PRINTER

FILRES: REM ##fstcersdsdfcazznddcnzanindinnsd:
REM siz#¥#:#4 FILTER RESPONSE ROUTINE #ssfds??
REM :zapazzyddfenssadddenhconnduchszcpdazzaneds

" or R$="t" THEN GOTO TCRES

Print "This routine will display an idealized filter response"
Print "over a specified band of frequencies, starting at zero radians”
Print "and ending at N times the normalized 3dB cutoff frequency."

Print "what do you wish the multiplier (N) to be:
Input M

REM #}é#4#:: BUTTERWORTH ATTENUATION ROUTINE
LS

U=10% (LOG (1+(M+1)  (2*N) }/LOG(10))
SCREEN 2

For Q= 0 to M+1.1 step 0.1
A=104(LOG(14Q" (2#*N))/LOG(10))
PSET (640*(Q/(M+1)},200%(A/U))

IF ABS(INT(Q)-Q)<.1 THEKN GOSUB WO
NEXT Q

GOTO QUES:

wo:
LINE=-(640*(Q/(M+1)),200)
DIM ATTN(15)
ATTN (Q) =FIX(A)

RETURH

QUES:

LOCATE 24,1
L=74/(M+1)

PRINT "“0dB";

FOR Q=1 TO M+1
LOCATE 24,L*Q
PRINT ATTN(Q):"dB";
NEXT ©

LOCATE 2,35

PRINT “<VALUES AT MULTIPLES OF 3 dB BW!>"
LOCATE 4,45

Print "Now, do you wish to perforn"
LOCATE 5,45

PRINT "element calculation routines,”

LOCATE 6,45

PRINT "or return to parameter selection"
LOCATE 7,45

PRINT "( C' for calc., 'P' for param.)";
Input F$

If F$="P" or F$="p" then GOTO Begin
RETURN

REM ##i##44 TCHEBYCHEFF ATTENUATION ROUTINE ##s#z#:s

TCRES

CLS

Print "This routine will display and idealized filter response “
Print ased on the following conditions: 1) If the user desires"
Print "to see only the passband, enter a '1' for the requested"

Print "number of cut-off multiples, 2) If any other number is entered,"
Print "attenuation values will be displayed at multiples of the cut-off”
Print “"bandwidth. The graph starts at zero radians."

PRINT "What do you wish the peak passband attenuation to be (in dB)";
Input E

Print "What do you wish the number of cut-off multiples to be";
Input M

REM 282235844 TCHEB CALCULATIONS ####szgscdczazss
CLs
SCREEN 2
U= 10*(LOG(1+ (10" (E/10)=1) *( (FNCOSH(N*FNARCOSH(M))) "2))/LOG(10)}
IF M=1 THEN V=E
IF M>1 THEN V=U
For 0+0 to 1 Step 0.02
A= 10*(LOG(14 (10" (E/10)-1) * ( (COS (N*FNARCOS (Q) )) “2) } /LOG(10))
PSET ((640*Q/M), (200*A/V))
NEXT Q
IF M=1 THEN GOTO QUEST

For Q=1 to M+M/20 Step M/20

A= 10+ (LOG(14 (10" (E/10)~1) *( (FNCOSH(N*FNARCOSH{Q)}}) “2))/LOG(10)})
PSET ((640%Q/M), (200*A/V))

IF ABS(INT(Q)-Q)< M/25 THEN GOSUB WO

NEXT Q

LOCATE 24,1
PRINT "0dB";

FOR Q=1 TO M

LOCATE 24,74%Q/M
PRINT ATTN(Q):"dB";
NEXT Q

GOTO QUEST

wO:

LINE-(640/ (M) *Q,200)

ATTN (Q)=FIX(A)

RETURN

QUEST:

LOCATE 2,35

PRINT "<VALUES AT MULTIPLES OF CUT-OFF BW!>"
LOCATE 4,45

Print "Now, do you wish to perform”
LOCATE 5,45

PRINT "element calculation routines,"
LOCATE 6,45

PRINT "or return to parameter selection"

LOCATE 7,45

PRINT "( C' for calc., 'P' for param.)"“;
Input F$

IF F$="P" or F$="p" then GOTO Begin
GOTO TCHEB

TERMIMP:

CLS

Print "What do you wish the peak amplitude ripple across the passband"
Print "to be (in dB)":

Input E

R=0#% (FNTANH (LOG (FNCOTH(E/17.37))/4)) "2

PRINT

PRINT "The resistive termination of your filter must be";R;"ohms, to"
PRINT "acheive a proper match."

PRINT

PRINT "Do you wish to try another peak ripple (Input 'R'}, another"
PRINT "order of filter (Input 0'), or move on to the calculations"
PRINT " (Input C')";

INPUT AS

If A$="R" or AS$=
If A$="0" or A$=
GOTO TCHEB

" then GOTO TERMIMP
o" then GOTO BEGIN

RF Design
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GaAs FET Amplifiers From Q-Bit

The QBH-4000 has a gain of 18.5 dB
over the 100 to 2500 MHz frequency
range with 3.0 dB typical noise figure.
Input and output VSWR is 1.5:1, power
output at the 1 dB compression point is
+15 dBm, and second- and third-order
output intercept points are 36 and 25
dBm, respectively. Reverse isolation is
typically 41 dB and gain variation is less
than + 1 dB over the -55 to +85 degrees
C temperature range. Packaging op-
tions for the QBH-4000 include TO-8 and
0.5 in. flatpacks suitable for microstrip
or surface-mount. The device is priced
at $190.

Also being introduced is the QBH-189
TO-8 hybrid amplifier with 10.5 dB gain
over the 5 to 2000 MHz range. Gain
flatness is 1.0 dB p-p, noise figure is
typically 6.0 dB, and input and output
VSWR is 1.5:1. Qutput at the 1 dB
compression point is +16 dBm and gain
variation is + 0.6 dB over the same
temperature range. The amplifier is
packaged in a low-profile TO-8 package
and costs $95.

The QBH-814 exhibits 10 dB gain with
flatness of less than 1.0 dB p-p over the
10 to 1000 MHz frequency range. Noise

figure is typically 8.0 dB and input and
output VSWR is the same as the
QBH-189. Output power at the 1 dB
compression point is +25 dBm and
third-order intercept point is 38 dBm.

Gain variation is less than + 1.0 dB over
the -55 to +85 degrees C range. In
quantities of 1 to 9, the amplifier costs
$134. Q-Bit Corporation, Palm Bay,
FL. INFO/CARD #230.

QUALCOMM Introduces a 50 MHz Dual DDS

Q2334-C2 is a dual direct digital
synthesizer on a single-chip CMOS
VLSI device which generates digitized
sinewave signals using phase accu-
mulation techniques combined with on-
chip sine lookup. Two independent DDS
functions are included on-chip to pro-
vide cost-effective implementations of
quadrature oscillators and full-duplex
systems. A microprocessor interface is
used to control the frequency and mode
of operation while synchronous inputs
are provided for phase and frequency
modulation of the synthesized waveform.

The device operates at a maximum
sampling rate of 50 MHz, allowing
synthesis of waveforms from DC to 25
MHz with frequency resolution better
than 0.012 Hz. The on-chip sine lookup
function generates sine waves with
better than -70 dBc spur rejection.
Double-buffered frequency registers pro-
vide phase coherent frequency switch-
ing at rates in excess of one million
frequency changes per second. It is

58

housed in a 68-pin PLCC package and
operates over the 0 to +70 degrees C
range. A Q2334 DDS evaluation kit
vzhich implements a digitally controlled

frequency synthesizer system on a sin-
gle printed circuit card is avail-
able. QUALCOMM, Inc., San Diego,
CA. INFO/CARD #229.
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Microminiature Bandpass Filters

TTE introduces a line of micromini-
ature bandpass filters covering the 10
MHz to 500 MHz range. Size ranges
from 0.5 in. X 0.8 in. X 0.5 in. to 0.5 in.
X 1.5 in. X 0.5 in. Specific IF filters are
available from stock at under $30 (Qty.
5-9). The T Series is available in Bessell,
Butterworth and Chebyshev configura-
tions and any number of poles from 2 to
6 may be specified. A T Series unit with
a center frequency of 140 MHz in a
four-pole, Chebyshev configuration, 50
ohm impedance, PCB package, and
40:3 dB bandwidth ratio of 5:1 is priced
under $125 each in quantities of 100.
TTE, Inc., West Los Angeles, CA.
INFO/CARD #228.

500 MHz Analog Multiplier

Analog Devices introduces the AD834
four quadrant multiplier with 500 MHz
bandwidth and a typical total error of
+0.5 percent. The device implements a
transfer function of W(XY) (4 mA). It
accepts two differential voltage inputs
(XX1-X2, YY1-Y2) and delivers a differ-
ential current output (WW1-W2). At 10
MHz and 100 MHz input frequencies,
harmonic distortion is -60 dB and -4 dB

respectively for the X input, and -65 dB
and -50 dB respectively for the Y input.
The multiplier is available in either 8-pin
CERDIP or 8-pin SO with prices ranging
from $19.20 to $68. Analog Devices,
Inc., Norwood, MA. INFO/CARD #227.

Waveform Recording and
Playback System

The 7900 WaveCorder is a digital
waveform recording and playback sys-
tem designed for long, fast waveforms.
It can capture over 3 seconds (640
megasamples) of continuous waveform
data from two analog signal inputs
digitized at 200 megasamples/sec (8-bit
samples). Featured is analog playback of
simulated digitized waveforms at user-
selected rates. This system supports
VAX™/MicroVAX™, VME-based sys-
tems, and IBM-AT™ hosts. LeCroy,
Chestnut Ridge, NY. Please circle
INFO/CARD #226.

Class A Amplifier

Model AM 2728-100/1133 operates
from 20 to 200 MHz with power of 100
W at 1 dB compression. Second and
third harmonics at 100 W are -30 dBc.

7y i
HIGH ENERGY CORP

CERAMIC RF CAPACITORS

C-D/SANGAMO

MICA RF CAPACITORS

m A LEAR SIEGLER COMPANY

VACUUM CAPACITORS
VACUUM RELAYS

SURCOM ASSOCIATES, INC

2215 Faraday Avenue, Suite A
Carlsbad, Califorma 92008
TEL (619)438-4420
FAX (619)438-4759
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ANALOG CIRCUIT ANALYSIS
ECA-2

- A 1 -
A

ECA-2 is a high performance, low cost analog circuit
simulator. ECA-2 2.31 includes more models, increased
graphics capabilities, increased AC analysis speed, and
expanded documentation. Now available for the Macintosh.

ECA-2 Offers
* AC, DC, Transient o Twice as fast as SPICE
o Fourier, Temperature ¢ Over 500 nodes

o Worst-case, Monte-Carlo ¢ Detailed 525 page manual
o Full nonfinear simulator e Sine, Pulse, PWL, SFFM,
o Interactive or batch and Exponential generators
» SPICE compatible models ¢ Money back guarantee

ECA-2 1BM PC or Mac $675
ECA-2 Apolio $3000

Call 313-663-8810 For FREE DEMO disk

r - % il

Tatum Labs, Inc.
1478 Mark Twain Court, Aml Arbor, MI 48103
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LOW SPUR DDS
DX2070

ol 1+ 1 1 44—

- szt
Rl e e e ."-'J?* +—— A
0. ) S . -

x

Using the proven Number
Controlled Modulated Oscil-
lator (NCMO™), the DX2070
high performance board-
level system offers the RF
engineer remarkable flexi-
bility. CW, FM or PM signals
are generated with un-
precedented speed, accu-
racy & spectral purity.

FEATURES

»-70dBc guaranteed spurious
below 1/4 clock crossover

» 200ns frequency hopping

e phase continuous

e three funing modes

» very low phase noise

e 1.2Hz step size

e DC to 6Mhz output

» radar, sonar, EW, MRI, efc.

DIGITAL RF

N

Digital RF Solutions Corporation
3080 Olcott Street, Suite 200-d
Santa Clara, California 95054
Telephone 800/782-6266

inside California 408/727-5995

24 hour FAX 408/727-6474

INFO/CARD 52
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ﬂ P,'Od uc,s Continued

RF gain is 50 dB min and minimum
spurious is at -60 dBc. The amplifier
uses type N female rear panel connec-
tors for input and output. Power Sys-

standard semi-rigid cable. This connec-
tor virtually eliminates the possibility of
mismatch in the assembly. Micro-Coax
Components, Inc., Collegeville, PA.

tems Technology, Inc., Hauppague, INFO/CARD #225.
NY. Please circle INFO/CARD #224.
Stable 100 MHz Oscillator
Model 500-0827A is a 100 MHz
multiplied source which utilizes a 10

MHz SC-cut crystal and a X10 multiplier

New 25-Ohm SMA Connector
Micro-Coax unveils a 25 ohm SMA
connector compatible with UT 90-25

Optimize Filter Response

to Fit Your Design Target!
COMTRAN® now runs on vour 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.

(600) /4 ): WM Integrated Software]

A Division of Jensen Transformers, Inc.
10735 BURBANK BOULEVARD, N. HOLLYWOOD, CA 91601+ FAX (818) 763-4574 « PHONE (213) 876-0059
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rLow-Cost Wireless _
Data Transmission

» RS-232C compatible
Frequency range 30-960 Mhz
Half/Full Duplex, Simplex
DC to 1200 Baud

.25 to 20 Watt power output

Geotel tyinfograted AF end digte devion
Development
Company

25 Davids Drive, Hauppauge, NY 11788 (516)436-7260

b
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circuit that has a theoretical noise
degradation of 20 dB. Phase noise is
-140 dBc at 100 Hz and -115 dBc 20 kHz
from the carrier. Aging rate is 5 X 10°1°
per day with frequency stability of + 1 X
10 over the 0 to 60 degrees C tempera-
ture range. Harmonic content is 40 dBm
down and output signal ievel is +10 dBm
into 50 ohms. In single quantities, price
is $1,504. Wenzel Associates, Inc.,
Austin, TX. INFO/CARD #223.

7-Section SMT Attenuators

Daico introduces two surface-mount
35 ns, 7-section attenuators — the
DA0717 and DAQ775. The DA0717 oper-
ates from 45 to 250 MHz with a 63.5 dB
attenuation range and 0 5 dB resolution.
It is available with 7 dB typical insertion
loss, 8 dB maximum and a maximum
VSWR of 1.35:1. The DAQ775 operates
from 45 to 75 MHz with a 12.7 dB
attenuation range and 0 1 dB resolution.
Insertion loss is typically 4 dB, 5§ dB
maximum with VSWR of 1.35:1.

Also from Daico is a surface-mount
SP4T switch. DS0778 operates from 50
to 500 MHz with +13.5 dBm power and
63 dB typical isolation. Switching speed
is typically 0.5 microseconds. The
DS0632, an SP2T switch, is specified
from 5 to 2000 MHz with +10 dBm power
handling from 5 to 50 MHz and +25 dBm
from 300 to 2000 MHz. Insertion loss is
1.6 dB typ and switching speed is 26 ns
typ. Daico Industries, Inc., Compton,
CA. INFO/CARD #222.

Shock-Resistant Crystals

Piezo Crystal has announced the
development of quartz crystals with
shock survivability to 100,000 g's with a
500 microsecond puise duration. These
AT-cut crystals are housed in TO-5
(HC-35) packages and can be specified
from 18 to 65 MHz. Piezo Crystal
Company, Carlisle, PA. Please circle
INFO/CARD #221.

RF Power Amplifier
AT225-50 features a frequency range
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of 225 to 400 MHz with output power of
50 watts. The amplifier features a her-
metically sealed gold metallized pack-
age and is available with SMA or 50 ohm
pin terminations. In 250-piece quantity,
price is $595 each. Alliance Technolo-
gies, Inc., Redmond, WA. Please cir-
cle INFO/CARD #220.

Hybrid Clock Oscillator

This hybrid clock oscillator utilizes an
AT-cut crystal and is available for fre-
quencies between 448 Hz and 60 MHz.
The unit uses a tri-statable bus-driver
output with source/sink capabilities to
24 mA and is capable of driving 50 or
75 ohm transmission lines. Piezo Tech-
nology, Inc., Orlando, FL. Please
circle INFO/CARD #219.

FFT Controller IC

The TMC2310 FFT-controller is a
single-chip CMOS integrated circuit that
contains the arithmetic functions, on-
board coefficient storage and address
generation needed to execute up to a
1,024-point complex FFT at 100 ns per
butterfly when it operates at a 20 MHz
clock rate. The device also executes an
inverse FFT. In 1000-piece quantity, the
device costs $120 each. TRW LSI
Products, Inc., La Jolla, CA. Please
circle INFO/CARD #218.

VXI-Bus Microwave Counter

Model 2151 is a counter-on-a-card
featuring measurements from 10 Hz to
20 GHz with resolution of 1 Hz in 1

second at 20 GHz. Sensitivity is -27 dBm
at 20 GHz and tolerance is 60 MHz p-p
in the manual mode. Measurement
functions include frequency, period, ra-
tio B/A, ratio C/A and ratio C/B, as well
as full math capability scale, offset and
smooth. Racal-Dana Instruments, Inc.,
Irvine, CA. INFO/CARD #217.

RF Design

| and Q Phase Detectors

Merrimac introduces a line of close-
tolerance | and Q phase detectors and
quadrature modulators that feature an
IF balance of 90 +2 degrees and an
amplitude balance of 0.2 dB max.
Applications include use in digital trans-
mission systems as QPSK modulators,
in image rejection circuits, single side-
band modulators, and as phase correla-

tors in ciosed ioop and vector moduiator
sub-systems. Prices commence at $375.
Merrimac Industries, Inc., West
Caldwell, NJ. INFO/CARD #216.

Phase Locked Crystal Source
Model PLXM376 is a phase locked
crystal source designed to provide multi-
ple outputs with a tight phase relation-
ship to the reference. It is available at

Low Cost MMIC Amps:
bandwidths,

DCto1.8 GHz

Power t020 dBm,
and priced as low as 75¢ each.

-
T

~EC

Talk about a great deal. NEC's tiny new
amps are available in wide bandwidths,
a variety of packages, and they're de-
signed to help eliminate your biasing
and grounding problems.

And at 75 each in quantities of 500
you get both NEC quality and a better
price than the so-called “low cost” amps.

Give us a call today. We'll work with

you engineer-to-engineer to see
that you get the right amps at the
right price. And in most cases, we
can ship them right off the shelf.

NEC technology and quality

—and CEL service. It's a pow-
erful combination. Put it to
work for you.

FREE DATA FOR DESIGNERS
For app notes and a full line

Si MMIC specifications bro-
chure, call, write or circle the
number below.

> Pr—

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

©1989 California Eastern Laboratories
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output frequencies from 1 MHz through
10 GHz while typical phase noise at 50
MHz output is -140 dBc/Hz at 1 kHz
offset. Techtrol Cyclonetics, Inc., New
Cumberland, PA. INFO/CARD #215.

Fixed Attenuators

Alan Industries has added a Type N
connector, per MIL-C-39012, to its MHP
line of fixed attenuators. The devices

cover from DC to 18 GHz at 5 W average
and 5 kW peak. Attenuation values of
1, 3, 10, 20, and 30 dB are standard with
other values available upon request.
Specifications over the DC to 18 GHz
range include 50 ohm impedance, 1.35:1
maximum VSWR and accuracy of + 3
dB from 1to 6 dB and + 5 dB from 7 to
40 dB. Price ranges from $105 to $120
each in quantities of 1 to 24. Alan

Up to 16 channels,

ZOZ?MHI:ZTO

Only With System Friendly

Just one af hundreds of programmable hardware
building block configurations possible with our oper-

Industries, Inc., Columbus, IN. Please
circle INFO/CARD #214.

Miniature UHF Transmitters

Aydin Vector unveils the T-700S/L
Series transmitters. They are available
in 2, 5, 8 and 10 watts and operate at
S-band from 2200 MHz to 2300 MHz,
and L-band from 1435 to 1450 MHz.
These FM telemetry transmitters are
capable of transmitting analog or digital
multiplexed signais. Aydin Vector Div.,
Newtown, PA. INFO/CARD #213.

Eight Way Power Divider
This eight way power divider operates
from 1.2 to 1.4 GHz with up to 2 watts

HP, LP, TD.

80 dB/octave.
1° phase match.
Pre and post gain.
Differential input.
Calibration input.
Output monitor.

Allin 7"
mainframe.

62

ating system Just one of hundreds of exclusive
possibilities t1at make Precision 6000 truly System
Friendly now and easy to update in the future. Call
(607) 277-3550 for brochure. Or write.

jD PRECISION FILTERS, INC.

240 Cherry Street, Ithaca, New York 14850
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input power and insertian loss of 30 dB
nominal. Phase trackirg is better than
10 degrees and amplitude tracking is 1
dB between all outputs. KDl/triangle
Electronics, Whippany, NJ. Please
circle INFO/CARD #212.

Frequency Synthesizer

The SI-160 frequency synthesizer is
a 5-digit unit which prov des ECL signals
into a 50 ohm load from 20 to 160 MHz
with 1 kHz resolution. Options for the
instrument include external BCD pro-
gramming for computer control, external
reference input, and a 19 in. rack mount
adapter. In unit quantties, the instru-
ment costs $1007. Syntest Corp.,
Marlboro, MA. INFO/CARD #211.

PC-Controlled HF Receiver

Comer Communications introduces
the R232 line of communication receiv-
ers. The receiver is controlled through
the use of a central processor in the
receiver that is accessed with a PC serial
port. The displayed alphanumeric menu
of the receiver displeys all receiver
control functions. Frequency range is
10 kHz to 29.999995 MHz in 10 Hz
steps. AM, FM, USB and LSB, CW,
FSK, RTTY, and FAX modes are possi-
ble. Third-order intercept point is +25
dBm and second-order intercept point
is +50 dBm. The receiver costs $1,350.
Inline Components, Inc., Irvine, CA.
Please circle INFO/CARD #210.
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c A New Standard!

ANZAC-
SURFACE MOUNT COMPONENTS

&

d X 8
JHS-115
0 C

A X °
§-1V5
B hr

NO GLASS-TO-METAL SEALS ’_L———L : ‘0\ FULL HERMETICITS

AUTOMATED PROCESSING ~— ¢ — NOINTERNALSOLDER
CAPABILITY -

W EXCELLENTGROUND PLANE
INSPECTABLE SOLDER JOINTS — - e

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

0
INFO/CARD 57 Adams Russell

ANZAC DIVISION
80 CAMBRIDGE ST, BURLINGTON, MA 01803, (617)273-3333 TWX 710-332-0258 FAX (617)273-1921 TELEX 200155




CRYSTEK

The pulse of dependable

communications

New Product
INTRODUCING

0.C.C.0.
Oven Controlled
Crystal Oscillators

["_.‘\‘ P - - ]

"
» N
.

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 0.C.C.O.'s
guarantees optimum performance in
Two-Way Communicaton, Telemetry
and Instrumental application.

e SERVICE

* DESIGN
e SUPPORT

Made in U.S.A.
FEATURES ARE:
Frequency Range: 8 - 200 MHZ .
Frequency Siabitity 2 1 0P M over a temnerature range of - 30°C
pL.%® ¢ B5¢C
Aging < 2ppM trst & monins 1

| < 1ppMfor e

Tom Range 26 pp M mmmum
Fast Warm-Up. < 1 minyte from cold
« S0mA & 25°C

< 30mA g 12 VDC

Cutrent Drsin (oven)

Oscillator Current

Qutput Level / Shape Per customer requrement

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

Crystek Corporation
DIVISON OF WHITEHALL CORPORATION
2351/71 Crystal Drive - Fort Myers, FL 33907
P.O. Box 06135 - Fort Myers, FL 33906-6135
(813) 936-2109 - TWX 510-951-7448
FAXIMILE: 813/939-4226
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rf software

Antenna Analysis Software

This program will analyze almost any
antenna made of wire or tubing. MN will
compute antenna forward gain, front-to-
Jack ratio, beamwidth, sidelobes, angle
of radiation, current, impedance, SWR,
near-fields, and far-fields. Antennas may
oe modeled in free space or over real
sarth. It will plot antenna radiation
oatterns in polar or rectangular form on
CGA, EGA or HGC graphic screens with
nardcopies available on dot-matrix print-
ars. The interaction among several
nearby antennas or structures can also
oe calculated, allowing detailed analysis
of stacked arrays. MN is an enhanced
version of the U.S. Navy’s MININEC
orogram and costs $75.

Also available is YO — a Yagi op-
timizer program. The software will auto-
matically adjust the element lengths and
spacings of a Yagi-Uda design to maxi-
mize forward gain, optimize pattern, and
minimize SWR. Radiation patterns at the
center and edges of a band, and a scale
drawing of the antenna, are plotted on
CGA, EGA or HGC graphic screens
during optimization. Yagis having up to
30 elements may be modeled. The YO

design package includes models for
gamma and hairpin matching networks,
element tapering, and frequency scaling.
YO is priced at $90. B. Beezley, Vista,
CA. INFO/CARD #205.

Electromagnetic Analysis
Software

Ansoft introduces Maxwell PC-386 —
a 2-D computer-aided engineering tool
for the 386-based personal computers.
This electromagnetic finite element analy-
sis software package provides 32-bit
addressing capabilities and predicts elec-
trical characteristics by solving
Maxwell's equations. Available modules
include applications to analyze
electrostatics, eddy currents, MMIC de-
vices, waveguides, and cavities. System
requirements include an 80387 math
co-processor, a recommended minimum
of 3 MB of extended memory and a 20
MB hard drive. Versions for IBM PC and
PS/2, Apple Macintosh Il, Sun, Apollo,
MicroVAX and Hewleti-Packard work-
stations are also available. A one-year
license for Maxwell PC-386 ranges from
$4,495 to $12,995. Ansoft Corp., Pitts-
burgh, PA. INFO/CARD #204.

listings into your computer.

these articles:

RF Design Software Service

As a convenience to our readers, computer programs pubiished in
RF Design are now available on disk. For a minimal cost, you can
avoid the time-consuming (and error-prone) task of typing program

This month’s disk includes programs (MS-DOS format] described in

“A Design Program for Butterworth Lowpass Filters,” p. 43
“A Parallel-Coupled Resonator Filter Program,” p. 55
Request disk number RFD-0389

Last month’s disk included the following programs:

“CAD for Lumped-Element Matching Circuits”
““Modeling PLL Tracking of Noisy Signals™
Request disk number RFD-0289

Prices are $9.00 each for a 5 1/4 in. diskette, or $10.00 for a 3 1/2 in.
mini-floppy, postpaid. 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, and send orders to:
RF Design Software Service
P.O. Box 3702

Littleton, Colorado 80161-3702
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rf literature

Inductor Measurement Application Note

Testing Inductors at Application Frequencies is an applica-
tion note that highlights the difficulty of making coil measure-
ments at AT frequencies. The main problem with this kind of
measurement is that coil inductance, Q, and coil parasitics are
frequency-dependent. The note discusses inductor parame-
ters, test equipment, traditional methods of specifying and
testing inductors, application frequency testing, specifying
inductor tests at application frequencies, a specification
example, and specifications with correlation. Coilcraft, Cary,
IL. INFO/CARD #202.

RF Selector Guide

This guide combines the RF products from Motorola
Phoenix, Motorola Lawndale and Motorola Bordeaux. It is
divided into two major parts — discrete devices and amplifiers.
Products such as Class A linear transistors, VHF/UHF
ultra-linear transistors for TV applications, and amplifier
modules are included. Many other additions have also been
made to the cross-reference. Motorola, inc., Phoenix, AZ.
Please circle INFO/CARD #201.

Test Equipment and Microwave Catalogs

Lectronic Research Labs has released its 1989 test
equipment and microwave catalogs. Listed are over 10,000
reconditioned and new products. Catalog #119 offers test
equipment from 207 manufacturers including HP, Tektronix,

General Radio and L&N. Catalog # 120 offers 6,000 microwave
products including waveguides and microwave test equipment
from 18t manufacturers including HP, DeMornay-Bonardi,
Waveline, FXR, and Narda. An index which lists products by
manufacturer, part number and price is featured. Lectronic
Research Laboratories, Camden, NJ. INFO/CARD #200.

Note Describes TDA of SPICE

This application note describes the steps required to run a
time-domain analysis on a Microwave SPICE™ circuit, simulat-
ing the technique of time-domain reflectometry (TDR). The text
and related examples demonstrate how the utilization of the
TDA feature allows the designer to build up an accurate
simulation of the parasitic discontinuities associated with a
particular circuit. A circuit example is included. EEsof, Inc.,
Westlake Village, CA. INFO/CARD #199.

Test and Measurement Equipment Catalog

Product lines from John Fluke Mfg. and N.V. Philips are
integrated in this catalog into 16 major categories. Featured
are 19 new products and 19 new service programs. Included
is an update on the Fluke and Philips alliance. An index of all
products and services is arranged both functionally and
numerically. Also given is warranty information and listings of
Fluke and Philips technical literature, worldwide sales offices
and technical services centers. John Fluke Mfg. Co., Inc.,
Everett, WA. INFO/CARD #198.

Analog Circuit Simulation

NEW IS_SPICE/386 On 386 PC's, $386
Outperforms Workstations
Increases Speed by 200 - 600%
Circuit Size nearly Unlimited
Supports 80287, 80387, Weitek 1167/3167

SPICE, a world wide standard for analog circuit simula-
tion runs on all 80?86 PC's in real mode as IS_SPICE,
for only $95.00: Performs AC, DC and Transient, Noise,
Distortion, Fourier and Sensitivity Analysis.

SPICE_NET, $285: Schematic entry for ANY SPICE
simulator. Automatically makes a Complete SPICE
netlist and places output waveforms on your
schematic.

PRE_SPICE, $200: Adds Monte Carlo Analysis,
Parameter Sweeping, Optimization and Algebraic
Parameter Evaluation. An easy to use Menu Drive
Program and Extensive Mode! Libraries are included.
intu_Scope, $250: A graphics post processor that
works like a digital oscilloscope. Easy to _.—-_-'
use with all the waveform operations you s

will ever need. intuson
(213) 833-0710

For Information,

Please Write or Call
P.O. Box 6607 All Programs come
San Pedro, CA with a 30 Day Money

90734-6607 Back Guarantee

INFO/CARD 59
RF Design

B e R

v True surface mount
v Ultra miniature, low profile, small footprint
v’ Soldering temperatures to 270°C for 30 sec
v Wave solder, vapor phase, infrared soldering
v Frequency range 10 KHz to 32 MHz
/Mﬂspecs;willmmmnrc-ms reqs.

v Rugged, hermetically sealed
v Severe shock and vibration survival
/' Extremely low aging

STATEK STATEK CORPORATION
. (T4) esglvzalg' mmm%em?@mm% 69722423
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Challeng®...

The Future

For over four decades, Los Alamos National Laboratory has challenged the
frontiers of science, researching an exciting range of phenomena. Pioneer-
ing men and women of science have accomplished breakthrough discover-
ies in many areas, combining basic sciences with engineering disciplines
and technological advances. As one of the largest multiprogram national
laboratories in the United States, we are also internationally recognized as
one of the most prestigious scientific institutions in the world.

Staff Member

In this position, you will be responsib e for assisting in system and subas-
sembly design and implementation o° high-power microwave systems for
driving accelerators. Systems includ2 high-power rf amplifiers, HV power
conditioning, and low-level rf controls. Will also direct technicians in repair,
modification, and improvement of existing and future microwave systems.

Demonstrated professional experience in design or operation of either
microwave systems or high-voltage pulsed-power systems required as is
demonstrated experience in design cf either high-voltage, high-power power
systems or microwave transmitters. Experience with high-voltage modula-
tors and computer interfacing desirable. Demonstrated ability in design of
power supplies or microwave subsystems from block diagrams and oral
instructions necessary. Experience with high-frequency switching power
supplies and solid-state rf amplifiers desirable. Demonstrated effective oral
and written communication skills essential along with demonstrated
knowledge of microwave instrumentation and Lab safety procedures.
Demonstrated ability to work indeperdently and as team member with
minimal supervision required. Master's or PhD in Electrical Engineering
with emphasis in one or more of the “ollowing: rf/microwave design, pulsed-
power systems, or high-power suppli2s or equivalent combination of
education and experience required. Q clearance desirable.

When applying for this position, please refer to Job #90023-L.
Staff Member

In this position, you will perform system and hardware design of low-level rf
control systems for particle accelerators. Hardware responsibilities range
from component level through system integration. Research and implement
high-performance feedback and feedforward techniques. Specify and
design rf and microwave signal processing components, such as detectors,
modulators, and oscillators. Incorporate novel methods of measurement
and control into hardware. Perform computer modeling of components and
systems. Incorporate full computer control and built-in test functions into
hardware designs. Interact with interdisciplinary staff in all aspects of
system performance, control, and forward-looking methods in rf control,
instrumentation, and high-speed signal processing. Develop complete
proposals of candidate rf control systams for customer review and procure-
ment.

Demonstrated experience in design, mplementation, and testing of rt/
microwave receivers, circuits, systems, instrumentation, signal processing
hardware, and feedback control systems required as is experience in
modern computer control and interface techniques, such as GP1B and
VME/VXI. Demonstrated analytical skills and oral/written communication
skills along with proven capabilities in rf/microwave system design, analysis,
and modeling are necessary. Experience in computer-aided testing (CAT)
and/or accelerator systems desirable Must be capable of working both
independently and with interactive staff under minimal supervision. A
Master's or PhD in Electrical Engineering with emphasis on one or more of
the following: control theory, rf/microwave design, communication theory
and analog/digital signal processing, or combination of education and
experience is required. Q clearance preferred.

When applying for this position, please refer to Job #80865-M.

Interested candidates should forward a resume and salary history to:
Shelly Melton (MS P280), Personnel Services Division, Los Alamos National
Laboratory, Los Alamos, NM 87545.

Affirmative Action/Equal Opportunity Employer
U.S. Citizenship Required

University of California

Los Alamos

— IOWA/MIDWEST —
RF/Microwave Engineers

¢ Advanced R&D (MS or PHD)
¢ Amplifier/Mixer/Circuit Design
¢ VHF/UHF Comm Sys:ems Anal./Des.
¢ Production Test Engineering
¢ Production/Quality Er gineering
For information and prompt personal consideration
for these and other engineering posmons with top
panies in the Mi
Don Gallagher
Gallagher & Associates S
1145 Linn Ridge Rd. Q
Mount Vernon, lowva 52314 Cc
(319)895-8042 FAX:(319)895-6455
— 35 Years of Engineering Experience —
Recrulting y for In the

mmm=
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oko coils and filters
attack RF design problems

hefore ik

Plagued
by parasitic
osclilations, spurs,
hamonics and
feedback? The problem
may not be your design, but the
colis and filters you selected. Toko
is the world's largest manufacturer
of quality small coils and filters, with
a selection so large,
you're sure to find the
right components

to neutralize your

rf design problems.

SUBMINIATURE

g— ADJUSTABLE

‘ —— AND FIXED
- Toko has what you need, so
you won't need to compromise...
subminiature adjustable coils
and transformers, molded coils,
radial fixed colls and fixed coils
with axial leads. Toko high-Q coils
are engineered in sizes from
5mm to 15mm, and inductance
ranges from .02 pH to 500 mH.

CHIP AND o
ADJUSTABLE SMD .’
Need to reduce the
size of your products or e a
automate production?

Toko solves these problems with o
wide range of surface mountable
coils and LC, ceramic and helical
filters in fixed and adjustable con-
figurations. Packaged for automatic
insertion and available for reflow or
solder dipping.

For more information on:
Subminiatures, INFO/CARD 61
Chip/SMD, INFO/CARD 69

CUSTOM MODULES
Toko hybrid mod-
ules are a great
way to simplify
design and
production tasks.
Wwith short lead time,
Toko can develop compact
custom modules utilizing a variety
of components, surface mounted
on a ceramic substrate. One

module replaces dozens e

of components. e~
FILTERS

For i-f or tuned rf |

clircuitry. Toko filters ¢

simplify attenuation of

out-of-band signails, while cleanly
passing your desired signal. Ultra-
miniature ceramic and LC filters at
popular i-f frequencies fit tight
spaces and tight budgets. With
frequencies up to 1.2 GHz Toko
helical filters are the right choice for
communications
transceivers.

ACTIVE FILTERS
If you're advanc-
ing the state-of-
the-art in digital
audio or PCM
products you'll
appreciate Toko
active filters. Especially
designed for small size and low distor-
tion, they're also very cost-effective.

Custom Modules, INFO/CARD 72
RF & I-F Filters, INFO/CARD 73

SAMPLE KITS

Toko sample kits give
you more choices and
cost less!
« Molded Sampile Kit: 82
values (123 parts)

- 30MHz-150MHz
=1 0.0393-1173 pH
;éa’ « 7mm Sample Kit:
54 values (108 parts),

70kHz-50MHz 0.4-22.0 mH
« 10mm Sample Kit: 68 values (136
parts), 79kHz-75MHz 0.08 H-56 mH

INTRODUCTORY PRICED AT $49 EACH.
ORDER YOURS TODAY!

isnt it time 1o tame the design monsters
before they bite back...call or write
Toko today for a free coil and filter
catalog or a quote on your needs.
Your strategic partner...

for all the right reasons.

= TOKO
TOKO AMERICA, INC.

CORPORATE HEADQUARTERS)

250 Feehanville Drive
Mt. Prospect, IL 60056
(312) 297-0070, FAX (GHII): (312) 699-7864
{Western Branch) (408) 432-8281
(Eastern Branch) (914) 694-5618
(Southeastern Branch) (205) 830-0952

Active Filters, INFO/CARD 74
Sample Kit, INFO/CARD 75



“’e’d like you

to see our new
facilities, but you’ll
have to dress for
the occasion.

Producing high-reliability SAW filters takes an invest-
ment. In time. In people. In state-of-the-art technology.
Andersen did it.

We expanded our facilities to include a dedicated,
high-volume, Hybrid Production Plant. We built Class
100 and Class 1000 clean rooms. We also installed one
of the world’s most sophisticated direct-imaging mask-
making systems. Which means you can choose from
a line of Andersen production SAW devices at center
frequencies up to 1.3 GHz with linear phase and
superior rejection.

We’d like you to see our facilities. But to protect our
investment, you do have to dress for the occasion.
White gloves are mandatory. For the grand tour, contact
Andersen Laboratories, 1280 Blue Hills Avenue,-
Bloomfield, CT 06002. Phone (203) 242-0761. TWX
710 425 2390 FAX 203 242 9876.

@ ANDERSEN LABORATORES
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