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Semiconductors

made easy.

The definitive semiconductor catalog
from Frequency Sources.

Over 100 pages of information on state-
of-the-art devices.

Product detail. Performance charts.
Circuit diagrams. Package outlines.
Everything you need for informed, easy
selection and ordering.

For more information, contact Donna
Langan, Semiconductor Sales Manager,
Loral Microwave-FSI, 16 Maple Road,
Chelmsford, MA 01824. Tel: (508) 256-
4113. Fax: (508) 937-3748.
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Silicon Abrupt Junction
Tuning Varactors, 30 to 90V

FLTVAR - Frequency Linear Tuning
Varactors

UHF/VHF Hyperabrupt Tuning
Varactors

GaAs Tuning Varactors 15 to 90V

Power Generation — Multiplier
Varactors

Step Recovery Diodes
Harmonic Generator Varactors

Multi-Chip High Power Generator
Varactors

Noise Diodes
Parametric Amplifier Varactors
PIN and NIP Diodes
UHF/VHF PIN Diodes
Power RF Switching
Small Signal RF Diodes
High Power PIN Diodes
Limiter Diodes

Spiral Inductors

Chip Capacitors

Beam Lead PIN Diodes
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respanse to in-the-field service calls:

Pllll. THE PLUG

...and you’re on the way.

* Operate your IFR Spectrum Analyzer from any available 12 to 30 volt
DC power source or from its optional built-in rechargeable battery pack. Of course, either
analyzer may also be powered from any 106 to 266 volt 50 to 400 Hz AC source. = If your
RF testing needs call for a digital, synthes:;ed for eyen areatan NeaibIN)
spectrum analyzer that performs equally well in the these built-in options:
laboratory or in the field, specify a true portable, = Tracking Generator
an IFR A-7550 or A‘8OOO » AM/FM/SSB Receiver
| ' » Quasi-Peak Detector
» [EEE-488 or RS-232 Interface

mMm

IFR SYSTEMS, INC.

10200 West York Street
Wichita, Kansas 67215-8935 US.A.
Phone 316/522-4981
TWX 910-741-6952
FAX 316/524-2623
QOur continued growth has created

A-8000 10 kHz to 2.6 GHz ©openings for Engineering Professionals
] Please contact IFR for information.
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trise ran = 0.0000000007

te... . = 0.7x10° seconds

tei. rn = 0.7 Nanoseconds

trie s = 100 picoseconds

FAST BY ANY MEASURE!

a Schottky diode switch
drawing less than 2mA.

In fact, Schottky diode
switches can draw as much
as 100-200mA.

RF envelope rise time (10% /90% RF) for the DSO841 is
typically less than 700 psec with 7 nsec switching speed (50% TTL
to 90% RF).

DS0841 also offers excellent isolation of 70dB typical at 100MHz
typical and 60dB typical to 200MHz.

The DS0841 is the ideal high speed, low transient, low power
consumption switch for blanking and modulating applications.
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Operating Characteristics

PARAMETER MIN TYP MAX UNFTS CONDITIONS

Current Drain / 5 mA AT +5V DC Supply
Switching Transients 56 100 mV  Peak Value

Transition Time G I nS  90%/10% or 10%/90% RF

Switching Speed i 10 nS  50% TTL to 90/10% R¥
Thsertioniloss 17 23 dB Call DAICO today at (213) 631-1143 for more information on this new ultra fast

feoliitin o 70 B 10100 switch and our complete line of RF Attenuators, Switches and Phase Shifters.
P — S . 2 A DAICO INDUSTRIES, INC.

OperatingFrequency W 200 MHz 2453 East Det Amo Boulevard, Compton, CA 90220

TTLIControlledie & . . A A e 213/631-1143 - FAX 213/631-8078

Scepe Specifications
Ch.I = 100.00 mvolts/div Timebase = 1.00 nsec/div Offset = 20.08 mvolts Delta T « 480 00 o
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Negative-Gain Single Pole
Oscillators

These oscillators usually require a large supply cur-
rent for higher frequency usage. A very simple,
negative gain, single pole bipolar transistor oscillator
that requires a small supply current is described
using oscillator analysis techniques.

— Leonard Kleinberg

Comments on MIL-STD-2000

MIL-STD-2000 is replacing DOD-STD-2000,
WS86536, and several earlier attempts to upgrade
and control soldering and workmanship in circuit
assemblies. Compliance takes time and can add
significantly to costs. A small manufacturer evaluates
the difficulties of complying with MIL-STD-2000.
— Robert Mouck and Stanley Kaat

Loading Conditions for High Speed Logic Systems

As logic system speeds increase to over 25 MHz, careful system timing design and
good circuit board layout become critical to successful operation. This article
discusses problems not encountered at lower operating frequencies

Alfred Dantas

cover story

48

Piezoelectric Devices Conference

The 12th annual Piezoelectric Devices Conference is being held this month in
Kansas City, Missouri. Our Cover Story features the papers, meetings, and exhibitors
for this year's program
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A Feedback Method for Reference Spur Reduction
in PLLS

This paper describes a circuit that is extremely useful in reducing reference sidebands
caused by reference leakage from the active phase/frequency comparator. In ex-
cess of 40 dB reduction in reference spurious signals has been routinely observed
when using this circuit. John W. MacConnell and Dr. Richard W. D. Booth

Split-Tee Power Divider

A mathematical evaluation of a split-tee power divider using a computer program
is introduced in this article. The numerical algorithm presentec is used to evaluate
a divider that contains complex auxiliary terminating impedances.

— Stanislaw Rosloniec and Piotr Lochowicz

Coherent Synthesizer Drives MOTR

For various reasons, synthesizers employing dividers in their resolution sections and
DDS architecture cannot be used to generate signals for this application. The design
of a phase-coherent synthesizer used to drive the Multiple Object Tracking Radar
(MOTR) 1s discussed In this article. — PTS Staff

A Truly Inexpensive VHF/UHF RF Switch

Compared with a PIN diode switch, the circuit described in this article reduces cost
and insertion loss by incorporating 1N4148 diodes, making it attractive for use even
In commercial products. Andrew Singer
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HIGH POWER
COMBINER

FEATURES:

e LOW LOSS

* HIGH ISOLATION

e EXTERNAL
TERMINATIONS

4 WAY COMBINER

MODEL
D2650 54-88 MHz
D2685 88-108 MHz
D2655 174-216 MHz

TYPICAL
SPECIFICATIONS

INS. LOSS 0.15db
ISOLATION 25db
VSWR 1.2:1
POWER 2Kw
Connectors

input N

output 1-5/8 EIA

WERLATONE has an extensive line
of 2 and 4 way combiners covering
the TV and FM bands

e —

| 1965 - 1990
! 25 years in business ]

«3470,. WERLATONE, INC.
P.O. Box 47
Brewster, NY 10509
Tel: (914) 279-6187
FAX: (914) 279-7404
decades ahead
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RF editorial

Computers
and RF
Engineering

By Gary A. Breed
Editor

Our industry has been fairly slow in
reaching the point of ‘‘a computer
on every desk,’’ something that seems
unusual for a high-tech profession. Just
a few years ago in 1986, our reader
survey found that 11 percent of engi-
neers had to wait in line to use shared
services. Although 74 percent had ac-
cess to a PC at that time, nearly 60
percent still relied on a programmable
calculator for much of their work.

The most telling point in comparing
then with now is the type of PC used. In
1986, over 27 percent of engineers used
something other than an MS-DOS com-
patible machine. Of that group, Radio
Shack models were mentioned twice as
many times as Apple!

Since then, we have been paying
close attention to the use of computers
in the RF engineering design process
— and things have certainly changed.
Now, most of the letters we receive are
dot-matrix printed, not typewritten. We
get enough articles with accompanying
computer programs that we started the
RF Design Software Service to distribute
them (it has been a well-used service,
too). It's our conclusion that RF engi-
neers have pretty much replaced their
HP-41 and TI-59 calculators with PCs.

In this issue, our monthly survey is
on RF software. Fill it out and let us know
how you currently use computers and
RF software products. We can then
update some of the information gath-
ered in 1986.

Now that the power of computers is
being used by most RF engineers. we

think that the best of the group should
earn some well-deserved recognition.
Last month, we announced the new PC
Software category in our annual RF
Design Awards Contest. Some terrific
programs will win some great prizes.
Two vyears ago, we wouldn’t have
thought to have a contest for RF soft-
ware, but it seems perfectly obvious
now.

Of course, the original circuit design
contest is still here, having continually
gotten stronger over its five-year history.
We are just doubling the fun with
another entry category. The top prizes
for both categories will be announced
in the next issue, and complete rules
were published on page 50 of the
August issue. Take a look, and get to
work on your entry. You have until next
March 30, but don’t procrastinate.

As a final note on the subject, I've
noticed that most RF engineers regard
computers differently than the ‘‘digital’
types, treating them as tools, not toys.
They get used to assist in the design
process, just like spectrum analyzers,
reference books, reflection coefficient
bridges, and soldering irons. | used to
be worried that computers would create
engineers who would use them to create
circuits without really understanding the
design process. Now that computers are
universal, and | have seen much of the
software available for design assistance,
those worries are gone. Clever use of
software might cover up an engineer’s
incompetence for a while, but | know
that he can’t hide there for long.

September 1990
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No one delivers noise performance
like Noise Com. And no one
delivers it on time, time after
time, like Noise Com. We've built
a solid reputation for quality,
performance, and service that is
unmatched in the industry.

Noise Com offers the industry’s
broadest spectrum of noise
products — from diode chips to
hermetically-sealed noise diodes

to precision coaxial and waveguide

noise sources, and manual,
automated, and high-power noise
generating instruments.

Noise Com also designs custom
subassemblies that combine noise
technology with passive and
active components. We have
constructed fast-switching
frequency-hopping generators,
extremely stable noise generating
subsystems, frequency-agile
jammers, and secure
communications subsystems.

Quality products and the
industry’s most responsive service
and support have made Noise
Com the leader in noise
technology.

Put our resources to work for you.

Call Gary Simonyan at Noise
Com, (201) 261-8797.

For Noise Com’s complete
line of products
see the Microwaves & RF
Product Data Directory

Sﬁ» NO'S%M

Number One in Noise Sources.

Hermetically sealed

noise diodes ’,
NC 100 through 4
NC 400 Series

DC to 110 GHz

» Chips and five package options
= Flat output
= Operating temperature
-55 to +125° C
= Storage temperatures
-65 to + 150° C
= Meet MIL-STD-750
» 50-ohm impedance
= Wide variety of packages

Drop-in noise modules
for BITE applications

NC 500 Series C =)
200 kHz to 5 GHz \:- A

= Drop-in TO-8 packages
» Economical solution to BITE
« 31 dB ENR output minimum
s Minimum crest factor 5:1
= Operating temperature
-55 to+85° C
= Storage temperature
-65to + 175° C
= Temperature coefficient
0.01dB/°C
« 50-ohm output impedance

Noise Com: Quality.
. Performance. Service.

From the leader in noise sources.

Amplified
noise
modules

NC 1000 Series
DC to 2000 MHz

= High power—up to 13 dBm
« Minimum crest factor 5:1
« Flat response— +0.75 dB
» Operating temperature
-35 to +100° C
= Storage temperature
-65 to +150° C

Plug-in e
amplified ~ S /4
noise modules
NC 2000 Series

100 Hz to 300 MHz

= 24-pin packages

= Minimum crest factor 5:1

= High-end roll off 6 dB per
octave

= Operating voltage of +15 VDC,
+12 VDC optional

= Storage temperature
-65 to +125° C

« Operating temperature
-55 to +85° C

= Temperature coefficient
0.025 dB/° C

Custom noise subsystems

Special products for unique applications

= Custom combinations of
connectors, operating voltages,
electrical performance, and
packaging

= Multiple outputs

= Instruments for NPR testing

= Switched noise sources

e

e
= Space- %

qualified o
noise sources

= High-power noise sources

= Noise sources with filtering,
and adjustable power level and

clipping

E. 64 Midland Avenue, Paramus, New Jersey 07652

INFO/CARD 5

(201) 261-8797 o FAX: (201) 261-8339
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WE’VE REDUCED EVERYTHING
BUT THE PERFORMANCE

Avantek’s New 2 to 8
GHz YIG Oscillators...
as Low as $385.00*

Reduce your next-generation
system’s cost, size and weight
at the same time. Avantek's
next-generation YIG oscillators
cost less, are smaller (0.5 cu.
in.) and lighter (1.8 oz.) than
other YIG oscillators available
today. Ideal for next-generation
portable equipment and low
cost instrumentation. Fast
tuning and phase lockable,
these miniature YIGs deliver
unmatched performance and
unparalieled prices.

High Performance
Oscillators...
Designed for Low Cost

Avantek's revolutionary new
approach to YIG oscillator
design and manufacturing gives

you the competitive edge...
can help create new product
lines...and open up new
market opportunities. These
compact, low-cost YIG oscilla-
tors offer real performance
improvements. Typical tuning
speed is an ultra-fast 10 ms
(to within 5 MHz of final fre-
quency). They operate with

AV-7028 2.0 to 8.0 GHz
Miniature Y16 Oscillator
Tuning Speed

2 2

3 1

€ 20 b e e |

2 Settling Time, Full Band Step

T ~ T80 2 Mz Step

S op—t— M

g 10 iy eI ‘i”

g Vi

£ 20—+ o

340 / ¥ 8 I

1 6 100 200

Time, mSec.

single input bias voltage...and,
require no heater power. Two
low-cost high-performance mini-
ature YIG oscillators cover the
2.0 to 8.0 GHz frequency range.

AV-7036 covers the 3.0 to 6.0
GHz range. AV-7028 provides 2.0
to 8.0 GHz frequency coverage.
For both models, phase noise
is typically —100 dBc/Hz at 20
kHz offset from carrier. And,
power output is +13 dBm.

Off-the-Shelf Delivery
from Your Local
Avantek Distributor...

These low-cost, high-perfor-
mance, compact YIG oscillators
are available now. For the
name and address of your local
Avantek distributor or litera-
ture and applications assis-
tance, contact us today.

*Price for each in 1,000 piece
quantity.

Avantek Regional Offices

North America

Eastern: (301) 381-2600
Central: (708) 358-8963
Western: (805) 373-3870
Europe: (44) 276-685753
Asia: (01 (408) 943-5484

AVANTEK
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Heres a feature HP was
a high performance

Introducing the Fluke 6082A. Proof
once again a free market economy
henefits everyone. Even engineers.

Fluke announces a whole new con-

cept in high performance signal generators.

It's called competition.
Because now, thanks to the new

Fluke 6082A, you can have all the perform-

ance you need for virtually all your critical
receiver test, RF design and ATE systems
applications, without HP's help.

The new Fluke

6082A high per
formance 2 GHz
signal generator

Outstanding spectral purity.

To begin with, the Fluke 6082A and
its 1 GHz cousin, the 6080A, both offer the
kind of spectral purity only available from
HP until now.

Phase noise at 1 GHz is <131 dBc/Hz
at 20 kHz offset. Non-harmonic spurious
is -100 dBc at 1 GHz. And residual FM is
alow 1.5 Hz, ideal for high perfermance
receiver testing and LO substitution.

Qutput level of +16 dBm provides
all the power you
need for receiver
overload test and
driving high level
mixers. Accuracy is
+1dB. And special

user-defined level correction registers can
give you even more performance.

Enhanced versatility.

Whether you're testing mobile, cellu-
lar, military communications, surveiliance
receivers, or doing RF design work, the
Fluke 6082A is ready and able.

Modulation versatility is standard. So
is HP 8642A/B software and rack space
compatibility.

AM, FM, phase and pulse modulation
are all available, and can be combined for
complex signal simulation.

Standard pulse rise time is <15 ns
{<7.5ns typical). And the 6082A's on/off
ratio is 80 dB, which makes it ideal for ra-
dar component testing.
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Bad news for HP is good news
for you.

A little competition never hurt any-
one. Especially when you're the winner.

generator.

Call 1-800-44-FLUKE and ask for
our free literature.

Go ahead. Take a peek at the Fluke
6082A and see why HP is no longer the only
name in town. Especially when it comes to
high performance signal generators.

( Pestore Fluke 6862A HP'88428 HP‘8644A/002 John Fluke M1g. Inc PO Box 9090 M/'S 250C. Everett WA
Frequeticy Range 100 kHz-2 112 GHz 100 kHz-2 115 GHe 252 kHz-2 060 GHz 98206-9090 U S (206) 356-5400 Canada (416}890-7600 Other
58 Prase ot o1 GH cones (206135 S0 @168 ke g oo M
20 KH! its® 131 dBo/Hz 134 3BeHr 128 gBg/H: Hewlett-Fackard Co information subject to change without nghice
1 kHz offset 94 dBeHz Na Specification -91 dBe/Hz
Non-harmonic Spurious @1 GH! 100 dBc -100 0Be 100 dBc
Restd al FM 81 GHz 15H A== 2H
Modulaton AM. FM. M. Pulse AM_ FM 2M Pulst | AM.FM oM Puise
Pulsed RF
Rise/ll i 15ns 400ns 100 ns
On/ol! ratio 80d8 40 dB to 80 0B 35dB to 80 0B
Prageamming Compatibility HP 8642A/8 4P 8642A/B HPSL

Fluke 6060, 6070 - =
Panel Height 5% inch (133 mm) Slamch(133mm) | 7 inch (178 mm)
US Liat Pric2 $20.950 $38.200 §24.350 F L U K E
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RF letters

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

Transmission Line Matching
Circuits

Editor:

in reference to the following:

“Design of Transmission Line Match-
ing Circuits” by Stanislaw Rosloniec,
RF Design, February 1990, Reference
5 and Letter to the Editor from James J.
Lev, RF Design, June 1990. The above
subjects all deal with impedance match-
ing by a single lossless transmission
line; and it seems that now three people
claim authorship of the basic formulas,
given as equations 1 and 2 in Roslo-
niec’s paper. So the time has perhaps
come to point out that equation 2, which
is identical to equation 8 in Reference
5, contains a sign error. The correct
formula for the electrical length of the
matching transmission line is
6 = arctan (R,-R,/R X, + R, X,)Z,
in the

In other words, both terms

TCXO'’s in DIP packages

denominator are positive. This can eas-
ily be shown by solving the basic
equation for impedance transformation
by a transmission line of characteristic
impedance Z, and electrical length 6
having a load impedance Z, = R, + jX,
and input impedance R, +{X,:

R, + X, = [Z, +iZ, tan 6]/[1 + j (Z,/Z,)
tan 0]

Rosloniec’s example, matching circuit |
of Table 1, assumes a load impedance
of R, + jX, = (30 — j10)RQ and a desired
input impedance R1+jX1 = (50 +j20)%.
The transforming line needs a charac-
teristic impedance Z,=43.0 Q, but its
length is not 2.478 rad, as stated, but
only 1.46 rad. Referred to Z, = 43 @, the
load and input reflection factors are

r, = 0.223 4 —135 degrees
r, = 0.223 4 586 degrees

The transformation runs through 166.4
degrees on the Smith chart, which
corresponds to 83.2 degrees electrical
length.

As the final verification, the circuit was

ALL Logic Families
available in 4- or 14-pin
DIF 5" x:8"x.375"

SPECIFICATIONS

Voltage stability: Vcc = 5%, A F
< 1PPM

Vec £ 10%, A F
< 12PM

Aging: 5 PPMfirstyear; 2PPM per year
thereafter

Frequency Adj.: Control voltage in
range of O to 5V (variable capacitor
optional)

(G

OSCILLATEK

620 N | wood Drive ® Olathe, Kansas 66062
FAX. (913) 829-3505 ® TELEX. 437045
Phone: (913) 829-1777

OSCILLATEK
M84 SERIES

ACTUAL SIZE

STABILITY FREQUENCIES

TEMPERATURE RANGE AVAILABLE
=1PPM, 0°C to +50°C HCMOS/TTL
+2PPM, 0°C to +70°C 1KHz to 32MHz

o0 +70°
20°C to +70°C CMOS
+5PPM, 0°C 10 +50°C 1KHz to 10MHz

20°C to +70°C
40°C to +85°C ECL

=10PPM, -20°C to +70°C

10MHz to 32MHz

40°C to +85°C SINE
—55°C to +105°C 10MHz to 32MHz

12 INFO/CARD 8

analyzed with Touchstone, using the
following circuit file:

CKT
TLIN1 2 Z=43 E=83.2 f{=1
SRC2 0 R=30 C=1579
DefiP 1 Line

ouT
Line S11

FREQ
Step 1

E is the electrical line length in degree.
The load is modeled as a series connec-
tion of a 30 Q resistance and a capaci-
tance of 15.9 pF at 1 GHz (which
amounts to a reactance of —10 Q). At a
frequency of 1GHz, the resulting magni-
tude of S,, was 0.196 and the angle of
S,, was 78.730. This is the input reflec-
tion factor referenced to 50 @, which
represents an impedance of exactly
(50+j20)Q. Hence, there is no doubt that
the signs in the denominator of the
equation for 8 need to be positive.

Wolfgang Wiebach
Harry Diamond Laboratories
Adelphi, MD

HIGH ENERGY CORP

CERAMIC RF CAPACITORS

C-D/SANGAMO

MICA RF CAPACITORS

\S) JENNINGS

A LEAR SIEGLER COMPANY

VACUUM CAPACITORS
VACUUM RELAYS

SURCOM ASSOCIATES, INC.

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

HIGH QUALITY,

NOT HIGH PRICE

180

CTOR
SE DETE G
P“Ace“\.\\ ar Rad\o

for

Rely On The MERRIMAC Stock Delivery
Program of Catalog Components

Rely on MERRIMAC Engineering For
Support and Custom Requirements

Rely On The Reputation Earned By

MERRIMAC For Proven Quality,
Dependability and Value

OCTAVE and
MULTI-OCTAVE
COUPLERS, 0.5-18 GHz

A\

For Further Details
On The Stock Delivery
Program And To
Receive Your Copy
Of The Latest
Catalog, Call or

Write: MERRIMAC, [ =~ %es

. | == [
41 Fairfield Place, T oo
West Caldwell, NJ 07006 e cor Ush

(201) 575-1300 » FAX: (201) 575-0531
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RF courses

Radar Operation and Design: The Fundamentals
September 18-21, 1990, Washington, DC
Doppler Radar Applications for Severe Weather and
Wind-Shear Detection
September 26-28, 1990, Washington, DC
Radio Frequency Spectrum Management
October 1-4, 1990, Washington, DC
Analyzing Communications Systems Performance
October 15-17, 1990, Washington, DC
Modern Receiver Design
October 15-19, 1990, London, England
Electronic Warfare Systems
October 15-19, 1990, Washington, DC
Electromagnetic Interference and Control
November 5-9, 1990, Washington, DC
Frequency-Hopping Signals and Systems
November 5-7, 1990, Washingtion, DC
Cyclostationary Signal Processing
November 7-9, 1990, Washinton, DC
Grounding, Bonding, Shielding and Transient Protection
November 12-15, 1990, Orlando, FL
Satellite Communications Engineering Principles
November 19-21, 1990, Washington, DC
Information: George Washington University, Merril Ferber.
Tel: (800) 424-9773; (202) 994-6106. Fax: (202) 872-0645.

Basic Telephony
October 22-24, 1990, Madison, WI

Digital Switching

October 25-26, 1990, Madison, WI
Information: University of Wisconsin-Madison, College of
Engineering. Tel: (800) 222-3623; (414) 227-3200. Fax: (414)
227-3119.

Analog MOS Integrated Circuits

September 24-28, 1990, Los Angeles, CA
Information: UCLA Extension, Engineering Short Courses.
Tel: (213) 825-3344. Fax: (213) 206-2815.

RF/MW Circuit Design: Linear and Nonlinear Techniques
September 20-26, 1990, Burlington, MA

Information: Besser Associates. Tel: (415) 969-3400. Fax: (415)

965-0800.

RF and Microwave Simulation Tools

September 27, 1990, Rosemont, IL

October 9, 1990, Los Angeles, CA

October 11, 1990, Sunnyvaie, CA
Information: Compact Software, Helen Shapiro. Tel: (201)
881-1200. Fax: (201) 881-8361.

Microwave Circuit Design: Linear and Nonlinear
September 24-26, 1990, Los Angeles, CA
October 24-26, 1990, Dallas, TX
October 29-31, 1990, Boston, MA

Information: Vendelin Engineering. Tel: (408) 867-2291.

DESIG

S/FILSYN™
a mainframe progra
ANY FILTER YOU NOW
THOUGHT WAS for the

IMPOSSIBLE!

professional
PC user

hether 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?

filters, S/FILSYN is the program to handle your requirement.

S/FILSYN designs lowpass, highpass, bandpass and band-reject

filters. You can design delay equalizers, delay lines, matching
networks, interstage networks, and diplexers

B 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 stopband?

and multiplexers of any complexity. P q . A ® Need a crystal filter or one that has crystal
You can have filters of degreeupto . = = e \ sections in it? . ;
50 with flat loss and/or delay in the Z R A7\ " Needapredistorted f;lter SEGIE)
passband and meet arbitrary requirements - F - | . arbitrary “?'m'"a“onix . .
in the stopbands. v ® Need a microwave filter with unit
- elements as integral parts?

AR s P ONLY S/FILSYN CAN DO ALL OF THESE

g AND MORE. .. with a 90 day, no ques-

Avallable also for mainframes and workstations
DGS ASSOCIATES,
1353 Sarita Way, Santa Clara CA 95051 408/554-1469

tions asked, money-back guarantee.

| N C.

& Copynght 1990 DGS Associates, Inc

14
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MOX0

Minlature Oven Controfied
Crystal Osclllator

Frequency Range:
8-20 MHz
Frequency Stability:
+1x1077in temp range
Operating Temp. Range:
00 to +500C
(optional —20°C to + 70°C)
Aging Short Term Stability:
8x107" at 1 Sec
Long Term Stability:
<1x10-%year
Warm Up:
<20 seconds to £1x 107’
input Voltage: 15V £5%

5V (TTL)
Input Power:
< 0.5 W During Warm-up
0.38 W Stabilized at Room-
Temp.
Size: 1.26" x1.26" x0.7"
Output Waveform:
TTL (optionally Sine)

0GXO0

Oven Controlled
Crystai Osclliator

Frequency Range:
to 50 MHz

Short Term Stabilities:

upto5x 10-12(1 sec)
Warm-Up Time:
Aslow as 1 min
Temperature Stability:
+5%x10-10
(0% to +500C)
Low Aging Rate:
<5x10-"/Day
Low Noise:
< -157 dBc@
10 kHz Offset
Low Vibration
Sensitivity:
3x.10-19g
Temperature Range:
-550t0 +1200C

TGXO0

Temporature Cowtrolled
Crystal Oscliistor

Frequency Range:
0.02 Hz to 20 MHz
Frequency Stability:

0.8 PPM
(—40°to +85°C)
Aging: £ 1.0 PPM/yr

typ.
Supply Voltage:

2to 15 Vdc
Supply Current:

As low as 1.0 mA
Size:
Standard:

W51 520157 5300) 57
As small as:

0.960" x0.5" x0.2"

Complete line of quartz crystals are also available.
All oscillators can be manufactured to meet MIL-0-55310,

MIL-STD-202, and MIL-STD-810.

-II-IFLL Time & Frequency Ltd.

CX

Crystal Clock
Osclliater

Frequency Range:
TTL: 10 Hz to 100 MHz
C-MOS: 1 Hzto 5 MHz
ECL: 5 MHz to 500 MHz
Sinewave: 1 Hz-1 GHz
Frequency Stability:
Typ. £50 PPM (-200
to + 709C, Industrial)
Typ. £ 50 PPM (-550
to + 1250C, Military)
Upto + 10 PPM
available (- 200 to + 70°C)
Aging:
+ 10 PPM/yr (Industrial)
5 PPMl/yr (Military)
Outputs: TTL, C-MOS,
ECL, Sinewave
Packages: TO-5, TO-8,
DiP, Hermetically
Sealed Metal Case

2315 N.W. 107 Avenue, Miami, FL 33172
305-593-0752
INFO/CARD 12



RFCOU[E@S continued

ELINT Interception
September 17-19, 1990, Syracuse, NY
Radar Vulnerability to Jamming
September 20-21, 1990, Syracuse, NY
Integrated EW
September 25-26, 1990, Syracuse, NY
ELINT/EW: Applications of Digital Signal Processing
October 2-4, 1990, Syracuse, NY
Information: Research Associates of Syracuse. Tel: (315)
455-7157.

Introduction to Fiber Optic Communications
October 23-26, 1990, Boston, MA
October 30-November 2, 1990, San Diego, CA
Digital Signal Processing: Techniques and Applications
October 2-5, 1990, Denver, CO
October 9-12, 1990, Boston, MA
Introduction to Datacomm and Networks
September 25-28, 1990, Los Angeles, CA
October 2-5, 1990, San Francisco, CA
October 9-12, 1990, Washington, DC
October 16-19, 1990, Denver, CO
October 23-26, 1990, Boston, MA
Troubleshooting Datacomm and Networks
September 25-28, 1990, Boston, MA
September 25-28, 1990, San Diego, CA
October 9-12, 1990, San Francisco, CA
October 9-12, 1990, Washington, DC

October 16-19, 1990, Los Angeles, CA

November 6-9, 1990, San Diego, CA
Introduction to Telecommunications

September 18-21, 1990, Los Angeles, CA

October 2-5, 1990, Boston, MA

October 9-12, 1990, Denver, CO

October 23-26, 1990, Dallas, TX

October 23-26, 1990, Washington, DC
Information: Learning Tree International, John Valenti. Tel:
(800) 421-8166; (213) 417-8888. Fax: (213) 410-2952.

DSP Without Tears™ for Engineers

September 18-20, 1990, Raleigh-Durham, NC

October 24-26, 1990, Atlanta, GA
Information: Right Brain Technologies. Tel: (404) 420-3834.
Fax: (404) 252-4122.

Design for ESD and RFI

September 19, 1990, San Jose Hyatt, CA
information: The Keenan Corporation, Ms. Jean Whitney. Tel
(813) 544-2594. Fax: (813) 544-2597.

EMC for Digital Designers
October 23, 1990, Bloomington, MN
ESD Immunity for Electronic Equipment
October 24, 1990, Bloomington, MN
Information: Amador Corporation, Diane Swenson, Tel: (612)
465-3911.

This 100 MHz bandwidth Doppler processor dissipates
12 Wa

THOMSON-SINTRA offers.
RF-TO-DIGITAL DOPPLER ANALYSERS

Analyzers and other SAW products, contact:

THE MISSING BLOCK

BETWEEN YOUR LASER RADAR DETECTOR AND YOUR DIGITAL PROCESSOR

Using state-of-the-art SAW and DIGITAL technology,

Perfect for processing the Doppler information of CO2 and YAG
laser velocimeters. These compact low powered modules are
connected to the laser radar detector output. They generate the
spectrum signal in digital format ready for additional processing.
For complete information on real time SAW Spectrum

POLARIS EXPANSION

THOMSON-SINTRA
ACTIVITES-SOUS-MARINES-DTAS

B.P. 38 - 06561 - VALBONNE - CEDEX - FPANCE

Tel.: (33)92.9431.79 - Fax:(33)92.94.3190

For USA and Canada:

THOMSON-ICS CORPORATION

Route 57.Feeding Hills Road. SOUTHWICK, M2-01077/0229
(413) 569-0575

) THOMSON-CSF

THE BRAINPOWER. THE WILLPOWER. THE WINPOWER.
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Alap

Ala®

Components for all
RF/Microwave systems

Whatever your RF/Microwave system we have using our programmable MDA Series. Sizes
precision components to meet your needs. begin at 1” x 1" x 3.175". Switch speed is 6
milliseconds and switch life is 10 million selec-

For example, our programmable attenuators tions per bit.

offer speed, reliability and tong life while

accurately controlling attenuation levels in For information on how our products can
automatic test equipment. Save space by enhance your system call us today.

Alan Industries, Inc.

745 Greenway Drive, P.O. Box 1203, Columbus, Indiana 47202

Phone: 812-372-8869 CALL TOLL FREE: 800-423-5190
FAX: 812-372-5909

Manufacturers of...

Alan

Attenuators: Programmable e Rotary e Manual Switch e Fixed e Continuously Variable
Accessories: Loads e Dividers e Terminations e RF Fuses e Bridges
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Signetics. Bgfause today?
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FEATURE PHONE
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RANSMISSION CONTROLLER

LCD DISPLAY

ADVANCED DATA COMMUNICATION
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remote possibilities are
ition breakthroughs.

FOR DESIGN INNOVATIONS, YOU NEED A FULI-
SYSTEM SUPPLIER WITH NO STRINGS ATTACHED,

When it gets down to the wire, there’s no better
solution for your telephone, cellular, wireless or
computer connectivity designs than Philips
Components—Signetics.

We offer a complete range of high-performance 1Cs
to tackle your ever-changing needs.

For compact radio designs, choose from a complete
range of RF products. Including RF amplificrs. mix-
ers and IF stages. As well as our fully programmable,
low-power synthesizer with an RF divide from

400 MHz to over 1 GHz.

Plus there's our fully integrated cellular chip set.
It includes demo-boards, software and software
support and is the only complete solution for
designing cellular radio applications. With it you
can reduce the size of your portable product

by reducing your chip count by up to 90%.

And for advanced feature phones, we offer a com-
plete telephone solution including transmission
circuits and feature circuits.

Or for high-speed computer connectivity there's
our advanced Ethernet” chip set and 100 Mbit fiber

optic transceiver chip set. We also offer 1Cs that
handle all popular protocols, including DUSCCs
and UARTS.

We're building a broad base of state-of-the-art prod-
ucts utilizing our advanced, world-class BiCMOS
process QUBIC. Combining the best features of
Bipolar and CMOS. we're now creating new classes
of high-performance devices within all our product
familics.

Each communication IC is an ¢xample of how
Philips Components—Signetics is designing smarter
devices to meet tomorrow’s
needs. Including the need for
military products. So
whether you're designing
your first product or a new
generation of products,
remember that at Philips
Components—Signetics we
always keep the lines of com-
munication open. Call now
for your communications bro-
chure: 800-227-1817, ext. T14AF

Frhernet s a trademark of Xerox Corp

[ R

Slgnelics

EXTENDING THE DIMENSIONS OF PERFORMANCE

PHILIPS

PHILIPS



Your One-Stop
Source

9to 700 MH
(10K, 100K
ECLIPS

P—

Hybrid | PCB Mount
. - - A i}
Freq_uency'__s-‘tomhg -E’)O-@mz

Logic| 10K.10KH, | 100K or
| MECLWI 100K | ECLIPS _

»Arcc:racj‘ _to =10 ppm l to +1ppm

Stability 25 ppm over 0/ + 70'C
_+*5ppmover0/+50C

inewave
Crystal
Oscillators
9-1300 MHz

5
» C0-484 | CO-286WL1
Frequelcy 4-500 MHz j 4-1,300 MHz

Noise | - 145dBc/Hz | - 155 dBc/Hz
__{fioor at 100 MHz)

Stat;ility + 25 ppm over 0/+70C
Optional | ~ 5ppm over 0/+50C
+50ppmover ~ 55/+85C

_ Size [08x10'x0.2 [1.0°x2.0'x0.6

m &
VECTRON

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 calendar

September
17-18

23-27

25-27

October

1-4

8-11

15-18

17-20

30-Nov 1

November

6-8

13-15

1990 IEEE Bipolar Circuits and Technology Meeting
Marriott Hotel, Minneapolis, MN

Information: Jan Jopke, Conference Coordination Services,

6611 Countryside Drive, Eden Prairie, MN 55346. Tel: (612)

934-5082.

Association of Old Crows Meeting

Hynes Convention Center, Boston, MA
Information: Association of Old Crows, 1000 N. Payne Street,
Alexandria, VA 22314. Tel: (703) 549-1600.

Piezoelectric Devices Conference

Kansas City Westin Crown Center, Kansas City, MO
Information: EIA Components Group, 1722 Eye Street, N.W.,
Suite 300, Washington, DC 20008. Tel: (202) 457-4980.

SCAN-TECH 90

Georgia World Congress Center, Atlanta, GA
Information: AIM USA, 1326 Freeport Road, Pittsburgh, PA
15238. Tel: (800) 338-0206, (412) 963-8588.

Antenna Measurement Techniques Association Sympo-
sium

Wyndham Franklin Plaza, Philadelphia, PA
Information: Ms. Jennifer Wentz, 1990 A.M.T.A. Symposium,
Flam & Russell, Inc., P.O. Box 999, Horsham, PA 19044. Tel:
(215) 674-5100.

Electrical Manufacturing and Coil Winding *90

O’Hare Expo Center, Chicago, IL
Information: Electrical Manufacturing & Coil Winding '90, 2400
East Devon Avenue, Suite 205, Des Plaines, lllinois, 60018.

EMC Expo 90

San Mateo County Expo Center, San Mateo, CA
Information: EMC Technology, P.O. Box D, State Route 625
Gainesville, VA 22065. Tel: (703) 347-0030.

Electronic Imaging Conference East

Hynes Convention Center, Boston, MA
Information: MG Expositions Group, 1050 Commonwealth
Ave., Boston, MA 02215. Tel: (800) 223-7126 or (617)
232-3976.

22nd International SAMPE Technical Conference

Boston Park Plaza Hotel, Boston, MA
Information: SAMPE, P.O. Box 2459, Covina, CA 91722. Tel
(818) 331-0616.

RF Expo East 90

Marriott Orlando World Center, Orlando, FL
Information: Kristin Hohn, Cardiff Publishing Company, 6300
S. Syracuse Way, Suite 650, Englewood, CO 80111.Tel: (303)
220-0600; (800) 525-9154.

September 1990



Electro Dynamics Crystal Corporation

9075 Cody * Overland Park, Kansas 66214 « (9.3) 888-1758 » FAX {913) 888-1260

+ MICROPROCESSOR CRYSTALS » FINISHED BLANKS
200" 7O 1.000" DIAMETER RANGE
* CUSTOM QUARTZ CRYSTALS PIPE BEVELING AVAILABLE
FULL RANGE OF DIOPTER COUTOURING
* QPL/MIL—SPEC CRYSTALS AVAILABLE
FLAT LAPPING TO 25 MHz
Fundarmental 1 MHz 1 25 MHz POLISH LAPPING TO 25 MHz
3rid OF 20 MHz 10 75 MHz
5th OT- Up to 125 MHz
/th OT Up to 175 MHz * ROUGH LAPPED BLANKS

300" TO 1.000" SQUARE BLANKS
200" TO 1.000" ROUND BLANKS

* BAiEfPLATgQﬂAJ}"_(_S_ STANDARD Y-BAR OR PURE-Z QUARTZ AVAILABLE
200" TO 1.000" DIAMETER RANGE X-RAYED IN 1 MINUTE INCREMENTS
AVAILABLE METALS PREMIUM Q AVAILABLE
UNDERLAY Chrome & Nickel THICKNESS RANGE: 0.10” TO 090"
BASEPLATE. Aluminum, Siver & Gold REFERENCE FLATS AVAILABLE
OVERLAY: Electro Nickel OTHER SPECIAL CHARACTERISTICS AVAILABLE

Call Karen Hadley at 913/888-1750 or
FAX your requirements to 913/888-1260
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1GHz INSTANTANEOUS
FREQUENCY RANGE
COMES IN
SMALL
PACKAGE.

MODEL 704FC, MOS-FET, RF AMPLIFIER
With Built-in AC Power Supply
FREQUENCY RANGE: 0.5-1080 MHz

POWER OUT: 4 WATTS SIZE: 7" WX A4 Hx 9L
GAIN: 32dB WEIGHT: 6 Ibs
POWER SUPPLY: #0-250VAC DELIVERY: 2-3 WXS, AmO

$2195

| BARES

Engineering international, Ltd., U.S.A

2182e 87h SE, Weodinviile, WA 98972 (208) 4868000 FAX (206} 486-9657

KALMUS EUROPEAN SALES AND SERVICE CENTERS
FRANCE: KMP Electronics PHONE: 1-46-45-69-45
FAX: 1-46-45-24-03
ENGLAND: EATON, Lid.  PHONE: 734-730900
FAX: 734-328335

GERMANY: Telemeter Elgcir GMBH PHONE: (0806) 4091
FAX: (0906) 21706

ITALY: Vianello Strumeniazione PHONE: 0288200162
FAX: 0289200382
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SIMPLY PLUG
THIS INTO YOUR
VECTOR
NETWORK
ANALYZER.

BEFORE

SEE US

WITH OR WITHOUT A
CHAMBER...

you can get faster, more
accurate RCS and antenna
measurements.

“ou Waa tamamy

If you are using, or are planning to use, a vector network analyzer to make
RCS or antenna measurements, here's good news from Hughes Aircraft
Company: You can now get substantially improved performance in ail your
measurement environments.

By adding the MMS-410 Gating Adapter to your vector network analyzer,
you gain many of the performance benefits of a pulsed system at a fraction
of the cost. The MMS-410 adds a short pulsed capability, which eliminates
unwanted signals at ranges other than the target's own range...without us-
ing software gating.

The MMS-410 Gating Adapter allows for significantly faster mesurements.
With internal power amplifiers and a low noise receiver, the dynamic range
is improved...resulting in higher signal-to-noise ratios, absolute accuracy,
and repeatability.

For more information or a demonstration, fax or write to: Hughes Aircraft
Company, Radar Systems Group, Microwave Measurement Systems, 3100
Fujita Street, Torrance, CA 90505; FAX (213) 517-5517. Or better yet, call
us at (213) 517-7600.

Subsidiary of GM Hughes Electronics
INFO/CARD 18
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RF news

Over The Horizon Radar Turned Over to Air Force

The East Coast Over-The-Horizon
(OTH) Backscatter radar site in Maine
was recently turned over to the Air Force
Electronic Systems Division by the main
contractor, General Electric’s Aerospace
System Division. The Air Force has
begun an operational test and evalu-
ation of the system and will transfer it to
the final user, Tactical Air Command,
next year. The system in Maine covers
a 180 degree span from northeast
Canada and Greenland to Cuba at
ranges from 500 to 1,800 nautical miles.
The system has the ability to track
aircraft of all sizes from bombers down
to small, private planes. OTH bounces

'..- ,M~§H'h o

- -

its transmitted and received signals off
the ionosphere thereby allowing the
radar to detect aircraft at all altitudes
from the ionosphere down to the earth’s
surface. While normal radars are limited
in their range because of the curvature
of the earth, OTH radar can cover up to
10 times the normal range which allows
for increased coverage and warning time.

The East Cost OTH-B Radar System
operations center is located at the Maine
Air National Guard Base in Bangor, the
transmitter site is near Moscow, Maine;
and the receiver site is at Columbia
Falls, Maine. Transmit and receive sites
are separated to allow for continuous
operation of the transmitters without
interference in the receivers. At the
transmit site, the coverage is divided
into three 60 degree segments. Each
segment is served by twelve 100 kW
transmitters which deliver their signals
into three 3,600 foot long antenna
arrays. Return signals are detected at
the Columbia Falls receiver site by one
of three receiver antenna arrays.

The Maine site is the first of four
OTH-B radar systems to be built. The
West Coast system is nearing comple-
tion and construction on the Alaska
system is slated to begin soon. How-

RF Design

|

ever, there is some doubt as to the fate
of the proposed Central System which
would cover the Caribbean basin. In an
effort to cut defense costs, the Senate
recently recommended in their $289
billion Fiscal 1991 Defense Authoriza-
tion bill, that the system not be built. The

There are some things
you're sure of. Trilithic is
one of them. We have
one of the largest selec-
tions of fixed attenuators.
The combinations of
power, frequency, and
connectors are almost
endless. And, in most
cases, the attenuator you
need is in-stock and
ready for delivery.

To get the attenuator
you need, call Toll-Free:
800-344-2412

Come rain or shine, Trilithic wnII
have the attenuator you need.

9202 E. 33rd Street * Indianapolis, IN 46236
(317) 895-3600 = (800) 344-2412 * FAX: (317) 895-3613 « TELEX: 244-334 (RCA)

Senate’s proposed bill would not affect
the other three sites, as money for them
was allocated from 1985 to 1987.

Improved Testing for EM Suscep-
tibility — Two new NIST publications
discuss improved methods for testing

An example of the range
covered by just a few of our
attenuators:

| FREQUENCY l POWER
FP50 | DC-2GHz ]1Wan
FP18 | DC-18GHz |2 Watts
HFP50| DC-8GHz | 10-15 Watts
HFP51| DC-4GHz | 20 Watts
HFP52| DC-18GHz | 10-20 Watts
HFP53| 2-18GHz | 50 Watts

Additional models available.

® TRILITHIC
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m' n €WS continued

aircraft, large operation systems, and
electronic equipment for susceptibility
to electromagnetic fields. Recent Im-
provements in Time-Domain EMC Meas-
urement System (NISTIR 89-3927) de-
scribes techniques for determining criti-
cal resonant frequencies and the current
response of internal wiring of helicopters
due to external EM fields. The measure-
ment method uses a train of low-level

radiated pulses that do not disturb other
spectrum users, are safe, and can be
used in a noisy EM environment. Facili-
ties for Improving Evaluations of Electro-
magnetic Susceptibilities of Weapon
Systems and Electronic Equipment (NIS-
TIR 89-3928) discusses the preliminary
design of a facility for EM susceptibility
testing that combines features of the
transverse electromagnetic cell for low

COUGAR EFFICIENGY

With
Cougar's TO-8
Cascadable Amplifiers

PARTIAL SELECTION CHART

Guaranteed Specifications: 0 to 50 C

Frequency
Range
(MHz)

3
(dBm)

Volts mA
Nom. Typ.

ON: »30 dB

AC380 116-250 25.0 240 | 17
AC381 10-250 240 230
AC391 10-250 | 24.0 23.0
AC382 10-250 | 24.0 23.0
AC580 10-250 | 23.0 220
AC541 20-500 16.0 145
ACS581 20-500 [ 23.0 220
AC542 20-500 1 BI0FN6ES
AC582 20-500 | 23.0 22.0
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AC383 10-250 35,5 34.0
AC386 10-250 280 27.0
ACA457 10-400 153 145

| AC583 10-500 30.0 29.0
| AC572 5-500 1565 140
AC534 5-500 26.0 25.0
AC536 5-500 28.0 26.5

|
10-1000 | 25.0 245
10-1000 | 26.0 245 |
10-1000 | 150 14.0 |
10-1500 | 14.0 13.0
10-2000 | 200 185 | 4.0

AC1035
AC1036
AC1082
AC1582
AC2056 |
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HIGH OUTPUT LEVEL: Low Current Drain at +15 Volts Vee

10-400 l5a5™ 1448 ff 8.8
10-400 13.0 120 | 40
10-800 125 115 | 45
10-300 140 130 | 45

ACA487
AC437
AC867
| AP388

4.0 155 32 33
50 16.0 32 33
50 15.0 30 88
55 2285 37 65

v

Also avallable are high performance
TO-8 gain control moduiles, limiters
and hmiter amplihiers. In addition,
Cougar offers over 65 other TO-8
amplifier models.

MIL-STD-883 requirements.

2225-K Martin Ave , Santa Clara CA 95050
(408) 492-1400 FAX (408) 492-1500

All Cougar Components products are
manufactured using materials and
processes which meet or exceed /

NOTES: A 0.5 dB less below 20 MHz
* 1.0 dB less below 30 MHz

STOCK DELIVERY
ON MOST MODELS

\/C/ COLUGRR

COMPONENTS
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frequency testing and the reverberating
chamber for high frequency operation.
Both publications are available from the
National Technical Information Service,
Springfield, VA 22161. Order NISTIR
89-3927 by PB #90-155821 for $15 and
NISTIR 89-3928 by PB #90-155862 for
$15.

Cubic Awarded Defense and Tran-
sit Contracts — Cubic Defense Sys-
tems’ Aerospace Group received a $34.5
million contract for an instrumentation
system from the U.S. Army Training and
Doctrine Command. The Combat Ma-
neuvering Training Center will track
armored and ground forces in mid- to
high-intensity combat. The aerospace
group also received a $10.3 million
contract for the company's personal
locator system that locates crews from
downed or missing aircraft behind en-
emy lines or other difficult situations.

Standard Reference Data Prod-
ucts Catalog Available — The NIST
Standard Reference Data Products 1990
Catalog is now available. The catalog

Clock Oscillators

1 Hz to 500 MHz

H CMOS
CMOS ECL
TTL GaAs

Deliveries can be from stock on
some of the standard frequencies
to 4 weeks on custom devices.

THICK FILM HYBRID CIRCUITS

I INTERNAT!ONAL LTD
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HF LINEAR AMPLIFIERS - BROADBAND TRANSFORMERS

HE AMPLIFIERS per MOTOROLA BULLETING 100 WATT 420450 Mz PUSH-PULL LINEAR

,\{\'_A Complete Parts List for HE Ampiifiers Describeg AMPLIFER — SSBAMATY
X ¥

~ ) in the MOTOROLA Bulletins K:BO;—:K K‘= "5“..:.
; KEB&7-PCI X
provides the latest information on vari- "'f// ~ 35‘#:%?:?3:’. 5533:'5:'."5,".'5:’:':’: T by fo
dat ilati blicati d “\\\‘\‘ ANTIOH 20W 09310 AR3SS 300w 938362 'CNIP':PS-.:(‘_“;A:: e
ous gata (_:ompl ations, publications, an W, ARJ13 300W 0403.00 METALCLAD MICA CAPS - Unelco/$
computerized databases that may be W, o Mt e U e Tons
. NEWI! 1K WATT Amgier A i—toama
obtained from NIST and other sources. L LN T e
POWER SPLITTERS and COMBINERS TRIMMER

2 METER VHF AMPUIRIERS 2-30MH:
35 Watt Model 335A .
75 Watt Model 8754
Aveilable in kit or wired

Data compl.latlons. for science gnd indus- ARCO TRAMER CAPACT
try are available in the following areas: 565906530 Fervice Bood .

Bresdband HF Transfermers

it 600 Watt  PEP 2—Pert ...

analytical chemistry, atomic physics,
chemical kinetics, materials properties,
molecular structure and spectroscopy,
thermochemistry and the thermophysi-
cal properties of fluids. To obtain a copy
of SP 782, send a self-addressed mail-
ing label to Standard Reference Data
Program, A323 Physics Bldg., NIST,
Gaithersburg, MD 20899.

QUALCOMM and BOATRACS En-
ter Agreement — QUALCOMM re-
cently announced that BOATRACS will
be the exclusive distributors for Omni-
TRACSEF - their two-way satellite commu-
nications and position reporting system.
The agreement includes the sale of all
OmniTRACS equipment and messaging/
position location services for boats,
ships and non-governmental maritime
vessels located in domestic coastal
waters of the Atlantic and Pacific
Oceans. In launching this enterprise,
BOATRACS will provide a total commu-
nications network capability connecting
an offshore boat or ship with all appropri-
ate shore-side services. These services
include marine hardware outlets, fish
markets, new crew notice boards, main-
tenance facilities and so forth.

Texas Instruments and DSO An-
nounce Agreement — Texas Instru-
ments and the DSO Group have an-
nounced a 10 year strategic agreement
in which the DSO Group will develop
and market chip sets for selected mar-
kets and customers based on T!'s digital
signal processing integrated circuit tech-
nology. The DSO Group will establish its
own design centers to develop these
semicustom chip sets. Tl will manufac-
ture the chip sets for them as well as
provide technalogical support. Digital
signal processing technology allows the
manipulation of analog signals for
speech, image, audio and radio trans-
mission by digital computers for informa-
tion extraction.

A.M.T.A. Conference Set for Octo-
ber — The Twelfth Annual Antenna
Measurement Techniques Association
Meeting and Symposium is set for
October 8-11 in Philadelphia, PA at the
Wyndham Franklin Plaza Hotel. This
year's symposium is offering some ex-
cellent papers including: *‘Dielectric Ma-

RF Design

‘ ication
iz inc.

Add § 3.50 for ohipping and handiing.
For detailed information and prices, call or write for our free cataleg.

508 Milstone Drive * Xenis, Ohio 45385 ° {513) 42623600
FAX {513) 429-3811
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Power Feedback-

Technology in a Hybrid Amplifier for
—— o
J

o—»—

T |

=

L — - -
High Reverse Isolation

Since 1974, Q-bit has been the industry leader in high
reverse isolation RF amplifiers.

High reverse isolation provides improved repeatability and
better VSWR when systems include poorly-behaved sources
and loads. Using Q-bit's Power Feedback amplifiers allows
designers to achieve near-ideal system performance, regard-
less of variations in device impedance, by helping to avoid
VSWR build-up when cascading devices.

All of these amplifiers utilize patented power feedback
technology. Specify them in your next design.

U.S. Patent 4,042,887

Guaranteed Specifications
Output Price
Frequency Gain 1dB Noise Reverse Intercept For
Model Range Gain Flatness Compression Figure Isolation 3rd/2nd Power Quantity
Number (MHz) (dB) (dB p-p) (dBm) (dB) (dB) (dBm) (VimA}) 19

Rm Temp Rm Temp Rm Temp Rm Temp Rm Temp Rm Temp

>QBH-103 5-300 113 04 06 220 210 68 7.5 26 26 37/51 36/49 1591 95 $75

QBH-105 5-300 122 04 07 80 70 37 40 30 30 2233 21/30 15/18 19§65
QBH-110 5-500 150 06 1.0 90 90 30 35 25 25 2333 22/32 15/29 31 $90
QBH-126 5-500 150 06 1.2 160 150 3.8 42 25 24 30/38 28/38 15/50 54 $95

QBH-133 10500 103 06 1.0 160 145 45 49 25 24 20/45 28/44 15/57 60 $90

QBH-135 3-350 143 06 1.0 10 1.0 21 24 30 30 14/18 1317 15/11 11 $65

QBH-146 201100 130 08 14 6.0 50 29 31 22 22 19/27 18/24 1517 18 $90

QB-258 10250 47.0 1.0 150 24 65 30/40 15/70  $324

QB-442 10400 415 1.0 32,0 35 75 40/50 24/550  $665

QB-744 2200 24.0 1.0 30.0 7.0 48 46/60 20/440  $330

QB-815 101000 34.0 1.0 14.0 35 60 25/35 15/70  $425
NOTES: 1) Package: QHB-XXX => Hybrid (TO-8 Package)  QB-XXX => Modular Units with C

2) Temperature Range: QBH-XXX => -55C to +85°C  QB-XXX = 25°C (See Data Sheet for Temp. Specs.)

Q-bit standard product TO-8 designs, like the amplifiers above, are also
available in a flatpack with leads formed for surface-mounting as an option.

Call us for a catalog available on a PC compatible data disk.

/" Q-bit Corporation

2575 PACIFIC AVENUE NE, PALM BAY, FL 32905
TELEPHONE (407) 727-1838 = TWX (510) 959-6257 « FAX (407) 727-3729
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Iu:‘ neWS continued

terials Measurements,”” ‘‘Modern Diag-
nostic Evaluation of Absorber Materi-
als,””**A Cost Effective 50 dB Shield for
Free Space Anechoic Chambers and
Compact Ranges,” ‘‘RCS Measure-
ments in VHF/UHF in Indoor Microwave
Range,” ‘‘Calibrations of Large Anten-
nas and Radio Stars,” and “A New
Concept for UHF/L-Band Compact
Range Antenna Feeds.” In addition,

there are approximately 100 other pa-
pers on various topics slated for presen-
tation. There will be approximately 16
exhibitors in attendance. For those inter-
ested in attending or obtaining more
information, contact: Ms. Jennifer
Wentz, 1990 AMTA Symposium, Flam
& Russell, Inc., PO Box 999, Horsham,
PA 19044. Tel: (215) 674-5100. Fax:
(215) 674-5108.

CRYSTAL FILTERS

TEMEX ELECTRONICS
TEMEX

TEMEX ELECTRONICS, INC.
5021 N. 55th Ave. #10 Glendale, Az. 85301

(Tel) 602-842-0159

(Fax) 602-939-6830

(508) 435-6831

ECL,as”

*ECL, application specialist.
TTL, CMOS, & HCMOS, too. As well
as MPU’s, CR’s. In fact, all your
crystal & oscillator needs — from
low cost, high volume products to
quantities with unique

small
requirements.
We've been

specialists for 60 years. Call us.

VALPEY-FISHER %}

A SUBSIDIARY Of #Md

75 South Street, Hopkinton, MA 01748

1-800-982-5737

FAX (508) 435-5289

application
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Techalog Data Systems Ltd.
Changes Name — Telecommunica-
tions Techniques Corporation has an-
nounced that its subsidiary in the United
Kingdom, Techalog Data Systems Ltd.,
has changed its name to Telecommuni-
cations Techniques Company Ltd. The
UK subsidiary sells and services its
parent company’s products.

AMP Acquires Kaptron — AMP
Incorporated recently announced the
acquisition of Kaptron, Inc., a manufac-
turer of passive fiber optic components,
PC-based fiber optic test instrumenta-
tion, and manufacturing equipment. De-
tails of the acquisition were not dis-
closed.

MFC to Acquire NSI — Microwave
Filter Company and Niagara Scientific
recently announced that they have
agreed to merge. In the deal, MFC will
acquire 100 percent of NSI capital stock
in exchange for shares of MFC stock.
NSI will become a wholly owned subsidi-
ary and will operate as a separate
company with the current management
in place. NSI manufactures environ-
mental monitoring equipment and in-
dustrial automation equipments. MFC
manufactures electronic filters used for
preventing interference or signal proc-
essing in cable television, satellite, broad-
cast, aerospace and government mar-
kets.

Instrumentation and Measurement
Technology Conference Call for
Papers — The IEEE Instrumentation
and Measurement Technology Confer-
ence, to be held May 14-16, 1991 has
issued a call for papers dealing with test
instrumentation and measurement tech-
nology. Specific topics will fall in two
categories: Measurement Techniques
and Hardware - antenna/RCS/EM fields,
sensors, integrated systems, transduc-
ers, standards and calibration, including
self calibration, design of instrumenta-
tion, and parameter characterization of
materials and devices; and Measure-
ments, Automation and Computer Appli-
cations - expert systems and data reduc-
tion, ADCs and automation, software in
instrumentation and measurement, and
mixed analog and digital test tech-
niques. The deadline for a 200 to 300
word abstract is October 8, 1990. Ab-
stracts should be submitted to Con-
terence Coordinator Robert Myers, c/o
Myers/Smith Inc., 3685 Motor Ave.,
Suite 240, Los Angeles, CA 90034. Fax:
(213) 287-1851.

September 1990



JFW Rotary Attenuators

50R-002

Frequency Range: DC-1000 MHz
Attenuatlon Range: 0-130 in 10 dB steps
Connectors: BNC, N, TNC or SMA

50BR-008

Frequency Range: DC-2000 MHz
Attenuation Range: 0-80 dB in 1 dB steps
Connectors: BNC female (standard) SMA
and N available upon request

50R-029 (left)

Frequency Range: DC-2000 MHz
Attenuation Range: 0-70 dB in 10 dB steps
Connectors: SMA female (standard) BNC
available upon request

50R-019 (right)

Frequency Range: DC-2000 MHz
Attenuation Range: 0-10 dB in 1 dB steps
Connectors: SMA female (standard) BNC
available upon request

S0R-079 (left)

Frequency Range: DC-1000 MHz
Attenuation Range: 0-120 dB
Connectors: BNC female or “"N” female

50R-080 (right)

Frequency Range: DC-1000 MHz
Attenuation Range: 0-12 dB
Connectors: BNC female or “N” female

v

JFW Industries, Inc.
5134 Commerce Square Dr.
indianapolis, Indiana 46237
(317) 887-1340
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IF YOU THINK
ISOLATOR HOU

You could be missing quick, reliable solutions to your design needs. We’ve been
producing a broad line of microwave and RF components for 30 years. And they’re in
programs like AIM-7, ALQ-172, ALR-67, ALQ-131, ELS, RAPPORT, TCAS, and more.
Just consider the samples on these pages.

MULTIPLIERS ¥ (W 5900

These drop-in multipliers demonstrate
our capability in miniature frequency
multipliers. They incorporate both
lumped element filier techniques and
new processes for miniaturizing
combline filters.

THINK

OSCILLATORS

Think high stability. low noise. and
high-rel in a small package. Like our
100 MHz crystal-controlled oscillator,
developed for our own synthesizer
applications. avaitable with or without
comb generator. Or. using your specs.
we Il custom design whatever you
need.

Phase Locked Oscillator:

This oscillator is small — substantially
smaller than others we found on the
market. This model requires an
external reference source. but we can
easily modify it to include an intemal
reference without a large size increase.

Output frequency: 480 MHz

Multiplication factor: X4

Size (nominal »: 1.6 x 0.8 x 0.4 in.
(41 x 20 x 10 mm)

Input power: +10

(dBm nominal)

Output power: +5

(dBm nominal}

Output
frequency:
Customer-specified between 100 and

1200 MHz

Reference frequency: Between 5 and
10 MHz

Size: 2.75x 1.00x0.75in. (70 x 25 x
19 mm) nominal

Ovenized Crystal Oscillator:
Designed especially for low phase
noise under vibration. this new family
of oscillators provides real improve-
ments in both phase noise and fre-
quency stability, and they come to you
in a small package with only a minor

2 , #3
960 MHz 10.56 GHz
X2 Xi1

1.6x0.8x0.4in. 2.1x0.7x04in.
(41 x20x 10mm) (53 x 18 x 10 min)
+10 +10

+7

wh

+

cost difference. You may choose from
10 mW or 100 mW minimum output
power.
Output frequency: Customer-specitied
between 60 and 1200 Mz
Crystal frequency : Factory selected
between 60 and 125 Mty
Output power: (a) 1010 14 dBm

(by 20 10 24 dBm
Vibrational sensitivity: | x 10%/g
maximum: S x 10 "7g typical
Size: 1.33x 1330 0.56 in. (34 x 34\
14 mm) nominal



TRAK IS JUST
SE... THINK AGAIN!

A

o

a%
TRAK's in-house engineer-
ing talent, combined with our own MIC
and thin film labs. allows us to pack
more functions into a package, while
reducing weight and volume. Custom
designs are a specialty.
Switched Filter Bank
Covers 10 to 20 GHz in three bands.
Switching times as fast as 1(X) nanosec-
onds are possible. with frequency ranges

customer-selected tfrom UHF 10 20 GHz.

THINK MULTI-

Higher Stability Crystal Controlled
Oscillator/Comb Generator

A brand new type, developed for our
own synthesizer applications. providing
improved noise and lower vibrational
sensitivity. It has both a 100 MHz
oscillator ouput and a comb generator
output.

Oscillator output frequency: 100 MHz
Comb spacing: 600 MHz

Comb output frequencies: 1.8 10 5.4
GHz

Size (approx.): 2.40 x 1.60 x .45 inches
(61 x 4! x 11 mm) nominal

_ o Band | _Band 2 ~ Band3
Frequency Range: 10-12.6 GHz 12.6-16 GHz 16-20 GHz
(Passband)

Rejection: DC-7 GHz DC-8 GHz DC-10 GHz
(-50 dB min.) 15-26 GHz 19-26 GHz 24-26 GHz

Size: 3.5x 1.6x0.48 in. (89 x 41 X 12 mm) nominal

THINK

ﬁ"ll '-0‘-

Think
~ modular, high
” resolution,

W  digital or
analog. direct or
indirect. We make the

smallest, most capable synthesizers in
the business. Thin-fiim and MIC
technologies are in-house. So is our
materials lab for ferrites and dielectrics.

g S Y NTHESIZERS

High Resolution Indirect Synthesizer
Frequency: 1.6 to 2.8 GHz

Step size: 100 Hz

Switching speed: 350 psec., typical
Spurious: -68 dB¢

Size:7.5x 7.25x 5.25in. (190 x 184
x 133 mm) nominal

Weight: 13 Ibs. max.
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Precision Timing

Instruments
Active = E
. Ferrite
Microwave
Prodilcts Components

And if all this isn’t enough to
convince you TRAK does more than
isolators, please call or write for our
Free Components Catalogs. See
EEM or MPDD for other TRAK
military products.

TRAK MICROWAVE
CORPORATION
Microwave Sales

4726 Eisenhower Blvd.
Tampa. Florida 33634-6391
Phone: (813) 884-1411
TLX: 52-827

FAX: 813-886-2794

TRAK MICROWAVE LTD.
Microwave Sales

3/4 Lindsay Court

Dundee. Scotland DD2ITY
Phone: (44) 382-561509
TLX: (851) 76266

FAX: (44) 382-562643

% TRAK MICROWAVE
CORPORATION




RF industry insight
A Bright Future for RF ICs

By Liane Pomfret and Charles Howshar
Assistant Editors

fter discussions with several manu-

facturers of integrated circuits, it
has become apparent that the RF inte-
grated circuit market has tremendous
potential. The diversity of product appli-
cations and the rate of development are
impressive. More significant is the fact
that manufacturers are optimistic about
the RF IC market at a time when the rest
of the electronics industry is stagnant.

The diversity of the RF IC field is
perhaps one of its most appealing
attributes. In the consumer sector, they
are used in television and cable scram-
blers, digital cordless phones, and video
and stereo electronics. On the industrial
side their uses are more widespread:
wire modem/wireless LANs, automatic
test equipment, magnetic resonance
imaging, test instrumentation, medical
instrumentation, image scanners, com-
puter peripherals and radar systems.
New fields are constantly emerging,
which makes this an ideal market for
companies to expand into. William
Gross, Design Manager for Linear Tech-
nology notes, ‘““We're just getting into
the high speed amplifier market, and
project excellent growth in that market.”’
Other manutacturers are looking down
the road to HDTV. Aki Kaniel, Strategic
Marketing Manager for Elantec com-
ments, ‘‘We are developing chip sets
now for HDTV which we think will
certainly be a growing market, certainly
not right now, but in two or three years.”’

An area of interest right now is analog
to digital and digital to analog convert-
ers. Specifically, converters in the 12-bit
and above range are in great demand.
Alan Hansford, Product Marketing Man-
ager for the Data Conversion Group at
Comlinear hints that, **Converter speeds
in the 12-bit range are easily going to
double in the very near future.” In
addition, he believes that, “There will
be heavy price erosion in the-12 bit
product area much like the 8-bit devices
three years ago.”

One aspect customers are pushing
for is higher performance — higher
speed, power, precision, spectrum us-
age, and frequency in all areas of IC
usage. Peter Predella, Technical Public-
ity Associate for Analog Devices, notes
that, “The trend is towards higher
resolution devices and also towards
being able to use more of the RF

32

spectrum.” Tom Munson. an Applica-
tion Engineer for the RF/Linear/Radar
Division at Plessey agrees, ‘‘Radar
people want IFs to go to higher frequen-
cies,... Front end people all want 900

MHz spread spectrum.” According to
Steve Pratt, Business Manager at Maxim
Integrated Products, his company has
responded to these demands, ‘‘Maxim's
complementary bipolar process allows
us 10 develop high speed, low power op
amps and comparators which were
previously unobtainable.”

While there appears to be a move to
*‘go digital,” feelings are mixed as to the
eventual direction of the market. Neil
Albaugh, Manager of Advanced Prod-
ucts Development, the Military Products
Division at Burr-Brown states, *‘We think
the progress of the industry in moving
towards a digital approach is very excit-
ing.”” Alan Hansford sees future technol-
ogy more in the analog area saying,
“We find that the analog technology is
going to be the big technology.” One
example he gives is for the concept of
direct IF sampling, “Once a 12-bit ADC
becomes twice as fast, direct IF sam-
pling becomes marginally capatie.”
This would be a boon to communica-
tions groups because of the reduction
in the amount of interference and noise.

To become more competitive in the
marketplace, some manufacturers are
looking at their fabrication facilities or
outside facilities for ways to improve
their processes. Peter Predella states,
“Righi now scme of our converter lines
are being manufactured on ar AT&T
process. it's very advanced. We're look-
ing at their process and trying to improve
on it.”" The faprication process is not the
only area where companies are looking
to improve. Aki Kaniel comments, ‘‘We

recently instalied a complete CAD sys-
tem upgrade. Sun workstations, and an
analog workbench. We are trying to
perfect every part of the company.’’ For
others, it is a matter of changing or
introducing a product line. William Gross
notes ‘“We just ended our fiscal year and
and are looking forward to entering the
high speed amplifier market.” Dennis
Monticelli, Design Manager for National
Semiconductor, indicated that they are
looking to move into the Japanese
market, specifically in the computer
peripherals area.

In addition, several companies are
working on development of new proc-
esses. John Krehbiel, Manager of Busi-
ness Development for Analog Signal
Processing at Harris Semiconductor
notes, ‘‘We're working on a new process
which is still in development stage, that
will be the fastest complementary bipo-
lar process.’’ Companies such as Linear
Technology, National Semiconductor,
Elantec, Maxim, and Burr-Brown all
mentioned development of high speed
complementary bipolar processes; some
with higher voltages and others with
faster speeds.

The general sentiment among IC
manufacturers is one of optimism. Ac-
cording to Dennis Monticelli, “‘Our sales
are definitely going up, there’s a good
market. But also National’s entry into the
market has helped.” Aki Kaniel agrees,
“The military market is flat, however the
commercial market is growing.” Peter
Predella follows the same line of think-
ing, *““At this point in time we're seeing
RF as being one of the upticks in our
sales. The entire industry is flat.”’ Steve
Pratt comments, “‘Our sales are going
very well in the high speed area. The
industry is growing at a moderate rate
and our high speed product growth rate
is very aggressive.”’

While many RF markets are strug-
gling to adjust to the vacuum created
by recent cutbacks in military spending,
the RF integrated circuit market is
growing. IC Technology is on the verge
of some significant performance and
process improvements in ADC/DAC de-
signs, amplifier designs, and other inte-
grated circuits. Given the prospect of
some tough times for the electronics
industry, it is good to see that there are
a few bright spots in the industry.  RF
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188 variable RF coils.
At veryattordable prices.

It vou need vanable inductors in the
range from .05 uH to 1100 uH, no one
gives you a wider selection than Coileratt.
And no one gives you lower off-the-shelf
pricing!

L.

Coilcraft tunecable RF coils are designed
to meet MIL specs. They feature compact
10, 7, or 5 mm packaging, optional shicld-
ing, and one-piece construction for maxi-
mum stability.

Y

For special inductance or Q values,
we'll custom-build coils to your specitica-
tions and still save you moncey!

For all the details on Coilcraft tuncable
RF coils or our other inductive devices,
call 708/639-6400.

Designer’s Kits. Choose kits covering
the range from 0425 to 1.5 uH, .70 to 1143
uH, or 9 to 281 nH. Kits include shiclded
and unshielded
samples along with
detailed specifica-

tions. Each costs
$60. Call 708/  “F 4 &
639-6400 to order. ¢ 4 &
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Power Inductors Axial Lead Chokes

@6 /electronic engineers master
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1102 Silver Lake Rd., Cary, IL 60013
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RF featured technology

Negative Gain-Single Pole

Oscillators

By Leonard L. Kleinberg
NASA Goddard Space Flight Center

There is a class of oscillators that may
be characterized as having a negative
gain and a single pole response (NG-
SP). The previously reported gate oscil-
lators (1) are members of this class.
These oscillators, while suitable for
some applications, require considerable
supply current for the higher frequen-
cies. The purpose of this article is to
continue the discussion on the tech-
nique of analyzing oscillator circuits and
to describe a very simple NG-SP bipolar
transistor oscillator that requires a small
(2.5 mA) supply current. Also included,
for purposes of demonstration, and
perhaps utility, are operational amplifier
oscillators.

An elementary model of a NG-SP
system is depicted in Figure 1. As
discussed in the August, 1989 edition
of RF Design, the driving point admit-
tance (DPA) of such a system is given

by: )

DPA = 1-( kA) Y,=<1+ "A>Y'
S S

where s = jo and A is in radians/sec. If

Y, is equal to 1/jwl, the DPA becomes:

C
\
[ /1
R
A% >
s
A
}
c, = Ly
B |

Figure 3a. Possible but improb-
able op amp NG-SP oscillator.

RF Design

|
e

s

Figure 1. Simple model of a nega-
tive gain-single pole oscillator.

2
kA 1 1 kA
5 N TR SRR e S
< jw> jwb  jwL i

The DPA consists of two admittances,
an inductive admittance and a negative
conductance. In order to form an oscilla-
tor a capacitive admittance and a posi-
tive conductance must be added to the
DPA, as shown in Figure 2.
The equations of the oscillation are:
1 1

juC o S0, S etaTe 3
KA
W= 2= 0 Yy =kaC )

Notice that if C is chosen to set the
frequency, where L might be the induc-
tance of a crystal, Y _ will have to be
adjusted to maintain the equality ex-

iy :@_

i -
=
e ot
CIT Ll

Figure 3b. Improper configuration
for feedback analysis approach to
oscillator design.

Y™
L
DPA |
|—k A/

Figure 2. Driving point admittance
(DPA) oscillator.

pressed in equation 4. This will be done
for the bipolar transistor implementation
of the fundamental system.

Figure 3a shows a possible, but
improbable, embodiment of a NG-SP
oscillator employing an operational am-
plifier as an integrator. Figures 3b and
3c demonstrate an improper and a
proper configuration for a feedback
analysis approach to the oscillator de-
sign. For the circuit of Figure 3a, the
total admittance at point A is:

Y, = jwC, + -% + DPA ®)
. 1 1 1
= 8t L b
jwC, + 3 +<1 jwcn> jol,
. 11 1
= pre=t S, + — -
W ST T ol ER
I c <
|

i —:+

o . ~ yy",m)
| & _,_ =
R I C1

|

Figure 3c. Proper configuration
for teedback analysis approach to
oscillator design.
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QUARTZ
RESONATORS

FUNDAMENTALS
TO 350 MHZ

OVERTONES
TO 500 MHZ

Available As

* DISCRETE
CRYSTALS

e UNPLATED
WAFERS

e BASEPLATED
WAFERS

For Application In

e CRYSTAL FILTERS

e CRYSTAL
OSCILLATORS

e HYBRID CLOCK
OSCILLATORS

INNOVATIVE
FREQUENCY
CONTROL
PRODUCTS
INC.

P.O. BOX 300
PLAINFIELD, PA 17081
PH. 717-258-5425
FAX 717-258-5840
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1 Fundamental

Figure 6a. Easiest possible ap-
proximation configuration.

This is somewhat different in that an
additional reactive is present. As in the
case of the gate oscillator, this configu-
ration will permit overtone operation by
properly selecting R.

For these oscillators, the slew rate
must be compatible with the frequency
of oscillation. A stable, low frequency
oscillator, 250 kHz to 2 MHz, is obtained
by using the Motorola MC34001, having
a slew rate of 13 V/us and an F; of 4
MHz. For a higher frequency oscillator,
Analog Devices AD847 is suitable, hav-
ing a 300 V/us slew rate and an F_ of
50 MHz.

The circuit of Figure 5 approximates
a NG-SP oscillator. The voltage gain
bandwidth product may be represented
by:

20 V F,

Fg B

R

(16)

where F, is the transitional frequency of
the bipolar transistor (Q,) and B is the
low frequency . V is the supply voltage
and the collector voltage is V/2. The
2N930 has an F, of 30 MHz at 0.5 mA
collector current and a  of 150, yielding
an Fg of 40 MHz. The supply voltage V
is 10 volts. The 2N5088 provides a low
output impedance over a wide band-
width (400 MHz). The system takes 2.5
mA at 10 volts.

The circuit of Figure 6a, the easiest
possible configuration, did not perform
well. The input admittance of Q, does
not resemble that of an op amp or a
CMOS inverter. The input admittance is
primarily capacitance and must be con-
sidered when ordering the crystal. An
input conductance is still required.

The circuit of Figure 6b includes a
resistor R, across the crystal to provide
suitable conductance at the input termi-
nal and a favorable inductive admit-
tance. Refer to equation 13. This was
adjusted until an optimum value was
obtained.. The stability improved to
where the short term stability was one
part in 108 (1 sec). The circuit of Figure
6b was also used with a third overtone
crystal at 35 MHz. The value of R, was
1.5 kohms. A larger value than 1.5

< 10k 330

_L i
-1

Y|
7T
| 0.001

2k

ME. 8

Figure 6b Much better approxi-
mation of a NG-SP oscillator.

kohms produced oscillations at the fun-
damental frequency — 11.7 MHz. The
mechanism by which the overtone was
extracted is explained in (1) and is
derived from equation 13. The inductive
admittance, -ij/wR, dominates the par-
allel combination of itself with jwC at the
fundamental frequency, while at the
third overtone the converse is true, and
oscillations may take place.

Summary

Negative gain-single pole configura-
tions are useful in synthesizing a variety
of oscillators that are easily designed
and may be classified as medium preci-
sion circuits. Previously, CMOS inverters
were considered as the active device,
but now operational amplifiers and bipo-
lar transistors have been included. The
techniques of analyzing oscillators by
the driving point admittance method has
been employed, and is the preferred
technique in that anomalies may be
avoided. Various embellishments of the
circuits are possible, and one need not
be confined to the circuits discussed.
These oscillators were operated near
the F of the system and experience has
shown the performance to be better at
about an octave below that. By re-
biasing the transistor so that 1 mA flows
through Q, (S5kohm load resistor) the
oscillator at 30 MHz was more stable,
as was the 20 MHz oscillator at the same
operation conditions. RF
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PRODUCTS FOR DIRECT DIGITAL SYNTHESIS

MONOLITHIC NCOS

STEL-1172B 50 MHz, 32-bit, Quadrature
STEL-1173 50 MHz, 48-bit, High Resolution
STEL-1174 50 MHz, 16-bit, Low Cost

' STEL-1175 60 MHz, 32-bit, Phase Modulated
STANFORD TELEC.OM offers the most pomprehensuve STEL-1176 80 MHz, BCD/Decimal, high speed CMOS
selection of numerlcally'controlled.osc'lllatorg (NCOs), STEL-1177 60 MHz, 32bit, full PM. FM. & Quadrature
DDS boards and chassis assemblies in the industry. STEL-2172 300 MHz, ECL. 28-bit
In addition, a comprehensive set of digital integrated STEL-2173 1 GHz, GaAs, 32-bit, BPSK, QPSK
circuits for spread spectrum and forward error
correction is also offered. BOARD LEVEL DDS
We can provide data sheets, application notes, and STEL-1272 based on 11728, 0-20 MHz
even handbooks. Please call, fax, or write the ASIC & STEL-1273 based on 1173, 0-20 MHz
Custom Products Group for additional information. STEL-1275 based on 1175, 0-25 MHz
STEL-1375A miniature assembly based on 1175
Telephone: (408) 980-5684 - Fax: (408) 727-1482 STEL-1376 miniature assembly based on 1176
2421 Mission College Boulevard STEL-1377 miniature assembly based on 1177
Santa Clara. CA 95054-1298 STEL-1277 based on 1177, 0-25 MHz
STEL-2272 based on 2172, 0-130 MHz
STEL-2273 based on 2173, 0-400 MHz
STA N FO R D CHASSIS-LEVEL DDS ASIC
STEL-9272  based on 2172 Rson
STEL-9273 based on 2173 Group
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RF featured technology

Comments on MIL-STD-2000

By Robert Mouck and
Stanley Kaat
Bliley Electric Company

MIL-STD-2000 has replaced DOD-
STD-2000, WS6536, and several earlier
attempts to upgrade and control solder-
ing and workmanship in circuit assem-
blies. It is rapidly becoming the standard
for high-reliability assemblies in both
“military”’ and ‘“‘civilian’’ applications.
We have demonstrated that a small
manufacturer can comply with MIL-STD-
2000, but compliance takes time for
preparations and can add significantly
to costs. We are presenting some com-
ments on our experiences with it. While
we are not presuming to critique MIL-
STD-2000, we recommend that it be
used only where it is actually needed.

IL-STD-2000, ‘“‘General Require-

ments for Soldered Electrical and
Electronic Assemblies,”” consists of six
sections. The Baseline portion defines
the general requirements; the five Tasks
prescribe the procedures which are to
be used. Task A = Training, B = Design,
C = General Processes, D = Hand
Soldering, and E = Machine Soldering.
Two additional Tasks, F and G are
combinations of the others; F = Every-
thing but Design and G = Everything.

Baseline Requirements

The “‘Baseline requirements’’ of MIL-
STD-2000 are not significantly different
from the old high reliability specifica-
tions MIL-S-45743 and MIL-S-46844,
and are very similar to WS6536 and
DOD-STD-2000. Even at the Baseline
level, MIL-STD-2000 is a very compre-
hensive document. Proving compliance
with its requirements can demand more
preparation, more monitoring, more writ-
ten procedures, and more record keep-
ing than is apparent from a casual
reading of the MIL-STD-2000 document.
Do not confuse this with “high-quality
commercial’’ work; the Baseline is a
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definite program in itself. The various
Tasks add complexity, but the program
remains the same.

Tasks

Task A requires an on-staff Category
C expert be trained and certified at one
of a few special military schools. In our
case, our applicant waited seven months
from acceptance until actual enroliment.
Upon graduation, the ““Cat C”’ conducts
training for operators and inspectors,
using the government supplied 400
page training manual. Tasks B, C, D,
and E define the design and process
requirements. In effect, they provide the
details of how the general requirements
are to be achieved; in only a few
instances do they add to or tighten the
actual requirements. But, of course,
they do demand tighter controls, more
documents, more tests, and more re-
cords.

Application

MIL-STD-2000 is intended to be ap-
plied in either of two versions, the
Baseline requirements portion only, or
the Full program (which itself has two
variations, differing only in whether or
not the Design Task is included.) The
Baseline is designed to be invoked
simply by reference to MIL-STD-2000.
The Full version is to be invoked as
either Task F or as Task G. Perhaps the
Baseline might be considered the *civil-
ian’’ version and the Fuli program, the
“military”’ version. Both intend to
achieve almost the same goals, but the
“military"" version prescribes procedures
as well as results.

Preparations

Much of what must be done to
prepare for compliance with MIL-STD-
2000 depends, in our experience, on two

factors. First, the experience base of the
organization and its people is critical,
because fitting MIL-STD-2000 into a
group already accustomed to military
requirements and procedures is difficult
enough; fitting it into a group in which
all the supplemental activities had to be
developed simultaneously would be a
monumental undertaking. Second,
much of what must be done to demon-
strate compliance with MIL-STD-2000 is
still subjective (even where require-
ments are clear there can be differences
of opinion as to what constitutes ade-
quate demonstrations of compliance.) A
thorough mutual understanding and
agreement with the administering offi-
cial needs to be made early in the
project.

Our Experience

In our case, we already had in place
a fully-documented quality system and
we were accustomed to doing similar
work. Even so, it took us a full year to
complete our preparations. This was
spent in determining the requirements,
reaching agreement on what would be
done to demonstrate compliance with
each, preparing documents, acquiring
equipment, and training people. We
believe this thorough preparatory phase
is crucial to success. We recommend
that everyone who plans to install MIL-
STD-2000 make adequate provisions for
this preparation.

Documents

The MIL-STD-2000 program demands
many documents and many records:
operator certifications (including visual
acuity and proficiency), detailed work
instructions, equipment calibration, a
documented ESDS program, environ-
mental controls (temperature, humidity,
illuminations, cleanliness), and ongoing
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records demonstrating compliance. Pro-
duction lot documents must be compre-
hensive and must correlate to all other
ongoing records. Even when these are
incorporated into an existing system,
this can be formidable.

Equipment

In addition to the facilities obviously
necessary to accomplish the work, MIL-
STD-2000 can demand some special
items. For us, this included a certified
photometer so light levels at work sta-
tions could be monitored and recorded,
similarly to the ongoing monitoring and
recording of ambient temperature and
humidity. A certified stopwatch was also
needed. Certification, of course, de-
mands traceability to NIST (NBS). As
with the documents, calibration and
certification are less burdensome if they
can be included in an existing system.

Effect on Costs

In addition to the increased overhead,
adherence to the MIL-STD-2000 pro-
gram inevitably adds to the direct cost
of processing. Our experience indicates
that, initially at least, per-unit labor costs
are 50 percent higher, mostly because
of the detailed inspections and associ-
ated rework. There is a corresponding
penalty in the time needed to process a
lot. Imposition of MIL-STD-2000 will
obviously significantly increase costs.

Recommendations

We now know that a small manufac-
turer can comply with MIL-STD-2000.
As manufacturers, we have a plea for
you designers, the familiar request,
“Don’'t over specify!"’ Don’t include any
requirements you don’t actually need.
That’s always good advice, but particu-
larly so for MIL-STD-2000 . And please
don’t slip in the MIL-STD-2000 require-
ments indirectly, as by citing MIL-STD-
454 Requirement 5. If you really need
MIL-STD-2000, we small manufacturers
can give it to you. But you will have to
tell us in time so we can prepare, and
you'll increase your costs and ours. RF
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Linear Designers...
Optimization Is Now On The 386

Automatic optimization adjusts - lected componen
values of your topology to make its response fit your
arbitrary target curves in magnitude, phase, Z,,. Z.,, or a
combination. Multiple passes allow standard value
capacitors in precision filters or other networks.
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e COMTRAN™ is fast. Each plot at the right was

generated on screen in 6 sec. Optimization took less
than 3 min. using a 25 MHz 386387 {or an HP 310).

* COMTRAN" is an interactive and intuitive AC circuit
analysis program—component entry, editing, analysis,
optimization, and user scaled linear/log graphics are
all done by one program.

* COMTRAN" calculates gain in terms of source gain
AS, insertion gain Al or transducer function S21.

o COMTRAN's tolerance mode graphically shows the
effect of real world components. Impedance mode plots
impedance at ANY node in your circuit.
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* COMTRAN" can create, capture and analyze time
domain data, then use it to stimulate your circuit and plot
the result in either time or frequency domain.
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HP computers. Now it runs on 386" machines, too. And
it still drives HPGL. plotters.

o COMTRAN™ 1s modular-buy only what you need today.
Complete packages start at under $1000.
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(6001744 : WM Integrated Software/
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RF featured technology

Loading Conditions for High Speed
Logic Systems

By Alfred Dantas
Valpey-Fisher Corporation

Logic devices are now being devel-
oped to operate at microwave frequen-
cies exceeding 2.5 GHz. In order to
utilize high speed logic devices success-
fully, careful system timing design and
good circuit board layout are necessary,
especially when using multilayer boards.
Pitfalls and problems not encountered
when using logic devices at low frequen-
cies will be discussed here. This infor-
mation will be valuable to system de-
signers using clock oscillators in high
speed logic systems (clock frequency
typically > 25.000 MHz). Applicable
clock oscillator technologies include
TTL, HCMOS, ACMOS, ECL (10K and
100K devices).

clock oscillator used in a logic system
will be connected to the system
either by short lines on a printed circuit
board, coaxial lines, or longer lines on
a back plane. As the clock frequency is
increased, the interconnected media
must be treated as transmission lines
with a characteristic impedance and a
propagation constant. The transmission
lines store energy of a magnitude deter-
mined by the source impedance. The
stored energy must be dissipated by a
terminating device in order to reduce
reflections. The oscillator can be consid-
ered an RF source, and the effects of
improper line termination on the clock
oscillator will therefore be discussed in
terms of transmission line concepts.
When a source is mismatched with a
load, a reflected voltage will arrive back
at the source, or generator. The reflec-
tion coefficient at the source will deter-
mine the response of the generator to
the reflected voltage, V,. The reflection
coefficient at the source is determined
by the characteristic impedance of the
transmission line, Z , and the source
resistance, R.. The reflection coefficient
is given by the equation:
R}, = Z;
=R 72, )

A reflected voltage arriving at the source
will not be reflected back to the load if
the source impedance matches the line
impedance. Multiple reflections will oc-
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cur if neither the source impedance nor
the terminating impedance match the
transmission line impedance, Z,. The
reflected voltage at each end of the line
approaches a steady state value with
each succeeding refiection. If, however,
the source reflection coefficient and the
load reflection coefficient are of opposite
polarity, the reflections alternate in po-
larity causing the signal voltage to
oscillate about a steady state value. This
effect is often referred to as ‘‘ringing”’.
A distorted waveform will be observed if
the signal rise time is long compared to
the transmission line’s delay (Figures
12a,12b). There are five types of transmis-
sion lines and driving conditions for
each of the five types are discussed
here.

Short lengths of unterminated trans-
mission lines may be driven success-
fully. The length is defined by the
expression:

i}
W= 2T‘ @
pd
where T is the rise time (ns) and T,
the propagatton delay (ns/in).

The maximum current the active de-
vice has to deliver to the next circuit can
also be obtained in terms of the above
expression. For an example where T =
3 ns, the maximum length is 10 inches
for a trace on a G-10 epoxy glass
printed circuit board. A voltage wave
propagating down the line will have the
maximum amplitude which the source
can drive into Z_ (Figure 1). Reflections
may not present a serious problem if the
source current, |, is less than |__ .
Refiections will occur if the line is longer
than the value defined by I ... The
reflections will drive the input and output
signal voltages below the ground volt-
age level.

Series terminated lines have limited
uses due to voltage drops in the series
resistor values, R; of Figure 2, in the low
voltage state. The resistor also reduces
the noise margin in receivers.

For parallel terminated lines there are
four line terminating configurations that
may be used successfully:

Z, to V_.. This termination configura-

tion will draw current from V__ when the
output is Low (Figure 3).

Z, to Ground. The termination in this
configuration will draw current when the
output is High (Figure 4).

Thevenin Equivalent Termination.
This type of termination will draw current
from the RF source and from V__ when
the output is in either the High or Low
state (Figure 5). This configuration wilt
also reduce the noise margin. The

ih—ﬁ‘

l__* -

Figure 1 An untermlnated trans-
mission line.

%o |
’ I i |

Flgure 2. Serles termunated trans-
mission line.Typical R, values of
10 to 50 ohms may be used.
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resistors, R;, and, R;, will set the
quiescent operating line voltage and the
Thevenin equivalent terminating imped-
ance. This configuration is used when
only one supply voltage is available. It
can be used successfully with Tri-state
logic.

AC Termination. This configuration
uses a capacitor in series with the
terminating resistor to block DC current
(Figure 6). The load is therefore defined
as Z = R + X_. The reactive impedance
of X_ must be small compared with Z_
at the operating frequency for the load
to appear predominantly resistive. This
termination does not draw any DC
current with the output in either state.
The quiescent line voltage can be
established at V. or GND by a large
value “pull up” or “‘pull down" resistor
applied to the appropriate supply rail.

Transmission Line Media

All logic devices transmit information
along a conductive medium. This me-
dium must be considered as a transmis-
sion line when used with all high speed
logic systems. The characteristics of the
transmission line can therefore be de-

fined in terms of the conductor and
dielectric parameters of the transmis-
sion medium. Parameters critical to
proper calculation of transmission line
characteristics are:

h = dielectric thickness

t = thickness of conductor trace

| = length of conductor trace

K = dielectric thickness between ground
planes

w = width of conductor trace

¢,= dielectric constant

The characteristic impedance, Zy Gl
some of the more commonly used
printed circuit configurations used in the
computer industry will be outlined here.
Variations of the equations used to
determine the characteristic impedance,
Z,, of the various types of transmission
lines have been discussed in greater
detail by other authors (4).

The characteristic impedance of the
micro-strip line can be obtained from

Figure 7 and the following equations. )

87 598h \
Z In (0

|ohm
e, +141 " \08w+1t)O"MS

When you
need TTL Clock
Oscillators

call 800-333-9825 |

Comclok Inc.
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FAX 714-491-9825 |
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A Simply Better
\' " Insulator Application

System

* Quick, easy snap-on design
* Flat or dimpled .014 Mylar
insulator/spacers
* Prepackaged cartridges for
semiautomatic application
For:
e Transistors, semiconductors,
flat pack ICs
¢ Crystals
¢ Radial leaded capacitors,
N\ resistors, inductors
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ELECTRONICS CORP
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Figure 8. Stripline (tri-plate).
==y Plow 4

T oo = 1017 \/0474¢_+ 067 nsift.

The characteristic impedance of a stri-

pline conductor can be obtained from
Figure 8 and the following equations.

(5)
4K

2, = ] e eI O [ TS
R " 0.67nw(0.8 + t/w)
Tpd = 1.017 \/¢ ns/ft (6)

The characteristic impedance of two
parallel transmission lines can be ob-
tained from Figure 9 and Equations 7
and 8.

Characterizing the interaction of sev-
eral lines running parallel to each other
will be more difficult.

120 nh
Z _~/—5. In (w 7 t) ohms (7)

T, =1017

0.475r + 067 ns/ft.  (8)

The characteristic impedance of coaxial
cable depends upon the diameters of
the conductor, the shield and the dielec-
tric medium separating them. Z_ can be
obtained from Figure 10 and equation 9.

Zy :\20, In (2) ohms (9)
l Tt i 4
A e e
[
L

Figure 9. Side-by-side transmis-
sion lines.

Figure 10. Coaxial cable.

RF Design

And finally, for a twisted pair or ribbon
cable, the characteristic impedance is
derived from a more complex relation-
ship (Figures 11a,11b). In the following
equations each of the parameters R,
L,, G,, and C_ are defined in terms of
unit lengths.

120, (2D
2,= e In ( d) ohms (10)

/R, + jwL
Z = 0 0
© G, + jwC, ()

where R = Resistance in ohms per unit
length,

L, = Inductance in Henries per unit
length,

G, = Conductance in mhos per unit
length,

C, = Capacitance in Farads per unit
length.

Collins Bandpass
Mechanical Filters

B Compact Design

B Center Frequency: 455 kHz

B Bandwidths: 500 Hz, 2.5 kHz, 6 kHz
B 7 and 8 Pole Selectivity

B Rugged

W Excellent Quality & Reliability

LOW COST SERIES

Fits in the space!
Fits in your budget!

SETTING NEW STANDARDS FOR IF FILTERS

B Low Cost (100 Piece Unit Price is $30)

Rockwell
International

Filter Products
Rockwell International

2990 Airway Avenue

Costa Mesa, CA 92626

(714) 641-5311

FAX: (714) 641-5320

TELEX: 685532 (COLLINS CSMA)
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RF cover story

Piezoelectric Devices Conference
Marks its 12th Year

The newly renamed Piezoelectric (for-
merly Quartz) Devices Conference and
Exhibition will be held September 25-27
at the Westin Crown Center in Kansas
City. Sponsored by the Piezoelectric
Subdivision of the Electronic Industries
Association, the conference highlights
manufacturing and engineering devel-
opments in crystal, SAW, and ceramic
resonator oscillators, filters, and other
circuits.

or the past seven years, proceeds

from the conference and exhibition
have been used to support research
programs at Northern lllinois University,
Oklahoma State University, and the
University of Central Florida. The re-
search includes work on numerous
manufacturing, quality control, meas-
urements, and performance aspects of
piezoelectric devices. Results of some
of these research projects are included
in the technical papers.

The following papers are scheduled
for this year's conference:

Tuesday, September 25

8:30to 11:45a.m.

* International Round Robin on Alpha
Measurements of Cultured Quartz

¢ Effects of Etch Channel density on
Chemically Shaped Very High Fre-
quency Crystals

e Comparison of Nonlinear Materials

A.T. Wall

Crystal Components
EG&G Frequency Products
Electro Dynamics Crystal
Emkay Manufacturing
Engineered Materials
Engineered Specialty Products
Fotofabrication Corp.

Gard Corp.

GSM Inc.

H.E.S. International

Highland Manufacturing Co.
Houston Electronics
K.C. Abrasive Co.
Kay, Inc.

M-tron Industries, Inc.
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Constants of Quartz From Different
Methods of Measurement

* Influence of Quartz Material on the
Photoetch Quartz Resonator

e Automated Detection and ldentifica-
tion of Crystal Defects With Digital
Image Processing Techniques

¢ Surface Mount Miniature Quartz Crys-
tal Resonators

e Thermal Hysteresis in Quartz Reso-
nators - A Review

Tuesday, September 25

1:15 - 4:45 p.m.

¢ Generating Surface Figure and Finish
on Quartz - Part 3

¢ Polishing to Flatness

e Updating Lapping Operations
Through Improved Abrasive Controls

¢ Aging Considerations for the Ceramic
Flat Pack Resonator

Wednesday, September 26
8:30to 11:45 a.m.

e A Guided Tour of the EIA Guide to the
Measurements of Equivalent Electrical
Parameters of Piezoelectric Crystal Units
» Load Resonance Parameters of Crys-
tals Without Use of a Load Capacitor

* New Network Analyzer Hardware and
Software for EIA 512 Compatible Crystal
Resonator Measurements

e Discussion of Measurement Prob-
lems and Possible Modifications to the
Equivalent Circuit for Very High Fre-

= ke -

Exhibiting Companies |

Marden Associates
P.R. Hoffman Machine Products l
P.R. Hoffman Materials |
Philips Components
Polaris Electronics Corp.
RF Design
Saunders and Assoc.
Sawyer Research Prod.
Schott Electronics
Shure Cut Crystal
Slee Superior ’
Thermo Dynamics
Transat Corporation
Universal Photonics ‘
Valpey-Fisher Corp. '
Voltronics Corp. ‘
s | WY dol T4 RN N WA

quency Resonators

+ Orientational Dependence of *'True”
SC Cuts

¢ Method for the Reduction of Phase
Noise in Oscillators

¢ Minimizing Frequency Pulling of Crys-
tal Oscillators Due to Power Supply
Variations

Wednesday, September 26
1:30to 4:10 p.m.

¢ Design of Crystal Filters Using Cou-
pled-Triple Resonators

e A Generalized Maximally Flat Ap-
proximation

* A Beveled Crystal Design Equation

¢ Crystal Notch Filter Derived from the
Second Order Equalization Circuit

¢ Miniaturized Oven Oscillators

Thursday, September 27

9:00 to 10:15 a.m.

* Report of the Activities of Technical
Committee 49 of the International Elec-
trotechnical Commission

e MIL-STD-2000 and You

e Training Requirements for
38534

MIL-H-

A meeting of the EIA P-11 Engineer-
ing Committee on Piezoelectric Devices
is scheduled for Thursday afternoon,
beginning at 1:00 p.m. The meeting is
restricted to members and invited
guests.

The exhibit hall will be open from 2:30
to 7:00 p.m. on both Wednesday and
Thursday (September 25 and 26), and
from 9:30 a.m. until noon on Thursday.
Exhibitors (see sidebar) include crystal
and oscillator manufacturers, plus tool-
ing companies, raw material suppliers,
and other firms involved in the manufac-
turing of crystals and related products.

This year’'s Kansas City gathering
offers an opportunity for the quartz
industry to catch up on technical devel-
opments and to mingle in a congenial
atmosphere. Persons interested in at-
tending the 12th Piezoelectric Devices
Conference and Exhibition should see
the announcement and registration form
included elsewhere in this issue, or
contact the EIA at (202) 457-4930, FAX:
(202) 457-4985. Special airfare and hotel
rates have been arranged for the confer-
ence. RF
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UNCOMPROMISED QUALITY

Do not jeopardize your product to save a few pennies; as a
wise man once said “The bitterness of poor quality lasts long
after the sweetness of low price has been forgotten™.

Croven does not manufacture crystals for use in watches or
microprocessors, as we would have to compromise our quality
in order to compete in these price-sensitive markets.

We do excel at manufacturing crystals for use in tele-
communication and avionics systems, space craft and military
equipment or for any other application where quahty and
reliability are the most important consideration.

If your product requires a crystal of uncompromised quality,
call us today.

If we can help you with your requirement, just call or write us
for our free catalogue. All U.S. shipments are quoted in U.S.
dollars f.o.b. BUFFALO, N.Y. We clear customs and pay all duties.

croven crystals....

500 Beech Street, Whitby, Ontario, Canada L1N 5S5
FAX 416-668-5003 QUALITY — THE CROVEN ADVANTAGE

Telephone (416) 668-3324
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RF design awards

A Feedback Method for Reference
Spur Reduction in PLLs

By John W. MacConnell and
Dr. Richard W.D. Booth

This paper describes a circuit that is
extremely useful in reducing reference
sidebands in phase locked loops or
indirect frequency synthesizers which
are caused by reference leakage from
the active phase/frequency comparator.
In excess of 40 dB reduction in refer-
ence spurious signals is routinely
achieved without any impairment in loop
dynamics due to spur reduction filters.
The benefit of this circuit is that the
necessary filtering required to obtain a
given spurious signal level may be
considerably reduced, especially in
loops containing large division ratios
such as microwave phase locked loops
and microwave frequency synthesizers.
In some cases, it has been impossible
to achieve the desired spur level without
the use of this circuit.

One of the major sources of spurious
signals in a phase locked loop (or
indirect frequency synthesizer) is the
reference leakage signal that appears
at the output of the phase/frequency
detector. For active phase/frequency
comparators this leakage manifests it-
self as a narrow voltage spike at the Up
or Down outputs (see Figure 1). These
spikes are a result of DC offsets that
exist within the phase/frequency detec-
tor itself, and the operational amplifier
used in the loop filter. These voltage
spikes generally are passed through the
loop filter/integrator and in many cases
are not attenuated much at all by the
loop filter. The traditional method of
dealing with these spurious signals is to
use extensive filtering at the output of
the loop filter/integrator. The circuit
described in this paper does a great
deal to remove these voltage spikes
caused by DC offsets. It is simple and
easily adapted to various loops and
reference frequencies. It is not tempera-
ture sensitive and, because it is adap-
tive, does not require any adjustments.
Once a phase locked loop has
reached a steady state condition, the
differential input voltage to the opera-
tional amplifier used for the loop filter
must be zero. If there were a net voltage
at the input to the amplifier, its output
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Figure 1. Block dlagram

A i

would be ramping, up or down depend-
ing on the polarity of the input, indicating
the loop has not yet stabilized. There-
fore, if there is an offset, either within the
phase detector, or within the amplifier,
it must be nulled out. A normal phase
locked loop achieves this by operating
with a slight static phase offset within the

G = 200
i_.{ —_I—L__N—n-nua G X »oyr

B

SNTLGRATOR OUTPUY FORCLS LOOP FLTER OUTPUT TO CORRECT VOO PHASE FOR ZTRO VOLTS OFFEATNCL 5 PMASL OCTECTOR OuTPUT

Figure 2. Schematlc diagram of actual circuit.

phase detector, resulting in a voltage at
its output which exactly nulls out the
various offset voltages present in the
circuit. Unfortunately, the way an active
phase/frequency comparator achieves
this is by putting pulses out on one or
the other of its two outputs. The result
is that one or the other of the phase
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accuracy and resolution!
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Want to see a precision
narrowband sweep that usually
takes about a minute?

RUERAGING

Oops, you blinked.

By blending digital-filter and
FFT techniques with swept
technology, the new HP 3588A
spectrum analyzer makes this
measurement in less than a sec-
ond . . . with high resolution and
+(0.25 dB typical accuracy.

This analyzer offers unprece-
dented speed in two measurement
modes. In the swept mode, you
get a 10 Hz to 150 MHz range,
RBW as narrow as 1.1 Hz and
measurements up to 16 times

faster than previously available.
The narrowband-zoom mode
gives you a span of 40 kHz or

less anywhere in the 150 MHz
range, RBW to 00045 Hz and meas-
urements up to 400 times faster
than traditional swept analyzers.

So, call 1-800-752-0900 today.
Ask for Ext. 1213, and we'll send
a videotape demo so you can see
these fast measurements for
yourself. But don't blink.
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detector outputs generates narrow volt-
age spikes with an average DC value
corresponding to the various DC offsets.
Some amount of this pulse energy
generally feeds through the loop filter
and onto the VCO control line, causing
reference spurs to be present in the
output spectrum.

A few common techniques used to

1. Reducing the loop bandwidth.

A. Undesirable: Increases loop set-
tling time.

B. Undesirable: Can increase phase
noise.
2. Placement of lowpass and/or notch
filters between the loop filter output and
the VCO.

A. Undesirable: Tends to cause loop

reduce reference spurs include: instabilities.

Frequency Products for Aerospace,
Military and Industrial Markets

M<COY 1S ADVANCING AMERI
TECHNOLOGY IN QUARTZ CRYSTALS,
FILTERS AND OSCILLATORS

For over three decades MCCoy Electronics
Company has pioneered the custom frequency
control industry, and has established leadership in
its field.

To assure the market place the finest performance
available, MCCoy manufactures all of its crystals,
filters, and oscillators within the United States. The
competitive challenge is being met technologically,
economically, and with care to maintain the highest
standards of quality.

For your next frequency control application
consider MCCoy. Write for free catalog.

MCCOY

ELECTRONICS COMPANY

a subsidiary of OAK ludustrics lne.

‘.\;7@5 « 717-486:3411 - TWX 510-650-35
T SRR —— -

O e
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B. Undesirable: Increases circuit com-
plexity.

C. Undesirable: Notch filters often
require adjustments at manufacture.

A New Approach

The new approach described here
reduces the spurious signals by actively
nulling out any offsets that occur.

Simply stated, this circuit measures
the magnitude of the voltage spikes
present at the output of the phase/
frequency comparator and injects a
small amount of current into the loop
filter/integrator that causes the phase/
frequency comparator to maintain an
exactly balanced output. The result is
that the reference spurs generated by
the phase/frequency detector are vastly
reduced. Figure 1 shows the block
diagram for this approach. Circuit opera-
tion is as follows:

1. The output from the phase and
frequency detector is differentially con-
nected to the loop filter as in a conven-
tional loop.

2. Each output from the phase and
frequency detector is also connected to
a pulse amplifier.

3. The output from each pulse amplifier
is rectified and filtered.

4. The outputs from the detectors are
differentially connected to an integrator.
Any difference in the output voltage of
the two detectors causes the integrator
voltage to ramp to a new voltage forcing
the difference to be eliminated.

5. The output from the integrator is
summed into the loop filter amplifier.
This results in virtually all of the offsets
being cancelled, and the reference
spurs being greatly reduced.

Figure 2 shows an actual implementa-
tion of the circuit as it was used in a
frequency synthesizer. A detailed de-
scription on the operation is as follows:
1. Each output from the phase and
frequency detector (an MC12040 in this
case) is passed through an RC lowpass
filter that acts as a pulse stretcher.

2. The output of each low pass filter
goes two places

A. To the loop filter

B. To a pulse amplifier
3. Each pulse amplifier (Q1 and Q2 and
their associated circuitry) is a discrete
amplifier having a voltage gain of around
200. The actual gain is not important as
long as it is reasonably large. This circuit
amplifies any pulses present at the
output of the phase detector to a level
that can be detected by the diode
detectors.

4. AC coupled to each pulse amplifier
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output is a Schottky diode detector (D1,
D2, and D3, D4) connected as a voltage
doubler. Because in this case, the
op-amp is operating with a single supply,
one side of each detector is biased to
approximately 1/2 the supply voltage by
the voltage divider R6, R7 and bypassed
C5. It is imperative that the same
reference be used for both detectors to
prevent differential offsets from occur-
ring.

5. The output from each detector is
connected to one input of the integrator
(U1,C7, and C8) through R8 and R14
respectively. If the outputs from the two
detectors are equal, the output of the
integrator is constant. If they are un-
equal, the integrator output ramps up
or down until they are.

6. The integrator output is connected to
one input of the loop filter through a
large value resistor, R16. This resistor’s
value must be sufficiently large that
even if the integrator (U1) goes to a rail,
the loop can still lock. This entire spur
reduction circuit only functions when the
loop is locked. Too small of a coupling
resistor at the integrator output can
result in the loop being unable to lock.
Because the offsets are generally rela-
tively small, R16 should be quite large
(roughly 200 times) in value compared
with the other two input resistors to the
loop filter.

7. A resistor (R15) is connected between
the same loop filter input as R16, and
ground. This resistor causes a slight
offset at the input to the loop filter, and
is used to force the nominal output
voltage of U4 to be at the midpoint of its
operating range.

8. The time constant of R8/C7 and
R14/C8 should be equal and long com-
pared to the reciprocal of the loop
bandwidth.

A circuit has been described that
greatly reduces reference spurs in a
phase locked loop caused by DC offsets
in the loop filter amplifier and the phase
detector. The circuit is relatively simple,
requires no adjustments, is stable over
the entire MIL temperature range, and
has virtually no adverse effect on the
loop dynamics. This technique allows
huge reductions in the reference spurs
to be achieved with virtually no un-
wanted side effects.

The circuit has been used in several
UHF and microwave frequency synthe-
sizers and has resulted in a sideband
reduction of approximately 40 dB in all
cases. The reduction in filter complexity
and the improvement in loop dynamics
was dramatic. RF

RF Design

About the Authors

John MacConnell is manager of the
RF division at Itron in Saratoga, CA.
He has been working in the RF and
microwave areas since 1971, with
particular emphasis on frequency syn-
thesis techniques and communica-
tions systems.

Richard Booth has been involved with
the RF and microwave communi-
cations and navigation industry since
1973. He may be reached at Itron,
20520 Prospect Road, #2, Saratoga,
CA 95070. His telephone number is
(408) 973-7016.

Low Cost MMIC Amps:
DC to 1.8 GHz bandwidths,

Power t0 20 dBm,
and priced as low as 75¢ each.

T\

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 hoth 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.

¢ “os
@ ~."~~~¢~

California Eastern Laboratories
Headquarters (408) 988-3500  FAX (408) 988-0279

1590 Patrick Henry Drive, Santa Clara, CA 95054

Western (108) 988-7846  Eastern (301) 667-1310

Central (708) 655-0089  Canada (613) 726-0626

€ 1989 California Eastern Laboratories
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RF products

Ultra Stable Ovenized Crystal Oscillator

Thomson-CSF subsidiary,
CEPE, introduces an ultra stable,
low phase noise crystal ovenized
oscillator, model PMTP FB, with
very short warm up time, using a
high performance SC crystal. The
oscillator is miniaturized by using
surface mount technology in a
hermetic metal package. Stan-
dard frequencies are 5 MHz and
10 MHz, typically used in synthe-
sizers/test equipment, ground
based radar and ground based
satellite stations. Frequency stabil-
ity is better than = 5 x 10" from
—40 to +70 degrees C, and a
typical noise floor value of —168
dBc/Hz. Minimum harmonic at-
tenuation is —40 dBc. The output

Digital Modulation

Analyzer

The GT2210S Modulation Analy-
sis System from Guide Technol-
ogy Incorporated allows RF engi-
neers to measure both low devia-
tion FM and wide deviation fre-
quency transients over a range
of DC to 1.3 GHz. Measurement
resolution can detect frequency
deviations as small as 1 part per
million with a 1 kHz sampling
rate, and better resolution is pos-
sible at slower sampling rates.
Typical applications include: test-
ing UHF frequency hopping radio
transmitters, testing VHF FM trans-
ceivers for peak deviation, testing
RC, LC and crystal oscillators for
long term drift and phase noise,
or evaluating the transient re-
sponse of VCOs and PLLs. Fea-
tures of the GT2210S include:
DC to 1.3 GHz frequency range,
10 digits per second frequency
resolution, 10 mV sensitivity when
measuring low level signals, and
operates with XT, AT or 386
compatibles.

Guide Technology, Inc.
INFO/CARD #199
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signal is a sinewave with a mini-
mum of 400 mV rms (into 50
ohms). Frequency adjustment is
by external potentiometer and/or
control voltage. The oscillator
meets MIL-STD 202 for non-
operating shocks (Method 213
Test Condition A) and vibrations
(Method 204 Test Condition A).
The package size is 2.64" x
2.37" x 1.58” and the weight is
6.35 o0z. Pricing at a 10 pc level
is from $970 to $2430 depending
upon stability specification, and
availability is two months ARO.
Thomson-CSF Electron Tubes
and Devices Corp. Special
Products Division

INFO/CARD #200

20 MHz Arbitrary
Function and

Trigger Generator

Model 95 synthesized 20 MHz
arbitrary function generator with
a built-in trigger generator has
been announced by Wavetek San
Diego, Incorporated. The genera-
tor features programmable sine,
triangle, square, DC, and arbitrary
waveforms. Variable symmetry

allows the creation of pulse and
ramp waveforms, and variable
phase angle allows the output
signal to be phase-shifted in rela-

tion to an external locking source.
The frequency range is 1 to 20
MHz with 0.001 percent accuracy
and user-selectable output im-
pedances of 50, 75, 135, and 600
ohms. In addition, both digital and
analog filters are provided for
sine outputs. Model 95's ad-
vanced arbitrary has full 20 MHz
sampling frequency and allows
sentry, editing and storage of
non-standard, user-defined wave-
shapes. Pricing starts at $4,495
and delivery.is four weeks ARO.
Wavetek San Diego, Inc.
INFO/CARD #197

RF Data Receiver

Model SL6639 RF data re-
ceiver from Plessey Semiconduc-
tor is designed for applications in
frequencies up to 200 MHz and
data rates of more than 1.2 Kb. It
has on-chip channel filters reduc-
ing the need for additional com-
ponents. This cascadable ampli-
fier and data demodulator is de-

signed to detect FSK modulated
data. Gyrator filters have been
utilized to provide adjacent chan-
nel rejection in excess of 70 dB
at 25 kHz channel spacing. Align-
ment of the channel filters re-
quires only one potentiometer.
Sensitivity is typically —124 dBm
at 150 MHz from a 50 ohm
source, and stability is enhanced
by using a cascadable RF con-
figuration. Model SL6639 is ideal
for use in modems, security de-
vices and pagers. Pricing is $7.27
in quantities of 100,000.

Plessey Semiconductors Inc.
INFO/CARD #196

Ultra Low Noise
Crystal Oscillator

Techtrol Cyclonetics has re-
leased an ultra low noise crystal
oscillator. The 9000 series is
available between 40 and 125
MHz, delivering an output level
of +20 dBm and holding a fre-
guency stability of + 0.001 per-
cent between —20 to +60 degrees
Celsius. The oscillator offers SSB
phase noise of —98 dBc/Hz at 10
Hz, —128 dBc/Hz at 100 Hz, —156
dBc/Hz at 1 kHz, —170 dBc/Hz
at 10 kHz, and —173 dBc/Hz at
100 kHz. Signal harmonics are
—26 dBc and spurious are —90
dBc. AFC capability is + 15 PPM
with + 6 volts control. The RF
power output for the 9000 series
is +20 dBm minimum and operat-
ing voltage is +15 VDC. The unit
is housed in an aluminum 2.5" x
2.0” x 0.68" package. Connec-
tors for the oscillator are type
SMA-F.

Techtrol Cyclonetics, Inc.
INFO/CARD #195
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Meet our new division.
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Our low cost prescalers help you divide and conquer ~ MIL screened.

just about any design problem you face, including And the price is right.

delivery. So if frequency division has been multiplying
Need wide band-width? Low power your design costs, give us a call. We'll send you a

dissipation? Performance to 74 GHz? Product Summary and Selection Guide, and
Start here and save money. arrange for samples and applications assistance.
We have both Silicon and GaAs ICs—in chips NEC quality and CEL support. It's a

and a variety of packages from auto-insertable to combination that'll work for you.

NEC California Eastern Laboratories

CEL Headquarters, 4590 Patrick Henry Drive, Santa Clara, CA 95054; (108) 988-3500 FAX (108) 988-0279 11 Santa Clara, CA (108) 988-7846 1+ 11,05 Angeles, CA (213) 6:45-0985
Bellevue, WA (206) 455-1101 () Scottsdale, AZ (602) 945-1381 or 941-39270) Richardson, TX (2H) 437-54871 1 Shawnee, KS (913) 962-2161 L1 Burr Ridge, 11. (708) 655-0089 11 Cackevsville, MD (301) 667-1310
Peabody, MA (508} 575-2885 (1 Hackensack, NJ (201) 487-1155 or 487-1160 01 Palm Bay, F1. 407) 727-80451 18t Petersburg, Fl. (813) 347-81166( | Norcross, GA #10a) 446-7300 1 1 Nepean, Ontario, Canada (613) 726-0626
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Lithium Niobate

Crystal Technology, Inc. has
made available lithium niobate
single crystals for all acoustical
and optical applications for the

material. The crystals enable the
establishment of new industry
standards for lithium niobate uni-
formity, relevant to all acoustical
and optical applications for the
material.

Crystal Technology, Inc.
INFO/CARD #194

Microstrip Test

Station

The MTF26 provides two-port
measurement capacity for MIC
structures, from DC to 26.5 GHz.

WBE

The coax-to-microstrip launchers
can accommodate test structures
with offset ports and substrates
as small as 120 mils or as large
as 4 inches square. The fixture is
designed to accommodate MMIC
and MIC structures on bare sub-
strate or mounted on carriers.
The price is $12,500.

Cascade Microtech

INFO/CARD #193

Current Feedback

Op Amp

Precision Monolithics Incorpo-
rated has released the OP-160, a
very high speed current feedback
operational amplifier that is capa-

HYBRID POWER DIVIDER/COMBINERS

ble of driving large capacitive
loads without oscillation. The OP-
160 has gain bandwidths exceed-
ing 400 MHz. In unity-gain appli-
cations, it has a typical slew rate
of over 1300 V/us and is guaran-
teed to exceed 1000 V/us.
Precision Monolithics
INFO/CARD #192

Oscillator Tester

Model 1010 from PRA, Inc.
measures the waveform parame-
ters of TTL and CMOS clock
oscillators. Measurements in-
clude frequency, rise time, fall
time, duty cycle, supply current,
and logic levels. It covers fre-
quencies between 1 kHz to 100
MHz and is compatible with PC
XT or AT computers.

PRA, Inc.
INFO/CARD #191

VGC Amplifiers

Avantek, Incorporated has in-
troduced two new silicon MMIC
variable-gain-control amplifiers,
IVA-05218 (1.5 GHz) and [VA-
04118 (2.5 GH2z) for use in com-

Models A66 and A67 are hybrnd splilter/combiners with exceptional
bandwidth and performance for tnstrumentation and communications. Effects of
impedance changes, shunts, or disconnections at one or more ports have a minimum
effect on the insertion loss or impedance match through the other ports due (o the
tugh port-to-port 1solotation. This high solation also mimmuzes intermodulation
problems caused by mixing between signal sources.

Each Model A66 or A67 1s indvidually tuned for optimum performance.

Connector options are available. 3-Way, N-Way, and Special Combiners are
available. Quantity and O.EM. pricing.

munications systems. The IVA-
05218 provides up to 30 dB of
power gain controllable over a
30 dB range, and the IVA-04118
provides 27 dB of power gain
controllable over a 35 dB range.
Avantek, Inc.

INFO/CARD #190

GPS Time and

Frequency Receiver
The AUSTRON Model 2201
GPS time and frequency receiver
tracks as many as eight satellites
at one time. It tracks the C/A code
on the L1 carrier frequency
(1575.42 MHz) carrier and gener-
ates a 1 PPS and 1 PPM signal
synchronized to within 100 ns of
Universal Time Coordinated
(UTC) and provides time and
frequency calibration with the US
Naval Observatory.
Austron, Inc.
INFO/CARD #189

100 to 2000 MHz Sur-

face-Mount Amplifier
The WJ-SMA36 surface-mount

Isolation
(with matched
mput
termination)
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WIDE BAND ENGINEERING COMPANY, INC.

P.O. Box 21652, Phoenix, AZ 85036
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Phone 602-254-1570
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GaAs FETs

Look what's just surfaced!

If your microwave designs are moving to surface You get the quality and reliability you'd
mount—or if your surface mount designs are expect from the world's largest semiconductor
approaching microwave speeds—California manufacturer. And on-time delivery from CEL's
Eastern Labs has the NEC parts you need. local stock.

Discrete Bipolars. FETS. PIN, Schottky and So cali, write, or circle the number below
Varactor Diodes. Prescalers. MMIC Amplifiers, and wel send you a free Surfuce Mount Prod-
PLL Frequency Synthesizers and Down Con- uct Selection Guide.
verters. And a variety of transistor arrays NEC and CEL. It's a combination that

works for you.

NEC California Eastern Laboratories

CEL Headquarters, 4590 Patrick Henry Drive, Santa Clara, CA 95054; (108) 988-3500 FAX (08) 988-0279( 1 Santa Clara, CA ¢08) 988-7846 11 Los Angeles, CA (213) 645-0985
Bellevue, WA (206) 45-1101 | Scattsdale, AZ (602) 9451381 or 94139271 1 Richardson, TX (2K) 437-5487 1 Shawnee, KS (913) 962-2161T1 Burr Ridge, 1L (708) 655-0089 1 Cockeysviile. MD) (301) 667-1310
Peabexdy, MA (508) 535-2885 (1 Eackensack. N) (201) 4871155 or 487-1160 1) Pl Bay, FI. ¢07) 727-8045 £ 151 Priershurg, FI. (813) 347-8066 [t Norcross, (A €04) 446-73001 1 Nepean, Ontario, anada (613) 726-0626

1990, Califoriia Easteqn Laboratories
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Mil-Spec
RF Microcircuits

5 MHz to 1500 MHz

RF Amplifiers, Switches,
Attenuators & Subassemblies
for
Military, Communication
or Space Application

* Low NOISE
* HiGH EFFICIENCY
* HIGH GAIN

B Standard and Custom
Design

[ Cascade Assemblies with
a Varlety of Connectors

[l TO-8, TO-12 and 4 Pin
DIP Plug-in Modules

¥ Full Military Temper-
ature Range

B varying Gain, NF and
Power Outputs

B Screened to MIL-STD
Specifications

B Full One Year
Warranty

B Competitive
Pricing

AYDIN }X VECTOR

P.O. Box 328, Newtown, PA 18940-0328
(215) 968-4271

FAX 215 - 968 - 3214
INFO/CARD 49

amplifier from Watkins-Johnson
Company operates over the 100
to 2000 MHz frequency range
and the 0 to 50 degree centigrade
temperature range. Specifica-
tions include: 15.5 dB minimum
gain, 7.0 dB maximum noise
figure and 11.0 dBm minimum
power output at 1 dB compres-
sion.

Watkins-Johnson

INFO/CARD #188

Hybrid VCXO

A voltage controlled crystal
oscillator, the VH2340, is now
available from Murata Erie North
America. This VCXO is available
in the frequency range of 15 MHz
to 50 MHz and features wide
frequency versus control voltage
deviation capability of + 100 ppm,
as V_ is varied from 0 to — 5.0
VvDC.

Murata Erie North America
INFO/CARD #187

Conducted Interfer-

ence Test System
The Vianello PMM-8010 Meas-

uring System from IBEX meas-
ures EMI for FCC, DOC, VDE,
and other CISPR conforming stan-
dards. Comprised of a receiver,
three separate Line Impedance
Networks (LISNs), and a half slot
PC interface card, measurements
can be taken in either manual or
automatic modes.

IBEX Group Inc.

INFO/CARD #186

Low Profile

Ovenized Oscillator

Piezo Crystal Company an-
nounces the availability of Model
2900082. This oscillator was de-
signed for commercial/military
communication, instrumentation,
and GPS applications. The fre-
quency range is from 5 to 15

INFO/CARD 50
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RF products ...

MHz, and typical SSB phase
noise at 10 MHz is —110 dBc/Hz
at 10 Hz, —140 dBc/Hz at 100 Hz,
and —160 dBc/Hz at 10 kHz.
Piezo Crystal Company

a full range of phased coded
correlators for satellite communi-
cations and ground and air-
borne radars. These devices be-
have like linear filters with a

INFO/CARD #185 Bi-Phase Shift Key (BPSK) finite
impulse response. Fixed and

Phased Coded programmable devices are avail-
able.

Correlators Thomson-ICS

Thomson-CSF has developed  INFO/CARD #184

ECL Clock to
700 MHz

Clock oscillator Model CO-
233KEQ provides complementary
sub-nanosecond ECL logic com-
patible outputs at any specified
frequency in the 150-700 MHz
frequency range. The output is
derived from either a 100K ECL
or ECLIPS gate, depending on

Introducing

* Power as low as 20 mW

¢ Stability to 3 x 10-*

* Operating Temp.
- 55°C to +85°C

Our innovative *Microcomputer
Compensated Crystal Oscillator achieves
compensation without the use of ovens

or conventional temperature-compensating
techniques. By doing so, it provides an order-of-

magnitude improvement in frequency stabi
that's perfect for low-power, high-accuracy

516-794-4500 ¢ FAX: 516-794-4340

62

MCXO*

timekeeping and frequency control applications. =

Call or write today for complete specifications.

FREQUENCY ELECTRONICS, INC.
55 Charles Lindbergh Blvd., Mitchel Field, NY 11553

lity
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the output frequency
Vectron Laboratories
INFO/CARD #183

14-Bit Analog/Digital
Converter

Analog Devices’ AD9014, gives
encode rates up to 10 megasam-
ples per second. The AD9014 has
input frequencies of 504 kHz, .3
MHz. At either frequency, mini-
mum spurious-free dynamic
range (SFDR}) is 90 dB, decreas-
ing to 86 dB with input frequen-
cies up to 4.3 MHz.

Analog Devices

INFO/CARD #182

Noise Reduction Unit

The NRU-500 uses DSP algo-
rithms to adjust itself to the

= e LS
[ . |

characteristics of the input noise,
allowing it to suppress broadband

| noise, repetitive impulse noise,

time-varying noises, and interfer-
ing heterodynes.

JPS Communications, Inc.
INFO/CARD #181

EMI Filter Design Kit

Murata Erie North America is
now offering an EMI suppression
filter kit for engineers working
with surface mounted compo-
nents. Kit No. EK115A, contains
220 chip EMI filter components
including solid ferrite devices and
the NFM series of EMI filters.
Murata Erie North America
INFO/CARD #180

500 MHz Amplifier-
Attenuator Module

A new 4 channel amplifier/
attenuator VME module designed
for use with the Series 2000
Multichannel Waveform Sampling
System has been announced by
Analytek/Tektronix. The Model
2004 A module features DC to 500
MHz bandwidth with 100 uV sen-
sitivity at 50 megaohms input
impedance.

Analytek/Tektronix
INFO/CARD #178

High Temperature
Schottky Mixer
Diode Chips

These new diode chips from

September 1990



FElI Microwave feature a 300
degree Celsius burn-in capability,
and can withstand a 200 degree
Celsius long term storage tem-
perature. Specifications include
less than 6 dB noise figure,
breakdown voltage greater than
5 volts, capacitance less than
0.08 pF and current leakage less
than 1.0 nA at 3 volts

FE! Microwave, Inc.
INFO/CARD #179

Silicon Hyperabrupt

Varactors
Alpha Industries has released

Quartz Crystals

INFO/CARD 86

three silicon hyperabrupt varactor
diodes. Series SMV1204,
SMV2204, and DKV6504 are
come in a variety of SMT pack-
ages and allow a capacitance
change greater than 7:1 over a
voltage range of less than 9 volts,
without sacrificing the diode Q.
Alpha Industries

INFO/CARD #177

GaAs SPST

The model DSO841 GaAs
SPST switch has a transition time
of 680 ps and uses less than 2
mA of current from a single +5

VDC supply. This device operates
from 10 to 200 MHz with 1.5 dB
insertion loss and 72 dB isolation
up to 100 MHz, 60 dB isolation
up to 200 MHz. The total switch-
ing speed is less than 7 ns.
Daico Industries, Inc.
INFO/CARD #175

SMT Air Core

Inductors

Coilcraft is introducing a line
of inductors that range from 2.5
to 43 nH with minimum Q values
of 100 to 145 at 150 MHz.
Tolerance is + 5 percent and self

—D
Qg‘Q

resonance
than 3 GHz.
Coilcraft

INFO/CARD #176
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KVG NORTH AMERICA INC. ¢ 7300 West Camino Real
Suite 109 * USA ¢ Boca Raton, FL 33433 ¢ Phone {407) 393-7548 « FAX (407) 393-7439

Crystal Filters

Crystal Oscillators INFO/CARD 89
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Ovenized Crystal INFO/CARD 88

Crystal Temperature INFO/CARD 90



High Reliability
CCI’'S HILAP 421 Precision OCXO

PLANETARY
LAPPING & POLISHING SYSTEM

FTS 9000 SERIES
Frequency: 4to 160 MHz
Radiation Hardened
Military and Space qualified

STANDARD FEATURES

4-WAY LAP & POLISHING SYSTEM designs g
« Soft Start with Variable Speed Aglng/day to 1X 10- (5 MHZ)
¢ Stainless Steel Brass Non-Corrosive Design .
* Sealed Programmable Electronic Counter LOW Phase NOIse

¢ Easily Adjustable Lap Plate Height

* Stainless Steel [nner and Outer Gear ) 1
* Lighted Work Area / / i
* Compact Size / |

¢ Economical /

" (a2 T eugnien FREQUENCY AND TIME SYSTEMS, INC.
34 Tozer Road
Crystal Components Inc. i%‘?’g’éyé‘zgz)g g
15800-9 Brothers Ct. * Ft. Myers, FL 33912 (Ees)arse
Phone B13-481-7501 ¢ Fax 813-433-2049 L
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RF Design Software Service

Computer programs from RF Desigr. provided on disk for your convenience
All disks are MS-DOYPC-DOS compatble, unless otherwise noted

Disk RFD-0990: September 1990
Spht Tee Power Divider” from article in this issue by S Rosloniec. Performs matrix
computations for analysis of these circuits (BASIC).

Disk RFD-DR90: Directory Issue
“"Notse Bandwicith Calculations’ from arucle by Richard Bain: Computes filter noise
bandwidth by integrating data from passband grapn (QuickBasic, compiled)

Still Available: RFD-1989-SET
All 11 ciisks from 1989 issues of RF Design $7400 (5% ") or $8200 (3%
Price includes postage Foreign orders add $8 00 outside US and Canada)

Send for a complete listing of available programs, or circle Info/Card below.

Disks are $9 00 each (5% in) or SI000 (3¥2 in) Outside US and Canada. add $8 00
per order Foreign checks must be in US funds, and must be peyable n the US Prices
include postage and handhng

Annual subscriptions are available. providing 13 disks for $9000 (5% i) or $10000
{372 1n) Specify starting date For subscribers outside the US and Canada add $50 00

Payment must accompany order...specify disks wanted...send check or money
order to:

RF Design Software Service
PO Box 3702
Littieton, Colorado 80161-3702

Querst amnmients shaukd e directed o RF D

64
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RF software

Electromagnetics Software

and Hardware

The Data Transport ComputerTM and EM
WAVETRACER™ have been developed by
Wavetracer Inc. to solve complex problems
in physical phenomena including electromag-
netic scattering in antenna design, design of
low-observable vehicles, radar design, and
sensor design. EM WAVETRACER is based
on a Finite Difference Time Domain (FDTD)
method developed by MIT, and the DTC is a
parallel computer designed for data process-
ing, transporting, and visualization on prob-
lems of two or more dimensions. The DTC
attaches to most industry-standard worksta-
tions.

Wavetracer Inc.
INFO/CARD #215

MMIC Design Program

MMIC_CAD, Inc. offers a new MMIC
design program named MMIC__key.
MMIC__key will calculate the inductance,
capacitance, high frequency resistance and
the microstrip characteristics of any number
of signal paths in a MMIC layout to =10 per-
cent. This program can be configured to
write a file containing the nodal netlist
representation of the results that can be
directly included in a SPICE or Touchstone™
netlist tile. MMIC__key will run on any IBM
AT or compatible with DOS 2.0 or higher.
An EGA or VGA monitor, a math copro-
cessor chip, and at least 512k of RAM are
required. The price is $995 plus shipping and
handling.

MMIC CAD, Inc.
INFO/CARD #214

RF Circuit Software

RFSynthesist™ from ingSOFT, Ltd. works
as a stand-alone application, as well as a
part of the RFDesigner™ system. RFSynthe-
sist includes: filter synthesis, (Butterworth,
Chebyshev, elliptic, coupled resonators); cal-
culation of transmission line characteristics;
synthesis of microstrip lines; and calculation
of coupled transmission line characteristics
in stripline and microstrip configurations.
RFSynthesist runs on all Macintosh models.
ingSOFT, Ltd.

INFO/CARD #213

Digital Signal Processing

System Design

Comdisco Systems introduces the Hard-
ware Design System™ option for the Signal
Processing WorkSystem M which fets engi-
neers account for the numerical precision of
real world hardware when designing digital
signal processing systems. Design formats
include VHDL, LSIM, or Verilog EDIF. Priced
at $10,000, HDS is available on Sun-3™ and
Sun-4™ (SPARC), Hewlett-Packard/Apollo?
DN3000 and 4000 series, and DECstation™
2100 and 3100 series.

Comdisco Systems, Inc.
INFO/CARD #212

September 1990



RF transmission lines

Split-Tee Power Divider

By Stanislaw Rosloniec and Piotr Lochowicz

Dept. of Electronic Engineering
Warsaw Technical University

Some methods of evaluating split-tee
power dividers have drawbacks which
limit their usefulness in the analysis.
This paper introduces an alternative
approach for analyzing split-tee power
dividers and uses a computer program
to simplify the math.

Figure 1 presents the electrical scheme
of the improved split-tee power di-
vider described by Parad and Moynihan
in their classical paper (1). Dividers
(combiners) of this type are used for
various applications, especially at RF
and microwave frequencies. Hence, it
is necessary to analyze their frequency
properties.

In the general case, the divider shown
in Figure 1 is asymmetric with respect
to the horizontal plane x - x’, and for this
reason its analysis cannot be done by
using the even- and odd- mode excita-
tion method (2,3,4). In addition, the
analysis technique suggested in (1) is
not suitable for this purpose since the
auxiliary terminating impedances Z,
and Z_, (see Figure 1) are complex and
dependent upon frequency. Therefore,
in the present contribution a new nu-
merical algorithm is presented which
allows us to analyze the divider under
consideration without difficulty. An ex-
ample of this algorithm is presented
below.

Circuit Transformations
At any electrical length, 6, the main
divider section (see Figure 2) may be

Figure 2. Definition of admittance parameters[Y].

RF Design

I <«———— Split-tee power divider ——»|

Figure 1. Electrical scheme of the improved unequal split-tee power

divider.

treated as a linear three-port network
characterized by the following admit-

'; Yio Yo Yia U:

'é - Yor You Yo U; M
7/

3 Yarr Yoo Yaa U:;

Where

S.,,S

Figure 3. Equivalent circuit for determiningS
ands,,.

()

©

(4)
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Scattering R

ARMIEIEE 0 = 1.0 rad 0 = 1.5 rad 0 = 2.0 rad
s,, 0.1431 < 1.2157 | 0.0049 < —0.8164 | 0.0906 < —0.8121
s, 0.5571 < —2.9925 | 0.5770 < —4.4964 | 0.5653 < 0.2695
S, 0.8136 < —2.9567 | 0.8166 < —4.4963 | 0.8171 < 0.2538
S,, 0.5571 < —2.9925 | 0.5770 < —4.4964 | 0.5653 < 0.2695
S,, 0.2104 < -0.3836 | 0.0317 < —1.4168 | 0.1705 < 0.6647
S,, 0.1629 < -3.5006 | 0.0139 < —4.6038 | 0.1092 < —2.4048
S,, 0.8136 < —2.9567 | 0.8166 < —4.4963 | 0.8171 < 0.2538
S,, 0.1629 < —3.5006 | 0.0139 < —4.6038 | 0.1092 < —2.4048
S, 0.1203 < 1.7402 | 0.0036 < —5.3061 | 0.0804 < 4.8973

Table 1. Scattering parameters.

GUARANTEED
72 HOUR SHIPMENT

OR YOU GET 25% OFF THE INVOICE!

200 PIECES OR LESS

ALL STANDARD AIR & GLASS TRIMMER
CAPACITORS

DESIGN FEATURES:

® Highest Q

@ Non-rotating piston

B O-ring sealed to withstand board washing
B Long life—Over 10,000 turns

® Capacitance ranges from 0.3-1.2pF to 2-250pF

Voltronics

CORPORATION

PO. BOX 476, EAST HANOVER, N.J. 07936
PHONE: 2(1-887-1517 FAX: 201-887-3349

\
(4 &

I

]

S

V

-

CALL THE VOLTRONICS QUICK DELIVERY HOT LINE AT 201-887-1517
All orders placed by 11:00 AM. will be shipped by 5:00 PM. within 3 working days.
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Due to description (1) the scattering
parameters of the entire divider can be
easily obtained by using the conven-
tional approach, i.e. the transfer matrix
technique (5,6). As an example, let us
calculate the elements S,,, S,,, S,, and
S, of the scattering matrix being sought.
In this case the equivalent two-port
network placed between planes 2’ and
3’ is similar to that shown in Figure 3.
According to (1) and Figure 2 the
transfer matrix (ABCD) of this network is

Ye
i i L (10)
A(em
1
e 1
B Ye21 e
Ye . Ye
C=Ye,- —2-2 (12)
12 821
Yeu
= — ! 13
o Ye,, (13)
where
YAV
Ye, =Y, — -Y_ii- 3/ (14)
1 al
Nt
Ye, = Yy~ v 11_ 3/ (1)
1 al
N
Ye,, = Y, vw ‘i—:; (16)
1" at
NEE Y
Ye,, = Yy = Y li_ :’Y1'_ (17)
" al
Y, +jY,tané
7Y it ) o1
Yar = Yo (Ym + ontanO) e
ey
e Z, (19)
gy 18 20
Yot (20)
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User Defined Functions
Customize and Speed Operation.

A measuring window
and IC memory card functions sss R3261/3361 Soft Menu Change Node

make ADVANTEST ideal
for the lab or production.

Quick and easy operation: The
R3261/3361 Series features a user-
defined function that enables selection
of the functions needed at the touch of
a key. The USER key operates the same
way as the FUNCTION key on a
personal computer, so personalized
menus can be created quickly and
easily. Pick the R3261/3361 Series for
all the right reasons — for speedy panel
settings, a DEFINE function that can
be used to replace the software menu,

a measuring window function and the 3R pE b

flexibility of IC memory card functions.

— . S BFrequency range: 9kHz to 3.6GHz
e ~ = =~ (R3261B/3361B)
¢ == T sEEE| - 9kHz to 2.6GHz
- . : | (R3261A/3361A)
‘E‘E E‘Lﬂ@g_g_ W Built-in tracking generator and 120dB
' ,‘ | b display ‘“display dynamic range. . ”
— EE EEesEaEE range (R3361A/3361B)
e 1 ~ =& @ Synthesis technique used for 1Hz-
(B [ resolution setting and measurements
ooe == “Total level accuracy of 1dB (Typ.).”
: 1 B Quasi-peak measurements 70dB
. Nl cec == dynamic range
® Wl il isg @ Measuring window function
. n ﬂ : B Built-in “controller function.” (option)
FOWER D1, 2 l gl - e, P
= @ e % © _ @ R3261/3361Series
_ ol = 4 Spectrum Analyzer
- Lo Al

Prt el -C LAk
EVEP VNS VBT =y

P VAR A 4

A Ayr AveIsey cAro

ADVANTEST

ADVANTEST CORPORATION 500552 7500 acamie 035427210 Tew 2303614 ADANS

Advantest America, Inc. 300 Knightsbridge Parkway, Lincolnshire, IL 60069, U.S.A. Phone:(708)634-2552 Facsimile:(708)634-2872
Advantest UK Limited Cl Tower, St. Georges Square, High Street, New Malden, Surrey, KT3 4HH, UK. Phone:(081)336-1606 Facsimile:(081)336-1657
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Consequently, the transfer matrix of the
entire divider may be calculated by
multiplying the corresponding transfer
matrices of the cascade components
shown in Figure 3. When the resulting
matrix is known, then we can evaluate
the divider related to its scattering
matrix, i.e. the scattering elements men-
tioned above. It is obvious that the
remaining scattering parameters of the
divider being analyzed may be evalu-

ated in a similar manner. Such an
approach has been used in the com-
puter program UPD which is an integral
part of this paper. Some illustrative
results obtained by means of this pro-
gram are summarized in Table 1.

The program UPD also calculates the
voltage standing wave ratios VSWR,,
VSWR,, VSWR,, couplings C,,, C,,, and
isolation |,,, which are related to the
scattering parameters as follows:

State College, PA 16801 or
call 1-800-831-9172. If you
need technical or application
assistance, call 814-237-1431.

HOT~=COLD..,

«Our TCXO's stay put.

Murata Erie, with over 40 years of experience in the manufacture
of crystal oscillators, has industry’s broadest line of Temperature
Compensated Crystal Oscillators. .. from the highest quality/reliability
designs to extremely low cost commercial units.

What’s more, we cover the frequency spectrum like no one else...
500 KHz to 500 MHz. This range, combined with our wide variety
of package configurations and output selections, means that we have
a TCXO to meet virtually every applications requirement.

If you would like to find out how Murata Erie’s rock-solid TCXO’s
can provide you with a frequency source that you can count on when
the going gets rough, get our complete technical literature. Write to
Murata Erie North America, 1900 West College Avenue,

EW P ERE|

MURATA ERIE NORTH AMERICA
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Figure 4. Computer Program UPD.

VSWR, = 1+ Syl (@1
~ = 155
1+1S,,|
VSWR 22 22
1= 18,4l o
1418
VSWR, Saql (23)
1= 1S,
1)
C,, = 20 log dB (24)
lsl?
C,,=20lo Lk 25
s = 20 l0g ('S,gl (25)
1
I, = 20 log ) dB (26)
Syl
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For k? = 2 and @ = 1.5 radians (see Table
1) the above mentioned responses take
the following values: VSWR, = 1.0098,
VSWR, = 1.0656, VSWR , = 1.0073, C,,
=4.7761dB, C,, = 1.75695 dB, and |, =
37.0940 dB.

Here it deserves noting that for Z,, =
2y =20=2,2,=2,,=22Z, and R =
2Z, the divider under consideration
transforms itself into the well known one
section equivalent dividing hybrid (see
3,4).The UPD program is available on
disk from the RF Design Software
Service. See page 64 for details. RF
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Single-chip
1.6 GHz

PLL

ACTUAL SIZE

"Making Synthesis Simple” |

L g _ _ J

QUALCOMM Q3036

Input Range from VCO: DC to
1.6 GHz: VSWR < 2:1

Input Sensitivity -1dBm to
+10dBm

On-chip 10/11 Dual Maodulus
Prescalar

Both Parallel and 8-bit data bus
interface, T'FL/CMOS

High Phase Detector Gain:

286 mv/Rad

Up to 100 M Hz Phase Detector
Comparison Frequency

Single +3V Supply

Divide Ratios: 2 -1295 from

0-300 MHz; 90 - 1295 from
30O MHz- 1.6 GH/

QUALCONIM Q2334 DDS
ideal reference for fine
frequency resolution

MIIL. 883 Screened Version

PLL Evaluation Board

Call or FAX

UALCOMVW

NCORPORATED

VLS| PRODUCTS DIVISION
10555 Sorrento Valley Road
San Diego, CA 92121-1617

Phone: (619) 587-1121 ext. 540
FAX: (619) 452-9096
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THE CRYSTALMASTER™

leads new

crystal oscillator
technologies into
the 90’s with...

the most cost effective hi-temp
SMD crystals and oscillators and
fow cost plastic thru-hole crystal

oscillators. ‘

Y ' actals‘i;e.. EPSON THRU-HOLE
: ‘ i OSCILLATORS

SU )
MOUNT ' REPLACE METAL CAN OSCILLATORS

CRYSTALS AND
OSCILLATORS

Epson has pioneered
the first truly heat
resistant crystal for oy
use in its surface mount crystals and crys- Epson has introduced dofual see
tal oscillators. Capable of withstanding the first plastic low cost
260°C for 20 seconds...far above the high performance auto- ‘
demands of standard IR and vapor phase insertable thru-hole crystal
reflow processing systems...these labor- oscillator. Its unique hermetically sealed
saving high-temp SMD crystals have crystal, embedded in a plastic package, gives
become the accepted standard for surface the same EMI protection and higher perform-
mount crystal and oscillator components. ance than metal can oscillators...at a much
lower cost. And, the auto-insertion feature
Bty 15 bAEINE"  sithoy-4810 b6 TNE: reduc_es mapufacturing costs associated with
Symmetry:  45/55(TYP) T hand inserting metal cans...into standard full-
Rise/Fall Time: 5 nsec (TYP) Frequency: 32.768 KHz size or half-size hole patterns.
Tristate: Available

1.51066.7 MHz

Compatible Frequency:
Technology: ~ CMOS and TTL MODEL SG-51/SG-531 Symmetry: 45/55 (TYP)
Op. Temp. Range: -40°C to 85°C OSCILLATOR Rise/Fall Time: 5 nsec (TYP)
Tristate: Avaitable
Compatible Technology: CMOS and TTL

MODEL SG-615 OSCILLATOR MODEL MA 505/506 CRYSTAL

EPSON'

CALL YOUR SALES REP TODAY

EPSON Sales Representatives: AL-GA-TN-NC The Novus Group 205/534-0044 - AZ Fred Board Assoc. 602/994-9388 - CA-No. Costar 408/446-9339 - CA-So. Bager Electronics 714/957-3367 -
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RF technology

Coherent Synthesizer
Drives MOTR

By the Engineering Staff
Programmed Test Sources

The AN/MPS-39, a Multiple Object
Tracking Radar (MOTR) by General
Electric requires precise signals which
are switched rapidly to engage various
targets in real time. High-purity synthe-
sized frequencies covering bandwidths
of hundreds of megahertz are required.
These signals must have low spurious
and phase-noise content and be capa-
ble of being switched rapidly and phase-
coherently. Synthesizers employing di-
viders in their resolution sections will
not produce phase-coherent signals
when switched at arbitrary times. Figure
1 compares phase-continuous and
phase-coherent switching. DDS archi-
tecture, which exhibits phase continuity
during switching, can be made to be-
have phase-coherently at the expense
of elaborate timing circuitry;, but be-
cause of spurious considerations, DDS
could not fit the bill for this application.

able 1 lists the specifications for the

frequency source required for this
MOTR system. The PTS design chosen
achieves these specifications with a
synthesizer comprised largely of stan-
dard modules and a minimum of custom
design. This resulted in a highly cost-
effective product with predictable MTBF
and minimum MTTR owing to the fully
modular design. The discussion which
follows will focus on aspects germane
to the frequency generation only and
dispense with ancillary circuitry.

AFTER PHASH
1 OHTWUOUS Sw ITCHING

1 T AFTEN

COMERENT SWITCHING

Figure 2 shows the block diagram of
the unit. Twenty-five 10 MHz steps are
generated in the “10 MHz Step Sec-
tion.”” In this portion a VCO, stepped in

10 MHz increments, operates in a
drift-cancelled loop which eliminates the
free-running oscillator’s frequency drift.
As can be seen, the VCO feeds both
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Figure 1. Comparison of phase-
continuous and phase-coherent
switching.
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Figure 2. Block diagram, PTS 250 (MOTR).
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RF Circuit Designers

w e v ey

PHOTOPLOTTERS
ACS 500 DXF to Gerber
ACS 600 GDSI to Gerber
ACS 700 HP EGS to Gerber
TRANSLATORS
ACS 800 EGS to AutoCAD DXF
ACS 1000 MiCAD to AutoCAD
ACS 3500 AutoCAD to GDSN
ACS 3600 EGS to GDSHi

Call or write for our application notes describing
how to photaplot hybrid circuits directly from

your CAD database.

ArTwork ConveRsion SoFTwaRE, INC.
1320 Mission St. #5, Santa Cruz, CA 95060
408/ 426-6163 Fax: 408/ 426-2824

N-22 | (16)

N/l a3y
Sudrch Decoder
F>
une 13 1248
reut Frequency

Control

Figure 4. Block diagram of DM module.

inputs to the final mixer, one directly and
one after an intermediate mix. There-
fore, if the VCO frequency deviates from
nominal, both mixer inputs move up or
down in frequency together by the same
frequency increment. This obviously
does not alter the difference of these two
frequencies, which is the desired output
frequency. The diagram shows some of
the VCO frequencies corresponding to
certain 10 MHz steps; these should
clarify the process. This section essen-
tially selects and filters a 10 MHz line
from a pulse generated from the fre-
quency standard. Since all of the 10
MHz lines are continuously generated,
frequency switching from one 10 MHz
multiple to another occurs phase coher-

: - |
treut " Filter fme | €1222100 | Futer ] Filter ame | 1432100 | Filter Die. Div |
ay 21 : 126-128 > 126-128 2 140-130 > 140-130 110 ‘

|
|

Al frequencies In M

Output
Filter 113
™15 1% 3210>

4 i6 18 20 22
e

ently. Careful temperature compensa-
tion of the oscillator and the 505 MHz
filter (which is as wide as practical from
a point of view of 10 MHz neighboring
picket rejection) is essential to minimize
phase drift during the observation inter-
val.

The job of fully coherently-switching
1 MHz and 200 kHz steps is accom-
plished in the DM/DMA sections and by
means of auxiliary standard frequen-
cies, derived in the SGA and SGB
modules from the same 10 MHz pulse
which is used for the 10 MHz steps.
These frequencies are then introduced
to four DM modules each producing a
200 kHz line and a DMA module which
generates the 1 MHz steps.
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706 FORREST ST CHARLOTTESVILLE, VIKGINIA 22901
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...for high power density applications

Plate, barrel and feed-through capacitors for
a wide range of applications such as solid
state RF generators, RF suppression and HF
transmitters.

Capacitance: 1.540,000 pF - Voltage: 2-30 kVp
Power: 24150 kVA - Current: 5-50 Arms.

Manufactured by Draloric GmbH. Call now
for information including special design
assistance.

109 Alfred Street, Biddeford, ME 04005-2526 - Phone:(207) 284-5695

A COMPANY OF

BRADFORD
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Steady-State Phase Coherence in
Synthesizer Systems

Early frequency synthesizers were
not necessarily controlled by a single
crystal standard. Adequate frequency
stability was obtained by the use of
several internal crystal oscillators
which contributed to the overall fre-
quency stability of the output. These
devices were termed non-coherent.
The term phase-coherent as applied
to frequency synthesizers describes
the relation of frequency-standard to
output frequency. If the selected
output frequency reproduces accu-

The SGA and SGB standard genera-
tors which operate together, are de-
picted in the diagram of Figure 3.

An input of 5 or 10 MHz and a leve!
of 0.4V is received from an external or
internal frequency standard and fed to
the input amplifier/multiplier. This block
is followed by a narrow crystal filter. The
pulse generator receives its input from
this crystal filter and produces a spec-
trum of n x 10 MHz multiples, which is
the basis for all fixed or standard
frequencies in the synthesizer. Of these,

rately the relative frequency stability
of the standard, the device is termed
coherent.

Despite this, the assumption that all
contemporary systems using a singie
standard (external or internal) are
coherent, is not true. Many systems
utilizing fractional -n or binary DDS
fine-resolution sub-synthesizers are not
truly phase coherent, rather they have
small but finite reference-to-output er-
rors variously specified.

the five low frequencies of 14, 16, 18,
20 and 22 MHz are produced by division
of a specific spectrum-line through an
amplifier-filter circuit, a digital divider,
and a filter at the output frequency. The
two higher standard frequencies of 112
and 113 MHz also use one specific n x
10 spectrum line each. Mixers add
derivatives of certain low standard fre-
quencies, as shown, to obtain the final
frequencies. Thus, by multiplication,
division and addition (arithmetic opera-
tions) the SGA and SGB produce seven

|

e = J

For Printed Circuit
Board Prototyping,
PCB Tools has your solution.

In todays competitive
environment and aggressive
schedules, you need your
prototype PC boards faster than
ever, and at costs you can

control.

SOLUTION I We  have
equipment and supplies to help
you set up a PC board
prototype shop. From basic
etching (using new dry film
resist of course), to plated
through holes, solder mask, and
silk screen, we've got the
solution.

SOLUTION Il If in-house
prototyping does not interest
you, or you would like to see
for yourself the superb results
obtainable using our equipment,
we will fabricate your board for
a nominal charge. (From $50 for
etch only, 48 hour delivery).

"Call or send for process guide."

PCB Tools, Inc.
100 Park Ave. Suite 7A
Amityville, NY 11701
516-691-4543
Fax 516-264-2623
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® Capacitance range
.3pF to 30pF
e Q25,000 at 200 MHz
e Contact resistance<.001

n

que and excellent rotor-to-bushing contact resufiing

8

e Operating temperature
range -65°C to +125°C [ " | O

® Wide selection ot
mounting styles

nlow contactresistance.
All metal surfaces are gold plated as a standard feature of our products.
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TRIM-TRONICS INC

A subsidiary of Alired Tronser GmbH

Route 20 East, Cazenovia, NY 13035 Tel (315) 655-9528 TFX: 315-655-2149
Outside USA and Canada contact Alfred Tronser GmbH, Phanz 49 07 08213007
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Frequency Switching: Phase
Continuous or Phase Coherent?

Although the terms phase continu-
ous and phase coherent are some-
times used interchangeably, they actu-
ally refer to twe distinct properties.

The term phase continuous fre-
guency switching denotes the property
that at the switching point the phase
of the signal at both the ‘‘old’" and the
“‘new" frequencies are equal, with no
transients or discontinuities. Phase
continuous frequency switching is pos-
sible in a DDS because of its ability to
maintain an accumulated phase value
during a frequency switch, and after
the next clock pulse begins generating
the output signal at the new frequency
from the phase value reached by the
old frequency.

The term phase coherent as applied
to the switching behavior of a signal
defines the signal’s steady state phase
after the switching process is com-

pleted. Beginning with two in-phase |

signals at frequency f,, assume that
one undergoes the switching sequence
f,. f,, f,. If after the switching sequence,
the two signals are again in-phase,
phase coherent switching has oc-
curred. In general, with arbitrary timing
the phase transients required for phase-
coherence preclude phase continuity

Figure 1 displays a signal undergo-
ing frequency switching at time t, and
t,. With phase-continuous switching
(shown by the solid line _____ ) at
time t, the signal returns to frequency
f,. but with the ohase now offset from
that of the original unswitched signal
(shown by the dashed line - - - ). To
obtain a phase coherent switching
sequence, in general some phase
discontinuity mus: take place (shown
by the dotted line ...).

1

standard frequencies which are com-
pletely coherent with the input frequency
of 5 or 10 MHz. Three of the five lower

frequencies are produced in the SGA.
‘ Since the sections are similar, a

description of one - the 20 MHz genera-
tor - shall suffice to itlustrate the process.
Loosely coupled to the spectrum bus (n
x 10) by a filter, a transistor amplifies the
100 MHz line, and this signal, after
filtering reaches a divider. A divide-by-
five is used, and the 20 MHz signal is
connected to a tuned circuit. A low
impedance output is fed to the 20 MHz
bus in the deck for distribution.

A frequency of 33 MHz is needed to
produce 113 MHz in the SGB module.
This signal is produced by division of
22 MHz by 2. The third harmonic of 11
MHz, after filtering, is fed to the SGB
module.

As shown the SGB receives the 10 to
140 MHz spectrum from the SGA mod-
ule. The low frequencies are produced
by the same divide-by-five process which
J is used in the SGA module: the 70 MHz
l line is pre-selected, amplified and fil-

tered before it enters the divider; the
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QUARTZ CRYSTALS®

SUPERIOR AGING*®
*ANOX. CRYSTALS

CRYSTAL OR CRYSTAL FILTER

ENGINEERING STAFF AND
LET THEM HELP YOU WITH

CRYSTAL FILTERS
SCRETE ¢ MONOLITHIC ¢

> YOUR FREQUENCY
CONTROL DESIGNS.

CALL OR FAX YOUR

UIREMENTS TO THE QTEK

THE SOLUTION

QUARTZTEK
20 S. 48™ AVE.

PHOENIX, AZ. 85043
602-272-7944 FAX: 233-2440
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resulting 14 MHz signal, after filtering,
reaches the output.

The same IC divider also supplies a
third harmonic of 14 MHz. After amplifi-
cation this 42 MHz signal serves as
injection to the final mixer producing 112
MHz by adding a 70 MHz input.

Although dividers are used in various
stages of the standard frequency proc-
essing, it should be noted that they are
all operating in a C/W fashion, with no
switched inputs, thus producing coher-
ent signals once the unit is powered.
These frequencies are then introduced
to four DM modules each producing a
200 kHz line and a DMA module which
generates the 1 MHz steps. The DM
modules, ordinarily utilized in series and
with a selectable output, are hardwired
to produce only one frequency and are
operated in parallel. The block diagram
of Figure 4 shows the process inside
each module. The 14.0 MHz input is
up-converted to 126 MHz, and for each
of the four modules one of the four bus
frequencies 16-22 MHz is added. After
filtering, amplification and division by
10, output frequencies of 14.2, 14.4,
14.6 and 14.8 MHz are obtained; (14.0
MHz is directly availabie from the bus).
These 200 kHz raster signals (14.0 to
14.8 MHz) are then selected by pin-
diode switches from the external remote
frequency control for the 200 kHz steps.

The realization of the 1 MHz steps is
similar to the above, except that here
no parallel modules are required. The
block diagram of the DMA module is
identical to the DM diagram without the
final division. Since all supply frequen-
cies to this module, namely the 14.2 and

MULTIPLE OBJECT TRACKING RADAR
SYNTHESIZER SPECS

Frequency Range: 1 - 250 MHz
Resolution: 0.2 MHz
Control: BCD
Switching Time: 6us

Output Level:
Flatness:+0.5dB

+10dBm (into 50 ohms)

Spurious Signals: -68dB

Harmonics: -30dB

Phase Noise: 105dBc/Hz at 100 Hz
(at any output 115dBc/Hz at 1 KHz
frequency) 123dBc/Hz at 10 KHz

127dBc/Hz at 100 KHz

Switching Behavior:  Phase Coherent

Table 1. Required frequency
source specifications for MOTR
Synthesizer.

RF Design

14.8 input from the selected DM module,
the 112/113 MHz and the 14 to 22 MHz
bus frequencies, are all coherent, fre-
quencies generated in the 140-150 band
are also coherent. A bi-quinary selection
process used the appropriate supply
frequencies to cover the 140-150 band
in ten 1 MHz steps, with the actual
frequency produced dependent on the
remote-frequency control input. RF

About the Author

Programmed Test Sources, Inc.
has been designing and manufactur-
ing high performance frequency syn-
thesizers for 15 years. The company
address is 9 Beaver Brook Road,
P.O. Box 517, Littleton, MA 01460,
and its telephone number is (508)
486-3008.

Digital Clocks
for the fast

/

If your high-speed

logic needs a

200 MHz + clock,

we have just what

you need. Based

on fundamental
mode quartz SAW resonator tech-
nology, our clocks are small, rug-
ged and affordable. They cover
applications from 200 MHz to over
1000 MHz. We can provide single-
ended or differential outputs
compatible with 100K ECL or
ECLInPS™, plus other high-speed
logic families and ASIC technolo-
gies. Our clocks feature very low
jitter and excellent symmetry. They
are used in high-performance
CPUs, high-resolution computer
graphics, fiber-optic data systems
and a host of other high-speed
digital applications.

For further information please
contact:

R IWA

RF Monolithics, Inc.

4441 Sigma Road
Dallas, Texas 75244 USA
Phone (214) 233-2903
FAX (214) 387-8148

ECLInPS Is a trademark of Motorola
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RF transmission

A Truly Inexpensive VHF/UHF
RF Switch

By Andrew Singer The PIN diode switch is often used in high. The circuit described here uses
Sinclair Radio Labs, Inc. attenuating or switching RF signals. A common 1N4148 diodes, which makes
disadvantage is that the cost can be it attractive even for commercial prod-

ucts.

he insertion loss of an RF switch is
PenStOCk and SaWtEk e often the most critical parameter for
the system designer, since this loss may

An Industry First add directly to the noise figure of the

Figure 1. Insertion loss at 100-
1000 MHz.

Sawtek's 70 MHz Filter Family

Now available at Penstock for immediate shipment!
40 different bandwidths from 0.25 MHz to 40 MHz

in strategically-chosen increments
A Comprehensive data sheets tor each unit showing

specifications, performance plots, and interface Fi%t‘"e 2. '?_0'3“0" with no bias
g v I 5
control drawings ke, i, gt

There are no tooling charges! Optimum design algorithms
and package selection yield a family of filters with the
best cost/performance trade-offs in the industry.

For immediate delivery on 70 MHz SAW filter orders

of fewer than 100 pieces, contact Penstock by calling

1-800-PENSTOCK. To order custom-designed

SAW filters, fax 408-730-4782 or write Penstock at
20 Mercury Drive, Sunnyvale, CA 94086-4018.

Or you may contact Sawtek Inc. at 407-886-8860. Figure 3. Isolation with -12 VDC

|
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PENSTOCK.. [+ SAWTEK 2
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Diodes are 1N4148

Figure 1. An inexpensive VHF/
UHF RF switch.

system. Careful circuit construction can
go a long way towards improving inser-
tion loss and isolation. By keeping the
diode packages close to the ground
plane, the high package inductance can
be reduced, which in turn reduces the
insertion loss. This also reduces the
series coupling capacitance of the pack-
age, thus increasing the isolation at
higher frequencies (1).

Figure 1 shows the insertion loss from
100 to 1000 MHz to be approximately
1.5 dB. Figure 2 shows the isolation with
no bias voltage applied. With a negative
bias voltage at A, D1 and D2 are off and
D3 will short the signal to ground. This
achieves a very high isolation of 30 dB
to over 50 dB, as can be seen in Figure
3. Figure 4 shows the circuit. With 12
volts of positive bias at A, the diodes
D1 and D2 are forward-biased. The
typical packaged series PIN diode would
exhibit an isolation of 13 dB to 35 dB in
this frequency range with approximately
0.5 dB loss (2).

With a cost of literally pennies per
switch, this circuit provides excellent
insertion loss and isolation characteris-
tics for VHF/UHF applications. The cir-
cuit was used in an electronically steer-
able antenna, and should prove useful
for commercial products where cost is
a restricting concern. RF

References

1. “‘Applications of PIN Diodes,’’ Hewlett
Packard Application Note 922, pp. 6-7,
May 1987.

2. Jack H. Lepoff, “The PIN Diode, Uses
and Limitations,” RF Expo, Proceed-
ings, 1986.

About the Author

Andrew Singer is a senior applica-
tions engineer with Sinclair Radio
Labs, Inc. 675 Ensminger Road,
Tonawanda, NY 14150. His tele-
phone number is (716) 874-3682.
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CHECKLIST FOR STATEK
SURFACE MOUNT CRYSTALS

B True surface mount

K Ultra miniature, low profile, small footprint

K Soldering temperatures to 270°C for 30 sec

K% Wave solder, vapor phase, infrared soldering systems
% Frequency range 10 KHz to 32 MHz

K% Mil specs; will test to MIL-C-3098 requirements

I Rugged, hermetically sealed

I Severe shock and vibration survival

B Extremely low aging

STATEK CORPORATION

612 N. Main Street, Orange, CA 92668
(714) 639-7810, FAX (714) 997-1256, (TELEX) 67-8394
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VERYTHING!

DDS-1
Waveformer™

This complete one-chip DDS
covers over 10 MH: in fine steps,
with ¢M. FM, and true digital AM .,
plus a unique auto-FSK mode.
Add it to a PLL synthesizer to
reduce division ratios while
improving modulation capabilities.

mmm A complete DDS. with DAC
N | .5 square inch flatpack
s phase modulation
W digital AM
IS 32-bit frequency control
E Automatic FSK
I -60 dBc spurs
e 25 MHz Fc__ (>10 MHz BW)
| 25W total (£5V)
Sciteq offers many synthesizers
that feature advanced-technology

DDS designs, DDS+mixlfilter,and
DDS+PLL.

/ SCITEQ Electronics, Inc.
5) 8401 Aero Drive

San Deego, CA 92123
Phone 619 292 0500 Fax 619-292 9120
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EMC Measurement Systems
Handbook

Advantest, America, Inc.. is offering a new
handbook on EMC measurement systems,
featuring fundamentals and case studies of
EMC instrumentation. The handbook ex-
plores the concept of EMC instrumentation,
international recommendations and stan-
dards, EMC techniques, various measure-
ment methods, and the EMC center and
system engineering concept.

Advantest America, Inc.
INFO/CARD #230

RF/Microwave Connectors

Amphenol Corporation has released dis-
tributor catalog DCC-90 detailing coaxial and
twinaxial connectors, adapters and accesso-
ries. Featured in the catalog are BNC, TNC,
Type N, SMA, SMB, Twinax, UHF, and
Mini-UHF connector series. Included are
cross references for data transmission and
military interconnections, and a guide to 32
popular between series adapters.

Amphenol RF/Microwave Operations
INFO/CARD #229

Power Attenuators
A new catalog has been released by JFW

Gigahertz.

m—

stek manufactures Frequency Control Products that
span the entire Frequency spectrum needed for today’s
system designer, whether the requirement is for a d
Crystal at 1.000 Megahertz or an Oscillator at 1.000

With our in-house Quartz Crystal manufacturing we ~
have the ability to respond quickly and accurately to . o
your requirements and develop unique oscillator designs
to fit the ever changing electronic technology.

Call CRYSTEK today with your required specifications
and if we are not able to provide you with the specific

Industries detailing new power attenuators
rating from 5 and 10 watts to 100 and 300
watts. The 5 and 10 watt attenuators feature
frequency ranges of DC-2000 MHz and
DC-4000 MHz and BNC, N or TNC connec-
tors at high frequencies.

JFW Industries, Inc.
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HELIAX" Design Notes

Andrew Corporation announces the avail-
ability of HELIAX Design Notes, a guarterly
publication that provides information on HE-
LIAX coaxial cables. Comparisons of HELIAX
cables to other cables are included. Other
topics that will be covered include shipboard
and aircraft applications, RF shielding, and
new product specifications.

Andrew Corporation
INFO/CARD #227

Military Products Databook

The 1990 Military Product Databook detail-
ing devices processed in accordance with
MIL-STD-883 is now available from Analog
Devices, Inc. The databook lists monolithic
devices, hybrid devices, and packaging infor-
mation for all products.

Analog Devices, Inc.
INFO/CARD #226
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rystek Corporation

> DIVISION OF WHITEHALL CORPORATION
e J = /‘ PD. Box 06135 - Fort Myers, FL 33906-6135
- Phone: (813) 936-2109 - FAX: (813) 939-4226
/ Write or call us today for our 18-page free catalog! TOLL FREE: 1-800-237-3061
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‘Eagleware
Formerly Circuit Busters

Personal RF and microwave design software.
Enjoy the freedom of using powerful programs
on your own IBM personal computer.

=TLINE= V1.2

Relates physical material properties and dimensions io
clectrical performance fos:

* Microstrip « Stripline

= Coplanar waveguide « Coax

« Coupled microstrip * Coupled stripline
* 8395, Only $395 with =SuperStar=

=0OSCILLATOR= V1.1

A unified design process for oscillators:

« L-C, distributed, SAW and crystal oscillators

« Computes SSB phase noise, residual FM and residual PM

* Includes the new book Oscillator Design and Computer
Simuiation from Prentice-Hall. Discusses tuning and pulling,
starting, output level, harmonics and more

* $795. Only $495 with =SuperStar=

=FILTER= V2.1

A complete L-C filter synthesis program:

« Extensive choice of filters including conventional LP/HP/BP/BS,
ellipiic, narrowband, flat-delay, symmetric and zig-zag bandpass

* Chebyshey. Butterworth, singly-terminated, minimum-phase, Bessel,
transitional Guassian, Cauer-Chebyshev, Blinchikoft, flat-delay
elliptic. and user specified transfer functions
Includes =EQUALIZE= which designs group delay equalizers
Computes filter noise bandwidth
$795. Only $495 with =SuperStar=

Programs run on standard IBM PCs and compatibles, include a 30 day money-back guarantee, free support and no annual maintenance fees
rther information telephone Eagleware. Immediate shipment arranged with COD, VISA or Masiercard.

1750 Mountain Glen
‘Eag leware Stone Mountain, GA 30087 USA 2 S

Tel (404) 923-9999 FAX (404) 925-7524




SPECIAL COURSES AT RFEE

NOVEMBER 12, 13, 14 AND 15

RI*expo

Py Y November 13-15. 1990
MVARRIOTT s
Oriando Werld Center
: Orlando, Florida

Preregistration is required for the following special courses. Please see
the registration card on page 85 for fee.

Fundamentals of RF Circuit Design: Part | Nov 12

This highly popular course provides an introduction to RF circuit concepts
without an intimidating amount of complex mathematics. RF component models
are reviewed first, explaining parasitic effects, progressing to resonant circuits,
filters and impedance matching principles, comparing analytical and graphical
(Smith Chart) techniques. Scattering (s-) parameters, unilateral and bilateral
small-signal/low noise amplifier design methods, stability conditions, constant
gain circles are illustrated by the use of video-projected interactive CAD. In-
structor: Les Besser, president, Besser Associates Inc.

Fundamentals of RF Circuit Design. Part i Nov. 13

A sequel to Part | this new'y revised course begins with microstrip transmission
line applications in RF circuits. Transmission line and transformer type power
dividers and combiners, wide-band “multifilar” ferrite-core autotransformers
(rod and toroid) are examined under “real life” conditions, considering balance,
isolation and impedance transformation. PIN diode switches and attenuators
are analyzed by linear circuit simulators. Broadband feedback and high-power
amplifiers are reviewed; the effects bias, temperature, parasitics and losses
are considered, and an introduction to tolerance analysis is presented. Instruc-
tor: Les Besser, president, Besser Associates Inc.

Computer-Aided Filter Design Nov 12

This course covers L C filter design and analysis, with emphasis on principles
and solving practical problems using the personal computer. The historical
development of filter disign introduces the course, followed by discussions of
the modern lowpass prototype, its transformation to highpass, bandpass and
bandstop configurations, and the transfer function amplitude and delay
characteristics of each. Additional topics include elliptic transfer function filters,
determination of required filter order, effects of component and Q parasitics,
filters as matching networks, and comments on distributed (transmission line)
filters. Instructor: Randy Rhea, Eagleware/Circuit Busters.

Oscillator Design Principles Nov. 14

First time offered at Expo East. Learn the fundamentals of oscillator design.
Historically, oscillator design has been obscured with pages of equations for
particular configurations. In this course, basic concepts are applied to design
various oscillators using a unified approach. Attendees learn how to evaluate
oscillator designs accurately. L-C distributed element, SAW and crystal
oscillators are studied. Also considered are output level, starting time, harmonic
levels and phase noise performance. Instructor: Randy Rhea, Eagleware/Cir-
cuit Busters.

Introduction to Modern CAD Techniques Nov 15

This new course offers a complete overview of the various forms of computer-
aided design techniques used by RF/MW circuit and system designers. DC,
AC time-domain, harmonic-balance and transient analysis principles are review-
ed, including statistical and worse-case considerations. Matching network and
filter synthesis are compared for both lumped and distributed elements. Cir-
cuit optimization, design centering and system analysis concepts are introduced
through illustrative examples. The session closes with a discussion of soft-
ware/hardware combinations to meet various budget considerations. Textbook:
Computer-Aided Design of Electronic Circuits. Instructor: Les Besser, presi-
dent, Besser Associates Inc.

RF EXPO EAST is sponsored by RF Design magazine.

RFEE '80 EXHIBITORS

Advantest America, Inc.

AEL Defense Corp.

Alan Industries Inc.

American Technical Ceramics
Amphenol RF

Amplifier Research

Analogic Corp.

Analog Devices, Inc.

Applied Engineering Products
Applied Specialties

Avantek, Inc.

Aydin Vector Division

Boonton Electronics Corporation
Brennan Associates
Burr-Brown

California Eastern Labs
Ceramic Devices, Inc

Compac Development Corp
Compact Software Inc.
Compex Corporation

CTS Corporation - Frequency Control Div.
Direct Conversion Technique
Eagleware/Circuit Busters
Eaton Corp., Electronic Instrumentation Div.
EEsof, Inc.

Ehrhorn Technological Operations
ENI

Erbtec Engineering

Gentry Associates Inc.

Gore & Associates

Harris Semiconductor
Hewlett-Packard

IFR Systems

Instruments for Industry

ITT Sealectro

JFW Industries Inc.

John Fluke Mfg. Co. Inc.

KW Microwave

LCF Enterprises

Litton Solid State

Loral Microwave - FSI Semiconductor
M/A-COM

Marconi Instruments

Merrimac Industries, Inc.
Microwave Components
Milimeter Wave Technology
Motorola Inc.

Murata Erie North America
Nedrud Data Systems

New England Micronetics
Optimax

Philips Components - Discrete Products Diwv.
Philips Components - Signetics
Phonon Corporation

Piezo Crystal Company

Piezo Technology

Plessey Semiconductor
Polytlon Company

Q-bit Corporation

Racal-Dana Instruments Inc
RF Design

RF Monolithics

Sawtek Incorporated

Sciteq Electronics Inc.
SGSThomson Microelectronics
Sokol Crystal Products, Inc.
Sprague-Goodman Electronics
Stetco Inc.

Synergy Microwave Corp
Techtrol Cyclonetics

Tektronix Inc

TJoko America Inc.

Toshiba America Electric Components
Trilithic Inc.

TRAK Microwave Corp.

TRM Inc.

Trontech, Inc.

TTE, Incorporated

Vectron Laboratories, Inc.
Voltronics Corporation

Wavetek Corporation

Webb Laboratories

Please see the Technical Preview
on the following page and use
the registration card on pg. 85.




PROGRAM AT A GLANCE RIPexpo

EAST &~
s Yriando Worl
TUESDAY, NOVEMBER 13 Exhibits Open 11:00 a.m. - 6:00 p.m. o fi,’.’n‘f:..“""'
A-1 Receivers | (Tutorial) 8:30-11:30 + Design of Receivers for Electronic Warlare S R Vincent, Raytheon
A-2 Power Amplifiers 8:30-9:30 * VSWR Performance of Transistor RF Power R. W Brounley, Brounley Engineering
Amplifiers
9:30-10:30 * A Novel Technique for Analyzing High-Efficiency K Swwiak, Motorola
Switched-mode Amplifiers
10:30-11:30 * RF Power Transistors for 200-W Multicarner K. Vennema, Phiilips
Cellular Base Station
A-3 PLLs and Synthesizers 8:30-9:30 « The “Approximation Method" of Frequency Synthesis A D. Helfrick, TIC
9:30-10:30 * Digrtaily Derived Swept-frequency Source for G. Whitworth, Johns Hopkins University APL
Chirped-pulse Radar Altimeters
10:30-11:30 » Ten-bit 300-MHz DAC for Direct Digital Synthesis P. Jordan, Analog Devices
A-4 Microwaves 8:30-9:30  System Design Considerations for Line-of-Sight G. M. Kizer, Rockwell (Dallas)
Microwave Radio Transmission
9:30-10:30 * Phase Shifter Based Upon Reflectively Terminated M H Kon, Centre for Development of Telematics
Muttiport Coupler
10:30-11:30 « Instrumentation for Radar Reflectively Measurement D. J Kozakov, C. W. Sirles, D. A. Thompson, and
R. S Banks, Millimeter Wave Technology
B-1 Receivers I 1:30-2:30 « Spread Spectrum with Digital Signal Processing R J. Zavrel, Jr, Stanford Telecom
(Spread Spectrum) 2:30-3:30 * Recewvers for GPS and GLONASS Spread-spectrum J Danaher, Structured Systems
Navigation Systems
3:30-4:30  Detection and Sorting of Frequency-hopped Signals J E Dunn and S. P. Russell, fowa State University
B-2 MMICS 1:30-2:30 » GaAs MMIC Switch Products—Daily Applications M. D Smith, ANZAC
2:30-3:30 * Silicon MMICs' 35 dB - 35 dBm - $35 J Walsh, SGS-Thomson
3:30-4:30 * Some Design Considerations for L-band R Weber, ISU Microelectronics Research Center
Power MMICs
B-3 Filters 1:30-2:30 « Capabilities and Applications of SAW-coupled A. Coon, RF Monolithics
Resonator Filters
2:30-3:30 * At Long Last: Modular, Digitally Tuned RF Filters E. A. Janning, Pole-Zero
as Easy as Amplifiers and Mixers
3:30-4:30 * Narrow-band SAW Filters for IF Applications B Horine and S Gopani, Sawtek
B-4 Antennas and Propagation 1:30-2:30 * Large Loop Antennas R. P Haviland
2:30-3:30 * VHF Multipath Propagation: Causes and Cures D. R. Dorsey, DocSoft
3:30-4:30 * Radio-frequency Identification Systems for J. Eagleson, Allen-Bradley
Commercial and Industrial Applications
WEDNESDAY, NOVEMBER 14 Exhibits Open 11:00 a.m. - 6:00 p.m.
C-1 Receivers lll (Digital) 8:30-9:30 « IF Frequency-response Considerations for the R Roberts, Harris
Digital Radio Environment
9:30-10:30 * DSP Demodulation S F Russell, fowa State University
10:30-11:30 * A DSP PSK Modem for SATCOM SCPC Y. S Rao, R. Asokan, and K. Reeta,
Voice/Data Centre for Development of Telematics (india)
C-2 Transmitters 8:30-9:30 « Architecture of HFVHF Radio Transmitters M. A Sivers and S. V. Tomashevitch, Leningrad
Electrotechnical Institute of Communications
9:30-10:30 * Digital-feedback Techniques for a Pulse-width- H. Direen, ETO
modulated Power Supply for RF Power Amplifiers
10-30-11:30 * Increasing the Efficiency of SSB Transmitters L Voronov, Leningrad Electrotechnical Institute of
by Envelope-tracking RF Power Amplifier Communications
C-3 SAW Tutorial 8:30-11:30 « Surface Acoustic Wave (S.AW.) Technology C. A Enkson, Jr., Oakmont
C-4 RF Systems for Research  8:30-9:30 * RF Systems for the Advanced Photon Source J F Brdges, Argonne National Laboratory
in Particle Physics 9:30-10:30 « RF Applications in Particle Accelerators C. Hovater, Continuous Electron Beam Accelerator Facility
10:30-11:30 * A Fully Digital RF-signat Synthesis and H. Meuth, Forschungszentrum KFA Julich (FRG})
Phase Control for Acceleration in COSY
D-1 Receivers IV 1:30-2:30 « Dynamic Evaluation of High-speed, High-resolution J Colotti, CSD/Telephonics
(Applications) DIA Converters
2:30-3:30 e A High-performance Low-cost TV Demodulator P R M Correa (BRAZIL)
3:30-4:30 « Digital-signal-processing-based Spectrum-monitoring I Novak, Design Automation, Technical Umiv of Budapest
System for the European Broadcasting Area
D-2 Components 1:30-2:30 * Impedance-matching Transformers for RF Power D N Haupt, Erbtec
Amplifiers
2:30-3:30 * Temperature-compensating Attenuators P F. Hamlyn, ANZAC
3:30-4:30 * Using Current Feedback Amplifiers in High- A Neves, PM!
trequency Active-filter Applications
D-3 Quartz Crystals and 1:30-2:30 * Vibrational Sensitivity and Phase Noise in G Kurzenknabe, Prezo Crystal
Applications Crystal Oscillators
2:30-3:30 * Quartz-crystal Filters: A Review of Current Issues M D Howard and R. C. Smythe, Piezo Technology
3:30-4:30 » Frequency Correlation of Quartz-crystal Resonators B Long, Piezo Crystal
D-4 Modulation 1:30-2:30 * New Method of Linear Amplitude Modulation L Minggang, G. Liangcal, and Z Suwen,
Wuhan University (PRC)
2:30-3:30 ¢ 4-GHz Multiplied Source for Digital Modulation D. Balusek, Rockwell (Dallas)
3:30-4:30 « Techniques in Voice Compression and Synthesis P. G Beaty, Erbtec
THURSDAY, NOVEMBER 15 Exhibits Open 10:00 a.m. - 2:00 p.m.
E-1 Noise Tutorial 8:30-11:30 * Noise Fundamentals F H Perkins, Jr, and A. Ward, RF Monolithics, Avantek
E-2 CAD and Simulation 8:30-9:30 * Spice Modeling and Simulation of an 800-MHz, R Y Lalau, Mobile Data
Class-AB Push-pull Amplifier
9:30-10:30 * Computer Programs Design and Optimize High- N O Sokal and | Novak, Design Automation
etficiency Switching-mode RF Power Amplifiers
10:30-11:30 * A Quast-linear Determination of UHF Power P E DAnna, MMD

Device Operation from a Spice-simulated
Nonlinear BJT Model

E-3 PLLs and Synthesizers ] 8:30-9:30 s Designing with Direct Digital Frequency F A B Cercas, A A Albuguerque, and M Tomlinson,
Synthesizers Instituto Superior Tecnico (Portugal)
9:30-10 30 ¢ Direct-digital Wavetorm Generation Using B-G Goldberg, Sciteq
Advanced Multi-mode Digital Modulation
10:30-11:30 ¢ Optimum PLL Destgn for Low Phase-noise S Goldman, E-Systems
Performance
E-4 Test and Measurement 8:30-9:30 « Design and Development of an RF Data T H Jones and M A Belkerdid, Univ of Central Florida
Acquisition System
9:30-10:30 ¢ Handheld Probing Techniques for RF-PCB and Y. D Kim, Hewlett-Packard

Hybnid-circuit Characterization
10:30-11:30 * Using the VX| Bus for RF Test Equipment M Levy, Racal-Dana



FREQUENCY
SYNTHESIS

SATCOM

Crystal Replacement

Synthesizer

‘ The VDS-100 uses a proprietary
‘ architecture to achieve excellent spectral
| purity and fine frequency steps. The
| unique design minimizes adjustments and

operates all components with wide margin
l to enhance reliablity and producibility.

It is a form/itffunction replacement for
existing units that may not meet reliability
or performance requirements, and should
be considered as a first choice in new
applications. SMT throughout!

0 Ope?anng range T 50-150 MHz (any 15%)

+ Step size -.m
5 L 15 bit BCD

+ Spurious | -95dBc typ

+ Power I <10W

Consult Sciteq for other combinations of bandwidth
and step size.

|
=
“‘
|

typical phase noise
| -100
| -110 \
-120

\ 130
140

100 1K

-150
10K 100K

SCITEQ Electronics, Inc.
l 8401 Aero Drive
San Diege. CA 92123
TEL 619-282-0500
L FAX 619-292-9120 TLX 882008

INFOICARD 76

RF literature conmneo

SMB and SMC Connectors

A catalog of SMB and SMC RF connectors
has been released by M/A-COM Omni Spec-
tra. These miniature coaxial connectors can
be used in radios, medical instrumentation,
cellular radio and industrial measuring and
control instrumentation. This line of connec-
tors includes: crimp and clamp attachments
for cable, panel mount receptacles, and
printed circuit board mount versions.
M/A-COM Omni Spectra, Inc.

INFO/CARD #225

Ferrites for Surface Mount

Transformers

A data book from the Special Products
Division of Siemens Components, Inc. pro-
vides information on the Siemens line of
ferrites and accessories for surface mount
transformers and sets. The data book details
electrical and mechanical information on
bobbins for ferrite core shapes and includes
information on packaging for automatic as-
sembly.

Siemens Components, Inc.
INFO/CARD #224

Surface Mount inductors
A four page brochure describing surface

AND POWER
GENERATORS

in stock, we'll make one to fit your needs.

TYPICAL APPLICATIONS:

& NMR, Nuclear Magnetic Resonance
® PLASMA Generation

8 MEDICAL Applications

® NUCLEAR Magnetic Imaging

® COMMUNICATIONS Applications

Over a half-century

HENRY
RADIO

HIPOWER RF

AMPLIFIERS, TRANSMITTERS

No matter what your application needs, Henry Radio
can solve your RF requirements. 10 to 10,000 watts!
2 to 500 MHz frequency range. If we don’t have it

of reliability in communications

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

mount inductors from 0.1 uH to 1000 uH is
available from J. W. Miller (division of Bell
Industries). The operating temperature range
s —20 to +85 degrees Celsius and current
ratings range from 740 MA/0.1 uH through
30 MA/1000 pH.

J. W. Miller Division

INFO/CARD #223

RF Coaxial Connectors and

Switches

Kings Electronics has released a catalog
on its RF coaxial connectors and switches for
Traffic Alert and Collision Avoidance Systems
(TCAS). It details plugs, jacks, receptacles,
and adapters, as well as cabling procedures.
Kings Electronics Company, Inc.
INFO/CARD #222

Quartz Crystals

Quartz crystals up to 60 MHz and oscilla-
tors up to 55 MHz are described in a new
catalog from Epson America, Inc. Crystals
include cylinder and plastic package SMD
types. Crystal oscillators include SIP, full and
half size DIP, standard and small SMD, and
programmable oscillators.

Epson America, Inc.
INFO/CARD #221

INFO/CARD 77



O Dolby

DIGITAL RADIO DESIGN ENGINEER

Dolby Laboratories, Inc. seeks an innovative RF
design engineer with an interest in audio to develop
leading edge digital radio products for distribution
of hiﬁh quality audio in protessional, terrestrial and
satellite applications.

Primary responsibilities include design of frequency
agile, multiple conversion receivers and low power
linear power amplifiers operating in the 1-3 GHz
range.

Prerequisites include BSEE plus 5 years product

design experience, familiarity with s-parameter
design optimization, computer aided design
techniques, PSK, QAM and QRS modem
technologies, and a demonstrated ability to get the
job done.

Dolby Laboratories is an EEO employer offering
competitive salary and benefits. Qualified
candidates seeking to work in a progressive,
challenging engineering environment should

forward resume and salary history to:

Dolby Laboratorties, Inc.
100 Potrero Avenue
San Francisco, CA 91403-4813

(319) 895-8042

1 IOWA%i MIDWEST =
+ ENGINEERS e + DESIGN
* MANAGERS » SYSTEMS

PROFESSIONAL ENGINEERING RECRUITING
TOP COMPANIES — RADIO - COMMUNICATIONS - AVIONICS
DON GALLAGHER, MSEE, PRESIDENT
Gallagher & Associates
1145 LINN RIDGE RD

35 Years Engineering Exper. — Co. Paid Fees

MT. VERNON, IA 52314
(319) 895-6455 FAX

Advertising Index
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Aydin-Vector 60 Noise Com, Inc v
Bait Efratom Diwision 61 Oscillatek 2
Bradtord Efectronics 72 Ovenaire RN
Cal Crystal Lab_ Inc 43 PCB Tools. Inc 73
Cahfornia Eastern Laboratones 55 57 59 Penstock Engineering, Inc 84
Cocratt 34 Phillips Compeonents-Signetics 1819
Communication Concepts. Inc 27 Polans Etectronics Corp 43
Comtran tntegrated Software 49 Q-Bit Corp 27
Cougar Components 26 QUALCOMM, INC 69
Croven Crystals Ltd 49 Quartztek 7
Crystal Components, Inc 64 RF Design Software Service 64
Crystek Corporation 8 RF Monolithics, Inc 75
CTS Corp 44 Rockwell international 45
DAICO Industnes, Inc 4 Sawtek Incorporated 76
DGS Associates, Inc 14 SCITEQ Electronics, Inc 78
Eagleware n Sprague Goodman 47
Electro Abrastves 47 Stanford Telecommunications 39
Electro Dynamucs Crystai Corp 21 Statek Corporation w
Epson America, Inc 70 STC Components. Inc 37
Frequency Electronics. Inc 62 Surcom Associates, inc 12
Frequency and Time Systems. Inc 64 Temex Electromcs. Inc 28
Henry Radio 82 Tesoft 36
Hewilett-Packard Co 51-53 Themson - CSF 16
Hughes Aircratt Company/ Time & Frequency. Lid 15
Microwave Measurement Systems 24 Toyocom 41
Hybrids International, Ltd 26 Trak Microwave Corporation 36-31
{FR Systems. Inc 3 Trithic. Inc 25
Innovative Frequency Controf Tim-Tronics Inc 73
Products. Inc 38 Valpey-Fisher 28
JFW Industries. Inc 29 Vectron Laboratories, Inc 20
John Fluke Manufactuning Co . In 10-11 Voltrories Corporation 66
Kalmus Engineering Werlatone Inc 6
International, Ltd 2223 Wide Band Engineenng
KVG 63 Company, Inc 58

WE'RE THROWING THE
TELECOMMUNICATIONS
WORLD FOR A LOOP.

At Raynet, we're launching a whole new industry.
We're developing, manufacturing, and selling high-
performance, cost-effective, resource sharing fiber
optic distribution systems for local loop applica-
tions throughout the world.

If you're an adventurous professional who's ready
to explore new opportunities in your field, join the
team that's turning the industry inside out! And
discover how at Raynet, we see telecommunications
in a whole new light.

RF DESIGN ENGINEERS

You will design and develop low noise, low distor-
tion RF circuits and components for fiber optic based
communication systems. A BSEE with 5+ years'
experience in remote power systems, RF and analog
circuit design are necessary. Component level RF
design inthe UHF frequency band isrequired. Please
respond to Job Code: RFE.

VIDEO
SYSTEMS ENGINEERS

You will define performance criteria for fiber optic
based video transmission. You will also perform lab
experiments and theoretical calculations as well as
analyzedata todetermine overall performance. Inter-
face with Marketing/customers in system defini-
tion will be involved. You must be familiar with
electro-opticsystems, communications theory, modu-
lation techniques, and systems distortion mecha-
nisms. A BSEE (MSEE desirable) and 4-6 years'
directly related experiencearerequired. Please respond
to Job Code: VSE.

We offer an excellent compensation and benefits
package, including a bonus plan for all our employ-
ees. Please send your resume (indicating job code on
envelope) to Raynet, Human Resources, Dept. RFD/
DL-25, 181 Constitution Dr., Menlo Park, CA 94025-
1164. PRINCIPALS ONLY. NO PHONE CALLS,
PLEASE. We are an equal opportunity employer.

Raynet
e —
~—
Telecommunications
In A Whole New Light

83



N AVAILABLE: HEWLETT-PACKARD

Microwave Semiconductors & Components

Amplifiers Detectors
Attenuators Diodes
Bias Tee Mixers

Comb Generators

MMIC Components

Step Attenuators
Switches:

EM, PIN, MMIC
Transistors

INVENTORY IN STOCK

(800) PENSTOCK

Corporate Office: 520 Mercury Drive, Sunnyvale, Calfiornia 94086-4018 » FAX: (408) 730-4782

Sales Offices:

SO. CALIFORNIA: 213-383-6100 ILLINOIS: 708-934-3700
NORTHWEST: 206-454-2371 INDIANA: 317-784-3870
CANADA: 604-662-3475 KANSAS: 913-829-9330

PEI{S TOLK

RF Microwave Distribution
INFO/CARD 78

NEW YORK: 516-271-8415
PENNSYLVANIA: 215-383-9536
NEW JERSEY: 201-459-5323

A caciaro

Authorized Distributor



(Clean sweep
0 1GHz.

100 watts minimum is a lot of low-cost, clean
rf power. But that’s what our new Model
100W1000M7 delivers for your broadband test
needs.

As your hunger for power and bandwidth
grows, this year and next, our all-solid-state “W”
series of 100-kHz-to-1000-MHz linear amplifiers
should become more and more important in your
plans. Today you may need only 1 watt (the little
portable on the top of the pile), or 9, or 10, or 25,
or 50-all with that fantastic bandwidth instantly
available without tuning or bandswitching—the
kind of bandwidth that lets you sweep clean
through with no pausing for adjustment.

And next year?

Chances are good that next year you’ll be moving
up into higher-power work in much the same
bandwidth. Then you'll be glad you have 100 watts
from 100 to 1000 MHz, using the only rf power
amplifier in its power-to-bandwidth class. At that
point, your smaller "W series amplifiers can be
freed for lower-power work around your lab.

What you can't see in the perfarmance ctirves
shown below is the unconditional stabitity of all
AR amplifiers—immunity to even the worst-case
load mismatch or shorted or open cable with no
fear of damage, foldback, or system shutdown.

The “W” series is part of a complete line of
amplifiers offering rf power up to 1,000 watts, in
cw and pulse modes, for such diverse applica-
tions as RF1 susceptibility testing, NMR, plasma/
fusion research, and a host of other test situa-
tions that demand the very finest in rf power.

Send for our free booklet, “Your guide to
broadband power amplifiers.’

100W 1000M7

RF POWER (WATTS}

a1 02 os 1 2 S 10 ™ s 10 200 0 1000 20

FREQUENCY (MMz)

AMPLIFIER

RESE“R[H Call toll-free, direct to applications engineering: 1-800-933-8181

160 School House Road, Souderton, PA 18964-9990 USA - TEL 215-723-8181 - TWX 510-661-6094 - FAX 215-723-5688
INFO/CARD 79
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Y)u can’t buy

a better precision

timepiece for
under 2.4 GHz.

If you’re operating in a frequency range from 100 MHz
to 2.4 GHz, you can’t buy a better oscillator than an
Andersen VCO. It gives you the highest spectral purity
with the lowest spurious (> -60dB). And typical single
sideband phase noise of > -119dBC @1 KHz offset.

It’s compact. It’s rugged. It operates in temperatures up
to 100°C. It can be tuned up to 1.5 MHz or phase-locked
to a reference. Plus, its low mass and low profile make it
ideal for surface-mount technology, DILS or flatpaks.

Isn’t it about time you discovered the precision, the
versatility and simplicity of designing with Andersen
oscillators? Contact Andersen Laboratories, 45 Old
Iron Ore Road, Bloomfield, CT 06002. Telephone
(203) 286-9090/FAX 203-242-4472.

@ ANDERSEN LABORAIORIES
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