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Special Report:
New Waves in Oscillator Design



In advanced RF products,
one name stands out.

Amperex produces RF small signal transistors,
standard linear wideband amplifiers, and custom
RF hybrids for communications, instrumentation,
and military applications.

For over two decades, we have been a leader
in the advancement of low noise semiconductor
technology utilizing ion implantation, silicon nitride

passivation, and titanium-platinum-gold metallization.

Amperex RF small signal transistors are avail-
able in metal cans, stud packages, ceramic X-paks,
plastic X-paks, plastic T-paks and ceramic LID's.

Our linear wideband amplifiers and RF
hybrids are designed for optimum high frequency

performance. Backed by 15 years of thin film hybrid
experience, our RF circuits are designed and manu-
factured to meet the requirements of all types

of high reliability applications.

When your communications, instrumentation
and military applications require RF products, look
to Amperex, a name that stands out. Amperex
Electronic Corporation,
Slatersville Division, a North
American Philips Company, E
Slatersville, RI 02876.

Phone (401) 762-3000.
TWX: 710-382-6332.
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NOW ACRIAN
IS GOING THE
DISTANCE TO
INTEGRATED
POWER
MODULES

Acrian has already
earned an industry-wide
reputation as the leader in
high reliability microwave
and RF power transistors.

Today Acrian is going

cally to provide our
customers with single-
stage and integrated hybrid
modules, both custom and
standard, for military, com-
mercial, and industrial RF
power applications.

Acrian’s Module Division
is fully staffed with RF engi-
neering, manufacturing and
quality control experts. And
our new design and produc-
tion facilities utilize the
latest in state-of -the-art
technologies.

With our resources, we
have the in-house capability
to compress your design
cycle and reduce your engi-
neering time, while assuring

R

n May 11, 1926—a 16
man team of interna
tional explorers, led by
South Pole discoverer
Roald Amundsen, sailed
the dirigible Norge from
Spitzbergen, Norway to the
"top of the world.” The flags of
the United States, Norway, and Iltaly were
released as the 348-foot airship crossed
the North Pole. Then the weary crew
pressed on, fighting ice and high winds.
After 46 bone-numbing hours, the Norge
reached Alaska, setting down in an Eskimo
village 3.200 miles from the starting point

result: a higher quality prod-
uct that saves you time and
money. .

Ask us today for details
on the new lineup of Acrian
integrated power modules
and hybrid assemblies. we'll
be glad to send you data on
these or any of more than
500 Acrian productsde-
signed to go thedistancein
communications, radar and
avionics. Call (408) 294-4200.
Or TWX(910) 338-2172.

Acrian, Inc., 490 Race Street
San Jose, California 95126
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Cover

This month's cover features Motorola’s MDO-2 (left) and the new MDO-3 (right)
temperature-compensated crystal oscillators. Motorola considers these MDO
products to be the best in TCXO performance in their cost range. The MDO-3
is described in this month's Special Report, along with other recently an-
nounced oscillator products. Many of the considerations mentioned in Den-
nis Marvin’s article on frequency-temperature performance determination in
crystal oscillators were incorporated in the MDO-2 series. (Photo courtesy of
Motorola, Inc.)

Features

20 Special Report: New Waves in Oscillator Design

This month’s Special Report covers common oscillators designed to operate
primarily at frequencies below 2 GHz. Examples of the kinds of improvements
being made in crystal and SAW resonator oscillators are described, along with
indications of probable trends in oscillator design — James N. MacDonald.

The SAW Resonator: How It Works — Part 2

The author continues his explanation of the surface acoustic wave resonator
and his program to model device responses. He describes how to use the
program to examine the properties of reflective arrays and single and multi-
ple cavities. A BASIC version of the program is given for microcomg:iter users.
— Jeffrey S. Schoenwald, Ph.D.

Frequency-Temperature Performance Determination in
53 High Stability TCXOs

High stability temperature-compensated crystal oscillators are subject to many
instabilities not normally considered in the design of lower stability products.
The design engineer must carefully consider the system requirements in
dynamic environments and as a function of time. The author reviews several
second order effects and attempts to quantify the amount of performance
debasement that can result. — Dennis Marvin.
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Broadband Power Divider
10-1000 MHz

PD-1000 Series Power Dividers are
broadband, low loss, high isolation
units available with BNC, TNC, SMA
and N connectors and usable to 1300

MHz.

Check these specifications:

Frequency Range:

Isolation(output):
10-20 MHz
20-500 MHz
500-1000 MHz

Insertion Loss:
10-500 MHz
500-1000 MHz

Return Loss:
10-20 MHz
20-1000 MHz

10 MHz-1 Ghz

25dB Min
35dB Min
30dB Min

0.4dB Max
0.6dB Maz

14dB Min (1.50:1)
20dB Min (1.22:1)

Impedance: 50 Ohms
Amplitude Balance: 0.2dB Max
Phase Balance: 2° Max

Input Power: 2.5 Watts

Temperature Range: -50°C to +85°C

Other UHF/VHF products available
are directional couplers and im-

pedance transformers.

catalog.

«S.MERICAN microwave corp
R ———— T

Send for

7311-G GROVE ROAD
FREDERICK, MARYLAND 20701
(301) 662-4700
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»F editorial

| Where Do You Learn
- About RF Circuits?

James MacDonald
Editor

he biggest surprise at the RF TECH-

NOLOGY EXPO was the response to
the Fundamentals of RF Design course.
Based on pre-registrations, the room was
set up for a maximum of 350. By starting
time the first day the room was filled and
more than 100 conferdnce attendees were
in the hall hoping to register. We were able
to add some chairs, but many who had
not pre-registered had to be turned away.

The situation was similar when the
course was repeated the next day. By
then the room had been expanded to seat
500, anticipating the overflow from the first
day. All seats were filled and remained
filled throughout the day.

On one hand, this overwhelming re-
sponse reflected the response to the
EXPO as a whole. Attendance exceeded
our expectations, if not our hopes. On the
other hand, it provided dramatic proof of
a serious lack of educational opportun-
ities for RF engineers. The audience com-
position ranged from young recent grad-
uates to university professors with well-
established reputations in electrical
engineering.

As | talked with attendees the same fact
was mentioned over and over; electrical
engineering students have little opportun-
ity or incentive to study RF circuit prin-
ciples. In many universities the courses
simply are not available. Where they are
available advisors do not encourage such
courses.

Current employment opportunities ap-
parently are greater and salaries higher
in the digital and power fields, but this not-
very-widely promoted course in RF design
fundamentals attracted more than 800
engineers and others involved in design-
ing RF equipment, some from foreign
countries. Clearly there is a significant
lack of educational opportunities in RF cir-
cuit theory and design. We think engin-
eering colleges should take a look at this
educational need.

Proceedings of the sessions, including
the Fundamentals of RF Design course,
will be published soon. RF designers who
could not attend the EXPO may want to
order a copy. Each session was tape
recorded, as well. Tapes may be ordered
from Meyer Communications Corp., 13791
E. Rice Place, Aurora, CO 80015.

During World War [I manv amateur
radio operators were hired by defense
contractors to build communications gear.
Even fewer engineers were trained in RF
principles at that time. Amateurs knew
how to build equipment, even if they did
not thoroughly understand how it worked.
Many of them eventually became engin-
eers.

This is one reason so many RF de-
signers are amateur radio enthusiasts.
Most of those who worked during WWII
are retired, but they passed their en-
thusiasm on to the younger generation.
During EXPO 85 quite a few hams were
seen with handheld 2-meter gear and
others were heard on the band with
mobile and base station rigs.

Carl Lodstrom, SMEMOM/WS, has sug-
gested that we select a frequency for
simplex operation during the next EXPO
and publicize it. Carl said such a fre-
guency seemed to be chosen by chance
at EXPO 85, perhaps because people
heard others talking on it and joined the
net. He said it was a great way for hams
to get together for dinner or meetings.

What do RF Design readers think of this
idea?

W
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ATTENUATORS
TERMINATIONS
MATCHING PADS
DETECTORS

FIXED ATTENUATORS
DC-2 GHz BNC, TNC, SMA or Type N
DC-18GHz  SMAorType N

TERMINATIONS

DC-2 GHz BNC or SMA
DC-8 GHz Type N
DC-18 GHz SMA

PUSHBUTTON ATTENUATORS
DC-750 MHz BNC, TNC, SMA or Type F

DETECTORS
100 KHz - 1000 MHz

Units available 50 or 75 Ohm

JFW Industries, Inc.

5134 Commerce Square Dr.
w Indianapolis, IN 46237
317-887-1340
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»F publisher’s note

That Old Black Magic —
Losing Its Old Spell

Keith Aldrich
Fublisher

omething happened at the RF TECH-
NOLOGY EXPO 85 in January:
something which spells the end for that
o'd myth about RF technology being a
“black art”’ which practitioners exercise
by instinct, or by “‘the seat of the pants.”

Call it a new generation. Call it the light
of rational analysis breaking like a dawn
tc dispel the blackness. Whatever you call
it it became obvious at the EXPO that
‘“weaking” and “‘tuning’’ approaches to
RF design are giving way to analytic ap-
proaches, in which the vagaries of RF
propagation are not regarded as unex-
plainable mysteries, but phenomena
wnich can be characterized, predicted,
and harnessed with precision. The end
result is designs which take days instead
of weeks and which are proved in the lab
instead of the field.

The new generation factor was evident
in viewing the 800-plus attendees who
listened with such close attention to Les
Besser and other instructors at the *‘RF
Fundamentals’ course. While there was
a liberal sprinkling of gray heads. ..
more, perhaps, than the title of the course
would lead you to expect . . . the studi-
ously attentive faces were mainly young,
ycung, young. Not college young. The
badges read ‘‘Hughes’ and “Rockwell”’
ard “General Dynamics,” and the exhib-
itcrs who encountered them later in their
bcoths exclaimed over their knowledge-
atle questions and their purchasing
pcwer (one instrument manufacturer an-

8

nounced sales of $250,000 worth of
equipment the first day). No, these were
real engineers . .. just young — and
eager to learn. Les Besser was up there
talking about constant gain circles, and
S-parameters, and computer-aided de-
sign, and they were eating it up.

Just a couple of years ago, RF engin-
eers were characterized as being hostile
to such innovations, on the average,
preferring to *‘do it their way.” And, on
the average, they have successfully re-
sisted the innovations. Instructor Besser
asked for a show of hands, toward the
end of his lecture, to see how many at-
tendees commonly applied tolerance
analysis to check out their designs. Only
a small fraction raised their hands.
‘““About three percent,” Les computed;
‘“‘about the national average.” He went
on to preach the gospel: how his listeners
could cut down their failures in the field
by applying some of the methods he was
espousing.

It had the ring of one of those futile lec-
tures about littering or something. Except
for one thing. These young people were
listening carefully, not yawning and fid-
geting. And you realized, if you thought
about it, that these pgople were not in-
herently antagonistic to computers, and
modeling and simulation. They grew up
with computers. They are already com-
petent EEs, for the most part. It is only
RF that is new to them. They are listen-
ing so carefully to Les because they are
going to practice what he is preaching.

That is good news for their employers,
and for the RF boom that was so apparent
in the mood of RF TECHNOLOGY EXPO
85. While much of the electronics industry
is faltering, and while digital engineers in
many parts of the country are being
thrown out of work, manufacturers of RF
equipment can hardly keep up with the
demand. To keep up with what is need-
ed from them RF engineers must be as
productive as modern technology can
make them. We are pleased to have been
of service in helping bring them up to
speed.
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50% smaller
than you’d expect
...available now!

CTS Hybrid

VCXO

End the trouble of designing your oscillator—

now you can specify this highly reliable CTS component!

Solve your space limitations and put an
end to specifying a crystal and design-
ing your own oscillator. This CTS hybrid
VCXO comes in a package that is 50%
smaller than usual—and you can simply
specify and order the oscillator as you
do any other component. Because CTS
Knights Division specializes in precision
crystal products, we have the largest
staff of engineers in the industry. We
even make our own crystals to assure
precise uniformity.

This subminiature JKVXO-100 voltage

controlled crystal oscillator is available
today, with the specs listed here. Or, if
you have a special application, we will
customize a design to meet your require-
ments. Either way, you'll get traditional
CTS reliability at very competitive prices.
WRITE TODAY for full specifications
on this CTS subminiature
crystal oscillator. Contact:
CTS Corporation, Knights
Division, 400 Reimann
Ave., Sandwich, 1L 60548.
Phone: (815) 786-8411.

L
w

T

Specifications
JKVXO-100, Crystal Oscillator

Small Size 860" x .830" x .350"

Wide Pullability + 200 PPM minimum

Temperature 0°C to +60°C
Stability + 40 PPM
Center Frequency @ + 10 PPM

Room Temperature when shipped

CTS. MEANS RELIABILITY

CTS CORPORATION e ELKHART, INDIANA

Series CCXO-140 Leadless
Chip Carrier Crystal Oscil-
lator for surface mounting.
Phone: (815) 786-8411

DIP Attenuator Switchable
attenuator in standard DIP
package.

Phone: (317) 463-2565

INFOIGARD 6

Printed Circuit Boards

Complex double-sided and
multilayer styles.
Phone: (415) 964-5000

Custom Crystal Oscillator
with multiple integrated
functions.

Phone: (815) 786-8411



Until now, you had to go o great lengths

to produce an oscillator this good.

Now you can simply buy a
source-on-a-chip.

That’s what an Andersen
SAW oscillator is: a compact
fundamental-mode device that
operates from 100 MHz to 1.1
GHz without the need for muilti-
plier chains. As a result you get
superior performance in a frac-
tion of the space, often at a
lower overall cost.

Fundamentally Better

Since Andersen SAW
oscillators are fundamental-
mode devices, they produce a
spurious-free signal. They are
also alignment-free. No tuning
or optimization is required.

These compact devices are
also more rugged than any

comparable source. Just plug
them into your system. They're
available in standard industry
packaging for PC mounting.
Andersen SAW oscillators
are the perfect source for hun-
dreds of applications. They're

Frequency spectrum of Andersen
Model SO-314-600-V Oscillator over 0 to
1 GHz range. Fundamental frequency is
314 MHz. Second harmonic is — 65dBc,
third harmonic is —55dBc. Spurious
responses are essentially nonexistent.

also capable of functioning as
VCO's. The output frequency
can be modulated or locked to
another reference for applica-
tions such as a PLL.

Make It Easy On Yourself

We'll supply oscillators to
your specific frequency require-
ments without a tooling charge.
We can do that because of
our unique CAD SAW design
facility —and the versatility of our
oscillator design.

Save money, save time,
simplify your circuit design.
Incorporate an Andersen SAW
oscillator in your system today.
Send for more information right
now. Or give us a call at (203)
242-0761.

@ ANDERSEN LABORAIORIES

Andersen Laboratories, Inc., 1280 Blue Hills Avenue, Bloomfield, CT 06002 Telephone (203) 242-0761/TWX 710-425-2390
Andersen SAW products are available in the United Kingdom and Europe through our sister company, Signal Technology Ltd., Swindon, Wiltshire, UK.
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ALL ENCLOSURES ARE FULLY ASSEMBLED

AND TESTED PRIOR TO SHIPMENT

Only Lindgren combines the proven superior performance
of double-electrically-isolated (DEI) shielding with the
benefits of modular room construction. Independent tests
demonstrate that Lindgren's DEI design gives highest
shielding efficiency in both low-frequency magnetic and
high-frequency microwave fields.

Lindgren offers a complete line of modular enclosures,
equipment cabinets, and custom RF rooms. Lindgren
enclosures are offered in virtually all shielding materials, in
all typical shietlding thicknesses, in solid-sheet or screen,
to cover all shielding requirements. Each enclosure is fully
assembled at our plant before shipment, tested to verify
RF integrity, and guaranteed to meet its attenuation
specifications.

Patented overlapping pressure joints allow Lindgren
enclosures to be easily assembled, rearranged, moved,
expanded, partitioned, and reassembled again and again
with no need for specially trained personnel.

To coordinate with your specific environment, Lindgren
can also provide special interior/exterior finishing . ..
soundproofing ... suspended ceilings . .. recessed
lighting .. .. raised computer floors.

A wide range of options lets you custom-design your

enclosure with windows, access panels, manual or
automatic sliding doors, wave guide feedthru, lights.
RF connectors, fiber-optics, filters for power, signal and
communication lines, emergency (panic bars) doors,
permanent in place threshold ramps, and more.

The diversity of Lindgren enclosures has satisfied the
needs of more than 5000 customers we've served over the
last 30 years.

Next time you need a specialized shielded enclosure,
make sure you get the superior performance of double-
electrically-isolated design plus all the other Lindgren
advantages.

Write or call today for full information or
applications assistance.

1228 Capitol Drive—Addison, IL, 60101
(312) 628-9100

INFOQ/CARD 8
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ian EIMAC, or the nearest Varian
Electron Device Group sales of-
fice. Call or write today.

bandwidth and operating mode
to achieve optimum perform-

ian EIMAC has complete cav-
ity design and production capa-

l,\ i

- bility. We make sure that tube ance.

and cavity are compatible. If it

~isn’t an off-the-shelf-item, we

- have the designers and engi-
neers for any specific job.

EIMAC has expertise in all disci-
plines including pulse, CW, FM,
and TV. We match tube, power,

More information on EIMAC
cavities and tubes is available in
our Cavity Capability brochure
from Varian EIMAC. Or for
prompt consideration of your
special design requirements,
contact Product Manager, Var-

Matching Tuning Range

EIMAC Cavity EIMAC Tube (MH2) Power Output
CV-2200 4CX20,000A 86-108 30 kW
CV-2220 3CX1500A7 86-108 1.5 kW
CV-2225 4CX3500A 86-108 5 kw
CV-2240 3CX10,000U7 54-88 10 KWt
CV-2250 3CX10,000U7 170-227 10 kWt
CV-2400 8874 420-450 300/1250 W*
CV-2800 3CX400U7 850-970 225 W
Cv-2810 3CX400U7 910-970 190 W

“pulsed power

tpeak sync, or 2.5 kW combined in translator service

INFO/CARD 9

Electron Device Group
Varian EIMAC

301 Industrial Way

San Carlos, California 94070
415.592-1221

Varian A.G.
Steinhauserstrasse
CH-6300 Zug, Switzerand
Tel: (042) 23 25 75

Telex: 868-841

varian



——1c—— QUALITY &RELIABILITY
—— - that stand the test of time

FREQUENCY SYNTHESIZERS

AROUND THE GI.OBE...

Along with offering the best performance/price in the industry, our goal at
PTS has always been reliability. We believe, that with a yearly failure rate
of 4%, we do indeed produce the most reliable synthesizer line.

It’s easy to talk about a commitment to quality; at PTS we are actually
doing something about it. We are backing that commitment by extending
our warranty . . . NOW T'NO YEARS!

Models covering 40MHz, 160MHz, 250MHz, 500MHz
Choice of resolution; low phase noise, fast switching,
fully programmable, BCD or IEEE BUS

NEW: Choice of table-
look-up resolution with
steady-phase switching.

=

PROGRAMMED TEST SOURCES, INC. Littleton, MA, (617) 486-3008

PTS 500 shown with 0.1 Hz resolution,
frequency standard, 3 x 10°/day: $7,750




»Fletters

Editor:

| enjoyed the “Frequency Synthesized Signal Generators™ ar-
ticle in the November/December 1984 issue of RF Design.

| was dismayed, however, to find that Eaton Electronic In-
strumentation Division’s signal generator products were not in-
cluded in the story, or the product briefs which followed, although
| responded to your request for information.

| am sure the oversight was unintentional but, in the event you
are planning future coverage of this product line, | have includ-
ed data sheets descriptive of both the Model 460 AM/FM oM
Signal Generator and the 360, 380 Series of Direct Synthesized
Signal Generators for your future reference. The 380 Series is
particularly exciting offering 20 microsecond switching to 4 GHz.

If | can ever provide additional information on Eaton’s broad
line of test and measurement instrumention, please call me
without hesitation.

Sincerely,
Patricia W. Ullrich
Marketing Communications Manager

Because of the large response from manufacturers to our call
for new product information we must set limiting guidelines for
our special reports. We attempt to keep our readers informed
of the most recent product developments. A number of products
were not included in the special report on “Frequency Synthe-
sized Signal Generators” because they had been on the market
long enough for most RF engineers to know of them. We wel-
come comments from manufacturers and readers on this sub-
Jject. Readers wanting information about the products mentioned
in Patricia Ullrich’s letter may circle info/card #177. — editor

.
:

CERAMIC CAPACITOR CHIPS

Featuring a single layer dielectric construction with
associated low series inductance, this family of capacitor
chips are ideal for applications ranging from DC to
microwave frequencies.

Available in capacitance ranges from 0.25 pf to 15,000pf
voltage ratings to 15KV, their high dielectric strength
makes them resistant to damage from static discharge.
Precious metal terminations are compatible with epoxy,
solder or wire bonding assembly techniques.

JOHANSON
DIELECTRICS ))'

2220 SCREENLAND DRIVE, BURBANK, CALIFORNIA 91505
(818) 848-4465 TWX 910-498-2735

INFO/CARD 18
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DALE

MEASURES UP
to your

TCXO NEED

Check our expanded line of temperature
compensated crystal oscillators. It includes both
military and commercial models in frequently
specified styles — with stock frequencies available
fast! Here’s a quick look at our lineup, including the
new hermetically seated TCXO-30 and TCXO-32
now in production.

Model No. | TCx0-22 | TCX0-24 | TCX0-26 | TCX0-30 | TCX0-32
Freq. Range 3 MHz to 15 MHz

Stock Freq. | AT T i
_Stia;iﬁty—i _t1ig TW—;1 | +3 [ +1
sim | e | 82, | R | G2
Case Style Epoxy ! Metal with Hermetic Seal

Contact Dale today for complete price and delivery
information, plus assistance with custom models.
Phone 602-967-7874

Dale Electronics, Inc., 1155 West 23rd Street, Tempe, AZ 85282

INFO/CARD 11



HIGH PERFORMANCE
AM/FM

DEMODULATOR

Choice of IF

High Intercept Point
IEEE-488 Control
Compact—134" high

Reaction

Instruments’ Model

701 AM/FM Demodulator

accepts an IF input which is

demodulated in high performance

FM and AM demodulators. Front panel

controls allow selection of AM/FM demodu-

lator, IF/Video/Audio gain, IF/Video bandwidth,

and AGC/MGC. Filter bandwidths regularly available
range from 05 to 36 MHz, and up to 4 IF filter band-
widths are optionally available. All functions are under
IEEE-488 control.

The Model 701 AM/FM Demodulator is housed in a standard
134 inch high rack-mount chassis.

160 MHz (Std.) BW. 0.5 to 36 MHz

+30 dBm Disc. Linearity +/-25%

A REACTION
AL /NSTRUMENTS
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Sweet Smell of Success at
RF Technology Expo 85

Even the night before it opened, at a
crowded VIP reception in one of the
Disneyland Hotel’s posh ballrooms, ex-
hibitors and speakers were congratulating
executives of sponsoring Cardiff Publish-
ing Company, RF Design magazine staff
members and each other. Cardiff presi-
dent Robert A. Searle, veteran of many
such shows, said late that night, “They’re
declaring it a success before it happens.
When they do that it's a good sign.”

The stage was set. In the exhibit hall
60 exhibits were poised in 75 booth
spaces. Elsewhere in the complex five
large rooms were set up for the concur-
rent technical sessions accommodating
the 71 papers to be given at the first RF
TECHNOLOGY EXPO.

Shortly after dawn the next day, long
before registration desks opened, the line
of attendees began to form. The hundreds
who already had registered by mail were
there just to pick up their badge and pro-
gram, but they were joined by hundreds
starting from scratch.

The final attendance figure was 1,300,
plus 400 exhibit personnel and speakers,
and as Convention Manager Kathy Kriner
said, “Nobody expected them show up all
at once!”

The opening day jam-up was alleviated
by dispatching those who were there for
the Fundamentals of RF Design course
directly to the classroom sans admission,
to return for registration at the noon break.

In the hotel’'s huge Embassy Room,
classroom for the fundamentals course,
instructor Les Besser was staggered as
an overflow crowd topping 400 poured
into a space set up for 350. Adapting ad-
mirably, the president of Microwave
Educational Programs held the jammed-
in crowd spellbound through a four-hour
lecture on Small Signal Amplifier Design.

In mute testimony to the value of the
material they were receiving, the crowded
participants sat silently and seemingly
motionless as instructor Besser revealed
the mysteries of what others have called
the “Black Art” The art became a
science.

In other rooms, some almost as
crowded, three papers were being given
concurrently, truly offering something for
everyone. Attendees could go from room
to room, from topic to topic, picking up the
particular knowledge needed for the job
back home. Four papers were delivered
in each room.

Registration continued through the
morning, as exhibitors prepared for the
noon opening. Many of them later said
they were not prepared for the number
and caliber of people who crowded their
booth constantly until the exhibits closed
at 6:00 p.m.

“Every person | talked to was a qual-
ified customer,” was a common remark
from exhibitors.

Many discovered they had brought too
few people to talk to the visitors and too
littie printed material to hand out. Frantic
calls went out for help and literature. Busi-
ness cards became unexpectedly scarce
items.

While attendees enjoyed lunch at the
variety of famous restaurants in the hotel
complex, hotel employees expanded the
Embassy Room to provide comfortable
seating for the extra 100 in the Funda-
mentals class. University of Colorado Pro-
fessor K.C. Gupta started the afternoon
session with a detailed explanation of
striplines and microstriplines. He was
followed by Joe Johnson, president of
Microwave Modules and Devices, explain-
ing high power amplifier design: John
Morton, engineering manager for Micro-
sonics, Inc., who gave an overview of
oscillators; and Carl Erickson Jr., with a
complete description of surface acoustic
wave devices.

From the silence that prevailed ali day
the intensely concentrating crowd of 400
could have been a group of six. Very few
had left by the end of the session, and
those who left may have gone to catch a
particularly interesting presentation in one
of the other sessions.

When all papers had been presented
most attendees gathered at the exhibit
hall for free refreshments and relaxed
conversation. Even now the exhibit booths
were crowded, although the pace was
slower. Some exhibitors had made thou-
sands of dollars worth of unexpected
sales that afternoon. They were pleasantly
tired, not just from the constant flow of
visitors to their booths but also from the
depth of the questions they had to answer.

“You were smart to only open the exhi-
bits from noon to 6:00,” one exhibitor told
RF Design publisher Keith Aldrich. “I
don’t think we could have taken this all
day.”

Attendance at the RF Fundamentais
course was even larger the second day.
Once again the room was expanded as
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Too often, design engineers
are forced to use several device
suppliers, juggling cost, perform-
ance, reliability, and availability.

Here is the single source solu-
tion from NEC: a wide range of
small signal bipolars that offer better
reliability at a lower cost, high gain
with low noise, and the confidence
of designing with NEC.
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hotel employees removed walls and
brought in chairs. When they had fin-
ished, nearly 500 chairs were occupied.

It was remarkable that in spite of the
last minute rearrangement of the room,
leaving about 100 without tables to write
on, there were no complaints. Those who
were there considered themselves lucky
to receive the information, regardless of
the circumstances.

As many as 200 attended some of the

¢ Quartz Crystals ¢ Crystal Oscillators ® Free Catalog

The First Name in Frequency Control for Your Circuit.

BLILEY ELECTRIC COMPANY

2545 West Grandview Blvd.
PO. Box 3428, Erie, PA 16508
TWX 510-696-6886

(814) 838-3571

\We grow the quartz.
We process the crystal.
We design, build and
test to the toughest
MIL standards.

And this integration yields consistent
and reliable frequency control.

other sessions, covering the general
topics of circuits, transmitters, computer-
aided design, antennas, techniques and
components. Sessions were arranged
both days so conference attendees could
go from room to room and hear papers
on each topic. RF TECHNOLOGY EXPO
registration badges could be seen every-
where in the hotel complex as attendees
went from session to session or to the ex-
hibit hail.
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His work was over, but program chair-
man Andy Przedpelski could be seen
many places during the EXPQ, going to
sessions or touring the exhibits or just
joining one of the many spontaneous dis-
cussion groups that seemed to develop
wherever attendees came together. He
had put together a valuable program, and
now he could enjoy and benefit from it
along with those he had done it for — the
RF designers who came from as far away
as China and Israel to attend.

It was no surprise to the staff that 360
copies of the proceedings had been
ordered by those in attendance, or that 67
percent of the exhibitors said they definite-
ly would be back for EXPO 86. Another
30 percent said they probably would be
back. One who said he probably would
not return said his products were “too
microwave” for the attending engineers.
He said most of those he talked to worked
in frequencies “from 2 GHz down.”

Of course, that was the idea of the RF
TECHNOLOGY EXPO. It was the first
show held specifically for engineers work-
ing from 2 GHz down. But Cardiff officials
say it won’t be the last one.

Keith Aldrich said, as the show was
closing Friday morning, “This phenom-
enon confirms the premise of the show —
that there is a desperate need for RF
engineering information that is not being
met, among engineers who have been
pressed into service without adequate
training in RF”

Dates and site of the RF TECHNOL-
OGY EXPO 86 will be announced in next
month’s issue of RF Design.

Dow-Key Becomes
Subsidiary of Kilovac

Dow-Key Microwave Corp. was incor-
porated Jan. 2, as a wholly owned sub-
sidary of Kilovac Corp., Carpenteria, Calif.
Sales manager Jack Dysart announced
the company’s new status at a news con-
ference at RF TECHNOLOGY EXPO 85.
The company previously had been a divi-
sion of Kilovac involved in the design and
manufacture of coaxial relays and
switches for the RF and microwave com-
munications, radar, electronic warfare and
test equipment markets. The company
recently moved into a large facility in
Carpenteria with class 100,000 clean
room facilities and MIC capability.

Dysart said the company is introducing
the concept of intelligent relays which in-
tegrate higher levels of digital, analog and
microwave integrated circuits into their ex-
isting line of electromechanical switches
designed to meet Mil-S-3928. ]

March 1985
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»F specialreport

New Waves In Oscillator Design

By James N. MacDonald

t starts with an amplifying device, usu-

ally a semiconductor. Part of the current
is tapped from the amplifier output and
fed back into the input. This feedback cur-
rent is passed through a circuit designed
to be resonant at a specific frequency.
The resonant frequency within the band
of frequencies in that current is again
boosted by the amplifier and the process
is repeated. If the amplifier provides suf-
ficient gain and the current remains in
phase, the circuit oscillates continuously
at that frequency. This is the common os-
cillator circuit.

There are three types of oscillator cir-
cuits in general use by RF engineers, and
nearly all receiving and transmitting sys-
tems as well as many other devices use
one or more of each type. The types are
based on inductor-capacitor (LC) circuits,
crystals and surface acoustic wave res-
onators (SAWs). All types are widely used
and new designs are being developed
regularly from each type.

When first developed each type of cir-
cuit represented a new wave in oscillator
design. The next new wave, described
later in this report, will probably combine
microprocessors with analog oscillator cir-
cuits. Between these major developments
improvements have tended to involve bet-
ter manufacturing methods, resulting in
smaller and more stable devices to meet
increasingly rigorous military and com-
mercial requirements. Engineering design
improvements have made the better
manufacturing methods possible.

This report will discuss some of the
latest developments in oscillators de-
signed to operate primarily in the lower
RF frequencies (through UHF). The dis-
tinction is difficult to make since design
and manufacturing improvements are
steadily extending the operating ranges
of crystal and SAW oscillators. In general,
we will not discuss atomic standards and
oscillators designed to operate primarily
above 2 GHz.

LC Circuits

The LC circuit is the first oscillator cir-
cuit learned by an RF designer. A coil and
a capacitor connected in an AC circuit will
resonate at a certain frequency deter-
mined by the reactance of each compo-
nent. The resonant frequency is rein-
forced by the coil and capacitor, while
other frequencies meet impedance. It is
a simple circuit and relatively easy to
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design. The many improvements that
have been made in this type of oscillator
have depended mostly on the creativity
of circuit designers. The LC circuit, some-
times called the tank circuit, can be used
at any frequency, but in and above the
UHF frequency range the electrical char-
acteristics of inductors and capacitors
begin to change and circuit design be-
comes more complex. At higher frequen-
cies discrete components are replaced by
thin-film deposited on small circuit boards
or by cavity resonators.

The LC circuit with discrete coils and
capacitors often is the only practical oscil-
lator for low-priced, low frequency equip-
ment where size is not a major considera-
tion. A problem with this circuit is frequen-
cy instability in environments of wide
temperature variation and physical shock.
However, the LC circuit is still the choice
of many RF designers in applications
where these disadvantages are not signifi-
cant or can be compensated for.

Quartz Crystals

For many years the quartz crystal oscil-
lator has been the workhorse of the in-
dustry. A piece of quartz crystal will vibrate
when AC voltage is applied across it. The
frequency of vibration depends on the
dimensions of the crystal piece, a slice
from a naturally formed crystal. Current
alternating at the natural vibrating fre-
quency of the crystal will be in resonance
with the crystal. The crystal functions like
an LC circuit in a single element.

Held between metal electrodes the
quartz crystal acts like a capacitor. It has
very high Q and, consequently, good fre-
quency selectivity.

Quartz crystal oscillators are also highly
stable, holding on frequency under physi-
cal shock that might change the resonat-
ing frequency of an LC circuit. However,
the resonant frequency of a crystal
changes as its temperature changes.
Since electronic equipment often is sub-
jected to wide temperature variations, this
tendency must be compensated for.

Frequency-temperature changes can
be reduced by controlling the oscillator
temperature, varying oscillator tuning
voltage or using a phase lock loop. The
PLL has been discussed in several pre-
vious articles, so it will not be discussed
here. Oscillator temperature can be con-
trolled by containing the oscillator in an
“oven,” a metal chamber kept at a con-

stant temperature. Tuning voltage can be
varied by a thermistor network reacting to
oscillator temperature changes.

This issue’s cover features Motorola’s
new line of temperature-controlled crystal
oscillators. As the latest addition to their
line of hermetically sealed oscillators, the
MDO-3 offers +5 ppm frequency stability
over a -30 to +70 ° temperature range,
company officials say. This stability is said
to be inclusive of variations in tempera-
ture, voltage, load and humidity. Measur-
ing 082 in. x 0.52 in. x 0.32 in. with DIP
compatible pin out, this oscillator is said
to be ideal for those applications in which
low cost and small size are required.
Motorola claims aging rates for this
oscillator of +1 pp.m

The MDO-3 operates from a 5 volt
power supply over a frequency range of
10 to 20 MHz. It uses the AT-Strip crystal
to achieve reductions in size and improve-
ments in mechanical shock survivability
over previously offered designs. The all-
metal welded package provides a full
hermetic seal which minimizes RF radia-
tion while keeping the oscillator on fre-
quency in environmental extremes of
temperature and humidity.

The MDO-3 can be adjusted through
the use of an external potentiometer, or
it can be electronically tuned, providing
AFC capability. Motorola says the auto-
mated manufacturing, proprietary thick
film hybrid design and use of the AT-Strip
quartz crystals have resulted in reduced
parts count for cost savings with improved
field reliability.

These are the kinds of improvements
crystal oscillator manufacturers are mak-
ing.

Often the designer wants the oscillator
circuit frequency to be variable. This can
be done by changing the capacitance of
the circuit, either mechanically, with a
variable capacitor, or electronically, with
a varactor.

At the higher frequencies the crystal is
so small and thin it is subject to breakage
from its own vibrations. To avoid this prob-
lem crystal manufacturers obtain higher
frequencies from a harmonic overtone of
a crystal that resonates at a lower frequen-
cy. A frequency muitiplier is used to select
and amplify this harmonic overtone.

An analysis of new products recently
announced shows that crystal oscillator
manufacturers generally are striving for
high stability, low power consumption,
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small size and fast warm-up.

Greenray Industries’ new digitally com-
pensated crystal oscillator is said to offer
frequency-temperature stabilities ap-
proaching those of ovenized oscillators
while consuming only a small fraction of
the input power required to operate an
oven. The advantage, Greenray says, is
that the oscillator is on frequency instantly,
eliminating the wait for an oven to
stabilize.

The angle at which a slice is cut from
a crystal is one of the factors determin-
ing its frequency-temperature stability,
and many different cuts are used. CTS
Corp., Knights Division, says their relative-
ly new doubly-rotated S-C cut crystal res-
onator provides fast warm-up and excel-
lent temperature and long-term stability in
an ovenized oscillator. They say their
TCXO design can consistently be pro-
duced to less than +4 x 10-7 over a -55
to +85° temperature range for the life of
the oscillator, even after the center fre-
quency has been adjusted to account for
aging.

As a custom manufacturer, CTS/Knights
reports receiving more than a few in-
quiries for such devices as:

A small, low power, fast warm-up oven-
ized oscillator that can withstand the
severe environments encountered in tac-
tical jet fighters;

An oscillator packaged and mounted to
permit mechanical shock operation of
3000 Gs;

A synthesized multiple-output device
using monolithic VCOs to lock to a stable
ovenized reference;

A leadless chip-carrier crystal oscillator
— a complete quartz crystal oscillator in
a ceramic chip carrier package.

CTS/Knights considers the require-
ments described above to be among the
factors determining the future of the
quartz crystal oscillator market.

Seiko Instruments has developed a
series of oscillators using a GT-cut crystal,
which company officials say provides
good frequency-temperature character-
istics. Seiko says it has developed a
photolithographic fabrication process that
permits the high-accuracy dimensioning
required to mass produce the GT-cut.

Wenzel Associates has developed a
small, low power ovenized oscillator they
call the Small Fry. Officials say the Small
Fry uses a 3rd overtone crystal which pro-
vides aging of 5 x 10-1° per day, with
close in phase noise that can be specified
to -135 dB at 10 Hz for 10 MHz oscillators.
They attribute the performance to a tiny
vacuum flask that insulates the oven and
provides a five-fold improvement in ther-
mal conductance over conventional foam
and to a low flicker crystal exciter design.

RF Design

The Vari-L Company has just an-
nounced a new line of voltage controlled
oscillators covering frequencies as low as
25-50 MHz. The company says the low
power dissipation, less than 200 mW,
helps them meet rigid military specifica-
tions of -55 to +100°.

These are a few of the new develop-
ments announced recently. They are ex-
amples of the kinds of improvements
many quartz crystal oscillator manufac-
turers are making in their products.
Designers are urged to contact all manu-
facturers for information before specifying
a product.

Designers specifying crystal oscillators
should be familiar with a recent study by
V. Rosati, S. Schodowski and R. Filler of
the Electronics Technology & Devices
Laboratory, Fort Monmouth, New Jersey.
Oscillator vendors were asked to identify
two temperature-compensated crystal os-
cillators for testing, one to meet certain
specifications and the other to be their
best available TCXO. A total of 105 oscil-
lators were tested for frequency-voltage,
frequency-load, frequency-temperature
and aging. The researchers asked for
moderate (50 ppm) or high (05 ppm)
stability oscillators.

Osciliators in the 1-5 ppm stability range
were found to conform to manufacturers’
specifications, but long-term aging char-
acteristics were widely variable. A signifi-
cant percentage of those between 05
ppm and 1 ppm were found to be out of
specification. No correlation between
price and performanée was found. The
researchers concluded that system de-
signers should carefully specify and test
TCXOs before designing them into sys-
tems and supporting data should be re-
quested for each oscillator being con-
sidered in the 0.5 ppm class.

Reporting the study results, the
faboratory’s Frequency Control branch
chief, J.R. Vig, said “historically the ac-
curacy of quartz oscillators has improved
by an order of magnitude approximately
every seven to 10 years.” He said he ex-
pects the rate of improvement to con-
tinue

Vig said he expects revolutionary im-
provements in TCXOs from the use of
microcomputers and ‘“‘dual-mode” tech-
niques. He said a dual-mode device
measures crystal temperature without
using an external sensor. The tempera-
ture-frequency profile of a crystal is stored
in a dedicated microcomputer chip that
controls compensation as a function of
crystal temperature. Vig predicted
frequency-temperature stability of 5 x
10-9 by 1990, with designs that are one-
third smaller and use one-third as much
power as current TCXOs.

SAW Devices

At frequencies above 100 MHz Surface
Accoustic Wave (SAW) devices have a
cost and a size advantage over quartz
crystal oscillators, which need frequency
multipliers, and a frequency stability ad-
vantage over LC circuit oscillators.

A typical SAW resonator consists of thin
metal strips laid or deposited on a thin
substrate, usually of quartz or lithium
niobate. High frequency AC voltage
across the strips creates surface waves
along the face of the crystal. Because of
the piezoelectric effect of the crystal the
surface waves are detected by other strips
on its surface. The principal feature of the
SAW resonator is that the surface waves
travel many times slower than the elec-
tromagnetic waves causing them. This
frequency reduction feature allows SAW
resonators to handle frequencies up to 1
GHz. Because they can work directly in
higher frequencies, SAW oscillators avoid
non-harmonic spurious outputs that are

-a problem with crystals and frequency

multipliers.

SAW devices can be designed with taps
at any point for multiple use of the oscil-
fating signal. They are often used in
hybrid modules and components because
they are so small.

The major problems with SAW devices
are frequency drift as the crystal substrate
ages and contaminants introduced in the
manufacturing process. Aging can be
compensated for as quartz crystal res-
onator aging is compensated for. The
amount of contamination depends on the
care taken when the SAW device is made.
SAW devices must be hermetically en-
cased. Water vapor condensing on the
surface of the substrate could slow the
surface wave and might mix with con-
taminants to form acids that could etch
the surface, changing its wave propaga-
tion characteristics.

Trends in SAW oscillator design are
toward higher frequencies and better
temperature stability. The higher frequen-
cies (mass production above 400 MHz)
are aimed at the cellular radio and
microwave link markets. Better tem-
perature stability will probably be
achieved by using different materials.

Andersen Laboratories uses a SAW
delay line as the frequency controlling
element in their standard hybrid oscil-
lator. They say their oscillators are
capable of operating at fundamental fre-
quencies in the VHF and UHF ranges and
beyond, reducing the need for frequency
multipliers and post multiplier filtering.
The oscillator signal is coupled out of the
loop by a power divider and further iso-
lated from the load by the output amplifier,
which minimizes load pulling.
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Avantek, Inc., is working on develop-
ment of integrated subassemblies at the
substrate level, combining thin-film oscil-
lators, switches and monolithic amplifiers
into an oscillating unit that can be tuned
over several octaves. They expect to be
in production by the end of the year.

Only a few of the many reputable oscil-
lator manufacturers have been mentioned
in this report. It was not our intention to
present a complete report on all available
manufacturers or devices. Such a report
would be imcomplete the day it was pub-
lished because new designs or improved
devices are being announced almost
weekly. Only by reading new product an-
nouncements and literature from manu-
facturers can the designer keep weil
informed.

Designers may obtain specific informa-
tion about currently manufactured
oscillators by circling the foliowing
Info/Card numbers.,

Crystal Oscillators

Austron — Info/Card #130

Aydin Vector — Info/Card #129

Bliley Electric — Info/Card #128

Cinox — Info/Card #127

CTS/Knights Div. — Info/Carc #126

Dale Electronics — Info/Card #125

Frequency Control Products —
Info/Card #124

Frequency Sources — Info/Card #123

Greenray Industries — Info/Card #122

Hewlett-Packard — Info/Card #121

K&L Quartztek — Info/Card #120

McCoy Electronics — Info/Card #119

Merrimac Industries — Info/Card #118

Microsonics — Info/Card #117

Motorola, Inc. — Info/Card #116

Piezo Crystal — Info/Card #115

Piezo Technology — Info/Card #114

Seiko — Info/Card #113

Signetics — Info/Card #112

Sokol — Info/Card #111

Vectron Laboratories — Info/Card #110

Wenzel — Info/Card #109

SAW and Other Types
Alpha Industries — Info/Card #108
Andersen Laboratories —

Info/Card #107
Avantek — Info/Card #106
Crystal Technology — Info/Card #105
Phonon — Info/Card #104
RF Monolithics — Info/Card #103
Sawtek — Info/Card #102
Teledyne — Info/Card #101

Footnotes

1. Phillip J. Klass, “Advances Forecast in
Crystal Oscillators,” Aviation Week and
Space Technology, Nov. 28, 1983, pp
148-149, rF]
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SAW Oscillators

Sawtek's Surface Acoustic Wave oscillators for military and
commercial applications simplify design and improve noise
performance. High-Q SAW resonators offer quartz stability at
fundamental frequencies from 100 MHz to 1250 MHz. Hybrid

oscillators in hermetic packages are available
for reduced size and increased reliablity. FM
or pulse code modulation capability is
optional.

Sawtek maintains a large selection of fre-
quencies from an inventory of pre-tooled
resonator crystals and new designs can be
tooled rapidly. Our engineers also offer assis-
tance in oscillator design for specific applica-
tions and are prepared to help evaluate the
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suitability of SAW oscillators for your requirements.

In addition to oscillators and resonator products, Sawtek pro-
duces other high performance SAW components including
bandpass filters, delay lines, and pulse compressors for cable

television, satellite communications, modems,
radar, EW, and many other signal processing
applications. And, if what you need is not
among our hundreds of standard products, we
can provide technical assistance and rapid
response to new design and production re-
quirements. Quality and performance have
made Sawtek the industry leader in SAW tech-
nology; you can rely on us for the total
engineering support you need.

When your system demands the advantages of
SAW Technology. . . Demand SAWTEK.

S

RF Design

SAWTEK

INCORPORATED

PO. BOX 18000. DEPT. MRF, ORLANDO, FL 32860. (305) 886-8860

TLX: 514083  TWX: 810-862-0835
INFO/CARD 17
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Controlling Radiated
EMI From Digital Systems

By W. Scott Bennett
Hewlett-Packard Company
Ft. Collins, Colo.

adiated electromagnetic interference

(EMI) from digital systems resuits
from the poor design — or lack of design
— of current-path geometries in digital
systems. In digital circuits, if the path
followed by each return current is not ef-
fectively the same as the path followed by
its associated forward current and the cur-
rent has RF Fourier components, unac-
ceptable levels of radiated EMI will almost
certainly result. This can be predicted
from the expressions for the electric and
magnetic fields of a small loop antenna(1),
both of which are directly proportional to
the area bounded by the loop. Current
loops in a digital system are not all nec-
essarily “small;” however, the fields of any
large current loop can be equivalently
represented as the superposition of the
fields from a number of smaller current
loops having the same perimeter as the
large loop. Thus, to effectively control
radiated EMI from digital systems one
must effectively reduce the areas
bounded by the current loops in such
systems.

A coaxial cable, for example, can make
the effective area enclosed by its current
loop equal to zero. At every point exter-
nal to the cable there are two components
which make up the electric field and two
components which make up the magnetic
field. In each case, one component is due
to the (forward) current in the inner con-
ductor and one component is due to the
(return) current in the outer conductor.
However, because the conductors are
coaxial the field components result from
currents which are coaxial as well. The
forward and return currents appear to be
following the same path but they are op-
positely directed. If, at each point on the
path the currents are equal and oppositely
directed, at each point outside the cable
the net fields due to the currents are zero.

A simple method for reducing current
loop areas on a printed circuit (PC) board
is to make one full layer of the board a
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ground plane. Return currents will then
tend to follow the same paths in the
ground plane as their associated forward
currents follow in adjacent layers. The
distance between each forward current
path and its return current path will then
be the distance between the layer of the
forward current trace and the layer of the
ground plane. Thus, all current loop areas
on the board will tend toward zero and
radiated EMI due to those loop areas will
tend toward zero as well. This same tech-
nique can be applied to flat multi-conduc-
tor cables which connect one PC board
to another.

To obtain a quantiative understanding
of the importance of minimizing current
loop areas, consider the following equa-
tion:

= Ed
A = 589 T
in which A represents current loop area
in square nches, E represents electric
field strength in microvolts/meter, d
represents distance from the loop in
meters, f represents the frequency of a
current component in Megahertz and |
represents the amplitude of a current
component in milliamperes. This equation
was derived from the expression for the
maximum electric field of a small current
loop, assuming the loop is positioned over
a large conductive ground plane. It pro-
vides a good worst-case approximation of
the electric field that would be observed
from such a loop when measured accor-
ding to FCC specifications(2).

Now, suppose one wishes to know the
loop areas which are associated with the
FCC Class A and Class B radiated EMI
limits for digital devices at 200 MHz. At
that frequency the Class A limit is an elec-
tric field strength of 50 uV/m measured
over a ground plane at a distance of 30
meters and the Class B limit is an elec-
tric field strength of 150 uV/m measured
over a ground plane at a distance of 3

meters(2), (3). From the above equation,
the loop area associated with the Class
A limit for a 1 . mA current component at
200 MHz is 2.2 in2 and the loop area
associated with the Class B limit for the
same current and frequency is 0.66 in2.
It should be clear from the small sizes of
these areas that current loop areas must
be minimized by digital designers if the
FCC regulations are to be met.

Finally, since the current loop areas
associated with the FCC radiated EMI
limits for digital systems are so small, it
should be clear that long cables between
major components of digital systems must
be designed very carefully. For example,
any common mode currents measured on
a multiconductor cable of more than a few
inches in length will more than likely be
a problem because the associated return
current paths must lie elsewhere. Al-
though current components in I/O cables,
for example, are generally lower in fre-
quency than current components on PC
boards, current loop areas established by
I/O cables are generally much larger than
those of PC boards because the cables
are generally long and the PC boards are
relatively small. Thus, from long in-
trasystem cables one generally has
radiated EMI problems at frequencies
lower than those of PC board radiation.

In summary, the importance of RF
current-path geometries cannot be
overlooked if one is to design marketable
digital systems.

1. J.D. Kraus, Antennas. New York:
McGraw-Hill, 1950, p.157.

2. US. Federal Communications Com-
mission, “Methods of measurement of
radio noise emissions from computing
devices,” in Rules and Regulations, pt.
5, subpt. J. Appendix A, pp. 163-171,
July, 1981.

3. R.K. Keenan, Digital Design for In-
terference Specifications. Vienna, VA.:
The Keenan Corp., 1983, p. A1-5.
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The SAW Resonator Filter:
How It Works. Part I

By Jeff Schoenwald
Contributing Editor

Last month, SAW resonator theory and
a program for the TI-59 calculator and
printer were described. This month, we
use the program to learn about SAW
resonators. Of special value is the defini-
tion and order of parameter entry.

U nless otherwise indicated, certain in-
itial parameters that must be entered
will always be the same:

||= |2 =0.25
n, =l
f, = 100

As a first example, consider the char-
acteristics of a single reflector array as a
function of changing strip/gap impedance
ratio Z at a fixed number of segments
N = 200. Figures 1a and 1b show the
reflection loss and transmission power
loss respectively for Z = 1.005, 1.01 and
1.015. At frequencies above or below f,
the reflectors are transparent to traveling
waves, so the transmission loss is small
and the reflected wave loss is quite large.
Closer to center frequency, the reflection
efficiency of the gratings improves and
the transmission loss increases relative
to the impedance mismatch Z or number
of segments in the array.

In the next example, shown in Figure
2, two reflectors are cascaded. Z = 1.01,
N = 100 in each reflector, and the cavity
is 5 wavelengths long (i.e., |; = 4.75).
Away from the center frequency, the re-
sults are similar to that of the previous ex-
amples. Near center frequency, the Fabry
Perot cavity becomes resonant and the
structure is ‘‘transparent,’”’ and at f, the
reflected energy is negligible.

While we have assumed no losses due
to absorption in the transmission line, we
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will still never obtain an infinite Q factor
in a lossless device because a reflective
array can never be 100% efficient unless
Z or N go to infinity. What we do observe
is a resonant peak at the center frequen-
cy with the 3 dB fractional bandwidth that
determines the unloaded Q ( = f.Af; 4g)
of the resonator. Figure 3 shows the

power transmission characteristics near
f, =f. for a single cavity resonator
(M=2), with 100 sections/reflector,
Z=1.01, with the cavity size as the
variable. It is apparent that the 3 dB band-
width of the resonance decreases and Q
increases as the cavity length increases.
Figure 4 shows how the Q varies with
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cavity length while N and Z are held con-
stant. Similar sets of curves can be ob-
tained to determine the dependence of Q
or N or Z, which | encourage you to do.
Figure 5 shows how Q varies with Z at
fixed cavity size.

Cavity Dimension Is Critical

The resonant Fabry-Perot cavity
formed by the two reflective arrays will act
as an interference filter that effeciently
transmits energy at wavelengths which
satisfy the cavity relationship:

L= nA.
2 M

where L= (l; + 1) ® Ac. Ac is the nor-
malized wavelength at the peak of reflec-
tivity of the grating. If the wavelength is
different from Ac, narrow band transmis-
sion through the structure will not occur
at the center of the reflection stop-band
of the grating. Another way of saying this
is, if we let L = Iy + |, be equal to some
non-integer multiple of Ac/2, the transmis-
sion spectrum appears non-symmetric.
Figure 6 illustrates the effect of advanc-
ing the cavity dimension successively by
Ac/8. If resonance is not precisely
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centered at the stop band center of the
reflectors the Q, selectivity and efficien-
cy of the resonator suffer.

Another interesting case is worth men-
tioning before we move on to more com-
plicated structures. If we obey the Fabry-
Perot condition of Eq. (1), but make n very
large, we encounter a regime in which
several longitudinal modes of the cavity
can. exist, all at slightly different
wavelengths (frequencies). This is pre-
cisely the case for lasers. A simple laser
with two mirrors will have many possible
longitudinal cavity modes because the
cavity is orders of magnitude larger than
wavelength. Special techniques are used
to lock the laser into a single mode for
added spectral purity. Figure 7 shows
some examples of multiple resonances
due to oversized cavities.

Designing Multi-Pole Filters

The program is capable of synthesiz-
ing device designs that exhibit the essen-
tial features of multi-pole SAW resonator
filtering behavior. There is no limit to the
number of poles one may wish to model,
nor does this affect the speed at which
the frequency response is synthesized. A
design consisting of M grating reflectors
will result in an M-1 cavity structure with
an M-1 pole response. This assumes, of
course that the cavities are kept small
enough to avoid more than a single longi-
tudinal mode in each one. The reson-
ances in each cavity will begin to couple
and we shall begin to see how this coupl-
ing through the grating reflectors that
separate each cavity give rise to the very
narrow bandpass filtering which has
made the SAW resonator popular in the
RF and signal processing community.

With this program, all cavities will be
the same size and all reflectors will have
the same number of strip/gap segments
for any one example run. How much can
you expect from the TI-59? C’est /a vie.
We will, however, squeeze a bit more out
of it.

Figures 8a, b, ¢ and d show the trans-
mission characteristics of 1-, 2-, 3-, and
4-pole resonators. All reflectors have 200
sections, with Z = 1.01, and all cavities
are 5ic long (i.e., lg = 4.75). The valleys
between resonant peaks are very char-
acteristic of the SAW resonator multi-pole
filter. Typically, interdigital transducers
(idts) are placed within the two outermost
cavities of such a structure. This has the
property of enhancing the resonance be-
havior over the broadband response of
the idts, since by themselves they have
an insertion loss that is often 20 or 30 dB,
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whereas the resonances are much
stronger because the device impedance
drops markedly at those frequencies.
Before the idt is properly matched elec-
trically, the resonator response is essen-
tially that of the ‘‘unloaded’’ device and
is quite well reproduced by the TI-59 pro-
gram model. Impedance matching the
electrical equivalent circuit of the idt to the
cavity impedance will flatten the transmis-
sion response over the multipole pass-
band.

The Phase of the Reflected and
Transmitted Waves

Once the transmission matrix for the
entire structure has been calculated, we
may easily determine the phase of the re-
flected and transmitted wave from the
transmission factor and reflection factor,
T and Rg, using equations 2a and 2b.

o(refl)= arctan Imag(Rf)

Real(Rf) (2a)
®(trans)= arctan Imag(Tf)

Real(Tf) (2b)
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In order to implement this calculation,
the listing shown in Table | may be sub-
stituted for the last portion of the program,
starting at step 638. This may be stored
in a simple way. Since the calculator is
partitioned for 720 steps, the entire pro-
gram can be stored in three data banks.
The modification occurs only in bank 3.
The modified version can be stored on the
second edge of the second card (normally
used for bank 4). Be sure the calculator
is in floating point mode (exit the learn
mode and press INV 2nd FIX). Press 3
2nd WRITE but feed in the second
magnetic card upside down. Later, when
loading the program for phase analysis,
the calculator will recognize this as a
bank 3 read.

Using this method, power magnitude
calculations can be done first, then the
third bank replaced with phase calcula-
tion, the input paratmeters re-entered and
the calculation repeated, yielding the
phase response. Not all registers contain-
ing the input parameters are re-used.
Look at Table Il to determine at which
label you must re-enter data. Practically
speaking, however, it is easier and safer
to re-enter all the data from scratch.

RF Design

Figures 9 and 10 are examples of the
phase response for a single pole res-
onator. They have identical structures but
different values of Z. Rather than short-
change the phase computational ability
of this program, | will spend a few
moments to explain some of the things
you can learn from it about SAW res-
onators. For a plane wave incident on a
reflecting surface, the general form of the
reflected wave, relative to an incident
wave of unit amplitude and zero phase at
the front of the reflector, is

R'=re2ik *D (3)

where r is the coefficient of reflection
magnitude and D is the distance from the
point at which the observation is made to
the plane of the reflecting surface. If we
imagine that the observation point is the
front edge of the distributed grating reflec-
tor and D is the distance to a fictitious
point at which we may assume a single
reflecting mirror is placed, then we are
constructing a simple model that repre-
sents the distance to the “effective center
of reflection.”
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The phase of the reflected wave is
given by the argument of the exponential.
If we take the first derivative of this phase
with respect to the frequency and convert
from radians to degrees, we obtain

®,,4=2 2n = 4nDf
A v

6,y - 4n D _ 4nD
df v fA (4)

Therefore,

D= S, g B n dddeg
4n of 4n 180 df
D f AD
A 720 A (5)

Thus, by measuring the slope of phase
data we ob1ain for the reflected wave we
are able to compute the distance to the
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TABLE | Phase Calculation

638 60 DEG 678 53

633 53 ( 679 43 RCL
640 02 2 680 06 06
641 65 x 681 85 +
642 53 ( 682 43 RCL
643 43 RCL 683 07

644 08 08 684 54 )
645 65 x 685 55 <
646 43 RCL 686 53

647 06 06 687 43 RCL
648 75 . 688 05 05
649 43 RCL 689 85 +
650 05 05 690 43 RCL
651 65 x 691 08 08
652 43 RCL 692 54 )
653 07 07 693 94 +-
654 54 ) 694 22 INV
655 55 £ 695 30 TAN
656 53 ( 696 95 =
657 43 RCL 697 99 PRT
658 05 05 698 98 ADV
659 33 x2 699 43 RCL
660 85 + 700 13 13
661 43 RCL 70t 32 XST
662 06 06 702 43 RCL
663 33 x2 703 26 26
664 75 - 704 67 EQ
665 43 RCL 705 19 f
666 07 07 706 43 RCL
667 33 x2 707 29 29
668 75 - 708 42 STO
669 43 RCL 709 1 1
670 08 08 710 61 GTO
671 33 x2 711 14 D
672 54 712 76 LBL
673 54 73 19

674 22 INV 714 43 RCL
675 30 TAN 715 26 26
676 95 = 716 91 RIS
677 99 PRT

“'effective center of reflection.” At the
peak in reflectivity the center of reflection
appears to move toward the front of the
reflective array, as evidenced by a de-
crease in the magnitude of the phase
slope. Away from resonance, where the
array ultimately looks transparent, the
center of reflection moves to the geo-
metric center of the array.

For the cases shown in Figures 10a
and 10b, the reflection centers are
located, at resonance, a distance of 22
and 17 wavelengths, respectively, inside
the array, as viewed from the direction of
incidence. Now consider two identical
reflectors separated by a distance neces-
sary to produce a single pole resonance.
The total length of the cavity is then given
by

L= (g + 1/4) e c+2D (6)
March 1985
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Knowing the value of D is important for
determining the frequency spacing be-
tween longitudinal modes in the resonant
cavity formed by the two arrays. Now we
can see that mode spacing is a function
of both cavity size and reflective proper-
ties of the array, as represented by the
distance D. It is possible to derive fre-
quency spacing depedence on effective
length of the cavity L, and such deriva-
tions abound in books on lasers. The
reader is encouraged to do this for the
specific case shown in Figure 7. You will
indeed find that the mode spacing ob-
served in large SAW resonator cavities,

RF Design

or in SAW resonators with Z so close to
unity that D is sizable, is properly de-
scribed by taking this reflection distance
into account properly. More than once, ig-
norance of this fact has bitten SAW
resonator designers when they least ex-
pected it.

Conclusion
| have tried to give the reader a tool for
modeling and exploring the behavior of

the SAW resonator, a very interesting tool |

in RF technology. Even if you have no
plans for designing such devices you may
very likely wish to specify one from a

number of vendors that supply them. In |

that case, you will be better off for having
become familiar with the properties of
these devices and being an educated
customer.

TABLE 1l

Register Variable

0 N, N-1, M, M-1

1 A1, A2

2 M

3 Ig

4 9, A1 N, A3 1N

5 ly, A(N), A(N + 9)

6 l2, B(N), B(N + 9)

4 nz, C(N), C(N +9)

8 fo, D(N), D(N + 9)

9 fc

10 y4

11 N

12 t, cos © = (A + D)/2

13 fy

14 df

15 a=Pi"* f/f,

16 Z+1

17 Z-1

18 1-2t

19 A(1), A(N)

20 B(1), B(N)

21 C(1), C(N)

22 D(1), D(N)

23 [ ((A + D)/2) t2 -1]

24 A

25 A2

26 f, + df

27 sin NO© or (A1 N - A2 tN)/
(A1 -12)

28 sin (N - 1)0 or (A1 §n - 1) -
A2 AN = 1) J/(A1 - A2)

29 N
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BONUS!:
A *BASIC* Version

For readers who own or work with a
computer, here is a BASIC version of
the TI-59 celculator program to model the
transmissicn and reflection power and
phase of a SAW resonator type of struc-
ture. This program was written on a Com-
modore 64, which uses a version of
BASIC and an ASCII character set that is
slightly different from standard ones. |
have taken pains to write the program to
be as transportable as possible, in-
dicating, when necessary, what lines are
not transportable and require change or
deletion. The POKEs only pertain to
screen or letter color. There are no
PEEKSs. The printer commands are usable
“as is” only on Commodore printers and
serve as an example which must be
tailored for other brands.

L& REM
i9 REM
REw %
FEM  ~
REM .

CERTRIN LINES RRE
SPECIFIC TC THE
COMMODORE 4+
DELETE OF ALYER RS DES]
REM eedmencncdodacadscsconscnana
Ble 3.161591:5-FEM = 008 REC
POrE 33281.Q-POVE S3I282.,0° REM

PRINT THES (2 REM

€ PRINT ImRt )7

INT SRw RESINATOR TRaNZMIEZG]
LINE SIMULATION®
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E Ro=»
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RER
REM™
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PRINT CHRS .7
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Because memory is not as tight for
most micros, power and phase are com-
puted and provisions are made for screen
display and hard copy. Disk or tape
storage of data files and high resolution
plotting are routines that the devoted
hacker should add, but these have been
left out because of differences between
computers in storage procedures and
screen addressing.

Data entry is simple and screen prompt-
ed. If the velocity in a strip segment is dif-
ferent from the gap velocity the center fre-
quency will be different from the desig-
nated reference frequency. | suggest you
start with a ratio of 1 and then try smail
changes to observe the trend. The same
advice holds for the impedance ratio and
cavity size.
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e£9 PETURN
290 MPEM T MARTEI FOR IOMPLEL EIGENJALUEREADY.
723 AGL = -ATRITRIG S@F ~TRIGaTRIG41) (L. 2
T1@ IF AGL=E THEN Tge

AlERieSIN NDsALL TIN AGL -SIN NI#AGL  SINIAGL

BN=B . «SiN NRefAGL SIN'AGL:

IPSININBeAGL * SIN AGL

*SIN NB<AGL  SIN‘AGL -SINI(N1*AGL) SIN(AGL
~2p

*WHEN EIGERVALUES ARE»
*DEGENERATE -

ETQ REMeT MATEIL POF SEA. EJGENVALLESe

B8 ki=TRIG*SAR (TRIG 2-1

898 ¥2=1 K1

222 N1=Ng- |

HLiv A1 ND-AQ N2 E1-F2 =tRIMNE-80%N] Ri-k2
1% K EAND-KRIONQY f(K]-K2

* RLTN@-KINBY Ki-RD
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9TE RETLRN
Po0 REM «+oLENERATE CAVITY MATRIXess

ZeSAMMARLS
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1912 D=COE Z«GAMMASLG

1828 RETURN

B30 REM =seMRTRI: MULTIPLICHTION-s»
1840 AFP=AN<A-BNeC

1040 BF=LN-B-BNoL
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.CTO CFsDNeD-THeR

1339 RETURM

1869@ REM

L1B@ Ai=RF

1119 BI=RBF

2r=nf

Sa=UF

SETURK

REM »ee (MPUTE REFLECTED ANDSee
BEM «saTRANSMITTED POWER mNDae-
REM ~arPHASE® >~
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i
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3 RF=L-TF
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&F » = 138 PI »aTN PF
RETURN
RP(K = -9%.0
ST 1l-8
W=20:REM #STOP SCREEN PRINT EVERY 20 LINESs

PRINT CHR$ (347

PRINT*FREG. R-PWUR T-PWR(DB) R-PHA T-PHA*
PRINT" 08 08 ‘{DEG) (DEG) °
FOR K=0 T0 Kix

F= Fi30Fe«k ¢ .090081

B$=STRS (F) :GDSUB 1&490:F8=B¢

R18=STRS (RF (¥,
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Ti4=CTRS (TP 1K
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IF W=KI«Z THEN 22°8

PRINT F3,.TRB(1S-LEN(RLIB)) 1RIS:TAB(22-LEN(T18)):T18;TAB I Z8-LENIRDS
2 PRINT RIS, TRE 39-LEN T2s) . T2¢

IF ¥=B THEN 1519
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IF w/W =INTib W) THMEN 1°28
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1T WEKYel THEN 2826

PRINTEND OF LISTING. PRESS C FOR MENU®
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SEY <3
I &8=""TaEN LEep
IF RE=CCTTHEN 172€
IF Ay TITTHER P13 ]
3 FETURM
REM “MANTPULATE STRING: O LINE UP COLUMNSe

FOR U = § 7C GLENtB)

IF M1Ds«BS, U.1 8", "THEN 1460

NEYT 4

3@ ZETUEN

ES=LEFTY R9.Ue2:

IF CEN FIGHTS BS.u#i)) .0 THEM Bs=Bss"
RETURN

IfF RBS TE
RETURN

FOogR ¥ = 1 T& LENBS

@1 THEN Bs='-@.00"

CONN NFIELD OSCILLATORS

HORT-ORDER SPECIALISTS

# 2% But wecancookupa
4 bigbatch, too!

| Connor-Winfield is ready to serve. Whether the oscillators you need are in

| stock or custom designed or whether you need 1 or 10,000, our special of
the day—everyday—is meeting your needs with the right combination of
quality and low cost. Are you ready to order? Call or write us today for more

l information.
{ Models: ECLA, ECLB
i ‘ qufr»gulegc Frequency: 8MHz—200MHz, + 01%
} o Supply: 5.2Vdc *+5% or - 4.5Vdc +5%
$ | Qutput: 10K ECL or 100K ECL
Package: All metal, hermetically sealed
Models: DPS1 DPS2
[ DlPFmSLt{EWAVE Frequency: 1KHz—75KHz 100Hz—100KHz
| siidisan - | Tolerance:  +.01%,THD =6% +.01%, THD <56%
Supply: 5Vdc *10% 8Vdc—15Vdc
l Package: All metal, hermetically sealed
[ Models: S10C S10D S10E
' II%OEI;‘LOQCKS Frequency: 31KHz—25MHz
| J phiTcien Tolerance:  =.001%  +.0025%  +.005%

Temp. Range: 0°—50°C  0°--70°C 25°—-75°C

¥ Ay S A Package: Al metal, hermetically sealed 14 pin DIP
CONNOR-WINFIELD CORPORATION 11 CLOCKS Models: S14R8 S15R8
p 2 + o 0,
West Chicago, IL 60185 USA Stock Frequencies goler?n_ce. TS(\)I%SO/LOW & A4.01 %o
Phone: 1-312-231-5270 v Cost upply: c +10%, 60mA max

Frequencies: 1,2,4,5,6,8,10,12,16,20,24,40,70MHz

[t 10238 4291 Package: All metal, hermetically sealed 14 pin DIP

Cable: CONWINWCGO

RF Design INFOICARD 25 -
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1TaE PRINT SHEM 1s7 19¢Q If &4 FIUTHE
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L780 PRINT®
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1210 PRINT®I - PRINT DATA "2 STREEN® MRS 33 1780 S5Te 1S

SULT PRGGRAN®, CHMRE 1T L3Ip ZEINT CeEh L.
Spe
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1256 + LOMMAND TO BPEN CHARNEL TO 10MMODIRE FRINTEFP -
teec SUlT OUR PRINTER PLEASE ALTES THE S1_L3JING
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Ze%s REN
JL00 FREINTES FR.lnmFE L: CWF3 T [WRE o3 FLlS
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Erratum:

There was an error in equation (13) as
printed in Part . It should have read:

CoSy jZ1 siny
Tgl=|
jsiny CcOSy
21
The Schaffner FN 380.
S rF calendar
We've put it all togethe( for you. .
Schaffner's FN 380 universal power entry module is a complete March 11-15

package. . .in fact, it's fast becoming the standard of the industry.

The FN 380 features an on/off power switch along with an IEC
connector and international fusing (one or
two fuses, either 3 AG or |EC size). It also
has a field-proven connector filter already
mounted.

And of course, it's all agency approved.
The all-in-one component.

Why do it yourself when Schaffner has
done it for you? Get the universal power
entry module series that includes fuse
holders, voltage selector switch, power
switch, IEC connector. . . plus standard filter!

Available in current ratings of 2, 4 and 6
amps with interchangeable fuse holders and
1 or 2 pole switch.

For more information about the universal
power entry module series (FN 370/380), and all
three dimensions of Schaffner EMC, call or write today.

Series 380
RFI Filter

A approved

* RFl Suppression Filters ® EMC Test Equipment e Test and Application Services

USA: Schaffner EMC, Inc., 825 Lehigh Ave., Union NJ 07083/(201) 851-0644
Switzerland: Schaffner Elektronik AG, CH-4708 Luterbach, Switzerland/Telefon 065 4231 31

INFO/CARD 26

Electromagnetic Interference and
Control
A Five-day Short Course

Washington, DC

Information: Shirley Forlenzo, George
Washington University; Tel: (202) 676-
8530 or toll-free (800) 424-9773.

March 18-20
Dielectric Resonators
A Three-day Short Course

University of Mississippi, Oxford
Campus
Oxford, MS

Information: Dr. Darko Kajfez, Depart-
ment of Electrical Engineering, Univer-
sity, MS 38677; Tel: (601) 232-7231.

March 19-22
Componentes Electronicos ’85.

Guadalajara, Mexico

Information: Ms. Raquel Polo, Deputy
Project Manager, United States Trade
Center, PO. Box 3087,

Laredo, TX 78044, Tel: (905) 591-0155.

MODULAR INSERT INFO/CARD #64 I
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The Company

Microwave Modules & Devices is uniquely dedicated to
integrating device and circuit technology to break through current
technological barriers to achieve a new level of pricing and
performance in the RF/Microwave field.

The professionals who head the company have been engaged in
the ‘design, development and production of high power, solid-
state microwave modules and devices for over 15 years. Today,
MMD'’s expanding line of products includes amplifiers employing
both hybrid micro-circuitry and modular printed circuit tech-
nology. The company'’s high performance amplifiers are targeted
for use in military and industrial applications worldwide. In
addition, MMD is deeply involved in the design, development and
manufacture of a wide variety of RF and microwave functions for
high technology applications both for military and industrial
markets. MMD’s markets include communications, counter-
measures, radar, space, broadcast, avionics, industrial, scientific
and medical. Reduction in size is one of MMD’s on-going goals
while constantly striving to improve both performance and
product reliability. This brochure highlights MMD’s current
capabilities and its technological direction in the future.

Custom Modules

MMD specializes in developing and manufacturing modules to
your specifications. What do you need to maintain your
competitive edge?

¢ Higher power?

® Wider bandwidth?

o Better efficiency?

® Smaller size?

* Improved reliability?

MMD can solve these design problems to meet your performance
requirements.

The Plant

Microwave Modules & Devices (MMD) is located in Mountain
View, California, in the heart of the high technology area known
internationally as “Silicon Valley.” The modern 10,000 square
foot plant is fully equipped with the most advanced test, process
and assembly equipment. It has clean room and assembly
capabilities for delivering softboard and hybrid modules to the
demanding requirements of military programs and sophisticated
industrial applications. MMD's quality assurance procedures are
designed to incorporate the latest military standards.

Fast Response Time

Fast response to customer amplifier needs is assured by a
complete in-house design, prototyping and manufacturing
capability. This is due totally or in part to:

e Complete engineering model shop.

e Computer-aided design.

* Automated die attach.

e Automated test capabilities.

¢ Engineering staff with more than 125 years

combined experience.
¢ Computerized manufacturing/accounting systems.

Soft Board Amplifiers

State-of-the-art performance, high reliability, small size and fast
development time are among the challenges that MMD is
accepting every day. If these sound like your particular problems,
MMD can provide the solutions you have been looking for. For
example, complete solid-state amplifiers with power outputs to
more than 1 KW can be designed and manufactured to your
specifications. If you have a new design requirement for TV,
radar, communications, avionics, EW, or need a solid state
replacement for a vacuum tube, MMD is in business to solve your
problems fast!! If improvements in efficiency or linearity are
important in your application, MMD can help. In fact, MMD is
providing an order of performance previously unachievable in RF
power amplifier modules. MMD can demonstrate how to reach
such goals as wide bandwidth, high efficiency, power outputs to




more than 1 KW Class C or Linear, Pulse or CW. All of this can be
achieved by several unique MMD capabilities including:
¢ Custom die designs for optimized performance.
o Custom BeO ceramic chip carriers for best die/circuit
interfaces.

e In-house custom ceramic/metal device packaging for
lower thermal resistance; lower parisitics; hermetic seal.
e Device assembly.

For example, these unique capabilities come together to create
MMD’s “POWER QUAD"” concept which combines with new
wideband matching components to offer power/bandwidth
capability far superior to that of conventional designs. So, if
performance is an important consideration, call and find out how
Microwave Modules & Devices can provide you with a cost effec-
tive alternative to in-house design, development and manu-
facturing of your critical power amplifier modules.

RF Functions

MMD can provide all the RF functions you need for your particular
system requirements. Active mixers, AGC amplifiers, high speed
modulators, wideband amplifiers and IF amplifiers are just some
of the products under development. MMD functions use
transistors with Ft up to 8 GHz and power capability up to 1 watt,
making them ideal for low distortion, wide dynamic range EW
applications. A variety of packages are available for your custom
requirements such as welded hermetic enclosures or small
microstrip styles.

Hybrid Power Amplifiers

MMD hybrid power amplifier modules.using chip transistors and
either thick or thin film construction offer improved performance
and ease of use compared to discrete designs. Hybrid power
amplifier modules can provide guaranteed performance with no
additional tuning or impedance matching headaches and the
“Drop-in” configuration simplifies the user's mechanical design.
In addition, smaller size offers a real advantage in systems where
space is at a premium. MMD specializes in custom designs
requiring BeO substrates or chip carriers to achieve performance
not possible with discrete designs.
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MICROWAVE MODULES & DEVICES, Inc.

OFFERS THE
RF/MICROWAVE COMMUNITY
A NEW HIGH ORDER OF
PERFORMANCE IN SOLID STATE
SYSTEMS, MODULES AND
CIRCUITS IN COMBINATION
WITH UNIQUE APPROACHES
TO DEVICES AND
PACKAGING

DESIGN

r\ A
MICROWAVE MODULES & DEVICES, Inc ~
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MICROWAVE MODULES & DEVICES, Inc.

The AC-0003-500W is a modular wideband HF Class AB
Linear Power Ampilifier that provides 500 watts of output
power at an intermodulation distortion level of better than
—35dB (IMDg3). The module incorporates wideband 90°
quadrature combiners resulting in predictable 50 ohm system
interfaces and superior performance into imperfect loads.
The unit also contains internal voltage regulation and reverse
voltage protection.

A single AC-0003-500W can be used as the final stage in a
500 watt system or modules can be combined to construct
multi-kilowatt transmitters.

The MMD AC-0003-500W module is a reliably rugged build-
ing block designed for a wide variety of uses in Military and
Industrial HF applications.

MODULE SPECIFICATIONS

LIMITS
PARAMETER UNITS CONDITIONS
MIN. MAX.
GAIN 13.0 dB 3
GAIN FLATNESS £15 dB
Pout =500 WATTS
EFFICIENCY 30 % PEP
LFREQ. =270 30
INPUT VSWR 1.5:1 MHz
OPERATING LOAD - Vy=5.0 VOLTS
VSWR £
NON-DESTRUCTIVE ot V2=45 VOLTS
LOAD VSWR 0
IMD3 -35 ‘. |
PsaT 700 W R B
OUTPUT SOURCE B V1=5.0 VOLTS
VSWR — V2 =45 VOLTS
WEIGHT 7 LBS.

All specifications are at a 30° C baseplate unless otherwise stated.

PRIME POWER REQUIRED: V1=5.0 £0.1 VOLTS @ 2.5 AMPS.
V2=45.0 +£1.0 VOLTS @ 40 AMPS.

OPERATING BASEPLATE TEMPERATURE: —25°C TO +85°C.
CONNECTORS: TYPE “N" FEMALE (RF). SOLDER PIN (DC).

AC-0003-500W

500 WATT SOLID STATE
AMPLIFIER MODULE

2 to 30MHz
HF MODULE

FEATURES:

e HIGH POWER HF BUILDING
BLOCK MODULE

e 500 WATT LINEAR OUTPUT

¢ 50 OHMS IN AND OUT
e WIDEBAND 2 to 30MHz
¢ 14dB GAIN

e FLAT GAIN VS FREQUENCY

e INTERNAL VOLTAGE
REGULATION AND
REVERSE VOLTAGE
PROTECTION

m 550 Ellis St., Mountain View, CA 94043 (415) 961-1473 TWX 508746

MICROWAVE MODULES & DEVICES, Inc



AC-0003-500W
\em

500 WATT SOLID STATE
AMPLIFIER MODULE

A A
MICROWAVE MODULES & DEVICES, Inc.
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DIMENSIONAL DRAWING HF MODULE
END VIEW 04" BOTTOM VIEW l 03" END VIEW

" i _—
++5VDC 5% '?\ ? ‘1
| N [
350" | | NS . |
| me MOUNTING HOLES x 5. |
QUTPUT | 3% LaC28 | AF INPUT
=4 [ s 6.4" : N
= -4 ——1r-az || - — [— N\ — - — & T s
! | ¢ | \ | 23]
+-ocin | | | J |
' | 35 |
| | | :
‘!’ — 4 | X wmounting SURFACE i ! X |
| 210"~ 32— I / 21“——{
| ) ] i
= 30" [ 5.575" 11 /
L 7.0" — TYPE “N° FEMALE CONNECTOR x 2

m 550 Ellis St., Mountain View, CA 94043 (415) 961-1473 TWX 508746

MICROWAVE MODULES & DEVICES, Inc.
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FA-501

WIDEBAND RF FUNCTION AMPLIFIER
FREQUENCY RANGE: 5-500 MHz.

The FA-501 is an RF function amplifier that offers the circuit designer the
versatility of an operational amplifier in both transmitter and receiver applica-
tions. With more than 20dB of reverse isolation and unconditional stability, a
wide variety of systems problems can be solved. Features include 5.5dB noise
figure, 10dB gain, 25dB AGC and a bandwidth that exceeds 500 MHz. In some
applications the FA-501 is useful to 750 MHz. The compact unit is housed in a

hermetically sealed package.

AMPLIFIER SPECIFICATIONS @ 25°C, Vee =+5V.

Frequency Range: 5-500MHz.
Gain (lp =110 ma) 10dB min.
Gain Flatness: (G=0to 10dB) SIS

(G=-15t0 10dB)

Power Output @ 1dB Gain

Compression (lo =110 ma) +10dBm min.
Noise Figure (lo =110 ma)
VSWR (50 ohms)

+3dB

Input:

5.5dB max.
2.5:1 max.

(G=-10dB to 10dB) Output: 2.5:1 max.

3rd Order Intercept Point
(lo =110 ma)

2nd Harmonic
Suppression:

Reverse Isolation:

+20dBm typ.
—-25 dBc @ PigB

—40 dBc @ P1¢g—10dB.
20dB min.

AGC RELATED:

. 5-500 MHz: 25dB min.

Control Range: 5 J00MHz: 3048 min.
+1to +4V

Control Input Range: P AGHB O

Response Time for 25dBA : 1usec max.

Gain Stability: —30 to +50°C  4dB p-p max.

(For Any Setting Within
Specified Control Range)

ENVIRONMENTAL:
Operating Case Temp. —55°to +85°C.
Storage Temp. —62°to +125°C.

ABSOLUTE MAXIMUM RATINGS:

Vee

+8 volts.

VCONTRoOL(Without External Resistor) +5 volts.

Current (lo):

RF Input Power At Any Port:

150 ma.
+13dBm.

MIXER CHARACTERISTICS:

“Ry required for control voitages higher than +5 volits;

AVNWWD

MICROWAVE MODULES & DEVICES, Inc.

Ay = 56011 lor VCONTROL = +15V.
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VCONTROL

LO: 5-500MHz. LO-RF:  25dB min. Two Tone IMa: 35dBc s
Frequency  gr. 5.500MHz. Isolation:  LO-IF:  10dB min. at —10dBm RF Port Power IN COMP —
Range:  |F:  5.500MHz. RF-IF:  0dB min.* 3
) VSWR at R Port: 2.0:1 max. it —e
. Mini - —4dB Noise 10MHz: 17d8B
Conversion imum: : iireh . 17 VSWR at L Port:  1.8:1 max.
L /Gain Typlcal 0dB F'gure‘ 200MHz: dB Ve N2
oss/Gain: : 3 i . . )
Maximum: +2dB. Typical.  §500MHz: 17d8B WR at | Port: 2.0:1 max. . 10
(5—500 MHz)
NOTES: 1. V.. Setforlo = 40 ma. )
2. LO Level: —5 dBm typical.
* Measured At 10MHz
UNBALANCED AMPLIFIERS BALANCED MIXER
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"Rx l’ “Rx
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“ Set VCONTROL/Rx for 1o{ Veg ) =40 ma

550 Ellis St., Mountain View, CA 94043 (415) 961-1473 TWX 508746
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WIDEBAND RF FUNCTION AMPLIFIER

FREQUENCY RANGE: 5-500 MHz.
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MICROWAVE MODULES & DEVICES, Inc.
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Numeric Keypad
Provides rapid and accurate set-
ting of parameters.

Main Function Keys

For entry of carrier frequency,
modulation depth or deviation,
and r.f. level. The associated
l.e.d. is lit when a function is
selected.

A Key

Allows step values of any size
to be entered for the main
functions.

Store/Recall

Up to 100 settings may be SUPPLY
stored, and recalled instantly. ON
When Recall l.e.d. is lit the
increment keys are used to step ‘ J'
through memory locations in

sequence, giving fast semi-
automatic selection of settings. MOD IN OUT

The model 2022 weights only 16

MOD IN OUT

®

1v

Mod. IN-OUT

Provides wideband modulation
input for external a.m., f.m. or
o.m. with selectable a.l.c. and
out-of-limits indicators to
ensure high accuracy. Also pro-
vides output of internal modula-
tion.

Unit Keys

Terminate parameter entry.
They also provide single-key
conversion of r.f. level settings,
e.g. pVtodBm.



- Sets New Price/Performance Standards

t/Ext

slects internal or external fre-
lency standard, or toggles
tween internal and external
Jdulation source.

3 lllustrated precisely full size!

srementing Facilities
ow any parameter to be
remented or decremented in
ar-defined steps. TOTAL A
plays the shift from initial
tings. RET'N key restores
ial setting.

Second Function

Gives access to many extra and
innovative facilities. Sensitive
Second Functions are protected
by a secure key sequence.

Mod. ON-OFF

measurements.

Carr. ON-OFF

Removes modulation, for
speedy simple signal-to-noise

Toggles r.f. output on and off.
For fast measurements of
quieting sensitivity, etc.

RF Output

Delivers — 127 to +6 dBm in
c.w. and f.m. modes. Reverse
power protection up to 25 W
saves accidental damage to
output circuits. Protection fail-
safe — acts even with unit
turned off.

RF OUTPUT 500



Check Out These Unique Features And Benefits-
Use The Reply Card For Full Specifications

Wide frequency range
10 kHz to 1000 MHz, enables 2022 to cover all bands from v.L.f. to u.h.f., including i.f. stages.

FM, #M and AM output

Allows tests on a wide variety of receivers. 2022 gives peak f.m. deviations up to 99.9 kHz for
all carrier frequencies, while phase modulation up to 9.99 radians peak deviation caters for the
most up-to-date f.m. radios. And a.m. is available up to 99.5% depth.

Small and lightweight
All this performance in a package only 6” high by 10%"” wide. Weighing just 162 Ib, it's easy
to carry for remote measurements or where access is difficult.

True non-volatile memory

Stores up to 100 measurement settings. This makes for rapid testing in routine measurements,
especially when memories are stepped through using the increment facility. One set of measure-
ment conditions can be recalled automatically at switch-on. A memory lock can safeguard set-
tings and prevent accidental overwriting.

Fully programmable

With the optional GPIB module. The instrument acts as a talker and listener over the General
Purpose Interface Bus, and this facility includes all front panel functions—including calibration
settings—giving fast automated testing in maintenance and production.

Single easy-to-read |.c.d. indicator

Gives a clear simultaneous readout of carrier frequency, modulation and r.f. output level, with
units annunciators and other information. The display can be disabled using a secure key
sequence, preventing stored settings being shown, for example when they contain classified data.

10 Hz resolution
Provided to 100 MHz, for tests on narrow-band receivers such as SSB equipment.

Accurate output level

Ensures precise and consistent sensitivity measurements. Errors are less than + 1 dB for r.f.
levels above —10 dBm. Resolution is 0.1 dB.

Offset calibration

Enables allowance to be made for cable losses, or to ensure that all instruments in a particular
area give identical results. Qutput level may be offset by up to +2 dB, in 0.1 dB steps.
Wide choice of RF calibration units

Lets users work with the units they choose to, and units may be converted by a single keypress.
External modulation

Is readily usable, with wideband input for a.m., f.m. or ®.m. Hl or LO messages in the display
together with the instrument’s a.l.c., simplify the use of external sources.

Reverse power protection

Up to 25 W, prevents damage to the generator when power is accidentally applied while testing
transceivers. Protection is provided even with generator off. Gives longer unit life and lower cost-
of-ownership.

Rapid keyboard entry

Is provided by front panel keys with a logical layout. Parameters can be incremented with variable
step sizes, simplifying operation even further. Manual measurements of bandwidth, sensitivity
and modaulation linearity could hardly be easier.

Easy to maintain

With powerful diagnostic aids. Available from the front panel or via GPIB, fault localization is
fast. Careful mechanical design brings fast access to internal circuitry — for low M.T.T.R.

Elapsed time

And total operating time indications are available from the front panel, enabling calibration inter-
vals to be recorded or fault and usage statistics to be compiled.

Choice of external standard frequencies

Universally compatible with 1, 5 or 10 MHz references.

All This For *3,950—Act Now!

marconlyét_ﬂ 3 Pear Coutt,

Allendale, New Jersey 07401
lnStruments East (201) 934-9050 ¢ West (714) 895-7182




Frequency-lemperature
Performance Determination
In High Stability TCXOs

By Dennis Marvin
Motorola, Inc.
Communications Systems Division

The temperature compensated crystal
oscillator (TCXO) has been with us for
over thirty years and is quite often taken
for granted. However, as frequency vs.
temperature (f-T) stability requirements
continue to tighten, many of the pre-
viously ignored second order effects will
have a significant impact. TCXO stabili-
ty requirements of 0.5PPM or 2PPM over
temperature ranges as wide as -55 to
+95°C are becoming commonplace. This
article will review several of these second
order effects and attempt to quantify the
amount of performance debasement that
can result.

T-cut crystals are commonly as-

sumed to have an fT characteristic
that can be represented by a third order
polynomial. While this fit is quite adequate
for most current applications, it can be in-
adequate for tight f-T requirements over
wide temperature ranges. Figure 1 shows
the difference between actual data and
the least squares third order curve fit for
a typical fundamental crystai. There is a
decided, consistent fourth order compo-
nent. Oscillators with fT stabilities ap-
proaching 1PPM must incorporate a com-
pensation scheme capable of correcting
for the fourth order term and crystal
evaluation algorithms must do a fourth
order fit to insure that good crystals are
not discarded.

Tight tolerance TCXO designs are fur-
ther. complicated by component TC and
non-linear transfer characteristics. Even
though the frequency stability of an AT-
cut crystal is almost always less than
1PPM/°C, work at Motorola and by
Holbeche and Morley(1) has determined
that the motional capacitance, C,,, of a
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fundamental crystal varies approximately Background

230PPM/°C. This variability must be ad-
dressed during the oscillator design. The
varactor and its operating voltage must
be carefully selected. If a varactor with a
non-linear V-X characteristic is used, the
compensation network will have to gen-
erate a more complex V-T function to
compensate for the distorted varactor
transfer function. Similarly, if a nonlinear
varactor is used for both temperature
compensation and aging adjust, the
amount of compensation will change as
the aging is corrected.

A fundamental AT-cut (3-20 MH2z)
TCXO can be simply represented by the
block diagram of Figure 2, where the
teedback scheme is incorporated into the
amplifier block. This block can represent
any of the common configurations: Col-
pitts, Pierce or Clapp. The oscillator
operates by meeting Barkhausen’s cri-
terion; the sum of the reactances around
the loop must equal zero, with the crystal
operating at whatever frequency meets
this requirement. Figure 3 shows that the
crystal reactance is a function of fre-
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NEMP—Tester for EMP-Tests

The portable PEMI 12 tester simulates the fast
impulses generated by high altitude nuclear
explosions. Testyour instruments and electronic
assemblies with this tester delivering a<10/400
ns impulse with an adjustable peak voltage of
0.5 ->10kV! The bus bar connector allows fitting
a 150Qparalliel strip line antenna accommodat-
ing a standard 19" EUT and subjecting it to an
| E-field of 50 kV/m.
' r')" l Separate current
A . injection output for
- | peak current up to
= J 150 Amps!

if you care whether your equipment is NEMP-
proof you should call us or send us the bingo
card. We have a lot of experience with NEMP
testers with extremely fast rise times, charging
voltages up to 1.5 MV and we manufacture them
also to NATO specs.

P

|
l
|

HV TEST SYSTEMS, INC.

Telephone (301) 826-8651 Telex 86223
Central Garrett Industrial Park, Accident, MD 21520

GST-MC2
Shielding Laminates

When it comes to direct shielding
of printed circuit boards, Glasteel
Industrial Laminates will help keep
you covered with GST MC2
shielding laminates.

Applications include die cut
forms to reduce RFI in disc drives,
card cage PC board radiated
interference, or aesthetic coverings
for walls to effect shielding to E fields
of greater than 120dB at 1 MHz to 70
dB at 500 MHz

//l . y
&///// Shieiding Laminate

Disc Drive

PC Board

Features.
' 'l Excelient

fabricating
l qualities
May be die cut
] to almost any

size and shape

Inquire for your special requirements

Glasteel Industrial Laminates

A DIVISION OF THE ALPHA CORPORATION
PO BOX 217 » 1727 BUENA VISTA e DUARTE, CA 91010
213) 357-3321

(o3
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PRECISION CRYSTAL
OSCILLATORS

SERIES 8000

STANDARD FREQUENCY 5.0 MHz

AGING RATE MODEL ER8001 1 x 10 — %/day
MODEL ER8003 1 x 10— '%/day
MODEL ER8005 5 x 10— '/day

PHASE NOISE __ SSB 1 Hz BW at 10 Hz offset
MODEL ER8001 . . . 124 db
MODEL ER8003 . . . 135 db

INPUT VOLTAGE __12 VDC =+ 10% STANDARD

QUTPUT SINE-WAVE 1VRMS INTO 50

ohm LOAD
SIZE_~~_MODEL ER8001 and

MODEL ER8003

22l xvd il

MODEL ER8005

225 e ne Sk a2 5
OPTIONS MANY OPTIONS ARE AVAIL-

ABLE TO INTERFACE WITH
YOUR REQUIREMENTS

ELECTRONIC RESEARCH COMPANY SERIES 8000
PRECISION OVENIZED CRYSTAL OSCILLATORS
ARE THE ULTIMATE CHOICE WHERE PROVEN
RELIABILITY AND FREQUENCY STABILITY IS RE-
QUIRED. THESE OSCILLATORS ARE IDEAL FOR
APPLICATIONS WHERE A PRECISION TIME BASE
IS TO BE MULTIPLIED OR SYNTHESIZED RE-
QUIRING A LOW PHASE NOISE SOURCE. ALL
ELECTRONIC RESEARCH COMPANY'S OSCIL-
LATORS UTILIZE QUARTZ CRYSTALS MANUFAC-
TURED BY ERC FOR MAXIMUM CONTROL ON
ALL PARAMETERS TO INSURE PERFORMANCE
SPECIFICATIONS. IF YOUR APPLICATION RE-
QUIRES SUPERIOR OSCILLATOR PERFORMANCE
CALL US ORWRITE FOR OUR COMPLIMENTARY
CATALOGUE.

For information and prices, send your specifications to:

FREQUENCY CONTROL PRODUCTS
electronic research company

7618 Wedd Overland Park Kansas 66204
TWX: (910) 749-6477
Telephone: (913) 631-6700
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quency by following the nonlinear re-
lationship:

X =1/(C,/2AH-C)w)

Where: C,, is the motional capaci-
tance of the crystal model;

C, is the capacitance of the crystal plate,
the holder and any associated stray cir-
cuit capacitance;

Aflt is the-fractional frequency change of
the crystal from series resonance.

Such a circuit can be temperature com-
pensated by having a compensation
block that generates a reactance
characteristic as a function of
temperature such that it causes the
trystal to change the operating point on
its reactance curve. By carefully design-
ing this block the crystal can be operated
so as to cause a net ‘‘zero’ frequency
change over temperature.

There are several networks that are
used for the compensation block, both
direct and indirect. The preferred circuits
are indirect, i.e., a DC voltage is
generated external to the oscillator loop
and us used to vary the loop reactance
via a varactor. Direct compensation,
where the compensation is inserted
directly in the oscillator loop, has fallen
on disfavor, as its use lowers circuit Q.
COf the several methods of indirect com-
pansation used, including custom in-
tegrated circuits and digital compensa-

RF Design

tion, the most common and the most
easily understood is thermistor-resistor
compensation. One embodiment of this
is shown in Figure 4(2). Other designs
can be similarly analyzed.

If we assume that the varactor has a
2 =1 (not bad for hyperabrupt varactors
over a limited voltage range) and that all
other parts in the oscillator are constant
over temperature ms. characteristic of the
crystal. This is a good approximation for
initial analysis purposes, with corrections
necessary for an exact compensation.

In any case, this thermistor-resistor net-
work has the following transfer function:

Vou=ViRT3(R1+RT1) (R2+RT2)/(R1+
RT1)(R2+RT2) (R3+RT3)+R2RT2
(R1+RT1+R3+RT3))

where RT1, RT2 and RT3 are the
resistances of the three thermistors at a
particular temperature.

R1 and RT1 affect performance over
the entire temperature range, while R2
and RT2 primarily affect the cold end and
R3 and RT3 primarily affect the hot end.
Care must be taken to obtain suitable
parts values so the appropriate transfer
function can be obtained while still main-
taining a high degree of independence
among the temperature ranges. The use
of a personal computer to gather {-T data
and process it reduces the need for in-

dependence among the compensation
sections.

Parts Aging

When oscillators are being temperature
compensated one is normally concerned
with passing the specification at a half-
dozen or so temperatures with a little
margin for measurement error. This is
quite adequate for oscillator stabilities of
5PPM of looser, but if a tighter system
stability is required parts aging can
become very important.

Parts aging can have two effects on the
oscillator stability. The first is a positive
or negative frequency shift over the en-
tire temperature range, i.e., the osciilator
will have the same f-T characteristic after
aging has occurred as it did before, but
the whole response has a new room tem-

TYPE AGING
Resistors
Carbon Comp >10%
Carbon Film 3 to 5%
Thick Film 1to 5%
Metal Film 1.5 to 2%
High Precision Metal
Film Thermistors 0.1 to 0.5%
Non-hermetically sealed 1 to 5%
TABLE 1
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perature reference frequency. A more in-
sidious result of parts aging is the distor-
tion done to the f-T response.

Over the life of a product, the resistors
and thermistors can age as shown in
Table 1.

The effects of parts aging on frequency
drift and the f-T characteristic can be
determined by inserting a small resistor
or thermistor change (e.g., 1%) into the
transfer function and analyzing the
results. Parts changes of + and - 1% for
all of the resistors and thermistors in
Figure 4 were inserted and the resulting
errors maximized by proper selection of
sign. The maximum offset was 36mV or
0.61PPM given a sensitivity of 17PPM/V.
Figure 5 is a plot of the maximum f-T
distortion. Changes in f-T performance as
poor as 0.80PPM/% change are possible.
Allowing the 1% aging to occur in a ran-
dom direction among the resistors and
thermistors, there is on average a
0.27PPM/% offset and a 0.41PPM/% f-T
distortion to the T.C. curve.

Of these figures the f-T distortion is by
tar the more serious problem, since a
means of frequency adjust can usually be
provided to compensate for the frequency
drift. With these results now available, the

appropriate resistors and thermistors can
be specified and the initial f-T specifica-
tion appropriately tightened so that
system stability can be maintained to
allow for compensation aging.

Frequency Adjust Aging
Compensation aging isn’t the whole
story, unfortunately. The major source of
frequency drift is almost always the
crystal. This drift is normally corrected by
adjusting a capacitor or inductor in the
oscillator loop to shift the operating point
in the crystal curve and thus return the
oscillator to nominal frequency. This shift
in operating point also distorts the f-T
characteristic and is known as trim effect.
Galla and McVey(3) have developed
equations to quantify this distortion for
both series and parallel adjust circuits
(see Figure 6). The values shown are
typical for a fundamental frequency
equivalent circuit. These equations are:

f-T distortion (PPM)

SERIES
4apC,(C,+C1)X10-3

(g vm

Monitor

outputs.

by tracking four satellites.

Front panel controls are provided

RS232C 1/0 port.
Entirely self contained, the 9390 is

and cable. Several optional features
are available.

DATUM’s Model 9390
GPS Time and Frequency

DATUM’s 9390 provides a cost-effective means of synchronizing precision
clocks and timing instruments to within better than 100 nanoseconds of
GPS time. The unit employs C/ A code transmissions from the GPS
satellite constellation and produces corrected 1-pps and 1-ppm reference

Scheduled satellites are automatically acquired and tracked for time and

frequency determination. Only one satellite is required when geographical
coordinates of the antenna are known. Otherwise, positioning is performed

for manual control. Remote control and
data transfer are accommodated by an

supplied complete with antenna/preamp

DATUM also manufactures a
comprehensive line of timing
instrumentation, from individ-
ual displays to complete range
timing systems.

For complete information or
applications assistance, call

or write today.

patum Inc
TIMING DIVISION

1363 S. State College Blvd.
Anaheim, California 92806
(714) 533-6333
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PARALLEL
4ap(C,+C1)x10-3

Cm

where ais the amount of aging to be cor-
rected (PPM)
p is the amount of temperature
compensation (PPM)
C, is the crystal and holder
capacitance (pF)
C1 is the load capacitance seen
by the crystal (pF)
C,, is the motional capacitance of
the crystal (fF).

As the distortion in the series adjust
configuration is equal to that of the
parallel adjust multiplied by C,/C1, and
this term is significantly less than 1, the
series performance far surpasses that of
the parallel. The parallel adjust should
never be used in a high stability design
if the use of a series is possible. Even if
a series adjust is used, an additional
0.17PPM distortion will be generated.
Figure 7 shows the f-T characteristic for
a series adjust oscillator and its trim
effect.

There are several ways that this prob-
lem could be alleviated. If C, were in-
creased, the distortion would decrease.
However, all things being equal, C,
would increase in proportion to C,,. Ad-
ditionally, the larger C,, becomes, the
more the variations in the oscillator com-
ponents affect performance.

The easiest way to reduce this distor-
tion is to reduce p, the amount of
temperature compensation, by carefully
selecting the crystal angle. It can be fur-
ther reduced by not overspecifying the
temperature range. The smaller the
temperature range, the smaller p will be.

Reducing a, the amount of aging to be
corrected, is also possible. This can be
done by using a better aging design,
preaging the crystals or by sorting them
for aging. Remember that a reasonably
well made crystal will age approximately
as much in the first year as it will age in
the next ten years combined.

Voltage Regulator Contributing

In addition to the compensation cir-
cuitry and the crystal aging, one must
also consider the voltage regulator circuit
driving the compensation. The regulator
is very important, as any voltage varia-
tions in it are directly coupled to the varac-
tor and will create drift and distortion
problems.

Using the compensation network of
Figure 4 and allowing the regulator to vary
+1mV/° (a tairly typical value for a fixed
commercial regulator) results in an f-T
distortion of about 0.4PPM, as shown in
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Figure 8. The only way to alleviate the
problem of regulator voltage variation with
temperature is to temperature compen-
sate the oscillator with an internal
regulator so that the temperature varia-
tions are compensated out.

Even with a built-in regulator, there is
still the potential for aging. Figure 9
shows the distortion for a +1% change
in regulator voltage.

Hysteresis

Crystal oscillator frequency perfor-
mance can be very dependent on en-
vironmental dynamics. The designer
must consider what dynamic frequency

RF Design

stability is required and what maximum
rate of change of temperature the oscil-
lator will see. The temperature of the
oscillator does not normally change
nearly as fast as the ambient, as it is
generally well isolated inside the system.

There are two major contributors to the
hysteresis problem. The most easily
visualized is the imbalance in thermal
time constants among the several ther-
mistors and the crystal. Time constants
for thermistors in still air range from less
than 0.1 sec. for small chips to over 10
sec. for 0.1 inch diameter beads, while
typical HC-18 crystals have time con-
stants of from 1 to 2 minutes. There is a

lot of variability in the crystal time con-
stant. Important parameters causing this
variability include package, lead and
mount material and size, crystal blank
size, crystal mounting technique and the
type and density of gas sealed in the
package.

There are so many variables present
that the best way to determine the
magnitude of the frequency shift is to
measure it for the particular application.
Tests performed on a hand-held 2-way
radio subjected to a -30 to +90°
temperature shock have given shifts as
large as 0.3PPM.

If a product will be subjected to severe
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swings, this effect can be reduced by bet-
ter matching time constants through ther-
mally coupling the compensation temp-
erature sensors to the crystal or by in-
creasing the shorter time constant.
The second hysteresis problem lies
within the crystal. If an AT-cut crystal
undergoes a temperature change, strez-
ses will be set up within it. As the
temperature of the crystal is swept back
and forth an f-T characteristic is gen-
erated that traces a loop about the
familiar static characteristic. The direction
and magnitude of this offset is dependent
upon the particular crystal design, the

AMPLIFIERS 5MHz-1 GHz

s/n ém
AYDIN
2N VECTOR o0

temperature range and the speed with

which the temperature is changed.
Ballato(4) has modified this effect by

changing the familiar crystal model from

ft=a,AT+b,AT2+c,AT3
to

fty/f = a()AT(t)+b,AT2(t) +c,AT3(t)
where a(t) = a,=8T(t) with & being

evaluated separately for each crystal
design.

For a particular design where the
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temperature is varied in a sinusoidal man-
ner + and - 60° about 30° at a frequency
of 0.01Hz (an orbital time of 628 sec.) the
peak deviation from the static curve was
7.2PPM. As the deviation is linearly
related to the frequency of the tempera-
ture change for this model, the maximum
orbital time to keep the peak deviation
below 0.1PPM for this crystal is 12.6
hours. Hence, fast temperature changed
can and do affect the desired stability. It
should be stressed that the magnitude
and direction of this deviation is quite
crystal dependent, with this example
tending to be worst case, and that this is
the peak error over the entire temperature
loop.
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Conclusion

High stability TCXOs are subject to
many instabilities not normally con-
sidered in the design of lower stability pro-
ducts. Several of these have been re-
viewed. The design engineer must care-
fully consider the system requirements in
dynamic environments and as a function
of time.

For example, the design Motorola has
chosen to use is shown in Figure 10. The
as shipped {-T stability requirement is as
tight as 1PPM from -40 to +95° with a
total system stability of better than 2PPM.
In order to accomplish these specification
and still maintain a small package size (<
0.3 cu.in.) while minimizing costs, a

custom integrated cicuit in a hermetic
chip carrier was used (5). The chip con-
sists of a three segment non-linear com-
pensation ms, but has improved isolation
between the stages for ease of produc-
tion. Compensation is achieved with four
trimmable resistors. Hermetic sealing of
the IC minimizes reguiator drift. Parts drift
s minimized by utilizing the matched TC
characteristics in the IC design while
good crystal aging is maintained by pre-
aging and then sorting crystals with a
curve fit routine using data obtained by
actively aging the crystals. Hysteresis is
also minimized through crystal sorting
and with attention to thermal design.
Overall hysteresis and aging are further
controlied by hermetically sealing the en-
tire oscillator.
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rF digital connection

Digital Signal Processing

By Thomas Callaghan
Watkins-Johnson Company

igital signal processing is not an easy

topic to comprehend. It combines
theories of both the analog and the digital
disciplines. To ease this understanding,
one should remember that all aspects of
DSP can be divided into three areas:

1) Input Signal
2) Digital Processor
3) Information Extraction

The input signal must be sampled and
quantized before it can be fed to the
digital processor. The digital processor
can only perform the operations of addi-
tion, multiplication and delay (storage) on
the signal data. The end result of the
digital processor is to extract information
from the signal or modify it in some way.
This article will explain the input signal.

The input signal, which is analog in
nature, can be classified as a continuous
time, continuous amplitude signal. To be
of a form useful to a digital procesor the
signal must be converted to a discrete
time, discrete amplitude signal.

Sampling

Sampling is the process by which the
continuous time, continuous amplitude
signal is converted to a discrete time, con-
tinuous amplitude signal. This is done by
periodically taking minute time chunks
out of the analog signal. The output of a
sampler is a series of pulses whose en-
velope approximates the original signal.
The process can be represented by mul-
tiplying the input signal by a pulse train
of uniform amplitude and equal spacing,
(Figure 1).

The pulse spacing, T, that is the sampl-
ing frequency, 1/T, cannot be arbitrarily
chosen. According to the Sampling
Theorem, ‘“‘If a continuous time function
contains only frequency components be-
low F cycles per second, 2F samples per
second suffice to represent it perfectly
and permit perfect recovery.” The reason
for this is more readily seen in the fre-
quency domain. Referring to Figure 2,
one can see that one of the byproducts
of sampling is the duplication of the signal
every F,, the sample frequency. If the
sample frequency is kept above or equal
to 2F, (Figure 2b), the sampled frequen-
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cy spectrum produces no overlap and the
original signal can be retrieved. If the
sample frequency drops below 2F, the
sample frequency spectrum starts to
overlap. Any of the frequencies whose
spectra are contained in this overlap tend
to fold over about F/2 and into the ac-
tual frequency band, as indicated in
Figure 2C. This foldover of frequency is
called aliasing.

Examples of frequency aliasing are wit-
nessed daily by many unknowing observ-
ers. For example, in the old **Westerns,”
the stage coach rides out of town and its
wheels appear to speed up, stop and then
go backwards. The backwards revolution
is caused by the movie camera not tak-
ing sufficient frames per second to de-
pendably capture the wheel’s revolution.
Another example is when a television or
computer terminal is shown in a movie
with black bars across the screen. Again,
the movie camera is not updating the
screen fast enough. In this case, the
camera moves at 24 frames per second
while the television scans a new frame at

60 times per second.

The sampling theory is all well and
good on paper, but in reality it is difficult
to remove all unwanted frequencies
above the frequency of interest. The most
common solution is to place a fiter ahead
of the sampler to remove unwanted fre-
quencies. The filter, however, has two
disadvantages; it alters the signal of in-
terest and unless it has very steep skirts
certain unwanted frequencies are
passed. A second solution is to sample
at a faster rate than 2F. How much faster
is open to debate. Sample too fast and
one puts an undue burden on the digital
processor.

Another consideration in determining
sampling frequency is interpolation er-
rors. Since one is dealing in discrete time,
what has happened to the input signal
between samples is not known. Natural-
ly, the faster the sample rate the more in-
formation known about the signal. When
processing is finished, it may be desired
to convert back to an analog signal. The
conversion is usually done with a D/A
converter and some type of low-pass filter
to smooth, or interpolate, the discrete
points.

So how does one select the sample
rate? Gardenhire in [1] presents a good
approach to the problem. In his work, the
sampling rate is based upon the amount
of interpolation error tolerable from the
output filter given a specified input filter
roll-off characteristic. The input filter roll-
off determines the order of the system.
Given a certain roll-off, m, the sample rate
can be determined from the acceptable
interpolation error. The rate is given for
a 5% error in Table 1.
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The filter method employs analog inter-
polation after D/A conversion. The 2, 3,
or 4 point linear interpolation method is
done via a computer and the output is still
in a digital format. It is interesting to note
how the sample rate approaches the the-
oretical rate of 2F as the order of the filter
increases. It is also worth noting how the
sample rate increases drastically as one
tries to follow the input signal more close-
ly with a minimum of error.

For communications applications, how-
ever, one is dealing primarily with input
filters whose order does approach infini-
ty. The output filters are also optimized,
or of Butterworth types. For these reasons
a sample rate in the range of 2 to 5 times
F should prove satisfactory.

Another error that appears during
sampling is known as aperture error. This
error is caused by the sample pulses tak-
ing a small amount of time to capture the
analog signal. During this time, the input
voltage can change drastically as the sig-
nal goes through zero. This is indicated
in Figure 1 by the triangular shapes of
some of the sampled data pulses. The
aperture error can be expressed math-
ematically [2] for a sinusoidal input by:

£ = A—\-/ —
Ves

2nT,

RF Design

Interpolation Method m=1
Wiener Optimum Filter 640
Butterworth n =4 —
n=3 —
n=2 1.2 x 103
RC Filter n=1 1.2 x 104
2 Point and Linear
Interpolation 640
3 Point Linear Interp. 640
4 Point Linear Interp. 640

m=2

Table 1. Systems Resulting in a 5% Interpolation Error [1]

Normalized sample frequency (F/f;)

1" 5.1 38 26 20
16 83 55 55 55
18 9.2 6.7 6.7 6.7

29 17.0 11 1 1"
220 130 91 o1 91
13 83 59 59 59
12 6.2 5% — 4.0
12 SHT 43 - 33

where Vg is the full scale voltage and t
is the duration of the pulse.

Expressed another way, the acceptable
pulse duration can be calculated as

T=(2n x F x 2n)-1

where n is the number of bits of resolu-
tion of the A/D converter for an A/D con-
verter with a 1LSB error. For instance, if
the input frequency is 10 kHz and eight
bits or resolution are used, the allowable
pulse duration = 63.5 ns.

To alleviate aperture error, a track and
hold amplifier can be inserted before the

A/D converter. This device’s output will
follow the input signal while its track
digital level is active. When the track in-
put switches, the output is held at its cur-
rent level and will not vary over the dura-
tion of the pulse.

Quantization

After the discrete time, continuous
amplitude signal is obtained, it must then
be converted to a discrete time, discrete
amplitude signal for the digital processor.
This process is formally called quantiza-
tion, but it is more commonly known as
analog to digital (A/D) conversion. A
quantizer takes a specific amplitude
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range and divides it into a series of
discrete steps, Q. A digital number is then
assigned to each Q.

The number of bits in the digital word
determines the number of steps that can
be achieved. For n bits, the number of
steps would be 2n. Each step Q, or each
change of 1LSB, would be

where Vgg is the full scale magnitude of
the allowable input voltage.

If the input signali falls between steps
then the digital number assigned to it de-
pends on whether the quantizer rounds
the samples or truncates them.

As its name implies, the quantizer
rounds off the analog input to the nearest
quantizer tevel, Q. In truncation, (Figure
3), the signal is represented by the
highest Q level that is not greater than the
signal. Thus, for each LSB (least signifi-
cant bit) step of the digital output word,
the error from the original signal would be
+V2 LSB for rounding and a 0 or +1LSB
for truncation. An error of +V2 LSB yields
a mean error of zero, whereas a 1LSB er-
ror yields a mean error of +2 LSB. For

this reason, rounding is preferred in most
practical considerations.

Qour
30 ——

'nl W/ NOUNDNG (v W TRinaTan

Figure 3. Quantizer Characteristics

How the digital word is represented is
another area of consideration. Binary rep-
resentation varies widely for positive and
negative numbers. Again, for most prac-
tical considerations, two’s complement
representation is chosen because most
processors use this type of representa-
tion. Also, for other applications only
positive numbers are expected. Many A/D
converters allow either; that is, a range
of 0 to Vg or —Vgg/2 to +Vig/2, as well as
other representations.

Finally, once the quantizer or A/D con-
verter is chosen the number of bits of

resolution must be decided. While a large
number of bits will represent an analog
signal more accurately, they will not
represent a cleaner analog signal. In
every analog signal, there exists some in-
herent noise that is some small portion
of that signal. The more bits of resolution,
the smaller the step size in the quantizer.
The smaller the step, the more the digital
word is affected by noise, so that the
lower significant bits only serve to give a
good representation of this noise. @
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oscillator with vibrational sensitivity of 5 X 10™/g.

1 Stress Compensated (SC) cut crystal

(J Low vibrational sensitivity
{J High short term stability
[J Rugged Construction

(J Low Phase Noise

PIEZO's new Model 1830025 Series os-
cillators are specifically designed for appli-
cations requiring low phase noise for multi-
plication to microwave frequencies. The
internal ruggedized construction and the
use of a PIEZO stress compensated SC cut
crystal results in tyPical vibrational sensi-
tivities of 5 X 10/g. These characteris-
tics make the Model 1830025 ideal for use
in communication, radar and instrumenta-
tion applications.

PIEZO Systems is a manufacturer of
custom oscillators engineered to your re-
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OCXOs, and XOs. PIEZO Systems is an
affiliate of PIEZO Crystal Company, an
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»F products

MiCAD, Plotter And MicKnife

RF and microwave engineers can now
produce prototype artwork right in their
own offices using EEsof's Computer-
Aided Design program, MiCAD; an HP
plotter; and MicKnife, EEsof’s latest prod-
uct for RF/microwave computer-aided
design. MicKnife is a sharp diamond
stylus specially contigured to replace a
pen on an HP 7470/75 or 7580/85 plotter
and cuts the rubylith, which replaces the
plotter paper.

MICAD automatically processes and
displays an RF/microwave circuit de-
signed with Touchstone (EEsof’'s com-
puter-aided engineering program).
MiCAD, used to prepare drawings, docu-
mentation, and camera-ready artwork,
supports not only MicKnife and HP plot-
ters, but also established artwork gener-
ators such as Aristomat and Wild Heer-
brugg Aviotab. EEsof, Westlake
Village, Calif., INFO/CARD #134.

RF Amplifier Controller

The Erbtec RF amplifier controller in-
corporates the intelligence and all the
necessary electronics to monitor, control
and properly drive external high power
vacuum tube amplifiers. It also includes
an interface which enables all of its func-
tions to be completely controlled and
monitored by a remote host computer sys-
tem. Very modular, it is comprised of 8
plug-in modules installed in a rack-
mountable frame. Nylon card guides and
knurled screws hold each card securely
into a mother board mounted on the back
of the frame. Each module can be quick-
ly and easily removed and replaced from
the front if servicing is necessary. The
printed circuit mother board is designed
with a ground plane on one side, which
assures a low impedance grounding sys-
tem between modules and shields against
external RF fields and reduces any radia-
tion of internally generated noise. Erb-
tec Engineering, Boulder, Colo. IN-
FO/CARD #133.

Function Generator

The Model 625 5 MHz Function
Generator offers sine, square, triangle,
haver waveforms, inverted waveforms,
variable symmetry waveforms and DC.
Frequencies from 100 microhertz to 5
MHz may be selected using 9 overlapping
ranges. Within each range except 5 MHz
the frequency may be varied over a ratio
of 1300:1 remotely, from the front panel
or using an external VCF voltage. In the
5 MHz range the frequency may be varied
over a ratio of 500:1. Operating modes in-
clude: Run (continuous waveform), Gate

RF Design

(continuous only while gated), Trigger
(single cycle waveform with each trigger)
and Inhibit (no waveform at output except
during GPIB trigger commands. i.e., ex-
ternal and manual triggers are inhibited).

//////////////////////

All numerical parameter values are
selected and displayed on a 32 digit LED
display. These parameters are: fre-
quency, amplitude, offset, symmetry and
calibration sequence number. A decimal
point and range LEDs determine the
multiplier. Amplitude range is 10 millivolts
p-p to 10 volts p-p into 50 ohms, offset
range is zero volts to +5 volts peak into
50 ohms, and symmetry range is
5%:95% to 95%:5% with 1% resolution.
Additional front panel LEDs annunciate
the non-numerical parameters which are
selected. Exact Electronics, Carson
City, Nev., INFO/CARD #176.

Hyperabrupt Tuning Varactors

DKV4105 A, B & G and DKV4109 A, B
& G hyperabrupt tuning diodes are
packaged in glass rather than plastic to
offer hermetically sealéd devices for all
applications. The high reproducibility of
C vs. V'characteristics guarantees long-
term availability of devices with uniform
electrical properties. The diodes are ideal
for straight line frequency vs. voltage ap-
plications in crystal or LC-tuned circuits
as well as for frequency or phase modu-
lators. Alpha Industries, Woburn,
Mass., INFO/CARD #175.

Isolated Power MOSFET Driver

A 16-pin DIP, power MOSFET driver,
the FDA100 provides 2500 volt input/out-
put isolation. Now you can drive power
MOSFETSs in 10 to 500 microseconds with
full optical isolation. In recent years,

MOS FET POWER
From INTECH

COM 1000: 1000W. Av. Power
1.6-30 MHz with PS 248 Dual
Switching AC Power Supply.

Introducing the next generation
of unconditionally stable POWER
MOS FET Linear Amplifiers from
Intech.

Combining the low order distor-
tion of Class A’ with the high
efficiency of ““AB”” & "C"
Designs, they can withstand
severe load mismatch conditions
without spurious oscillation or
failure.

They are capable of high speed
on-off switching and are Frequen-
cy Agile over their 1.6-30 MHz
range.

They are ideal for: RFI/EMI
Testing, H.F. Transmitters, Linear
Accelerators, N.M.R. CATSCAN,
plasma equipment and
diathermy.

Power levels — 500 W, 1Kw and

up.

Please contact Ted Steven-
son Phone: 408-727-0500,
TWX: (910) 338-0254) to
discuss your State-of-the-
Art amplifier requirements
or write him at

olE o

i intech
282 Brokaw Rd.

Santa Clara, CA 95050
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power MOSFETSs have gained increasing
acceptance, especially in switching
power supply applications. In addition to
expected major use in programmable
controliers, it can just as easily be used
in high speed driving of smaller
MOSFETs. Linked, for example, to a
small signal FET, it can result in a
speed/gain product for high speed
datacom circuits much greater than that
achievable with opto-coupler circuits.
Theta-J Corp., Wakefield, Mass.,
INFO/CARD #174.

Tunable Bandpass Filters

A full line of n=2 > 12 pole (easy cavity
adjust) bandpass filters, in convenient low
cost tubular configuration, with up to 5:1

/

tuning range (example: 0.2 > 1 GHz) is
now available. Cir-Q-Tel, Kensington,
Maryland, INFO/CARD #173.

MATE Interfaces
MATE Interfaces for the 50 MHz Pulse

Generator Model 859 and the 50 MHz
Synthesizer Modei 178 have proven
records in systems based on GPIB
(IEEE-488) interface. The new MATE in-
terface allows GPIB programming in user
friendly CIIL (Control Interface Immediate
Language) which standardizes intrument
command syntax. In both models, a full
MATE confidence test capability is im-
plemented which assures the user that
the unit functions properly. In addition to
the MATE interface both models also
feature the standard GPIB interface.
Wavetek, San Diego, Calif., please cir-
cle INFO/CARD #172.

PX Connectors

Printed circuit board connectors,
featuring low insertion force and superior
operation in rigorous environments of
temperature, vibration and moisture are
intermountable with and designed to
meet or exceed MIL-C-55302 function
requirements. The PX connectors provide
an 80% reduction in connector mating
force — 1% ounces per contact. High
performance thermoplastic insulators pro-
vide high strength at a service
temperature range of -55°C to +125°C.

i -

-

PX connector pins are shrouded to guard

against field damage, and a polarized in-
sulator housing prevents 180° mismating
of the connectors. The connector design
deals against moisture that can contribute
to circuit or system malfunction. ITT Can-
non, Fountain Valley, Calif., please cir-
cle INFO/CARD #171.

IMB PC Based Multichannel
Digital Oscilloscope
WAVEFORM-CATALYST is a
multichannel digital oscilloscope software
package with powerful capabilities for ac-
quisition, display, archiving and analysis
of high-speed waveforms. It is an in-
tegrated system consisting of LeCroy's
series of modular waveform digitizers,
any of the IBM personal computers (PC,

c hm dimcns10n Software for Apple(*)ll
cnterprises

Computers.

“FILE IT ALL”

with Personal Inventory

Keep track of everything!

100% user friendly

Fully menu driven.
Search any record.
Sort any record.
No codes, keywords,
fields or formats.

Can be used ANY subiject.
REAL ESTATE RECORDS
TECHNICAL LIBRARY
CALENDER

INSURANCE RECORDS
BANK RECORDS
INVENTORY

DESIGN YOUR OWN!
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RF FILTERS

1. Low Pass Filters
DC to 1200 Mhz

2. High Pass Filters
1 Khz to 1200 Mhz

3. Band Pass Filters
10 Khz to 1000 Mhz

4. Band Reject Filters
10 Khz to 1200 Mhz

Tablized Filter Response
over range you request.

Each program $99.95
ALL 4 PROGRAMS
$349.95

Micro-Strip Low Pass

Filter $399.95

INCOME TAX DATA RECORDER

Don’t lose a deduction!

Organizes your receipts
& sub-totals the
sections in forms 1040,
1040A, 2441, 4562,
Schecules AB,C,D, & E.
Use as a guide to fill
out tax forms. Sorts &
searches per form and

category. $29.50

Send check/money order
to P.O. BOX 62366,
Sunnyvale, Ca. 94088
Calif. res add 6.0%

Sales tax.

(*) Apple is the registered trademark of APPLE Computer, Inc.
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portable, XT or AT) and system software.
Digitizer plug-ins offer bandwidths to 100
MHz and maximum sampling rates of 200
MHz or 5 nsec between points.
CATALYST operates like an instrument,
not a computer. Single keystroke
operating commands and familiar scope
terminology make knowledge of com-
puters or programming language un-
necessary. The high resolution graphics
permit simultaneous viewing of up to four

““live” or previously stored traces, each
with its own timebase and grid. Dual cur-
sors control zoom, positioning, and the
absolute and differential measurement of
time and voltage, while on-screen
markers identify the trigger point, zero
naseline, off-scale conditions, etc.
LeCroy Research Systems Corpora-
tion, Spring Valley, New York, please
circle INFO/CARD #170.

HP Oscilloscope

The HP 54200A/D is a fully program-
mable, 200-megasample-per-second digi-
tizing oscilloscope, ideal for capturing
high-speed single-shot events. It is par-
ticularly useful to designers of digital and
analog systems who must deal with tran-
sient fault conditions. Transients as nar-
row as 10 nanoseconds can be captured
easily. The HP 54200A/D’s 200-mega-
sample-per-second digitizing rate enables
it o capture high speed events in a single-
shot manner. Pre-trigger viewing allows
the user to see what happened before the
trigger event. With built-in automatic

pulse-parameter measurements, the HP
54200A/D provides fast,

repeatable

answers. Automatic answers relieve the
designer of having to write programs to
cover these functions. The HP 54200
A/D’s average mode extracts the signal
from uncorrelated noise, allowing the

RF Design

user the probe in noisy environments.
The HP 54300A/D’s infinite persistance
eliminates the trial-and-error fine-tuning
inherent in analog storage controls. With
two proprietary analog-to-digital con-
verters, the HP 54200A/D provides two-
channel simultaneous acquisition without
sacrificing sample rate. The HP

54200A/D provides four memory loca-
tions in which a waveform, averaged
waveform or waveform envelope can be

Prectsaon
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IFI’s precision design and
construction allows accurate
E-Field generation within + 1 db.

Each cell is equipped with a
hinged access door that provides
clearance for insertion of test
objects, and transition panels for
easy cable entry.

Larger cells can be supplied with
integral E-Field Sensors, for
direct readout in volts per meter.

Model CC-108—This test cell, with an
operating range of DC to 800 MHz,
offers an efficient means of obtaining
broadband E-Field measurements in a
compact, bench top application.

Model BC-100—This portable cell,
specifically designed for medical and
biological testing, provides a means of
generating extremely high E-Fields up to
1GHz.

Model CC-103—The TEM Cell that has
set industry standards, permits fully
controlled testing at high E-Field levels
with a moderate amount of input power.

stored for later analysis, allowing the user
to make before and after comparisons.
Hewlett-Packard, Palo Alto, Calif., IN-
FO/CARD #169.

Coax Dual Line Strippers

The TOR-1C Coaxial Cable Stripper
and the TOR-1F Dual Line Stripper are
an ideal complement to the electrical and
electronic technicians tool kit. Each tool
comes with a spare set of blades. Davie

test chambers
= cmd broadband EMC testing

Applications

* EMC/Susceptibility Testing

e Calibration of Field Intensity Meters

¢ Research & Development Applications

e Testing & Calibration of Power Density
Probes

Benefits

 Cost Eftective Alternative to a Full Size
Screen Room

o Portable Shielded Enclosure for Lab
Testing

e Protection from Hazardous Radiation
During High E-Field Tests

o Yseful for both Susceptibility and
Emissions Measurements

*Also Depend on IFl for Broadband
Amplifiers, E-Field Sensors and
EMC Test Equipment”’

INSTRUMENTS

FOR INDUSTRY, INC.

161 Toledo Street
Farmingdale, N.Y. 11735
(516) 694-1414
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| Wilmanco

HYBRID SOURCES
Crystal Oscillator/Multiplier
10 MHz to 6GHz
Commercial or Military Quality
Digital Temperature
Comp Option
HYBRID FREQUENCY
MULTIPLIERS
50r10 MHz In/100 MHz Out
100 MHz In/1400 MHz Out
Custom Multipliers
NAVSTAR GPS CLOCK
MULTIPLIERS
10.23 MHz In/
1432.2 MHz Out
FM and PM MODULATORS
10 MHz to 6 GHz RF Output
DC-6 MHz Baseband input
Digital Temperature
Comp Option
NAVSTAR GPS ANTENNAS
RCP Microstrip Patch
Antennas
Dual Patch Antenna for
L1&L2
Other Frequencies and
Polarizations
GaAs FET LNA FOR
NAVSTAR DOWNLINK
Effective Noise Temperature
< 65°K
PASSIVE DEVICES ON
DROP-IN SUBSTRATES
Power Dividers, Mixers
& Directional Couplers
5t012.4 GHz
Connectorized Housings
Optional
CUSTOM THICK FILM HYBRIDS
Your Designs Hybridized

Wilmanco

MANUFACTURERS OF
MICROWAVE PRODUCTS
19529 Business Center Dr.
Northridge, CA 91324
(818) 993-1662
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Tech Inc., Fair Lawn, New Jersey,
INFO/CARD #168.

PIN Diode Drivers

Model 254’s small 1/4 wide x 3/8 long
size makes it easy to fit into any circuit.
This inverting driver with typical output
current of 20 mA is fully TTL compatible,
including low power Shottky logics. It
operates from +5 VDC and dissipates
less than Y2 watt under switching condi-
tions of 35 ns max. In house screenings
per MIL-STD-883C, Method of 5008.2,
Class B, Table VIl is available for a
minimal charge of $10 each. New
England Microwave Corporation, Hud-
son, New Hampshire, INFO/CARD
#167.

Miniature Optocouplers

The SFH 610/611 series of miniature
optocouplers in a 4-lead dual in-line
package is being offered in four high cur-
rent transfer ratio groups: SFH 610/611-1:
40-80%; SFH 610/611-2: 63-125%; SFH
610/611-3: 100-200%; and SFH
610/611-4: 160-320%. The difference in
the SFH 610 and SFH 611 is only in the
pin connections. Package dimensions for

this handy 4-pin single-channel coupler
are significantly scaled down in length to
only .2” — compared to a standard 6-pin
DIP length of .34 — and make it
especially suitable for applications where
board space is at a premium. It is design-
ed for use in electronic test equipment,
medical instrumentation, computer

A
{

peripherals and communications equip-
ment. The devices are optically coupled
isolators employing a gallium arsenide
(GaAs) infrared emitter and a silicon
phototransistor detector. They feature a
2800 volt isolation and are awaiting VDE
approval. Siemens Components, Inc.,
Cupertino, Calif., INFO/CARD #165.

3 F ALITYATTENUATORS-BNC $11.001.9EA, SMA $8.90 10Ea.
AND TERMINATIONS BNC $5.60 10€EA., SMA $5.60 10EA., MIL. HI- ﬁEL NETWORKS

Modet
Number (2)

mpedance requency
O (Power W) lu nge

UNIT PRICE (4) EFFECTIVE 1-15-85
™C ~ SMa UWF

BNC

Fized Attenustors 1 to 20 d8
3 501 5w)

Detector. Mizer, Zero Bias Schotthy
<o-31 0 014 2GHz
oM 3t 50 01-4.20Hz

Resistive Impedence Transtormers, Minimum Loss Pads
RY 8O0/75 501075 DC-1.5GH
RY.50/93 01093

Yerminations

CY-50(3) 80 Sw) DC-4 20Kz
cT-81 0 5w) DC-4 26Mz
€752 50 (1W) 0C-2 5GHz
CT 58I $0{ Sw) DC-4 2GHz
CT-54 50 (2w) DC-2 0GHz
cr78 78 ( 25w) 0C-2 5GH2

831 25w)

0C-3 0GH

MT.75 s 0C-1 0ans

Feed thry Terminations,
FT 30 80

shunt resistor

FT.75
FT-90

mmnonn Coupler. 30 98
0C-300

250-500MMz

RO or CC 1000 000 [1000PF) OC-1 5GH

Adapters
CA S0 (N to SMA) 30

Ingductive Decoupters, se:

0C-4 2012

fas Inductor
W-R1s 017 DC 500MMHz
LD-sAs DC 85MH2

Fixed Aftenustor Sau 3.6.10.an0 20 ua ln nunnc case
AT SO-SET (3) 1 5GH:

e sun

: AT-$1.SET oc 1 5Hr
- Reec -mnun icouplers, 2 ana 4 output ports
Oy %0 18-125MHx
T34 50 1 5125MH2
] Resiative Power Dividers. 3, 4 and ¢ ports
AC-2-30 50 DC-2.00H2
e RC- pee so DC-500MHz
RAC-8- 0C-500MH2
nc-:-u a78 u DC-500MHz
‘. Oouble Bslenced Mixers
DBM-1000 ) $1000MHz
DB M-S00PC 0 2.500MHz

RF Fuse, 1/8Amp and 1/16 Amp
FL-50 50
FL TS 7
NOTE 1) Critice!

My fliniched Terminstions. t 05 110 31, Open Clm.l Shon Circuk
MT-31 50 a8

Resistive Dacoupler, -.n. resistor or Capective Cn pier, serien capacitor
12.00

14 00
11 00
14.50
14 00

@
8
e
£88

14 00

84 00 sa
- o4

FL)

8%
g

8888888
H

13.00

80 00 -

&%

8 888 88 88 88

at
134

88 88 88
8

aa

b3 31

3300
B 8888 38 8

8
88

18 00 17 00
18 00 1700

fully lesied and

Number. Specity connector sexes

8[(30”1 SYSTEMS INC.
4032 CLINT MOORE ROAD, BOCA RATON, FL 33431

Schoftky diodes Mil Spec piated parts. and connectors n nickel, sitver, and gold 2) Ses catsiog for compiete Mode!
1ais sveilable 3) Calibration m.un on labei of unit 4) Price subject 1o change 19854
without notice $hipping 85 00 Domestic or $18.00 Foreign on Prepaid Ord:

g

from Wil Spes, High-Rel resistors

Deitvery b stock to 30 days ARO.
y

305-994-1774
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TWT Power Supply

A MODULAR INTEGRATED TWT
POWER SUPPLY, Model No. 10755 coup-
led to a 50-125w (C-Band) or 50-125w (Ku-
Band) TWT tube will reduce waveguide
losses for Ku-Band and C-Band antenna
pedestal installation. Highly efficient with
state of the art current driven VFET cir-
cuitry, the power supply is easily adap-
table to particular customer specifications
and unique requirements. Fully encap-
sulated high voltage components are in-
cluded in this easy to operate unit with
capacity up to 125 watt TWTs. The power
supply has a modular concept, extreme
wide operating temperature range and is
conduction cooled. MCL, Inc.,
LaGrange, lll., INFO/CARD #163.

Circuit Simulator

The SIMON circuit simulator is a full cir-
cuit simulation software package created
specifically for MOS and CMOS circuits.
Using an entirely new algorithm (not a
SPICE derivative) SIMON offers un-
matched speed (10 to 50 times faster than
SPICE), guaranteed convergence,
simulation of circuits far larger than

previously possible and state of the art
user friendly features. SIMON is available
for a variety of host computers with price
depending on the individual installation
and CPU unit. Ongoing support,
maintenance and updates are available
via a maintenance
agreement. Simon Software, Inc., San
Jose, Calif., INFO/CARD #162.

Ruggedized EMI Filter Pins

EMI Filter Pins are improved and up-
dated versions of the traditional tubular
ceramic-bodied filter pin. Features in-
clude: metal shell construction providing
a rugged housing to withstand assembly
and environmental rigors; round or

square cross section pins for solder or
wire-wrap applications; expanded
capacitance range. 100 pf to .07 uf
available; voltage ratings of 50-300 VDC
and 115 VAC; current rating 10 AMPS;
available in C, L, m and T circuit configura-
tions; typical insertion loss values of 4 dB
at 100 kHz, 20 dB at 1 MHz, 50 dB at 10
MHz and 70 dB at 100 MHz and up for
the 50 volt rated n section filter. Ceramic
Devices, San Diego, Calif., INFO/CARD
#161.

Digital Potentiometer

The HEDS-7500 digital potentiometer
produces digital output directly from
manual rotary input. The new device

IMS» CHIP
RESISTORS

Surface Mounted Devices
STOCK 24 HOUR DELIVERY
Others 2 Weeks MAX.

e STANDARD
10 Ohm to 25 Meg
e LOW OHM
1to 10 Ohm
* HI MEG
Up to 100 GigOhm
* POWER
Upto 10 W
e Any Value/Tolerance
* 18 Standard Sizes
Smallest .025" x .030"
¢ Hi Quality - Low Cost
¢ Microwave Applications

ENGINEERING KITS
10 to 100 pcs / Value
SMD 1206 (IMS 10-2) IN STOCK

401-683-9700

International Manufacturing Serv.
50 Schoolhouse Lane, Portsmouth, RI 02871

provides quality
QPL oscillators at
competitive prices with
short lead times from our
expanded production facilities.
See us for your standard or
custom requirements.

CONTACTUS FORALLYOUR
CLOCK OSCILLATOR
REQUIREMENTS

® Standard Oscillators (TO 5, 8, DIP
LCC and Flatpack)

Baud Rate Generators

6875 Type Microprocessor
Drivers

ECL Clocks

VCXO In Hybrid

Z8000 Drivers

Precision Ovenized Crystal
Oscillators

I
0-Tech Corporation

2201 Carmelina Avenue
Los Angeles, CA 90064
(213) 820-4921
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THE LONG-TERM STABILITY OF A CESIUM.
THE SHORT-TERM STABILITY OF A
RUBIDIUM.

CIBCIPLINED FREQUENCY $TANDARD

i —_ %

MODEL 2110

W[N[u/alW manm
l ]Llr'LlU annen

AUSTRON MODEL 2110 DISCIPLINED FREQUENCY STANDARD

Announcing

THE FIRST MICROPROCESSOR CONTROLLED
DISCIPLINED FREQUENCY STANDARD.

Austron’s Model 2110 is the first micro-
processor controlled Disciplined Fre-
quency Standard. It offers an economical
solution to the most difficult and demand-
ing applications.

The Model 2110 automatically locks the
frequency of its internal oscillator to an
external reference that has superior long-
term stability. Through the use of a third-
order servo oscillator control technique,
the instrument corrects the frequency off-
set and aging of the internal oscillator.
Should the reference fail, the Austron
2110 can limit the frequency offset to
parts in 10*2 for several days.

A SOLUTION FOR DEMANDING
APPLICATIONS

® in communications systems where
spectral purity and redundancy are of
paramount importance

® in metrology where stable frequencies
to parts in 10'? accuracy are required

® in clock systems where a stable clock
with accuracies to £ 100 ns is neces-
sary

® in frequency measurement where
there is a need to quickly set oscillators
to very high accuracies

OFFERING STATE-OF-THE-ART
FEATURES

® microprocessor controlled

@ high-stability internal oscillator

® third-order servo oscillator control
system

® frequency measurement to parts in
10~'* with 100 sec averaging times

® 1 PPS clock output (externally
synchronizable)

® spectrally pure output signals

® optional IEEE-488 interface

® optional dual reference frequency in-
put allowing a choice of external
references

The Austron Model 2110 microproces-
sor controlled Disciplined Frequency
Standard is a first and it's from Austron.
The 2110 can solve your most difficult
timing and frequency application pro-
blems.

CALL OR WRITE FOR MORE
DETAILED INFORMATION.

LEADERS IN TIMING AND FREQUENCY MANAGEMENT

" AUSTRON wnc

P.O. BOX 14766 AUSTIN, TEXAS 78761(512) 251-2313¢ TWX 910/874-1356
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enables bi-directional counting by de-
coding two digital-pulse trains, which are
out of phase by 90 electrical degrees.
Available with a standard 256 pulses per
revolution, the device commonly is used
as a knob on the front panel of equipment
where a digital display may be used to in-
dicate the position of the knob. Hewlett-
Packard, Palo Alto, Calif., please cir-
cle INFO/CARD #160.

Snap Lock Connectors

An environmentally sealed series of
quick connect/disconnect connectors that
provides a labor-saving alternative to
traditional environmental PC board con-
nectors, called Snap Lock Environmen-
tal (SLE), is specifically designed for com-
puter/controlled applications that must

withstand severe environments. The SLE
design does away with expensive slide
latches, spring latches or even center
jack screws by integrally molding snap
locks to the receptacle body on the
mating side. This side also offers a heavy
duty interfacial gasket and multiple
labyrinth seals in the rear to protect
against severe conditions. ITT Cannon,
Fountain Valley, Calif., INFO/CARD
#159.

Insulated Ground Straps

CHO-STRAP™ Grounding Straps are
flexible, double-insulated laminates of
copper (inside) and Mylar (outside), with
pre-punched tinned ends to facilitate ter-
mination. They provide low-impedance
ground paths at RF frequencies, thereby
reducing radiated EMI problems caused
by ordinary wire grounds. CHO-STRAPS
are generally more cost-effective than
braided ground straps. CHO-STRAP
ground straps are supplied in a variety of
standard widths and iengths. Standard
construction is 5-0z. rolled annealed cop-
per, laminated on both sides to 2-mil
Mylar with flame retardant polyester
adhesive. CHO-STRAPS are UL rated
and pass all requirements of UL specifica-
tion 94VO. Chomerics, Woburn, Mass.,
please circle INFO/CARD #158.
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800 Volt Hi-Rel Power MOSFETs

A new series of high reliability, fast
switching power MOSFETs meet high
temperature requirements and feature
hexagonal geometry, voltage (drain to
source) to 800 volts and drain currents to
456 amps. ldentified as SWITCHMOS,

these units offer eutectic mounted
packaging for military and industrial ap-

plications in TO-220 and TO-3 cases.
Solitron Devices, Inc., Riviera Beach, I
Fla., INFO/CARD #157.

Miniature Pin Switch |
This miniature pin switch has a fre- |
quency range of 10-1000 MHz at a 50 |
ohm impedance with an environmental
temperature range of -55°C to +85°C. It l

These words
are worth
a thousand
picfures.

That's how many individual 134 Fulton Ave., Garden City
photos it would talke ro show Park, NY 11040. Or call 516-
you the entire Sprague-
Goodman trimmer capacitor  Sprague-Goodman Electron-
line. fyou'dlike 10 o
:ee them, just wrire i R of the Sprague
‘or our catalog to
mA

746-1385. Or relex: 14-4533.
1cs, Inc. is an affiliare

Electric Company.

]

The world's broadest line of trimmer capacitors.
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KWy Manufacturing, Inc.
Post Office Box 508

Prague, Oklahoma 74864
Phone (405) 567-2285

QUALITY CRYSTALS

Delivery — 10 working days

Custom made to your specifications or to the
original equipment manufacturer's specifications
Medium frequency range 6,000 kHz to 24.000 kHz
Hi frequency overtone range 10,000 MHz to 135,000 MHz
No minimum quantity requirement

OEM volume capability

Competitive prices

Highest quality available

K-W Crystals are guaranteed against defective
workmanship and materials when used in specified
oscillator or equipment for which they were
ordered.

For a catalog, fill out the coupon and return it. Write
or call Dave Randall or Freda Pickard to order your
CRYSTALS today.

K-W Manufacturing, Inc.

P.O. Box 508

Prague, Oklahoma 74864

Phone: 405-567-2285

Name =1

Address

Clity."* =« = __ 'State Zip

HIGH VOLTAGE BROADBAND
RF FET

High dynamic range RF FET now available up to 50V
BVDGO. for use with 24 & 32V supplies, and where
higher drain voltage improves dynamic range. The
CP664 (30V), CP665 (40V), and CP666 (50V) have
third order intermodulation intercept >+40 dBM, and
50 Ohm VSWR < 1.5 to 1 over 0.5 to 50 MHz range.

HIGH VOLTAGE RF FET

“”™ TELEDYNE

CRYSTALONICS
147 Sherman Street, Cambridge, MA 02140
Tel: (617) 491-1670 « TWX 710-320-1196
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IMAGINE!

»F products c......

@
EverYihlng YOU’II ever wan' mm= | s available in the TO-5 housing. Power

or need-in circular
connector accessories.

Glenair has the widest choice
available in the industry.
Every feature. Every design
option. Every application. Glenair,
the leader in connector accessories
for over 25 years, has developed
and tooled thousands of accessory
designs — from simple wire bundle
strain reliefs, backshells, dummy
stowage receptacles and protective S
covers to advanced devices for
EMI/RFI shielding, and more:
+ MIL-C 85049 backshells
» Shrink boot adapters, w/wo
EMI/RF] shield termination

GLENAIR, INC.

1211 Air Way » Glendale, California 91201-2497 + (818) 2476000

INFO/CARD 47

‘“America’s
Shielding
Source??

¢ Magnetic
Shielding
of all types

¢ Shielding
grade alloys

¢ Total in-house
design,
testing and
manufacturing
capabilities.

¢ Send for our latest
product literature.

// /.IRADIATION
e/ ”"/WPM LABORATORIES, INC.

92-A North Lively Boulevard ¢ Elk Grove Village, lllinois 60007
Phone: 1-312-437-5200 « TWX 910-222-0225
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» Shorting cap backshells
* Non-environmental backshells A unique high voltage RF detector
w/wo EMI/RFI shield
termination
« Cable sealing backshells with
immersion capability, w/wo
EMI/RFI shield termination
» TAG Ringe backshells for shield
termination
« Conduit backshells
P Crimp ring backshells
o | - Qwik Ty strain reliefs
« EMI/RFI G-spring backshells
If you're having trouble making
an existing accessory fit your needs,
ill design and produce a

we ‘
- Extender backshells ‘ \ \J Glenair w
» Pipe thread adapters ¢ - % solution. Call or write:

®Registered trademark of Glenair, Inc

requirement is =15 volts at 10 mA, and
| a maximum RF input at 20 dBm. This
SPST configuration has an insertion loss
of less than 1.75 dB at 1000 MHz and
isolation greater than 30 dB at 1000 MHz.
Wavetek Indiana, Inc., Beech Grove,
Ind., INFO/CARD #156.

| Modular Probe Family

probe, Model 10851A, features an op-
| tional ““Tee” connector for direct 50-ohm
| measurements and a 100:1 divider to
| handle very high RF input voltages; the
; first multimeter probe capable of this per-
. formance. The new probes are designed
to mate with virtually any brand of
‘ laboratory-grade oscilloscope. An ad-
| justable wideband probe cable terminator
| network is provided so that correct high
frequency compensation can be obtained
for any scope. There is no compromise
in risetime or bandwidth relative to com-
parable original equipment probes.
Switch-selectable X1/X10 attenuation is
| also available on several models.
Ballantine Laboratories, Inc., Boonton,
New Jersey, INFO/CARD #155. pm

CAE for
Analog Circuit Designers

PLUS:

* OPTIMIZATION + IMPROVED ALGORITHMS

* 98 NODES + COMPATIBLE with HP DATA FILES
* TIME DOMAIN - INTEGRATED with FFT and

+ GROUP DELAY MEASUREMENTS with HPIB

+ RELATIVE PHASE + 6 YEAR TRACK RECORD

+ NEGATIVE COMPONENTS + 30 DAY TRIAL

® Ana'ySis
)20, 9845 an

+« COMPONENT SENSITIVITY
+ OUTPUT WAVEFORM for any INPUT

ALSO: FFT WAVEFORM ANALYSIS
* 4 TIMES FASTER than HP
P + INTEGRATED into ONE FILE

THREE INTEGRATED MODULES:
o - AC.CAP
AC Circuit Analysis with OPTIMIZATION ~ $750.00

S-WAVE
FFT Waveform Analysis for Time Domain  $750.00

PLOTFT

Time Domain Data Acquisition $750.00
Double all prices for 9020 Computer version.
DEMO DISK AVAILABLE

COMTRAN INTE(FiRIx\TED SOFTWARE

[jensen. transformers |

10735 Burbank Boulevard « North Hollywood, California 91601
Contact Deane Jensen (213) 876-0059 - Closed Fridays
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NAGSIM 5100A —
can your emanations

¥

pass the test?
The NTR-51 will let you know.

The NTR-51 TEMPEST Test Receiver offers
unmatched performance — surpassing even the
rigorous NACSIM 5100A requirements.
Independently-adjustable upper and lower
passband edges yield bandwidths from 45 Hz to
995 MHz, and permit the operator to select nearly
any combination of low-noise amplification and
filtering characteristics.

Complete detection system certification data is
furnished with each unit to facilitate quick system
approval. And because the unit is compatible
with any of the usual TEMPEST test accessories,
you can put it into service right away. For more
information about the NTR-51, call or write today.

N

= ~—eTee————
o2 000
a ‘ ‘ _‘ a é .Q S _‘9
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1 100 Hz to 1 GHz at 50 ohms
L] Up to 80 dB gain
1 Extremely low noise figure
] Bandwidths from 45 Hz to 995 MHz
| Surpasses NACSIM 5100A requirements

INFO/CARD 65

New all-purpose
interference
analyzer for

audio range testing

Electro-Metrics EMC-11 Interference Analyzer
combines high sensitivity with adjustable band-
width for the versatility you need in sophisticated
measurement processes.

The new EMC-11 is ideal for tests and measure-
ments for compliance to all standards including
MIL, ANSI, CISPR, IEEE, SAE, RTCA, SAMA,
FCC and other military and government standards.
For more information about the EMC-11, call or
write today.

"1 20 Hz to 50 kHz
] Nine selectable bandwidths
! Improved sensitivity for all uses
| Selectable low and high pass filters
| Spectrum analyzer mode using oscilloscope
1 Front panel functions remotely controllable
1 Balanced and unbalanced input

INFO/CARD 50

100 Church Street
Amsterdam, New York 12010

ELECTRO-METRICS

Tel.: (518) 843-2600
TWX: 710-446-4798

A PENRIL COMPANY
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A quartz
resonator
for UHF
oscillators
has
surfaced...

Introducing the surface acoustic wave (SAW) reso-
nator. This fundamental-mode UHF resonator is
manufactured with semiconductor processing tech-
niques using quartz as a substrate. The high-Q reso-
nance of the SAW resonator arises from phased
reflections across the surface of the device — simitar
mathematically to the resonance of a laser. The
quartz SAW resonator makes an excellent frequency
control device for UHF oscillators from 300 to over
1000 MHz. SAW resonators are used in RF applica-
tions from precision instrumentation to high-volume
consumer electronics.

For more information on the characteristics and ap-
plications of the quartz SAW resonator please

contact:
n inl
= ThA

RFMonolithics, Inc.
4441 Sigma Road
Dallas, Texas 75244
(214) 233-2903
TWX: 910-860-5474
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Electrolytic Capacitor Catalog

Included in a new 33-page Electrolytic Capacitor Catalog are
complete electronic and mechanical specifications for high
voltage and extended temperature range versions; miniature,
subminiature, and super subminiature sizes; low leakage, low
noise and bi-polar versions; low ESR and low impedance types.
Paccom Electronics, Redmond, Wash., INFO/CARD #142.

Semiconductor Catalog

The comprehensive 400-page catalog from Alpha Industries
contains technical data sheets and application notes for mixer
and detection diodes, including Schottky barrier and point con-
tact diodes; control diodes, including PIN switching, attenuator,
and limiter diodes, and Silicon/GaAs tuning diodes; power
generation devices, including Gunn diodes/modules, and Silicon
GaAs parametric amplifier diodes; Silicon/GaAs multiplier and
step recovery diodes. Alpha Industries, Inc., Woburn, Mass.,
INFO/CARD #138.

Triple Output Power Supply Comparison Chart

A free triple output power supply comparison chart covers
Electronic Measurements, Lamdba, Kepco, Hewlett Packard,
Dynascan and Systron Donner models. Parameters needed to
select the proper triple output supply for your specific needs are
detailed, including outputs for 1, 2, 3, max. output power out-
puts isolated, series operation, parallel operation, output modes,
voltate current set, panel meter, simulation read voits and amps,
regulation, ripple, isolation, output/case, frequency at output, size,
bench area sq. ft., warranty and price. Electronic Measuring,
Inc., Neptune, New Jersey, INFO/CARD #137.

T

A " ENG

[l "When you buy a crystal

from Sentry, you never
have to buy it again”
Continuing advances in the design
and development of analytical in-
strumentation have tremendous
impact on all aspects of scientific
research. And that means enhanced
sensitivity: faster, more efficient
procedures: and - perhaps most
critical for the designer-a demand
for reliability.

Your reputation is on the line
every time you provide a new set of
specs. And our reputation is on the
line every time you specify Sentry
crystals. That's why we make high
quality crystals and back them with
a lifetime warranty.

Next time you specify crystals,
put Sentry to the test. We'll measure
up. You have our promise.

SENTRY MANUFACTURING
COMPANY
CRYSTAL PARK

' I CHICKASHA OK 73018
405-224-6780

S sl o

PRECISION QUARTZ CRYSTALS AND ELECTRONIC !
FOR THE COMMUNICATIONS lN&J_iY )
= = L&

© SENTRY MFG CO. 1985
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Largest Independent Lab In The West

Faster Turnaround
EMI/EMC Testing
Two Weeks or Less!

200 V/m Testing to 18 GHz
Receiving Capability to 40 GHz

With seven large shielded enclosures, 25 years
of EMI/EMC experience, and a highly trained
staff, Genisco has the “right stuff” to solve all of
your susceptibility and emissions testing prob-
lems. Talk to us about much-shorter lead times
before you schedule your next test. We can even
set up a two-or-three shift operation for you to
meet urgent scheduling requirements!

e MIL-STD 461A/B, medical and commercial
specs

® Radiated susceptibility testing: 10kHz-18 GHz
® Enclosure treated with RF anechoic material
® Emissions testing: 20 Hz to 40 GHz

® Modern semi-automatic swept EMI receivers
o Automated analysis; x-y plots to 40 GHz

® Mobile EMI vans for remote-site testing

® EMC consulting and custom EMI filter designs

Current Capabllltles Include:

Field
Frequency Infensity Modulation Antennas
10 kHz - 30 MHz | 200 V/m | CW, AM. FM o §M | IFI EFG-3, AR AT3000
paratlel plate
Bt y L= - I N
30 MHz - 150 MHz | 200 V/m | CW, AM, FM, gM IFI EFG-3
or pulse mod
— —1- — — e e L L =
150 MHz - 375 MHz | 200 V/im CW, AM, FM_ M | IFI EFG-3 AR AT1000
or putse mod
375 MHz - 1 GHz 200 Vim | CW, AM, FM, M AR AT1000, Stoddart
or pulse mod 92270-1 Hom
PO PV EEE SIS
1 GHz - 18 GHz 200 V/m CW, AM or Standard gain homs,
pulse mod and rdged-guide horns
18 GHz - 40 GHz 200 Vim CW, AM or (Available by
pulse mod Augusl 1985)

Call Bill Parker at (213) 5637-4750

TECHNOLOGY CORPORATION
EMC Engineering Services Division
18435 SusanaRd,Rancho Dominguez. CA 90221
(213)537-4750, TWX: 910-346-6773

LOW POVVER ATTENUATORS

NOW FROM BIRD

50 ohms nominal ‘ Use two or more in tandem for odd values,
or use with Bird High Power Attenuators (to
4000 watts) for additional attenuation.

Input Power dB Freguency Connec- | VSWR
Watts 5(@93}6@ Hz tors Max.
1! 2! 31 6! - -
2 8,10.14, 30 DC-2 BNC-M/F| 1.2

5 3, 6,10, 20, 30 DC-4 N-M/F | 1.25
10 3, 6,10, 20, 30 DC-4 N-M/F | 1.25
15 3, 6,10, 20, 30 DC-4 N-M/F | 1.25
25 3, 6,10, 20, 30 DC-4 N-M/F | 1.25
75 3, 6,10, 20, 30 DC-2 N-M/F | 1.25

30303 Aurora Rd., Cleveland (Solon), Ohio 44139
216+ 248-1200 TLX: 706898 Bird Elec UD
WEST: Ojai, CA B05-646-7255

For Low Power Bulletin
circle INFO/CARD 54

For High Power Bulletin
circle INFO/CARD 55

HIGH DYNAMIC RANGE

RF AMPLIFIERS

° S .

6' 4" 3 our

Janel offers a wide variety of high dynamic
range RF Amplifiers. The chart below shows a I
sampling of what's available. All feature high
guaranteed performance and yet are

competitively priced. Many models are
available from stock.

Model  Frequency Gain N.F. 3rd |.P.
PF811A 1-32 MHz 16.5dB 4.5dB +42dBm
PF841 2-32 16.5 5.0 +46
PF804 215-320 27.0 4.0 +32
PF829 406-512 16.5 4.5 +38
PF833 800-920 26.5 2.8 +34
PF845 800-915 18.0 2.0 +35

INFO/CARD 53

In addition to RF Amplitiers, Janel manutactures a wide range of stan-
dard Power Dividers and other rf components. Custom designs can be
provided for unusual applications. For detailed information, call or
write Janel Laboratories, Inc., 33890 Eastgate Circle, Corvallis, OR
97333. Telephone (503) 757-1134.

@JANEL LABORATORIES

INFO/CARD 56




OSCILLATEK

S ——
CORPORATION

620 N. Lindenwood Dr. * Olathe, Kansas 66062
Tel: (913) 829-1777 » TELEX: 437045

How to get 3ig | g | AE | sEn | 1O
- Tansa *? oo boenie mhLs
fast delivery on e e S
p STABILITY: STARITY . 0001 10 2 STABILITY. ¥
: e oA SEvsTIon 3 0010 to 2 1% | 2 230" Tomi- 200 1070°0) | oy
Select from the wide range of precision step Pl ecnng Pimte e I
attenuators in our catalog and get fast delivery. T ol
Of course, if you require a custom design we will +¥
build it for you but this increases lead time and LML
your cost. Consider modifying your require- FacoutRCY aaE 1 g e Ow0s - o e
ments to our catalog specifications. This will get SureLbvio v Cormies o s IS A O R
N ADDIT'ON TO OUR STANDARD PROOUCT LINE WE OFFER CUSTOM DESIGN CAPABILITY Cus ‘,P..‘.., .

you fast delivery and save you money. Itis to your
advantage to compare your needs with our specs
below.

Alan Step Attenuator Condensed Catalog List
All products manufactured per MIL-Q-8858A and MIL-STD-45662

Series Attenuation Frequency
Description Range/Steps Max. Connectors | FOR INSTRUMENTATION
SV. Subminiature  0-10dB/1dB SMA, SMB, AND_ oMU Grimaiye
0-100dB/10dB  DC-15GHz  SMC
V. Low Attenuation  0-1dB/0.1dB TNC. BNC, N,
0-70d8/10dB DC-2GHz SMA, F
V. Medium 0-80dB/ 1048 INC.BNC.N, |
Attenuation 0-10008/10dB  DC-1GHz SMA, F
V. High Power 0-100B/1d8B DC-500MHz  BNC, TNC,
SMA N
B. Low Cost 0-10dB/1dB BNC, TNC, il
050dB/10dB  DC-300MHz ~SMA, F Uiy b Coapey
SOV, Miniature 0-294B/1dB BNC. TNC, N, P2, BN | - T S
Dual Concentric  0-109dB/1dB DC-1GHz SMA { 2 W NS bl LT L) _ \ ‘
DV. Standard 0-10.948/0.18 BNC. TNC. N, — : B i R +
Dual Concentric  0-1090B/1dB  DC-1.5GHz  SMA. F | Fogmer vsw | e | (10Woe ] . ‘
-300
A73-20GB o v | _\*J"'IA :Z‘ I Eiij 1 3 | |
. 3 { A73-20P singl
Whether you use a catalog or custom built unit | .“:’:‘4 N J '
we want to be of service to you. Call us for price : i | " [y | som | . A
r " A73D-20PX ol v 3 |
and delivery on the attenuator you require. R i s HCY e T
‘ = = { !
&AED;ZEA—-i 10-200 = ——
Alan Industries, Inc. USRI iz s L_i L \
k ﬂiIVVIWAX_j dual l - L2 it

P.O. Box 1203
Columbus, Indiana 47202
Phone: (812) 372-8869

Alan

INFO/CARD 57

»
+ Baud rate geRe,

= QPLATIMILO
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BROADBAND EQUIPMENT

WIDE BAND ENGINEERING COMPANY, INC.

P O BOX 21652 PHOENIX, ARIZONA 85036 U S A .

INFO/CARD 59

TELEPHONE 1602

254 1570



Plan to be in ST. LOUIS
JUNE 4-6, 1985

To Attend The m
1985 IEEE/MTT-S MICROWAVE pirt_s
SYMPOSIUM/EXHIBITION

and Take Full Advantage of ...

AN OUTSTANDING TECHNICAL PROGRAM — the naditional

forum for announcing significant microwave technology and application developments wili feature
sessions on:

Biomedical  Guided Waves « Communication Systems « Integrated Microwave Systems

o Acoustics and Ferrites « FET Osciliators « Solid State Sources and Amplifiers « FET Ampilifiers « Filter
Networks « Nonlinear Computer Aided Design « Optical and Submillimeter Wavelengths

» Millimeter Wave Component Technology « Advanced Millimeter Wave Technology « Solid State
Device Topics ¢ Active Components « Passive Components

SPECIAL WORKSHOPS AND PANEL SESSIONS — provide

unique opportunities for dialogue with recognized specialists from all over the word on these
subjects:

Phased Arrays for Hyperthermia Treatment of Cancer « Modern Microwave Oscillator Design
Technigues « Advances in Millimeter Wave Subsystems e Historical Perspective of Microwaves
« Future of Microwave Engineers « Microwave Procurement Strategies for the iate 80's and 90's

THE LARGEST MICROWAVE EXHIBITION OF THE YEAR —

more than 200 microwave component, device, instrumentation, material and
subsystem suppliers will display their latest products and be prepared to discuss
your needs at production or engineering levels.

A FUU_ SQCIAL PROGRAM — spouses tours, an exhibitor reception

and the MTT-S§ award banquet complement the program and exhibition activities.

Complete the coupon below and return it to Microwave Journal to receive the
Advance Program, advance registration form and hotel reservation forms.

MICROWAVE JOURNAL o 610 Washington Street « Dedham, Massachusetts 02026
Send me additional information on attending MTT-S '85

Name Title ey
Organization

Address

City, State, Zip Code

Country Phone

MTT-S Member? [ Yes [ No
R
INFO/CARD 60
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CRYSTAL

Precision Quality I ol
Fast Delivery I
Quartz Crystal Products For:

@ COMMUNICATION

@ MICROPROCESSORS

@ CRYSTAL OSCILLATORS
@8 TEST INSTRUMENTS

8 CATV
@ PROTOTYPES

“Any Quantity. . .
Made to Your Specifications"

48 HR. SERVICE

AVAILABLE
513-522-3300

1727 W. Galbraith Road
Cincinnati, Ohio 45239

RF/MICROWAVE
ENGINEERS

Representing companies (in New Engiand and National-
ly) with hundreds of opportunities for RF and Microwave
Engineers means we are the one contact necessary for
that right position, whether it be a new challenge or career
advancement

ENTRY TO 3 YRS. EXP 22-35K
MID LEVEL 30-45K
SENIOR AND MANAGEMENT40-70K

Protessional, confidential, free resume preparation ser-
vice. Client companies assume all interviewing, employ-
ment and relocation costs.

Nationwide
Business Service
PERSONNEL CONSULTANTS

ESTABLISHED 1937
145 STATE STREET,

SPRINGFIELD, MASSACHUSETTS 01103

AUTOMATIC TEST ENGINEERS:
BSEE/BSCS BACKGROUND IN ATE/SEMI-
AUTOMATED TEST EQUIPMENT
HARDWARE: ANALOG & RF CIRCUITS
SOFTWARE: REAL TIME PASCAL/
FORTRAN ASSEMBLY

POSITIONS AS UNIT MANAGERS & SR
PROJECT ENGINEERS

LOCATION SOUTHWEST

PROJECT ENGINEER & SR. PROJECT
ENGINEERS:

BSEE/MS BROAD BAND SOLID STATE
RF POWER AMPLIFIERS

TWT & SWITCHING POWER SUPPLY
DESIGN ENGINEERS

BSEE OR PHYSICS PRODUCT LINE
DESIGN BACKGROUND
SOUTHWEST/SOUTHEAST/ROCKY MNT.

Send resume in confidence to:
Terry Ryder, Sr.

International
Technical
Services

P.O. Box 56037
Phoenix, AZ 85079
602/246-6951

TELEX 214545
INFO/CARD 61
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THE “CAN DO”

COMPONENT COMPANY

Semiconductors for
Defense, Communication
and Instrumentation

You can select with complete confidence from our
full line of semiconductors for your UHF to
millimeter applications. Whether they be in chip
form, glass or ceramic configuration, they
have one thing in common — operating
reliability. Each has been designed,
processed, measured, tested and re-
tested to provide optimal performance in
some of the most advanced RF and
microwave circuits. We produce them by
the dozens or thousands to match strict

specification requirements, as well as

the equally important parameters of

price and delivery.

Many of our high performance prod-
ucts are available as standard products,
or call to discuss your special design
617-256-8101.

m Silicon Abrupt Junction
Tuning Varactors, 30V to 90 Volts

B FLTVAR — Frequency Linear
Tuning Varactors

B VHF/UHF Hyperabrupt Tuning Varactors
m GaAs Tuning Varactors 15V to 60 Volits
@ Power Generation — Multiplier Varactors
B Step Recovery Diodes

@ Harmonic Generator Varactors

® Multi-Chip High Power
Generator Varactors

u Noise Diodes
® Gunn Diodes
= Parametric Amplifier Varactors

® Control Devices — PIN and
NIP Diodes

B UHF/VHF PIN Diodes

u Power RF Switching F nE a UE NC Y
@ Small Signal RF Diodes
® HF Powegr PIN Diodes soun CES
m Limiter Diodes SEMICONDUCTOIR RDIVISION
@ Chip Capacitors A SUBSIDIARY OF LOR AL CORPORATION
16 Maple Road
Chelmsford, MA 01824

(617) 256-8101
TWX (710) 343-0404
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ATTENUATORS

The Difference Isn’t Always Obvious

At Texscan, we don’t believe that you
can judge an attenuator by its cover.
The point is, all of them look pretty
much the same. But, differences lie
just below the surface.

Our customers have made it a habit to
buy from Texscan because they know
we’re not just a surface company.
Quality construction, reliable per-
formance and customer service are
just a few of the underlying reasons to
buy Texscan attenuators. And selec-
tion is another good reason. Choose
from a wide variety of Rotary, Pro-
grammable, Fixed, Continuously Var-
iable and Microwave attenuators, all
with a choice of connectors in 50 or 75
ohm.

Call Texscan Instruments today.
We'll change the way you look at
attenuators.

And with features like these:

ROTARY ATTENUATORS
.1,1 and 10 dB steps

DC to 2 and 4 GHz
Miniature and STD sizes

PROGRAMMABLE ATTENUATORS
.1, 1 and 10 dB steps

DC-2GHz

5V, 12V and 26V control

FIXED PADS

1 to 60 dB

DC-2 GHz

Individual calibration

Texscan

INSTRUMENTS

Texscan Instruments

3169 North Shadeland Ave
Indianapolis, Indiana 46226
(317) 545-4196
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