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Transistor Time.

Stock to four weeks. Motorola’s the host.

Welcome to our party.

If you know these popular device
numbers, and you know us, you know
we'll uncork any or all of them when
you want them from an overflowing

supply. Completely, conveniently,

with no variances, according to your rates

and dates, with loads of flexibility
in scheduling.

Uninhibited, responsive vendor

cooperation is always cause for satisfaction.
In times like this, Motorola makes it

a real celebration because we’ve been the
number one discrete source for so long.
With prices so competitive they sparkle.

SMALL SIGNAL METAL POWER MOSFETS
2N2222A 2N3725 MTP3055A BUZ11
2N2907A 2N2369A MTP8PO8 IRF150
2N2219A 2N3700 MTH15N20 IRF620

BUZ71A IRF830
MULTIPLES
o oz
2N3904 MPSA06
2N3906 MPSA92
FETS MPS4124 2N4401
BS107 MPF971 MPS4126 2N4403
2N3909 2N5246 _
aN211 3N201
' SURFACE MOUNT OPTIONS
BIPOLAR POWER MMBT3904 MMBT2907A
2N3055 2N6678 MMBT3%06 i i
TIP29C TIP110 R ki
MJH16008 TIP31A
MJ11032 TIP127
THYRISTORS
2N6073A C106D
T2500D 1728000
SC141D MCR100-6

One-on-one design-in help

Get your engineering staff an engineer-
to-engineer update on all the latest
transistor technologies from small-signal
to power. Have them call toll-free
weekdays, 8 a.m. to 4:30 p.m., MST.

1-800-521-6274

Or contact

Motorola

Semiconductor

Products, Inc.,

PO. Box 20912, ’
Phoenix,AZ 85036.
We'll get vou {((\,\ VOUF
to market faster. Q B
The time is now. 1 n ln
The source is

Motorola.

@ MOTOROLA
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Acrian’s high-rel pro-
duction technology allows
us to go the distance, to
meet the toughest military
requirements with consis-
tently high repeatability.

Here’s a good exam-
ple—the TAN250A, deliver-
Ing 250 watts of pulsed
power across the entire 960—
1215 MHz TACAN band. With
features like gold metaliza-
tion, gold controlled-loop
wire bonding (256 bond
wires), low thermal resis-
tance, and a hermetically
sealed package. To date,
we've delivered more than
75,000 worldwide.

Thanks to our produc-
tion capability, Acrian offers
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(N 1888 —Sailors

navigating the
treacherous passuge

between New Zealund's
main islands learned to rely on g
miystertous dolphin fo plot them
past the shoeals. The doiphin, known
as Pelorus Jack, staved on the
job Jor 24 vears, going the distance
{o save countless ships and men

you the most comprehen-
sive line of transistors, FET's,
associated devices, and
higher-level assemblies from
2MHz to 4.5 GHz—and
beyond. _

To get complete infor-
mation on the TAN250A or
any of more than 500 Acrian
products for communica-
tions, radar, and avionics, call
(408) 294-4200 or TWX (910)
338-2172.

Acrian Inc. 490 Race Street
San Jose, California 95126

POWER WITH A PURPOSE
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Cover

Our cover features the Noise Com NC7000 noise generating instrument appearing on the market this month. The instrument com-
bines programmable controls with white Gaussian noise generators in one unit. Standard models cover the 10 Hz to 2 GHz fre-
quency range and feature seven switchable discrete filters. The instrument can be connected to |EEE-488, RS-232, RS-422 or RS-423
interfaces for automatic testing and other external control.

October 1985

IR 3 B AT | Features

Rl e 29 Special Report: The New Uses of RF.

e L & Part | — Noise Generating Instruments

Part Il — Medical Uses of RF Energy

Part | of this two-part Special Report covers the relatively new field of noise
generation. The reasons for noise generation and the basics of noise are ex-
plained, along with a description of two noise generating instruments. Part
Il'is a report on the use of RF radiation for internal imaging of the human body
and for cancer treatment. — Gary A. Breed and James N. MacDonald

Re-Normalizing the Scattering Parameters

Network S-parameters are not independent of source and load impedances.
Measurements using standard network analysis equipment may not accurately
reflect device characteristics if the source and load impedances of the equip-
ment do not match those of the system being designed. The author shows
how to mathematically correct data to reflect the actual circuit configuration
of a two-port network. — Daniel N. Meeks

41

Elliptic Filter Wins A Comparison Test

In a comparison of Butterworth, Chebychev and elliptic low-pass filter im-
plementations, the author finds the elliptic filter to be the best choice for most
applications in terms of insertion foss and component value sensitivity. COM-
PACT is used for the analysis. — Peter Vizmuller.

ESD Sensitivity of a Diode Mixer

This article describes a test procedure used to measure the ESD sensitivity
of mixers using the double-balanced diode-ring configuration. The mixers were
tested relative to the Category B classification of MIL-STD-883 Method 3015.
— David Geiser.
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When you need more crystal
filter performance in less space,
we re-think basic assumptions.

For instance, we've packed four-
pole response--two networks--into
a single can. (15-250 MHz, as
small as .450"'H. x .420"'W.). It
gives you the bandwidth selectivi-
ty and performance you need. In
half the space.

Then there’s our HC45 package,
meeting or beating fundamental
filter specs at one-

third the usual
size. And our l “
sub-mini tubular
(17-250 MHz,

.12"D. x .32"H.).

And our

matched filter sets,

smallest in HC45,Sub-mini
the industry. elt e

Two minus one equals two.
When you need more perfor-
mance in less space, call on us.
Our new formula

can't be equaled.

Crystal Products, Inc.
*‘Where the Impossible Becomes the Ordinary. "’
121 Water St.

Mineral Point, WI 53565

(608) 987-3363, Telex 467581
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»F editorial

James N. MacDonald
Editor

his month we begin our second three-

part series of Special Reports, this
series featuring the new uses of RF. Writ-
ing these reports is a learning experience
for us because we are investigating areas
few people know much about.

The first subject is medical uses of RF.
As with the other subjects, we knew there
were some interesting uses of RF in medi-
cine, but we did not know how dramatic
the uses were and what potential they
have for saving lives. Included with the
Special Report is an image of the inside
of a rat’s head made using RF radiation,
showing far more detail than an X-ray. We
could not include color images made by
the same process that are so realistic they
look like photographs made during an
autopsy. Such images are made with no
discomfort and no health risk for the pa-
tient because they are made with low fre-
quency radiation. The technique de-
scribed in this Special Report has been
used less than five years.

Another use of RF has a longer history,
but the technology has been made to
work successfully only in the last few
years. This is hyperthermia. Researchers,
who do not like to make predictions, speak
cautiously about the potential of RF induc-
ed hyperthermia to cure cancer, but in-
vestigational use on hopeless patients
has demonstrated that properly directed
RF radiation can kill large, inoperable
tumors. Once again, the safety of RF is
a significant factor, especially compared
to the severe effects of massive chemo-
therapy, X-ray or surgery.

This month’s Special Report is in two
parts because we recently became aware
of a relatively new use of RF that is be-

coming increasingly important. Most of us
think of noise as something to keep as low
as possible, swamping it with a high S/N
ratio. In a world of increasing RF sources,
however, it becomes necessary to factor
noise into the calibration of receivers and
other equipment. Two companies manu-
facture general purpose noise generating
test instruments and many others manu-
tacture diodes to be built into transmitters
and test equipment for easy calibration.
To cover this new use of RF in a timely
manner we have devoted part of the Spe-
cial Report to the subject of noise and
featured the newest noise generator on
the cover.

Another relatively new use of RF is in
testing susceptibility of electronic equip-
ment to radio frequency interference. This
RFI susceptibility becomes more impor-
tant almost daily as RF signal transmit-
ting devices become more portable and
more numerous. In November we will re-
port on RFI testing and provide an update
on the status of US and foreign regula-
tions. We'll try to clear up some of the con-
fusion caused by recent regulatory chang-
es and the different requirements of US
and foreign agencies.

Susceptibility testing is becoming more
important because RF devices are prolif-
erating rapidly. Two-way alarm systems for
home or business or construction sites,
shoplifting detectors, remote meter read-
ing and personnel locating systems are
a few of the unusual industrial uses of RF
that will be covered in the December Spe-
cial report. We are literally surrounded by
RF.

Attendees at the RF Technology Expo
86, next January, will be surrounded by
RF in a different way. The exhibit space,
doubled from last year, will be filled by 89
companies showing their latest RF prod-
ucts. A two-and-a-half day program has
been assembled with 75 papers to be pre-
sented, in addition to the Fundamentals
of RF Design course. It will be the most
comprehensive forum of RF design know-
ledge ever offered. Papers will be present-
ed in five simultaneous sessions, and Pro-
ceedings will be available at the confer-
ence, so attendees will be able to read the
papers they could not hear and perhaps
consult with the authors.

We're looking forward to it.

i
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»F viewpoint

Where Is the RF Marketplace

Heading?

By J.R. Harris
President
Acrian, Inc.

In our travels we often meet executives
and managers with valuable insights in-
to the business side of RF electronics. We
have wished that we could provide a
forum for some of the observations these
people have passed on to us. We know
that even our most design oriented
readers care about the manufacturing
and marketing of their products.

Publisher Keith Aldrich has decided to
make this space available for such com-
mentary. The Publisher’s Notes column
will be aiscontinued, and we invite all
readers to consider this column as a place
to share their ideas. Material may be sub-
mitted to the editor.

Our first guest column is from Jack Har-
ris, president of Acrian, Inc., who
describes the benefits of vertical integra-
tion in manufacturing. — Editor

he technology advances required to
develop state-of-the-art components
in the RF market are becoming more cost-
ly. Within a limited volume market that is
price sensitive, a solution is needed so
that additional revenues are generated to
finance necessary research and develop-
ment. Vertical integration into modules, or
higher-order assemblies, seems to be an
answer to the problem, while also lower-
ing overall costs.
There are two primary reasons why a

customer is willing to consider acquiring
modules from suppliers: lower costs and
the customer’s lack of available engineer-
ing talent. Vertical integration at almost
any level gives the customer more for the
doliar while transferring some of the
engineering burden to the supplier.

It is essential for manufacturers to pro-
vide a customer with a true and flexible
resource — to manufacture from
specifications, to work cooperatively with
customer design engineers, and to design
an appropriate unit. Knowing the tran-
sistor and circuit technology, as well as
the system’s applications, is critical in the
design and manufacturing of quality
modules, and the ability to deliver pro-
ducts on time is as important as design
capabilities.

In the late 1960s, digital IC systems
houses realized the critical nature of their
components to their system design. They
therefore moved to build alliances or ac-
quire the basic technology. As a result,
very few independent semiconductor
manufacturers are left in the RF market-
place. Now, RF customers are beginning
to recognize that products which are cost-
ly to develop can be acquired even within
an inelastic, low volume market, from sup-
pliers who have made such alliances and
taken a vertical integration posture.

This flexibility gives a company a
distinct edge over competitors that are not
fully integrated, because the competition
will be forced to design-in standard parts
purchased at retail costs. A number of
new applications areas require RF
modules, such as medical instruments,
laser drives, space defense initiatives,
military systems and broadcast systems.
These areas, unlike traditional RF applica-
tions, will grow fastest and accept vertical
integration in the short term.

Traditional engineering investments
associated with good designs and atten-
tion to quality and production issues must
be redoubled if vertically-integrated pro-
ducts are to reach the market and be a
successful solution. Companies cannot
let traditional boundaries or system ar-
chitectures prevent the use of latest
technologies. The coming years will con-
tinue to challenge suppliers to bring the
highest performance products to the
market within a shorter design cycle
without compromising quality and econ-
omic benefits.
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The A-7550 Spectru'm Analyzer

The A-7550 Spectrum Analyzer by
IFR is the most advanced, low cost,
portable spectrum analyzer on the

market today.

Two powerful microprocessors, menu driven dis-
play modes and single function keyboard entry aid the
user in the operation of all analyzer functions.

To further enhance the operational simplicity of the
A-7550, the microprocessor system automaticaily selects
and optimizes the analyzers bandwidth, sweep rate,
center frequency display resolution and the rate of the
frequency slewing keys. An operator override is also
provided when non-standard settings are required.

Features...Performance...Dependability...The
A-7550 portable Spectrum Analyzer by IFR—innovative
accomplishments in design.

Impressive Standard'Features Include:

® 100 kHz to 1 GHz frequency coverage ® VRS™ (Vertical Raster
Scan) CRT display = Single function keyboard entry = Menu
driven display modes ® Automatic amplitude calibration

* Selectable linearliog display modes = Digital storage of all
displayed parameters = 70 dB dynamic range = 300 Hz
resolution bandwidth = 16 selectable scan widths = Accurate
center frequency readout = Direct center frequency entry

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

® Line, bar, average and compare display modes = 300 Hz and
30 kHz video filters

Optional Features Inciude:

= Internal rechargeable 5 APH battery for portable operation

= Tracking generator with 10 dB step attenuator = Tracking

generator with 1 dB step attenuator ® FM/AMISSB receiver

= |[EEE-488 interface bus = RS-232 interface bus = 75Q adaptor
= Quasi-peak detector

-

NN Contact your local IFR authorized
- A

e el distributor for a demonstration.
/ 1 10200 West York Street / Wichita, Kansas 67215 USA.




Reaching new heights
in unconditionally stable...

Oscillators Synthesnzers Multlpllers

® Broadband Coverage — 1 MHz
to 18 GHz Covered in Hundreds
of Standard Units

¢ Wide Selection of Units Cover e Standard Bandwidths of 35%

the 1 MHz to 18 GHz
Frequency Range ® Broadband Coverage 25%, 15% and 10%

® Phase-locked

® TTL Controlled Frequenc s
= O 4 [ -
b 2 * Low Noise — Single Il Side-
* Low Spurious: < —60 dBc band Phase Noise is —90 dBc, To ﬁnd out more, send for
(—80 dBc Available) Typically our new catalog.

Adams [} ¥ Russell

ANZAC DIVISION
80 Cambridge Street  Burlington, MA 01803 . (617)273 3333 *» TWX 710-332-0258
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A Perfect Fit Every Time

We’re introducing our latest development — the
OSP™ Modular Plug-In Connector. Designed for
cost effective electronic system packaging. More
than just a connector, it's a unique packaging solu-
tion in answer to the demand for high density
packaging. OSP™ connectors eliminate external
cables — modules literally snap together. Multiple

Spectrs§

the connector store

-

connectors mate simultaneously. And, they operate
reliably to 26 GHz even when only partially mated.
Components utilizing OSP™ connectors are also
available.

Need details? Send for our 20 page OSP™

booklet.
THE CONNECTOR STORE

See us at the MTT-S Show,
Booth #303/310

Omni
Wspectra M/A-COM OMNI SPECTRA, INC.

MA/COM Omni Spectra Inc. 21 Continental Blivd,,
Merrimack, NH 03054 (603) 424-4111

OSP is a trademark of Omni Spectra Inc.
INFO/GARD 8



Until now, you had to go to 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 multi-
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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rFletters

Editor:

| read with great interest the article in
the July 1985 issue of RF Design;
“Helical-Resonator Filter Design — A
Basic Program” by Vincent Heesen. |
would like to offer the following
comments:

1) The calculations, as stated by Mr.
Heesen, are for cylindrical resonators.
These are not as practical to build as
resonators with square shields. It would
be more useful to use a square shield
design.

2) The coupling between the resona-
tors is most often capacitance, not infduc-
tive as he states but either or both may
be used.

3) It is true that the coupling shield
height is determined empirically, but data
exists that allows for accurate calculation.

4) Line 940 prints out the tap position.
It appears that the publisher cut off the
last line of the outputted data.

5) No mention is made as to how to de-
termine the resonator-to-resonator coupl-
ing, without which the resonator informa-
tion is useless and the filter cannot be
designed. The only place the filter band-
width is used is in the calculation of the
insertion loss.

6) Insertion loss calculations are limit-
ed only to Butterworth filters (order 2-7).

7) Having been involved in filter
designs for over 19 years this is the first
time | have seen suggested the use of a
trimmer capacitor at the resonator ends.
It may work but most likely will not pro-
vide the necessary resolution required for
proper tuning. As for providing support to
the resonators it is useless.

In general | find this type of article
worse than useless, in that it not only pro-
vides incomplete information on design,
but wastes the reader’a time in trying to
understand what’s going on. | would sug-
gest that anyone interested in Helical
Filter Design review the following article.

“Need a Helical Filter? These Design
Aids Will Make it Easy,” by Lee R.
Watkins, RF Design May/June 1981.
One correction to the above article should
be made. On page 46:

eq. © = ARCSIN RoRup
27,2
Should be:

© = ARCSIN /RyRpp
\/ 2z.2

Lee R. Watkins PE.

Mr. Heesen'’s response:

Re: Item #1

Stated in the text (an alternate ap-
proach is to reduce the square shield
width by 20 percent of the computed
diameter of the cylindrical shield).

Re: ltem #2

See text: “Coupling into or out of the
resonator may be accomplished by pro-
bes, etc.,” Probes, by definition, include
passive capacitive networks.

Re: Item #3

Accurate calculation of the coupling
window between resonators requires
knowledge of the precise location of the
open-ended end of the helix — a task
beyond the scope of this program.

Re: ltem #4

Reader Watkins is correct. Then too,
the program lines 650 and 660 are also
missing.

Re: Item #5

The intent of this article is to provide ac-
curate dimensional information to facilitate
fabrication and/or feasibility of design.
Neither this nor reader Watkins’ article are
“stand-alone” design presentations.
Readers are encouraged, indeed expect-
ed, to consult the references cited.

(continued on next page)

»F calendar

October 15-17, 1985

January 28-30, 1986

Automated Design and Engineering for Electronics East
Bayside Exposition Center, Boston, Massachusetts
Information: Show manager, ADEE East, 1350 East Touhy
Ave., PO. Box 5060, Des Plaines, IL 60017-5060; Tel: (312)
299-9311.

October 21-23, 1985

Fifth International Electronics Packaging Conference
Marriott Hotel, Orlando, Florida

Information: Evelyn Ashman, International Electronics
Packaging Society, PO. Box 333, Glen Ellyn, IL 60137; Tel:
(312) 260-1044.

October 22-24, 1985

Northcon/85 High Technology Electronics Exhibition and
Convention

Portland Memorial Coliseum, Portiand, Oregon

Information: Electronic Conventions Management, 8110 Air-
port Blvd., Los Angeles, CA 90045, Tel: (213) 772-2965.

November 19-22, 1985

Wescon/85 High Technology Electronics Exhibition and
Convention

Moscone Center, Brooks Hall/Civic Auditorium

San Francisco, California

Information: Electronic Conventions Management, 8110 Air-
port Blvd., Los Angeles, CA 90045; Tel: (213) 772-2965.

RF Design

Systems Design and Integration Conference

Brooks Halt, San Francisco, California

Information: Electronic Conventions Management, 8110 Air-
port Blvd., Los Angeles, CA 90045; Tel: (213) 772-2965.

January 30-February 1, 1986

RF Technology Expo 86

Anaheim Hilton and Towers, Anaheim, California
Information: Kathy Kriner, Cardiff Publishing Co., 6530 S.
Yosemite St., Englewood, CO 80111; Tel: (303) 694-1522.

March 11-13, 1986

Automated Design for Engineering for Electronics West
Moscone Convention Center, San Francisco, California
Information: Show Manager, ADEE WEST, Cahners Exposi-
tion Group, 1350 East Touhy Ave., PO. Box 5060, Des
Plaines, lllinois 60017-5060; Tel: (312) 299-9311.

March 11-13, 1986

Southcon/86 High Technology Electronics Exhibition and
Convention

Orange County Convention Center, Orlando, Florida
Information: Electronic Conventions Management, 8110 Air-
port Bivd., Los Angeles, CA 90045; Tel: (213) 772-2965.

April 8-10, 1986

Test and Measurement World Expo

San Jose Convention Center, San Jose, California
Information: Meg Bowen, Conference Director, Test and
Measurement World Expo, 199 Wells Avenue, Newton, MA
02159.
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l' ’ Etter S continued

Re: Item #6

As stated in the text, Helical Resonators
are employed where small, selective, low
loss filters are required. Obviously, other
filter designs, e.g., Chebyshev, could be
used; but since the Butterworth exhibits
the lowest loss it is the logical choice for
this device.

Re: Item #7

Mechanical instability is one of the ma-
jor draw-backs of the Helical Resonator.
All core materials lower the resonator’s Q
and should be avoided, where possible.
The use of heavy gauge wire self-
supported at the grounded end and ter-
minated in an air-variable “trimmer”
capacitor at the open-circuited end is
“common practice.” The text refers to this
practice as a practiced procedure, not as
a requirement.

Frankly, 'm surprised that reader
Watkins has never in all his 19 years ex-
perience seen the “trimmer” employed as
a tuning and mechanical support ele-
ment. Perhaps during the next 19 years,
as he catches up to some of us, he will
have an opportunity to peruse through a
copy of the Radio Amateur's Handbook,
which has illustrated this technique for
years.

| have received far too many accolades
from reputable RF circuit designers for
this article to take this reader’s views
seriously.

With the addition of the missing pro-
gram lines 650 and 660, this article re-
mains, as intended, a very useful tool for
the design and fabrication of Helical
Resonators.

Where else can one find a “‘free’”” com-
puter program which will yield: coil length,
coil diameter, wire diameter (min. and
max.), number of turns, wire spacing,
shield diameter or square shield width,
shield length, unloaded Q, tap location,
plus insertion loss for up to seven poles
— all within twenty seconds?? All this on
a “Home Computer!!!” Where else, in-
deed, but the July 1985 issue of RF
Design magazine.

Vincent G. Heesen PE.

Editor:

| have found some additional difficulties
with Alan J. LaPenn’s article “Basic Pro-
gram Computes Values for 14 Matching
Networks,” April 1985. Included are my
formulas and changes for your considera-
tion. The errors appear to have originated
with Alex J. Burwasser’s article “TI-59
Program Computes Values for 14 Mat-
ching Networks,” Nov./Dec. 1983. They
were also repeated in an “RF Letter” from
Keats A. Pullen, Jr., June 1985.
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Article: “Basic Program Computes Values
for 14 Matching Networks,” RF Design,
pgs. 44-46, April 1985, Alan J. LaPenn.

Network #9, p. 45:

X1 = A[RgR, — Rg2 — QRg
X, = QR
2 S _RSRL
X5 = SIAGL N
X1 + X2
Should be:
X1= (QxRgX-1
X3= (Ri4[Rs(R—Rg) X -1
( RSXRL) )
2= 14+ —S L )X -1
X (‘x o7

810 X1=Q*RS* 1
820 X3=RL*SQR((RS/(RL-RS)))*-1
830 X2=(X1+RS*RL/X3)*-1

Diagram on page 46 for Network #14.

X1 X2
ng 5 é X

Should be:

%
X1 X2
Rs RL

The corrected program seems to verify
tabulations in the Motorola RF Data
Manual and the ARRL Electronics Data
Book as well as verifying the results on
the “Smith Chart Program” (Lynn A.
Gerig, June 85).

Thank you for providing us with a top
grade magazine for the RF field.

S. Ticknor, President
Wide Band Engineering Co., Inc.

Mr. Burwasser's response:

Mr. Ticknor is quite correct in his finding
that there are errors in the equations for
network #9 (““TI-59 Program Computes
Values for 14 Matching Networks,”
Nov./Dec. 83), and is to be commended
on his constructive ‘detective’” work.

The most major of these errors is a
typographical one in the equation for X1,
where the radical sign incorrectly extends
over the quantity “—Q-Rg.” In the
original manuscript, the equation reads as
follows:

X1 =‘v RS- RL_R52 —N@F RS

Even with this typographical correction,
however, the reactance values for X1, X2
and X3 are somewhat at variance with
those values obtained using Mr. Ticknor's
equations. Yet, networks synthesized us-
ing either set of equations are legitimate
series enhanced -Q L reactance mat-
ching networks for the source and load
resistances specified. A further investiga-
tion by this author of the original TI-59 ar-
ticle manuscript found corrections to the
equations that, regrettably, were never
mailed in to RF Design. The corrected
equations for network #9 should have
been as follows:

X1 = —Q-Rg
X2 =4‘ Rs' HL-Rsz - X1
X3 = _RS.RL

X1 + X2

In the above equations, the network Q
is defined in terms of X1 (rather than X2
as was done in the original equations).
Thus, networks synthesized using the
original equations will have Qs slightly dif-
ferent than the specified value (for
moderate and high Q values, this dif-
ference is small). The corrected equations
above yield the specified Q value.
Although these equations appear different
than Mr. Ticknor's, the same values for X1,
X2 and X3 are obtained using either set,

A similar correction is also required for
the equations of the shunt enhanced —
Q L reactance matching network. The cor-
rected equations for network #11 are as
follows:

X1 o Rs' 7RL__ 1
Rs
X3 = _RLM
Q
AL )
X1
+ 1
Q'Rs

Alex J. Burwasser
RF Products
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N Ila 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 TNO 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.

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




rF news

Ohio State University Tests
Color Slow-Scan Video

The feasibility of delivering color slow-
scan video via FM subcarrier was demon-
strated by radio station WOSU of Ohio
State University at Columbus, Ohio. Using
a Colorado Video Model 250C transmit-
ter and a Harris 92 kHz subcarrier
generator, video images were delivered to
the Ohio State University regional cam-
pus in Newark, Ohio, 60 miles distant. The
slow-scan video pictures were single field
NTSC color, with an eight second trans-
mission time. Picture quality was con-
sidered excellent and there was no
degradation in either the main channel
signal (classical music) or the 67 kHz sub-
carrier channel (a reading for the blind
service).

The intended application of this test is

Unitrode Acquires GE’s
Signal Diode Operation

Unitrode Corporation has announced
the acquisition of General Electric’s signal
diode operation. The acquired product
families include stabistors, as well as low
leakage general purpose and high voltage
diodes. The scope of the agreement en-
compasses all product design, manufac-
turing technology and equipment, test
and burn-in equipment and product in-
ventories.

Scientists Compare Clocks
With Unprecedented Accuracy

The Commerce Department’s National
Bureau of Standards (NBS), in coopera-
tion with their colleagues at the Radio
Research Laboratory in Tokyo, have per-
formed the most accurate clock rate com-
parison ever achieved across the Pacific,
checking the U.S. primary time standard
at NBS in Boulder, Colo., against the
Japanese primary standard. The U.S.
Defense Department’s Global Positioning
System of navigation satellites, which con-
tain on-board atomic clocks, was the in-
termediary in this comparison, which was
performed to an accuracy of one second
in a million years.

“This experiment confirms that atomic
clocks anywhere in the world may now be
compared with unprecedented accuracy,’
said David W. Allan, a physicist in NBS’
Time and Frequency Division who is in
charge of the clock comparison project.
It means that Japan has now joined the
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to provide on-site continuing engineering
education to industry located near
Newark. This test is part of a program ex-
ploring the delivery of telecommunication
based continuing education by the School
of Engineering, under the leadership of
Dean Donald Glower. Slow-scan video is
viewed as an enhancement to existing
technology, i.e. radio and the telephone.
The FM radio subcarrier will economically
deliver instruction to distant locations
while conventional phone circuits will be
used for audio interactivity.

The test was coordinated by Eric
Seabrook, Teleconferencing Services
Coordinator at Ohio State. The project is
targeted for implementation in the spring
of 1986.

United States, Canada, and West Ger-
many as full contributors for the deter-
mination of the international atomic sec-
ond, making International Atomic Time
more accurate. It also means that the
National Aeronautics and Space Ad-
ministration (NASA) and the scientific
community will be able to obtain a better
time reference for such things as deep
space probes and pulsars.

Most major industrial nations use
laboratory clocks based on the vibration
of the cesium atom as their national stan-
dards of time. Making comparisons be-
tween any two of these extremely ac-
curate primary standards used to be
limited by the method of comparison; for
example, a less accurate portable atomic
clock carried between the national
laboratories. Now this comparison can be
done quickly — and is not limited by the
method — by receiving a radio signal from
a Giobal Positioning System satellite
when it is in common view by both time
laboratories.

Also at NBS

NBS has developed a new technique
for calibrating the linearity of 1.25 MHz at-
tenuators and voltage of power detectors
which achieve a resolution and stability
of better than 0.00001 dB. Total schematic
error in measuring a 6 dB change is
estimated to be less than 0.00005 dB,
which is considerably better than any
other attenuation standard at this fre-
quency known to NBS. The technique
uses a five-port device with three power

detectors. The system determines a very
accurate 2:1 voltage ratio at one detector
in terms of the readings of the other two.
The linearity of the two detectors is un-
important because they remain at an
essentially fixed power level. While NBS
is currently offering a special test
measurement service for voltage doublers
at 1.25 MHz, the new technique should
find broad application at any frequency.

Surface-Mount Device
Directory Now on Videolog

A directory of 12,000 active semicon-
ductor devices and sources available in
surface mount packaging is now online
through Videolog, an interactive tech-
nical information service for engineers.
The directory is supplied to VideoLog by
AWI of Sunnyvale, Calif.

VideoLog provides current data on
more than 500,000 semiconductors, as a
directory of 14,000 suppliers. The
database includes product and industry
news, semiconductor pricing, selection
guides and short form catalogs.

AWI's Phil Marcoux stated that “there
is little doubt surface mounting will
become increasingly competitive with
through-hole technology in all segments
of the electronics industry. In consumer,
commercial, industrial and military ap-
plications, savings are moving on a
steadily upward curve. Having this direc-
tory online is a significant benefit for
engineers.”

According to VideolLog president Alan
Brigish, “SMT is having a tremendous im-
pact on the size, shape and price of
today’s electronics products.” Continued
Brigish, “Advances in automated SMT
capitalize on the proven dependability of
miniaturized components to produce as-
semblies that are smaller, faster and less
costly than traditional printed circuit
boards. Size savings can be up to 70 per-
cent and cost savings as high as 50 per-
cent.” Videolog is headquartered in Nor-
walk, Conn.

Motorola Discontinues TTL-ALS
Logic Line

Motorola Semiconductor Products Sec-
tor announces its termination of the Ad-
vanced Low Power Schottky (54ALS/
74ALS/) TTL family. Current open orders
will be honored and shipped as customers
have requested. Motorola believes there
is not a widespread, long-term market
need for TTL-ALS, and that the vast
majority of those applications can be
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WHEN IT COMES TO SEMI-RIGID CABLE,
WE WROTE THE BOOK.

Next time you need MIL-C-17 QPL-approved semi-rigid coax
cable, check with us first. Because nobody else comes close
to having as many QPL-approved coaxial cables—flexible
as well as semi-rigid—as Times. Over the past 40 years,
we've solved more than 10,000 specific problems with
our coax cables. And now we've put that experience
and knowledge to work for you in a full line of
semi-rigid cables that meet or
exceed MIL-C-17.

Send for our new catalog
today. And when you're
ready to buy, give us a call
first at (203) 265-8700.

You'll salute our selection,
competitive price
and delivery.

Times Fiber

Communications, Inc.,
Government Systems
Division, P.O. Box 384,
Wallingford, CT 06492,

(203) 265-8700.

TFC
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figh Level Noise Instruments
NOD 5000 Series: These noise instruments
find useful applications as reference
standards and as alignment tool for mixers,
amplifiers, filters, etc. replacing conventional
sweep generators. Advantages are “REAL”
world signals rather than a swept point
by point signal. Units are available with
such options as high power levels
. and inputs for external markers.
. - Other uses are for checking
# receivers and digital equipment.
. < POWER: 115 VAC 60 cycles or 220 VAC 50 cycles
, OPERATING TEMPERATURE: +0°C to 65°C
45> e ; ~ R.F. OUTPUT: (+ 10) DBM (others available)
: ] ATTENUATOR: 0-10dB, 1dB step (Options available)
: FREQ. RANGE: From 10 Hz to 2000 MHz

NOISE GENERATOR
wOD 3103

@

.
onson

I~
>y ol
[ T FREQUENCY [ mrrouTPUT |
W | MODEL NO. | RANGE | FLATNESS |vSWR | DBMMZ |
[ Mx5101 | 10Hz20KHz [ £050B | 151 -3
| Mxs102 | 10Hz100KHz | 20508 | 151 —a0
[ Mxs103 | tozso0kHz | 205¢8 | 151 -
MX5104 | 100Hz3MHz | 07508 | 151 -55 |
MX5105 | 100Hz10MHz | +100dB | 1.5 -60
W | Mx5106 | 100Hz25MHz | +100dB | 15:1 - 64
MX5107 | 100Hz100MHz | +100dB | 151 | -70
 MX5108 | 1MHz300MHz | +159B  |151 | -75 |
| MXS5109 | 30MHzS00MHz | £20d8 [181 | -77 |
| MX5110 | 300MHz1GHz | +20d8 | 151 | 79
| Mxs111_| 1GHz2GHz | +2008 | 201 | -80
| Mx5200 | 100Hz1000MHz | +2098 | 20:1 |
MX5250 | 100Hz1500MHz | +25dB | 201

£ B

—

{

—

[ 1TTORD 5 '
complete NOISE Catalog-SslNS/982.
““Micronetics, Incy; 86 Oak St * ' . _
Noerwood, New Jersey Q7648 or call % < [HEMCLONELIC
(201 )‘%7- 1320 . INFQICARD 2 . ‘ A Quantech Company
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' ’ news Continued

satisfied by their current digital logic pro-
duct portfolio of metal-gate CMOS, high-
speed CMOS, low-power (LS) Schottky
TTL, TTL-FAST, ECL10K and ECL10KH.

Car Telephone Users Are Safer
Drivers with car telephones spend twice
as much time on the road, yet have half

as many accidents as people without
such phones, according to a study re-
leased by the American Automobile As-
sociation (AAA), AT&T and Bell Atlantic
Mobile Systems. Cellular phone owners
also are twice as likely to be good
samaritans, reporting road hazards, ac-
cidents or other serious incidents, accor-

BK3 (TO-5) Crystal
Frequency Range (5th Overtone) 75-125MH,
Frequency Calibration (At +75°C}) +.0005%
Frequency Stabllity (+70°C-+80°C) +.0002%
Serles Resistance 60 OHMS MAX.
Aging — 1st Month 2 PPM ;:'\
—t Agling — Per Year [After 1st month) 3 PPM S
:;;.""'Ic ' Shock 150G/7ms or
::‘j o Vibratlon 20G/10-2,000H;, A
,.
——— .
Mrun
Ly
- Not bad specs Si
l a
for a coldweld,
| | vacuwm sealed
'Jovg t
.| | arystal priced
under $19:
(Price will vary with quantity or
special specifications.) 3
- ——d
et
o * Quartz Crystals « Crystal Oscillators « Free Catalog
g Y
7
e ANl
Sor
L4 o ]
ELECTRIC COMPANY
wro) 2545 West Grandview Blvd.
P.O. Box 3428, Erie, PA 16508 3oy

(814) 838-3571 TWX 510-696-6886
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ding to the report, based on the six-month
experience of more than 750 drivers in the
Washington/Baltimore area. Cellular
customers of both Bell Atlantic Mobile
Systems and Cellular One — participating
service companies in the survey — were
selected at random; non-car phone
drivers, which formed the *‘control group,”
were members of the Potomac division of
the AAA, which helped conduct the AT&T-
sponsored study.

Highlights of the 62-page study include:

The car phone customers were involved
in one traffic accident for every 317,000
miles driven; the control group's ratio was
one in every 115,000 miles. (The national
average, according to the study, is one ac-
cident per 89,000 miles.)

Car phone owners said they averaged
fewer accidents after cellular installations.

About 35 percent of the cellular drivers
said they called authorities to report col-
lisions, erratic driving and so forth — com-
pared to 13 percent in the non-phone con-
trol group.

In addition, four out of five car phone
owners said the cellular units made either
no difference or improved their driving
behavior.

The study pointed out that the par-
ticipating car phone owners average
about 24,000 miles a year behind the
wheel, compared to 11,800 for AAA
members.

Cellular customers use their car
phones about five times during a typical
workday, which finds them on the road for
three hours, according to the survey. The
average cellular customer is less talkative
while in the car than at home; the usual
cellular conversation lasts about three
minutes, the typical residential call runs
five minutes. Copies of the study are
available through AAA, AT&T, CTIA, Cel-
lular One or Bell Atlantic Mobile Systems.

New Book From IEEE

The publication of Television
Technology Today has been announced
by the IEEE PRESS. A volume in the
IEEE PRESS Selected Reprint Series,
Television Technology Today, was pre-
pared under the sponsorship of the IEEE
Consumer Electronics Society. This book
presents the most recent technological
advances that are changing the face of
the television industry.

Containing 50 of the best original
papers and articles assembled from
worldwide sources, the volume is divided
into eight parts, as follows: CATV and
broadband communications, direct broad-
cast television from satellites; advanced
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The solution to FCC Part 15
is right at your fingertips.

Introducing the easiest solution to FCC
Part 15 UHF transmitter requirements.
For the
many applica-
tions that use
low-power
UHF transmit-
ters under Part 15 —
wireless security sys-
tems, garage door
openers, wireless remote
controls and short-range teleme-
try — RFM has developed an easy, rug-
ged, cost-effective solution to transmitter
design.
With our SAW resonator stabilized
hybrid transmitters, you just add a simple
antenna, 9V battery and digital input.

Our hybrids do the rest. N
No need for a protracted G
rf design effort on 3 >

your part. < N

—

Full operating
range.

RFM’s hybrid trans-
mitters can be easily
adjusted to achieve full
legal radiated power
(operating range) with a
variety of wound-coil or printed-loop
antennas.

Excellent stability and signal purity.

Quartz SAW resonator frequency con-
trol assures that our transmitters won’t
drift out of your receiver’s bandpass — or
into a military “forbidden band” — de-
spite temperature or battery voltage

Hybrid
oscillators are
designed for wireless
security products and other
remote control devices.

IRl

changes, com-
ponent aging
or body capac-
itance effects.

Also, our
transmitters
feature low
harmonic out-
put and tight
modulation
bandwidth
control. Harmonic radiation above 1000
MHz is well under 125 uV/m @ 3 meters
when used with recommended antennas.
The right options. The right support.

Both pulse and FSK modulation op-
tions are available to match either super-
regenerative AM or superheterodyne FM
receivers. Matching hybrids are also avail-
able for receiver local oscillators (10.7
MHz i-f). Plus, we offer two transmitter
output power ranges — for FCC Part 15
Subpart D or Subpart E. All RFM trans-
mitters are fully compatible with CMOS
encoder chip drive levels.

At RFM we have a staff of expert rf
engineers ready to help you integrate ad-
vanced SAW tech- A
nology into your S
product. And you can \=
always count on an in- A\ —se
novative, cost-effective A
solution. We didn’t get \
to be the world’s vol- B\ P
ume leader in UHF Nl
SAW resonators and '
hybrids by following
the competition.

Typical harmonic spectrum of hybrid
transmitler.

Hybrid oscillators r\nake low-cost
AM/FM UHF-based remote
control systems possible.

I

THE NEW WAVE IN RF

RF Monolithics, Inc. ® 4441 Sigma Rd. @ Dallas, Texas ® 75244 US.A.
Phone: (214) 233-2903 ® Telex: 795022 @ FAX:{(214) 387-8148 ® TWX: 310-860-5474

INFO/CARD 14



' ’ NeWsS continved

television systems; digital television;
teletext; multichannel television sound;
projection television, videotape.

Each part is introduced by one of eight
experts in the industry who gives an over-
view of the particular subject: Harold J.
Benzuly, Matsushita Industrial Company;
Barry G. Haskell, AT&T Bell Laboratories;
Ronald L. Hess, General Electric — Video

Radar System Remotely
Monitors Atmospheric Conditions

An electromagnetic radar device for
remotely monitoring the structure and
dynamics of the atmosphere has been an-
nounced by Radian Corporation. Called
CAPSONDE,® the new system provides
continuous, real-time measurement of
such meteorological conditions as wind
speed, wind direction and turbulence.
Typical application areas include weather
prediction, aerospace research, environ-
mental studies, and defense. A prototype
of the system has already been used to
determine optimal conditions for launch-
ing and landing the space shuttle Chal-
lenger. According to Radian Vice Presi-
dent F. Scott LaGrone, CAPSONDE is the
first comprehensive system capable of
remotely monitoring conditions in all
levels of the atmosphere simultaneously
and in real-time.

“CAPSONDE reveals a complete cross-
section of current atmospheric phen-
omena, from 500 meters to 50 miles up,”
said LaGrone. “The system is a break-

22

Products Division; Akinao Horiuchi, Sony
Corporation — Advanced Engineering Di-
vision; Joseph L. Lo Cicero, lllinois In-
stitute of Technology; Dimitrios P. Prezas,
AT&T Bell Laboratories; Anthony Troiano,
RCA David Sarnoff Research Center.
The editor, Theodore S. Rzeszewski, a
member of AT&T Bell Laboratories Tech-
nical Staff, is also Associate Professor at

through for applications in which critical
decisions depend on access to accurate,
up-to-the-minute information — for exam-
ple, determining flight trajectories for
space vehicle launchings.”

Based on technology developed at the
Max Planck Institute for Aeronomy in
West Germany, CAPSONDE employs a
radar technique to detect atmospheric
fluctuations caused by temperature,
humidity, and electron density variations.
Large-scale background conditions in the
atmosphere can be assessed by con-
tinuously monitoring these fluctuations.
The heart of the system is an array of 196
four-element Yagi antennas controlled by
a Hewlett Packard 1000 minicomputer.
Each antenna sends out electromagnetic
waves of about 50 MHz or 400 MHz. The
waves are radiated in pulses straight up
and at various angles to obtain vertical
and horizontal measurements and this
produces a three-dimensional profile of at-
mospheric phenomena. The pulsed
waves scatter when they encounter tur-
bulence, and reflect a fraction of their

the Midwest College of Engineering. His
past credits include Project Engineer on
the first microcomputer controlled fre-
quency synthesizer for television.

Television Technology Today (PC01818)
is available from the IEEE Service Center,
445 Hoes Lane, Piscataway, NY 08845-
4150, U.S.A. For information, please cir-
cle INFO/CARD #100.

energy back to earth where it is detected
by the Yagi antennas. Precise information
about atmospheric conditions is obtained
by measuring the intensity of the radar
echoes and the shift in their frequency,
according to the principle of the Doppler
effect.

Other available methods for monitoring
atmospheric conditions involve a mixture
of techniques employing sounding
rockets, aircraft, weather balloons, and
conventional radar to collect data from dif-
ferent parts of the atmosphere at different
times.

“CAPSONDE fills in the gaps left by
other methods by providing simultaneous
measurements of conditions in all levels
of the atmosphere,” said LaGrone. “The
system’s continuous, remote scanning
eases the logistical problems associated
with ‘in situ’ measurement techniques
and offers a real-time assessment of at-
mospheric phenomena.” CAPSONDE's
applications span several areas including
meteorology, defense, and environmental
studies.
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Jow A low-compression
electronic gasket that also
provides environmental protection!

New Instrument Specialties strips shield
RFI/EMI; control noise, dust, moisture

and chemical contaminants!

These new Sticky Fingers® electronic gaskets combine
beryllium copper finger strips with a neoprene rubber
seal. Providing shielding characteristics comparable to
other Instrument Specialties shielding strips, they also
serve as an environmental seal. Thus, they are especially
suited to applications where protection against noise,
dust, moisture, and chemical contaminants is required
as well as electronic interference protection.

The unique design of these sealing strips permits the
use of extremely low compression forces, compared to
conventional elastomers, to make contact with the sur-
face of both the environmental and electromagnetic
shield.

Complete continuity of the neoprene gasket is assured
by using a straight joint coupler, or mitering or butting at
corners. No special tools or soldering required. And as
with all Instrument Specialties Sticky Fingers strips,
installation is fast and secure with the strips’ self-
adhesive backing. The flexible series provide the same
advantages, for use where a continuous shield must
conform to irregular shapes and turn tight-radius corners
in either direction.

Catalog E3-58 provides complete information, including
exact specifications, dimensional drawings, etc., on
these and other Instrument Specialties shielding strips.
Use this publication’s Reader Service Card, or write to
us directly at Dept. RFD-23.

.312, .450, .650 and .950 wide,

Straight strips available: 1]

relaxed position.

Perfect for sealing square
and rectangular enclo-
sure/door interfaces.

Ideal where a continuous
shield must conform to
irregular shapes and turn
tight-radius corners.

Flexible series:
.345 and .458 wide,
relaxed position.

INSTRUMENT SPECIALTIES COMPANY, INC.
PO. Box A e Delaware Water Gap, PA. 18327

Phone: 717-424-8510 @

TWX: 510-671-4526

Specialists in beryllium copper since 1938
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Your One-Stop Source for...

V=N LOW NOISE
Crystam.smlatnrs

Non-
Compensated (XOs)

' e
» - |
. "

il

5MHz-1GHz
+7dBm (+13dBm optional)

Temperature
Compensated (TCXOs)

Oven
Controlled (OCXOs)

Frequency: 1 MHz - 630 MHz 1 MHz - 400 MHz

Output:

+7dBm ( + 13dBm optional)

+ 7dBm (+ 13dBm optional)

Temp. Stability
Options:

+25ppmover
+ 3 ppmover
+50 ppm over

0/+70°C
0/+50°C
—55/+85°C

+2x107 over
+5x10"7 over
+1x10 % over

0/+50°C
20/+70°C
55/+85°C

+1x10"®over
+3x10 % over
+5x10"% over

0/+50°C
20/+70°C
55/+75°C

Aging:

5 ppm/year
(2 ppm/year optional)

1-2x10"¢/year
(depending upon frequency)

1x10°%/day (as low as
1x10'°/day available)

Phase Noise
((@ 50 MHz)
Standard:
L2 Option:

1 KHz 50 KHz

—125dBc/Hz —150dBc/Hz
—-140dBc/Hz -

1 KHz 50 KHz

—130dBc/Hz —145dBc/Hz
160dBc/Hz = —

1 KHz

140dBc/Hz
150dBc/Hz

50 KHz

150dBc/Hz
-160dBc/Hz

Voltage Controlled Models

B

Clock Oscillators (TTL, CMOS, ECL)

PCB MOUNT COMMERCIAL
DiP
{epoxy sealed)

16 KHz-100 MHz

PLL YCXO0s LINEAR YCXO0s LOW PROFILE DIP

(resistance welded)

VCOs
{non-crystal)

+1%t0 +33%
to 500 MHz
+1%to +10%

+.003%to +.01%
to 600 MHz
+10% to +20% *1%to +5%

+.001% *+.001%to +.01% | +.3%to +1%
(wider temp. ranges, to — 55/ + 85°C, optional)

Deviation: +.01%t0 = 1%

1 Hz-100 MHz 16 KHz-100 MHz {(QPL’d to
MIL-0-55310/16)
1 Hz-50 MHz (QPL'd to
MIL-0-55310/18)
5 MHz-500 MHz | 5 MHz-200 MHz 5 MH2-150 MHz
+10ppm, =15 ppm, *25 ppm or =50 ppm
(most models also available settable to = 1 ppm
via either internal or external variable capacitor).

Standard: +25ppmover  0°Cto + 70°C
Option 2: =50 ppm over - 55°Cto + 125°C
Option5: = Sppmover 0°Cto + 50°C

w o Vectronlaboratories.,Inc.

VECTRON The Crystal Oscillator Company

v 166 Glover Avenue, Norwalk, Connecticut 06850
Telephone: 203/853-4433 TWX: 710/468-3796

Frequency: to 400 MHz

.01 Hz-15 MHz2 N/A

Linearity:

Stability:
(0-50°C)

ECL

Accuracy
(at 25°C):

*Higher stability temperature compensated
and oven controlled VCX0s also available.

Stability:
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Drop-in the
Highest Gain

100MHz-500MHz, 100W, 8dB

M/A-Com PHI is now shipping a push-pull transistor that
delivers 8dB minimum gain across the full 100-500MHz
band. The PH04105-100 is a drop-in for existing or new
VHF/UHF broadband designs that requires virtually no circuit
changes.

The PHO0105-100°s diffused silicon ballast resistors and
unique all-gold metallization process guarantee that this
drop-in stays rugged and reliable even at full rated power.
As a standard product or processed to your specification —
M/A-Com PHI delivers.

The PHO105-100 is the first in a series of exciting new prod-
ucts being offered in
the VHF/UHF band at MINIMUM GAIN AT 100W
power levels from 3W
to 125w, fully charac-
terized, competitively
priced, and in high
volume production.
Cdll us. We'd like to

drop in.

M A-COM PH! PH0105-400

TRW TPM 4100
ACRIAN

0105-100

THOMSON

CSF 1CC 0105-100

M/A-COM PHI, Inc.

4742 Crenshaw Bivd., Torrance, CA 90501
Telephone 213-320-6160

TWX 910-349-6651
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The “HOT" New Products in NOISE

NOISECom

...of course!!




User “Friendly”
Programmable
Noise Generating
Instruments

WOLSE COM, INC.

K?,- =707

¢ Controlled Manually or

Remotely, Interfacing to IEEE 488 WWWWW
(GPIB) or RS-232, or RS-422, A

§

i

or RS-423

e OQutput: White Gaussian Noise,
with Qualified Peak Factor
5:1 Min., 50 Ohm Impedance

1 pa/pIVISION

100}

¢ Attenuation: O-127 DB with
1 DB Increments (Optional 0.1 DB) W

¢ Mechanical: Bench Instrument

200 |

or 19” Rack-Mounting
* 115V, 60 Hz or 230V, 50 Hz Input

Power

NC 7100 Series/ + 10 dBm Output

NC 8200 Series/ + 30 dBM (1 Watt) Output

FREQUENCY OUTPUT VSWR FREQUENCY RF
MODEL RANGE DBM/BAND FLATNESS DBM/Hz uv/VHz MAX MODEL RANGE FLATNESS  OUTPUT
NC7101 10Hz-20KHz +13 +.7508 -30 7071 20 NC8203 500Hz-500KkHz +2DB — 27DBM/Hz
NC7102  10Hz-100KHz +13 +.75DB —-37 3162 2.0 NC8204  500Hz-1MHz  +2DB — 30DBM/Hz
NC7103 10Hz-500KHz +13 +750B —44 1414 20 NC8205 500Hz-10MHz +2DB — 40DBM/Hz
NC7104 10Hz-1MHz +13 +.750B —47 1000 2.0 NC8206 2KHz-25MHz +2DB — 44DBM/Hz
NC7105  10Hz-10MHz +13 +.750B -57 316 20 NC8207 250KHz-100MHz +2DB — 50DBM/Hz
NC7106  100Hz-25MHz  +13 +750B -—61 200 20  OPTIONAL: Remotely switching to filters
NC7107 100Hz-100MHz +13 +.750B -67 100 20 to selept seven different sub-bands. .
NC7108  100Hz-500MHz +10 #1508 =77 ' 316729 Combine output with selected input signals.
NC7109 100Hz-1000MHz +10 +200B —-80 224 20 For more information and fast
NC7110 100Hz-1500MHz  +10 =+ 2508 —81.8 183 20  Servicecall 201-488-4144

and ask for Gary Simonyan.

NC7111 1GH-2GHz +10 +250B -—-80 224 20

Watch Noise/Com
“RED TAG
for lowest price!

* NC 7101 thru NC 7103

Noise Com, Iinc., 111 Moore St.,

TWX 910-380-8198
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Before You Use
FR-4 Again,

You’ll Find Our New ECM-85
Can Beat FR-4 In Processibility,
Performance, and Price.

At last there’s a viable alternative to FR-4—a
laminate that’s strong yet easy on drilling tools,
stands up to the most demanding electrical require-
ments, and offers you a price advantage.

It's an all-glass laminate from Cincinnati Milacron
called ECM-85 (IPC-designated CRM-5).

In processing, ECM-85 virtually eliminates PTH
barrel cracks, consistently provides smooth &
smear-free holes, and features the best solder-
ability in the industry.

In electrical performance, it provides more stable
long-term insulation resistance; lower and more
stable dielectric constant and dissipation factor;
and wider safety margins in arc resistance, tracking
resistance, and high current ignition resistance.

And in price, ECM-85 is more cost-effective than
FR-4 in most applications.

If this new laminate looks attractive to you, call
Milacron for samples, information, and the name of
your nearest ECM-85 approved fabricator. Getting
a second opinion could really pay off.

Direct inquiries to Steve Hayden or Arlyne
Adams, Cincinnati Milacron Marketing Company,
P.O. Box 246, Blanchester, Ohio 45107
1-800-221-7084
(in Ohio call 513-783-2464)

CINGINNATI
MILACRON

Electronic Circuit Materials Division
INFO/CARD 19



rF special report

This month’s Special Report covers two subjects.
Part | describes noise and noise generating
instruments and the uses of noise. We introduce the
Noise Com NC7000, the latest noise generating
instrument. Part Il begins our series on the new
uses of RF energy with a look at some surprising

medical applications.

Part | —

Noise Generating Instruments:
New Capabilities, New Applications

By Gary A. Breed

Noise is all around us, at every
wavelength we can observe. From the
subaudible rumblings of the earth’s
seismic activity to gamma rays bombar-
ding us from distant parts of the universe,
noise constantly frustrates engineers and
scientists by limiting their capabilities of
observation and measurement. But noise
itself can be valuable, giving us insight in-
to the nature of its source and the medium
through which it has been propagated.
The useful aspect of noise as a measure-
ment tool is examined in the first part of
this Special Report.

he presence of noise is impossible

to avoid, since all matter above the
temperature of absolute zero emits noise.
Electronic circuits are limited in perfor-
mance by the noise generated within their
own components, as well as by the exter-
nal noise that permeates the environment
through which their electrical and elec-
tromagnetic signals travel. To help the
engineer deal with these problems, noise
generating instruments are available to
provide accurate, controllable sources of
noise for test and measurement of their
circuits. These instruments range from a
diode fabricated to enhance its noise
generating characteristics to units such as
the one featured on this issue's cover,
which amplify and control the noise out-

AF Design

put of the basic diode, offering program-
mable control over the amplitude and
bandwidth of the output noise signal.

Noise diodes represent the simplest
class of noise generating devices. They
can be manufactured with repeatable,
predictable noise output characteristics
and have supplanted the older gas dis-
charge tubes as standard reference
devices. Noise diodes are easy to use, in-
expensive, and provide excess noise
ratios (ENR) of 15 to 40 dB (see Noise
Basics). They can be incorporated as
components in equipment, used as
calibration standards, or used as low-
power test signal sources. Useful noise
output to 200 GHz can be obtained with
current technology, and enhancements
are continually under development.

A variation on the basic diode is the
amplified noise source module. With out-
put levels in the +10 dBm range and the
use of filtering to shape the output spec-
trum, these modules provide additional
design flexibility over diodes alone. As
modules, they are easily incorporated in-
to the design of equipment or systems, as
well as being used as test signal sources.

The most recent development is the in-
troduction of noise generating in-
struments designed solely as sources of
test signals. The Noise Com NC7000 (on
the cover), and the Micronetics MX5000
represent the current state of noise

generator development. These in-
struments make available high noise
power (+30 dBm), control over all impor-
tant functions, and programmability, plac-
ing the greatest range of noise test func-
tions at the engineer’s disposal.

Applications of Noise

The use of noise as a tool for research
or in practical applications is as varied as
the spectrum of noise itself. At audio fre-
quencies, researchers use noise for
psychological testing, as a reference stan-
dard for audiometry testing, and as
simulation of existing sources of noise in
the world around us. Practical uses at
audio frequencies include acoustic
analysis of structures from auditoriums to
submarines, amplifier testing, and mask-
ing of low-level background noise in of-
fices, motels, and other semi-public
places where quiet cannot be achieved.
Many of us recall trips to the dentist where
headphones with a mix of music and
noise were used to reduce our sensitivity
to the pain associated with such visits, by
overloading our brains with excess
auditory information. Now we have tapes
with synthesized ocean roar (noise to help
us relax), music synthesizers which start
with noise and filter the desired frequen-
cies from that random foundation, and
record producers who add noise to rock
music to make it sound louder without in-
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creasing the actual dB level! All this, and
we haven’t gotten past 20 kHz.

At radio frequencies, the applications
are no less diverse. We are familiar with
the measurement of noise figure,
amplifier gain, and broadband
measurements replacing sine wave or
swept-frequency signals with noise, but
the list of applications doesn’t stop there.
The advent of high power noise
generating instruments has enhanced the
traditional applications and created entire-
ly new uses of noise as a design tool.

With the help of several manufacturers
of noise generating devices and equip-
ment, a list of applications especially
suited to the use of higher power (+30
dBm range) noise signals has been at-
tempted. Some of the possible uses are:

Expanded dynamic range testing of

amplifiers, mixers, and receiving
systems.

S/N testing of telecommunications
and digital data communications
circuits.

interference susceptibility testing
for man-made and natural in-
terference sources.

Testing susceptibility to jamming
signals.

Reflection coefficient testing of
antenna systems and related
equipment.

Providing secure communications
by masking the desired inteltigible
information with noise.

Simulation of existing noise or in-
terference conditions.

Replacement of swept-signal
testing, to avoid frequency-
dependent response errors (i.e.,
testing with AGC, AFC, or phase
lock functions enabled).

Jamming of clandestine “‘bugs.”

A/D and D/A conversion system
testing.

Large dynamic range calibration of
spectrum analyzers and other
measuring equipment.

This list is by no means definitive, and
the potential for more applications is
unlimited, especially as the instruments

Noise is a unique commodity. By
definition, it has random behavior at
any given instant, but over time is has
very well defined characteristics. It is
the perfect statistical model, and as
such it offers the engineer a valuable
tool for analysis. The random ampli-
tude fluctuations of noise tend to oc-
cur around a specific mean, analogous
to the DC value of a rectified AC signal.
Since noise is a fluctuating signal, the
AC characterizations of RMS and peak
amplitude values can be applied to
noise as well. Since the amplitude of
noise is statistically random, it follows
a Gaussian distribution (the familiar
“bell” curve), which lends itself to
established statistical analysis meth-
ods. Practical avalanche diode noise
sources exhibit amplitude characteris-
tics which approximate very closely the
Gaussian distribution of an ideal ran-
dom noise source.

The frequency-domain characteris-
tics of noise are of equal importance
to amplitude but are more dependent
on the nature of the noise source. No
currently known noise source can gen-
erate noise with random distribution at
all frequencies, but devices have been
developed with the frequency charac-
teristics needed for the most valuable
applications. The measure of energy
versus frequency is spectral power
density, expressed in watts/MHz or

Noise Basics

other convenient units. The spectral
content of a particular noise test signal
is determined by the diode noise
source and the bandpass filtering us-
ed to shape the frequency response of
the signal.

The ability to characterize noise in
terms of basic measurement units al-
lows accurate calibration of noise
sources, which has led to standardiz-
ed parameters for the use of noise in
various test functions. This capacity for
accurate measurement of noise char-
acteristics is the key to its usefulness.

Definitions
Noise Power — Defined in terms of
the temperature of a resistor in de-
grees Kelvin: P = KTB
where P = power (watts)
k = Boltzman’s constant
T = temperature (°K)
B = bandwidth (Hz)

Noise Temperature — Equivalent
temperature of a resistor of the same
value as the terminating resistance,
which generates the same level of
noise as the noise source.

Excess Noise Ratio (ENR) — A stan-
dard measure of performance, ENR
expresses noise power as the noise
which is in excess of a resistor at room
temperature (290°K):

;
ENR (dB) = 10 lo o N
- ()

where T = noise temperature (°K)

Spectral Power Density — The mea-
surement of power per unit bandwidth.
For example, in a 50 ohm system,
290°K noise temperature equals -174
dBm/Hz.

Peak Factor — The ratio of peak to
RMS noise power of a particular noise
source. Determines the equivalent du-
ty cycle of the noise signal.

White Noise — Noise having equal
power per unit bandwidth, over a spe-
cified frequency range.

Pink Noise — Noise having equal
power per octave bandwidth, over a
specified frequency range.

Gaussian Noise — Noise having an
amplitude distribution according to the
Gaussian Probability Density function.

Thanks to Dan Shea and Dr. Lon Ed-
wards of Microwave Diode Corpora-
tion, Philip Basse of Micronetics, and
Gary Simonyan and Kurt Stern of
Noise Com for providing information
and assistance in preparing this review
of noise basics.
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available to the engineer become even
more powerful and flexible. Program-
mable instruments will increase the use
of automated testing with noise signals.
Higher power levels will make broadband
measurements practical under difficult
conditions of high interference or
background noise levels.

As the available radio spectrum is us-

ed to support more and more users, the
demand for rigorous testing of RF circuits
and equipment will increase dramatical-
ly. It should be noted that many of the ap-
plications listed above have direct applica-
tion to problems of a crowded spectrum.
Interference susceptibility filter measure-
ment, dynamic range tests, and amplifier
spectral purity measurements will be

needed more than ever. The engineers
developing tomorrow’s RF equipment
need to have the best tools available, in
order to meet the challenges a heavily
populated radio spectrum will demand.
Test procedures using noise generating
instruments will play a major role in the
continuing development of better RF
products.

n the field of test and measurement,

where the demand for automated
test systems continues to grow, the
Noise Com Inc. NC7000 series of in-
struments combines programmable
controls with white Gaussian noise
generators in one unit. The in-
struments can be interfaced to
IEEE-488 (GPIB), RS-232, RS-422, or
RS-423 for external control.

Standard models cover the 10 Hz to
2 GHz frequency range with 0-127 dB
attenuation in 1 dB steps. Options in-
clude 0.1 dB attenuation increments,
selection of up to seven discrete filters,
and frequency coverage up to 20 GHz
(depending on the availability of pro-
grammable attenuators). The instru-
ments contain non-volatile memory of
preprogrammed parameters, including
attenuation level and incremental step
size, signal bandwidth, GPIB listener
address, standby function status, serial
baud rate, and user-programmed con-

GPIB
CONTROLLER

Z?

The Noise Com NC7000 Programmable
Noise Generating Instruments

trol sequences.

Gary Simonyan of Noise Com has
suggested an excellent application of
a programmable noise generator, in
the testing of digital RF modems, as
used in Local Area Networks (LANS).
The modems transmit directly into co-
axial cable, to which receivers are also
directly connected. The connection of
multiple devices and the cascading of
amplifiers increases the noise level of
the system, degrading the carrier-to-
noise ratio (CNR).

Since the bit error rate is directly
related to the CNR, the modem’s bit er-
ror rate must be tested as a function
of CNR to verify design performance,
or to periodically check production
units. Also, since the bit error rate is
not only a function of CNR, but also a
function of absolute signal level, a
family of curves must be generated to
accurately represent the performance
of the device under test. Even with

Automatic test application suggested by Noise Com Inc.

NOISE COM
NC7000
;’fgﬂgg PROGRAMMABLE
NOISE
GENERATOR

PULSE
PATTERN
GENERATOR

MODEM
(TRANSMIT)

|
PROGRAMMABLE
ATTENUATOR

MODEM
(RECEIVE)

BIT ERROR
TEST RECEIVER

high data rates, if the bit error rate is
low a relatively long time is required to
record one error. If the modem under
test has a large dynamic range, the
family of curves is large, and
automated testing is easily justified.

The test setup in the block diagram
below has independently variable
signal and noise levels, allowing
automatic control of both absolute
signal level and the ratio of carrier to
noise. This application can be adapted
to a large number of analog and digital
systems, and is just one of many possi-
ble uses of a programmable noise gen-
erating instrument.

The following companies also man-
ufacture noise generating devices.
For information please circle the ap-
propriate INFO/CARD numbers.

Micronetics Inc. ...............
.............. INFO/CARD #114

Microwave Diode Corporation . ...
.............. INFO/CARD #113

Microwave Semiconductor Corp. .
.............. INFO/CARD #112

Marconi Instruments ...........
.............. INFO/CARD #110

Eaton Corp., Electronic Instruments
DIVEE et = o g, ot INFO/CARD #109

Frequency Sources — Semiconduc-
torDiv. ........ INFO/CARD #108

Comstron Corporation . .........
.............. INFO/CARD #107

RF Design
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special report coninved

Part Il —

Medical Uses Of RF Energy

By James N. MacDonald

Our second series for 1985 covers new
uses of RF energy not widely known
among RF engineers. To begin the series
we look at two medical uses of radiated
RF that show great promise in diagnos-
ing and treating cancer and other major
diseases. RF technology is able to ac-
complish things that other techniques and
treatments cannot, with far less risk, and
researchers are excited about the poten-
tial for the investigational devices men-
tioned in this report.

ttempts to use radio frequency to treat

disease began soon after RF
technology was developed. Unfortunate-
ly, many early devices were useless
gadgets assembled by quacks or char-
latans who took advantage of the mystery
surrounding radio and electricity. This
made legitimate scientists reluctant to in-
vestigate the therapeutic possibilities of
RF.

The earliest successful medical use of
RF was radiothermy, heating the body
with radio waves. Heating body tissues as
therapy is an ancient treatment, going
back to the first hot baths. Radiothermy
was a logical heating method to try as a
substitute for hot water and steam, but lit-
tle was known about the best frequencies
and power to use.

Around the middle of the 19th century,
physicians observed that cancer
sometimes regressed for no apparent
reason after a patient suffered from a high
fever caused by some other disease. They
did not know whether the spontaneous
regression resulted from the high body
temperature or the stimulation of the im-
mune system, but some physicians induc-
ed fever-causing disease as a treatment
for cancer.

Investigations early in this century
showed that cancer cells were killed more
readily than normal cells by high temp-
erature, and scientists determined that a
temperature above 41°C (106°F) was
necessary for a significant destruction of
cancer cells. (The normal body
temperature is 37°C and a fever seldom
exceeds 40°C.) During the 1930s, RF-
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induced hyperthermia at temperatures
above 41°C was combined with X-ray as
a treatment for some cancer cases.

There were many difficulties with this
technique. Among the worst was that
perspiration, being more conductive than
flesh, would overheat, causing burns in
the armpits. The technique fell into
disfavor with the development of
chemotherapy. Interest in thermal treat-
ment of cancer has rekindled recently,
partly because of the possibility of
destroying internai cancers formerly con-
sidered untreatable. Hyperthermia is com-
bined with radiation and other traditional
therapies to attack the disease on several
fronts.

The leading manufacturer of RF hyper-
thermia equipment is BSD Medical Corp.,
Salt Lake City, Utah. BSD was the first
company to produce and receive FDA ap-
proval for a complete hyperthermia sys-
tem. It is designed to produce tempera-
tures between 41°C and 45°C in malig-
nant tissue by heating the tumor itself.
Developed in 1978, the system was de-
scribed in a paper written by BSD staff
engineers J. Gordon Short and Paul F.
Turner and published in the Proceedings
of the |IEEE (Vol. 68, No. 1, Jan. 1980).

Techniques available can provide either
whole body hyperthermia or heating of
specific regions. Whole body heating is
appropriate when the cancer is
widespread or large and internal. The pro-
blem is that the body temperature cannot
be raised very high without the risk of
damage to sensitive normal organs. The
accepted limitation is 41.8°C. Treatment at
this temperature requires sessions as
long as six hours at weekly intervals,
which can be physically and psycholog-
ically stressful.

Tissue can be heated capacitively or in-
ductively at frequencies between 1 and
100 MHz or by radiation at higher frequen-
cies. Each method has disadvantages. It
is difficult to treat deep tumors with
radiated RF because of attenuation in the
intervening tissue. With capacitive surface
heating heavy fat layers will heat faster
than other tissue and can be damaged.

Theoretically, selective heating of inter-
nal organs can be achieved by elec-
tromagnetic coupling of RF radiation from
different directions. This could provide
energy for heating at a specific location
in the body without overheating interven-
ing tissue. At BSD Turner has developed
a synchronous phased array which

Internal construction
of the Annular

Phased Array. The

APA is designed with

two annular rings of
eight radiating aper-
tures each. These

apertures are tapered
parallel plate horns
loaded with high

|

{
.

dielectric fluid.
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radiates energy from as many as 16 points
to arrive in phase and with identical polari-
ty at the target location. The Annular
Phased Array (APA) is designed to focus
heating power directly into the deepest
regions of the thorax, pelvis and
abdomen.

Described by Turner in the IEEE Tran-
sactions on Biomedical Engineering (Vol.
BME-31, No. 1, Jan. 1984)), the APA is
composed of 16 radiating apertures in an
octagonal structure. The patient lies in the
center of the structure with a distilled
water-filled bolus between him or her and
the apertures. The bolus improves energy
coupling, reduces stray fields and cools
the patient.

The APA operates between 50 and 110
MHz, and the frequency can be set to
alter the focal size. Power comes from the
2 kW amplifier through a 4:1 power split-
ter. The splitter output goes through four
coaxial cables that provide equal path
delay to the apertures. Each output is
again split to feed the 16 apertures.
Heating patterns can be modified by
changing the relative phase and
amplitude of the splitter outputs or by
changing the frequency to move phase
nulls.

Turner said in investigational use on ap-
proximately 300 patients the APA has
caused regression of many tumors. It has
been approved by the FDA as an in-
vestigational device for use by approved

institutions doing cancer research. It can
be used only on patients whose disease
has progressed beyond help from other
forms of treatment. More general use may
be coming soon, however. The APA
recently was given pre-market approval in
Japan.

The problem with directing RF energy
within the body is that the human body
is not homogeneous. Achieving the pro-
per focusing is possible in a cylinder filled
with a homogeneous material, but is far
more difficult with an irregularly shaped
torso composed of tissue, bone and fat.
Furthermore, while the physician is trying
to heat a specific area within the body, the
body is reacting by trying to disperse the
heat and maintain a normal temperature.
The designer of such an apparatus must
deal with Maxwell’s equations and prin-
ciples of thermodynamics at the same
time.

The process is further complicated by
the inability to measure temperature ac-
curately within the body. Thermometer
probes can be placed in natural orifices,
surgically implanted or put into catheters
inserted by hypodermic needle, but this
provides only a limited number of
temperature measurements from which to
control the treatment.

To improve clinical focusing, miniature
dipole antennas can be surgically im-
planted in the tumor to radiate during
treatment setup, optimizing APA phase

Typical clinical view of the APA in patient installation procedure.

RF Design

and amplitude by reciprocity. Non-clinical
research is being done in this area.

Hyperthermia is a challenging use of
RF energy with a high potential for ser-
vice to humanity.

Another promising use of RF in
medicine is Magnetic Resonance (MR),
which includes Magnetic Resonance Im-
aging (MRI), and Magnetic Resonance
Spectroscopy (MRS). MR is sometimes
referred to as Nuclear Magnetic Res-
onance, which actually is the principle in-
volved, but many avoid this term because
of the general public apprehension about
the word “nuclear.” Used by chemists for
almost 40 years to study molecular struc-
tures, MRI only recently was brought into
the medical field.

MR works by sensing the RF energy
radiated by the nuclei of atoms as they
relax after being propelled to higher
energy states by magnetic fields. The
leading company in this field is the GE
Medical Systems Business Group, head-
quartered in Milwaukee, Wis. Herb Taus,
general manager of the group’s NMR In-
struments Division, Fremont, Calif., ex-
plained the principle upon which their
work is based.

Atomic nuclei with an odd number of
protons or neutrons have magnetic
moments produced by their normal spin.
When subjected to a strong magnetic field
these nuclei tend to align the axis of their
spin to that field. They cannot align
precisely, however, and they precess
around an axis parallel to that fieid, trac-
ing an invisible cone as a top does when
its spin starts to slow and gravity begins
to pull it down. If a person is placed within
a strong cylindrical magnet, appropriate
nuclei in the body precess around the
longitudinat axis of the magnet at precise,
known frequencies determined by the
magnetic field strength. Within the 2 Telsa
superconducting magnet used in
research at the NMR Instruments Divi-
sion, Taus told us, hydrogen nuclei (pro-
tons) precess at 85 MHz. Within the 4.7
Tesla magnet they precess at 200 MHz.
(One Tesla =104 Gauss). The precession
frequency of a nucleus is known as its
Larmor frequency.

If an RF field at the Larmor frequency
of the hydrogen nucleus (a proton) is in-
troduced into the magnetic field with the
RF magnetic component at 90° to the
magnetic field, the hydrogen protons in
body tissues will re-orient themselves to
the RF field. When the RF energy is turn-
ed off they will return over a period of time
to their previous orientation, re-radiating
the resonant energy that impelled them
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into the new plane of rotation.

Antennas pick up the energy radiated
by the protons returning to their previous
states of rotation and the decay rate of that
return. Hydrogen protons in different body
tissue relax at different rates, varying from
a few hundred milliseconds to about two
seconds, providing a signature that iden-
tifies the tissue. This information is analyz-
ed through Fast Fourier Transform by a
computer which produces a frequency vs.
amplitude graph. Large amplitude peaks
from fat and water show up on the graph
at frequencies determined by the
chemical composition of the tissue. These
chemical shift frequencies, or MRS, allow
researchers to identify the composition of
minute areas of the body.

GE researchers derive spatial informa-
tion for imaging by introducing a pulsed
DC linear field into the magnetic and RF
fields, a technique developed about 10
years ago at the State University of New
York at Stony Brook. Decreasing in
strength with distance, this field creates
a gradient within the image area, giving
every point within the space a specific fre-
quency, as the nuclei react to the
magnetic field intensity at that point. This
3-dimensional information, digitally pro-
cessed into colors or shades of gray, pro-
vides the TV or film image. The grada-
tions in color and the image detail possi-
ble with this technique provide an
astonishing picture of the inside of the
body. It is like slicing the body in two in
any direction to look inside.

Although MRI provides high resolution,
Taus said it is not necessarily superior to
X-ray in all respects. He said a trained
radiologist can spot most abnormalities in
an X-ray without the fine detail. Unlike X-
rays, however, MRI can magnify images
and can show soft tissue. In fact, MRI
does not show bone. It shows cartilage,
marrow, soft tissue, veins and arteries, but
not bones or teeth. Extending MRI
systems to include MRS will provide
specific site tissue identification.

A significant advantage of MRI over X-
ray for tissue examination is that MRI can
show a slice of tissue as thin as 1 mm in
any plane. GE researchers expect to
achieve voxel (volume element) sizes at
least as small as .030 mm eventually. This
would allow tumor detection at a very ear-
ly stage and would let physicians observe
the effects of treatment within days, in-
stead of weeks. The aim of MRI, with
MRS, is non-surgical microscopy and
tissue identification, which will be useful
in determining heart damage and other
tissue abnormalities, as well as cancer.
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Like RF hyperthermia, MRI with MRS
is approved only for investigational use in
the United States. MRI by itself is ap-
proved for clinical use. Although it is
highly effective and is being used on

humans, there are several improvements
to be made before MRI with MRS can be
marketed for general hospital use. Taus
said there is a great need for RF
engineers in this research. 6]

Instruments Division, Fremont, Calif.

| e _—
MRI imaging equipment used for small animal investigation at General Electric NMA

Side view of a rat’s head (facing right) magnified 3x with MRI. Voxel size is less than
0.08mm. Image made by GE NMR Instruments Div. in collaboration with J. Gore and
M. Brown, Yale University, Dept. of Radiology.
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NOW, THE COMPLETE, 600-PAGE “PROCEEDINGS”
OF THE HISTORIC RF TECHNOLOGY EXPO ’85. . .

On January 23, 1985, close by the speakers in their be purchased for only $95.

to 1,300 RF engineers from presentations. Measuring Only a limited number re-
around the globe converged 82 x 117, over 2” thick and main, so send your check
on the Disneyland Hotel in weighing three pounds, the or money order today, with
Anaheim, California, for an volume is “worth its weight the coupon below, to RF
historic first: a two-and-a- in gold” to engineers and EXPO. . .and make sure this
half-day conference and ex- engineering departments historic volume finds its

hibit by and for “RF who need to know the latest place in YOUR engineering
engineers only.” in RF technology. . . but may library.

Here, flna”y: were the papers * (Except for Les Besser’s 4-hour course in Small Signal Amplifiers.

and discussions on the The other four papers in the “Fundamentals of RF Design' course are included.)

techniques and products that
have been so thoroughly ig-
nored by the big electronic
media and trade shows.

Practical, how-to-do-it papers
on everything from amplifiers
to antennas. . .surface moun-
ting to cellular

modules. . . EMI to CAD.

Now, all* of the fifty-eight
papers presented in
Anaheim are published in

RF Design
6530 Yosemite Street
Englewood, Colorado 80111

Please send me copies of PROCEEDINGS OF
RF TECHNOLOGY EXPO '85 at $95 per copy (shipping included. $100
if outside continental U.S.). My check or money order for
$ is enclosed. (Payment must
accompany order.)

Please mail the proceedings to:

this one, durably bound, Name:

600-page volume, complete

with the illustrations and itk

engineering graphics used City. _ State Zip
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|

MICROWAVE SEMICONDUCTOR CORP.

- A Siemens Company
100 School House Road, Somerset, New Jersey 08873-1276
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Re-Normalizing the
Scattering Parameters

By Daniel N. Meeks
Q-bit Corporation

Many component and subsystem users rely on normalized
scattering parameter data (S-parameters) to determine com-
patibility of the component or subsystem in an overall system
configuration. Fortunately, the S-parameters are easy to measure
using standard network analysis equipment. In some cases, the
S-parameters may even be supplied by the manufacturer of a
component. However, the S-parameters of a network are not in-
dependent of the source and load impedances. In the strictest
sense, the actual S-parameter data is meaningless unless the
source and load impedances of the measurement system are
known. It therefore follows that if the unit is to be designed into
a system that provides input and output impedances other than
those specified with the S-parameter data, the test data will not
accurately reflect the device characteristics. Two alternatives pre-
sent themselves in this situation: Test data may be obtained from
a network analyzer with the desired source and load impedances,
or the data on hand may be mathematically corrected to reflect
the actual circuit configuration.

The first alternative has obvious practical limitations, especially
for component users who may not actually have access to the
required test equipment and fixtures. To utilize the second alter-
native, the following discussion presents a mathematical solu-
tion of the normalized scattering parameters of a two-port net-
work operating into source and load impedances different from
those used to measure the original S-parameters.

two port terminated by Z, at both ports (Fig. 1) may be
described by the associated normalized scattering matrix:

811 812
[S] =
S21 S22

plied by the manufacturer of the component or subsystem. Thus,
it is assumed that [S] is known for the given two-port.

Using transmission line voltage-current relationships and the
definition of the scattering parameters, the normalized scatter-
ing matrix [S’] of a two-port is given by:

[S"] = [Re Zon"} [S)] [Re Zon™ "] (1)
o g ~R.Z,, 0
where, 2] =
o o R Z, (2a)
s, 0
[Re Zon™™] = | VR, Zpy 1
VRe Zo; (2b)

Zy, and Z 4, are the complex source and load impedances the
two-port is operating into (Fig. 2).

g e

——o X,
R,
° o ° o

R, {S']
Zp; = Ry + X,

Zy = Ry + )X,

Figure 2. A two-port operating into complex source and load
impedances.

O— p—0
Z, [s) 2,

— -

Figure 1. A two-port terminated in real impedances (Z).

This is the conventional model, and [S] may be easily determined
using standard test methods and equipment, or [S] may be sup-

RF Design

[S)] is the current scattering matrix and is given by:
[Si] = ([Z] + [ZoaD)™ (12] = [Z0n™ ) Q)
where [Z] represents the impedance matrix of the two-port.

(1) and (2a, 2b) give [S] to [z] transformations. Using these
transformations and noting that [Z} = Z, [z] gives:

2] = _Zo (1+8) (1 =S + S12 Sy 2 Sy
D 2 Sy, (1 = S41) (1 + Sy) + Sy, Sy

(4)
41



where D = (1 = S,;)) (1 = S3) — Sy2 Sy, and Z, is the
characteristic impedance of the system used to measure [S].

Using equation 3 and noting that:

s 0
ZOn -
0 Zy
and,
Za" 0
ZOn' - -
0 Zos
gives:
(S] = (—Zn + 2oy Zz “11Zn ~Zn* Z
l & *
n Zx 2y + 2y, 2y 2y — Lo

Solving the inverse matrix and multiplying through gives:

1 | @e2*Z0)(Z117Zo,") — Z152, Zy3 (Zopt20,")
[S]= D 1 3 (5)
2y (Zo1+20:7) @11+ ZoNZ2~Zo2") = Z12Zy
where D’ = (2, + Zyy) (Zop + Zoo) = Z12Z24

THINK PERFORMANC.,

Proprietary computer design and testing programs allows matching in pairs, trios,
quads or between all filters for the life of the project. Matching can be accomplished
with very narrow bandwidths and with differing input levels.

CPN 867 MATCHED TRIO
Package Size 3.0L x 2.38W x .75H

Using (1) and combining (2a), (2b) and (5) gives:

1| @eatZealZi-2017)- ZizZa 22,5V (ReZo:NReZor)

Pl A (6)
[s1= D 22,7/ (ReZ41) (ReZoy) 211+ 2o )Z22=Zp2") — 21222]

where D’ is a given, as in (5) above.

Therefore, the scattering parameters for the two-port,
augmented by the complex source and load impedances of Z,
and Z,,, are given as [S’] by (6). The impedance parameters [Z]
in (6) are found using the scattering parameters [S] of the original
two-port configuration shown in Figure 1 and 4.
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About the Author

Daniel Meeks is an RF Design Engineer with Q-bit Corporation,
311 Pacific Avenue, Palm Bay, FL 32905-2699. He received his
B.S.E.E.T. degree from Capitol Institute of Technology, and has
worked on large automated RF test systems, as well as his cur-
rent work in RF and microwave circuit design.

MATCH YOUR Ne2DS WITH CIRTECH'S
H REL ML SPEC CAPABILITEES.
THE PERFECT MATCH.

CPN 4056 Absolute matching of all
filters to Reference Standard

CPN 867 Matched Trio (pictured)

Fc 2898 Khz
1 db Passband
Rpple < 1db
Z in 10 Ohms
2 out 2K Ohms
Phase Tracking

-

Amplitude Tracking

Package Size

-1

3
§ 3
& 1
& o ]
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z E|
E i

v +

[
Phase Deviation

B
-
|
E
F
Ei
e

»d

14 Khz Min

+10° at -20°C to +55°C
+30° at -54°C to -21°C
and +56°C to +94°C IL.
+1db at —20°C to +55°C
+5db at —54°C to —-21°C
and +56°C to +94°C
700 x 25W x 10H

Fc 102 Mhz

3db BW

22db Atten.

40db BW

65db BW

Uttimate Rejection
65db min

+660 Hz

—1000 Hz max

3620 Hz max

8440 Hz max

50 Hz to 10,196000 Hz
10,204,440 Hz to 25 Mhz
15+ 35db at Fe

-20°C to +71°C

+8° across 100% of 3db
BW

Oper Temp

Phase Tracking
Amplitude Tracking  + .35db across 80% of
3db BW

+ 50db across 100% of
3db BW

Phase/ampl. tracking appies over ful operating
temp. range

Channel Isolation 90db

Packaged for environments of high vibration and pyro shock, coincident with extremes of temperature.
Cirtech is a Mil-Q-9858A approved facility. We will custom design to your exact specifications.
For more information please write to:

N

913-681-2801, TWX 910-749-6806

EGzG CIRTECH

P.O. BOX 23096, 15237 CHERRY STREET, STANLEY, KANSAS 66223
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WE’VE GOT THE SOURCES YOU NEED...
with The Best Price/Performance

Availahl OSCILLATORS, OEM SYNTHESIZERS, PHASE LOCK SOURCES
e AND SYNTHESIZED SIGNAL GENERATORS

Model 730A:

300 Hz to 180 MHz;
1Hz Resolution;

AM, FM, and

phase modulation;

FM stereo capability;
IEEE-488 programming,
— under $7,000.

Model 740A:

0.1 to 1120 MHz;

AM, FM, phase

and pulse modulation;
IEEE-488 programming;
— under $10,000.

Model 7100:

0.1 to 1300 MHz;

phase noise: — 136 dBc
@6.5 kHz offset;

+20 dBm output level;
AM, FM, phase

and pulse modulation:
IEEE-488 programming;
— under $15,000.

Model 7200:

0.1 to 1300 MHz,

phase noise: — 136 dBc
@6.5 kHz offset;

keyboard and spinwheel entry;
full sweep of all parameters;
memory for 40 configurations;
best level accuracy available;
IEEE-488 programming,

— under $20,000.

comstron/odret i
comstron corporation

200 East Sunrise Highway, Freeport, New York 115620
(516) 546-9700—TWX 510-225-3699
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ON TARGET!

HOPKINS ENGINEERING CO.
RFI EMI FILTERS

AND TESTING

Powef Line Filters
Tefephone Line Filter
ecure Commanhications
Screen Bgdbm Filters

Filtered/ Circuit Breaker
Panelboards

t

P
2

ENGINEERING
Reliability is the
prime reason for QUALITY
the longevity of
Hopkins Engineer-
ing, aleaderininter- RELIAE :
SERVICE

ference technology
since 1945. Hopkins
Engineering staff will
work with you to help

Coqmputers
DataProcessing
determine specific re- 2 :nztru .ntalon .
quirements for custom ndustrial Csrirols "

applications. Hopkins not | -2 ’
only manufactures standard and PERFORMANCE : L

custom filters to meet tempest and

EMP specifications, we also have a new
testing capability. Our test lab is available to test your CUSTOM FILTERS for
products |AW Mil 461, Mil 462 Tempest and EMP. THE MILITARY & INDUSTRY

o
CALL OR WRITE MARKETING

HOPKINS ENGINEERING CO.

12900 Foothill Blvd., San Fernando, California 91342
Phone: (818) 361-8691 » TWX: 910-380-5379
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Elliptic Filter Wins
A Comparison Test

By Peter Vizmuller
Motorola Canada

Modern computer-aided circuit analysis
and optimization programs can provide
important insights into circuit operation
and shorten design time. In this article,
COMPACT® was used to analyze and op-
timize the performance of Butterworth,
Chebychev and Elliptic low-pass filters for
comparison purposes. Of the different
low-pass filter implementations, the ellip-
tic filter turns out to be the best choice in
terms of insertion loss and component
value sensitivity, for most applications.
Filter design with ideal, lossless com-
ponents is quite straightforward, with
component values tabulated in many
sources (1). The filter designer only needs

to perform frequency and impedance
scaling for his selected filter shape and
decide how to realize the required com-
ponents using discrete components, sec-
tions of transmission line or coupled
resonators. Unfortunately, in the real
world, lossless components do not yet ex-
ist and we have to design with inductors
and transmission lines that are lossy and
capacitors that are self-resonant.

Most reference books on filter design
treat the problem of lossy components in
a rather artificial manner, by assuming
that capacitors and inductors contribute
to the losses equally. (1, 2) By assuming
equal losses, a technique called predistor-

tion is used to modify component values
so that the basic filter shape is preserv-
ed. Predistortion thus maintains the
desired shape (Butterworth, Chebyshev,
etc.) but at the expense of increased in-
sertion loss and degraded return loss.
For many filter designs predistortion is
quite unacceptable as a realization pro-
cedure since capacitors have much lower
losses (higher Qs) than inductors and,
therefore, must be made lossy by placing
resistors in parallel to satisfy the require-
ment for equal component losses. If one
of the objectives of a filter is to minimize
insertion loss, as it is for a majority of
filters, increasing component losses ar-

Initial Circuit Analysis

Polar S-Parameters in 50.0 ohm System

Table 1. Sample of COMPACT® analysis for ideal Chebyshev filter:
Sensitivity Analysis With 7 Variables:

Freq. S11 S21 §12 S22 S§21
(Magn<Angl) (Magn<Angl) (Magn<Angl) (Magn<Angl) dB
20.00 0.15< -152  0.99< -62.3 0.989< -62.3 0.15< -152 -0.10
40.00 0.04< 144 1.00< -126.3 0.999< -126.3 0.04< 144 -0.01
60.00 0.15< -105 0.99< 1645 0.989< 164.5 0.15< -105 -0.10
80.00 0.03< -4  1.00< 85.9 1.000< 859 0.03< -4 -0.00
100.00 0.15< 67 0.99< -22.6 0.989< -22.6 0.15< 67 -0.10
102.00 0.31< 51 0.95< ~39.2 0.951< -39.2 0.31< 51 -0.43
104.00 0.48< 33 087< -569 0.875< -56.9 0.48< 33 -1.16
106.00 0.65< 15 0.76< -745 0.761< -74.5 0.65< 15 -2.37
108.00 0.78< -1 0.63< -90.7 0.631< -90.7 0.78< -1 -4.00
110.00 0.86< -15 051< -104.6 0.508< -104.6 0.86< -15 -5.89
250.00 1.00< -139 0.00< 1313 -72.9dB 1313 1.00< -139 -72.90
260.00 1.00< -141  0.00< 1295 -755dB 1295 1.00< -141 -75.49

Sensitivity Analysis With Following Variables and Gradients

VARIABLES

(1): 37600 GRADIENTS

(2: 113.20 (1) -.43170E-01
(3): 66.700 (2):  .24999E-01
@): 125.20 (3): 55469

(5): 66.700 (4): 78824

(6): 113.20 (5): 55570

(7): 37600 (6):  .24603E-01
ERR. F. = 0.057 (7):  -.43950E-01

RF Design
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tificially to preserve some elegant
mathematical theory is simply not
justified. In practical filter design, the
number of lossy components should be
minimized, even though having the
minimum number of inductors does not
always guarantee lowest insertion loss, as
shown below.

In some cases, choosing a particular
filter realization for minimum insertion loss
can be quite easy. For example, a given
elliptical filter can be realized using two
inductors and five capacitors or by its
dual, which uses two capacitors and five
inductors (Fig. 1).

The filter using five inductors should be
expected to have a higher insertion loss
than the filter using only two inductors. In
other cases, it is not really obvious which
realization is preferabie. Let us look at
some representative filter designs using
lossless capacitors and lossy inductors
and investigate, by means of a numerical
comparison, the effect of inductor losses
on filter performance to see if the com-
ponent values can be changed to partial-
ly compensate for inductor losses,
minimizing the insertion loss.

The Basis For Comparison

The comparison was carried out by
following these four steps:

1. Butterworth, Chebyshev and Elliptic
low-pass filters were designed with ap-
proximately the same 3 dB bandwidth of
100 MHz and approximately the same at-
tenuation at some out-of-band frequency,
i.e. around 70 dB at 255 MHz.

2. Performance of each circuit was
analyzed with infinite inductor Q and with
an inductor Q of 80.

3. With inductor Q = 80, circuits were
optimized using COMPACT, with the same
optimization function for each circuit:

a) insertion loss < 0.3 dB, 20 to 100
MHz
b) insertion loss > 70 dB at 255 MHz

4. Component value sensitivities were
evaluated in the optimized design.

It is perhaps surprising to some readers
how small are the differences among the
different realizations, which in every case
differ from each other by less than 0.5 dB
in the passband. On the other hand, filters
of fairly low order were chosen for illustra-
tion. With higher order filters, the dif-
ferences would be greater. In some ap-
plications even the small differences
would be significant; for example, in
miniature transmitter filters where a frac-
tion of a dB might mean several additional
watts of power that the filter would have
fo dissipate.

46
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Figure 1. An elliptic low-pass and its dual, both realizing
the same low-pass function

105.5 98.4
O—
AYS AY |
AN v\ B
353 1.34 3.58
’[ 59.4 1‘ 3.2
O- -O
Elliptic

: 0.1 dB ripple, 100 MHz corner frequency, 70 dB at 255 MHz

113.2 125.2 113.2

o b N

Chebyshev
0.1 dB ripple, BW 3 dB = 106.8 MHz, 74 dB at 255 MHz

82.8 146.2 123.9 29.1

i i S AR e
i S R R N

Butterworth
BW 3 dB =106.8 MHz, 61 dB at 255 MHz
Figure 2. Theoretical designs (inductor Q = infinite):
(Capacitors in pF, inductors in nH, 50 ohms in/out)
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Table 2. Sample computation of insertion and return loss

Insertion loss = S21 (dB) Freq. (MHz) Ins. Loss (dB) Ret. Loss (dB)

Return loss = 20 log (S11) 50 .025 22.34
55 .065 18.256
Stage Component 60 .096 16.588
0 50 ohms source resistance 65 .095 16.647
1 37.6 pF, parallel C 70 .058 18.786
2 113.2 nH, series L, 100,000 Q of series L 75 .012 25.621
3 66.7 pF, parallel C 80 4E-03 30.165
4 125.2 nH, series L, 100,000 Q of series L 85 .054 19.045
5 66.7 pF, parallel C 90 A 16.406
6 113.2 nH series L, 100,000 Q of series L 95 .038 20.57
7 37.6 pF, parallel C 100 .096 16.603
8 50 ohms load resistance 101 .224 12.989
102 .433 10.233
103 T4 8.045
Freq (MHz) Ins Loss (dB) Ret Loss (dB) 104 1.165 6.286
5 .01 25.639 105 1.7 4.876
10 .041 20.183 106 2.373 3.758
15 .075 17.626 107 3.142 2.883
20 .097 16.546 108 3.998 2.207
25 .096 16.604 109 4.919 1.689
30 .071 17.862 110 5.886 1.295
35 .035 20.876 250 72.899 0
40 6E-03 28.15 255 74.211 0
45 1E-03 34.247 260 75.492 0

103.2 97.8

AY AL

1 A
1.34 3.64
35.4T 57 I33.3
o -0
Elliptic
114.2 142.8 120.2 441

L e e

Butterworth

110.4 122 111.5

33.3 /1\63.1 ‘ 61.6 ’ 32.6

Chebyshev

Figure 3. Schematics of the three optimized filters
(Capacitors in pF, inductors in nH, 50 ohms in/out)

RF Design

47



o
= =<+10
(773
(714
o
-
c
° T20
t
@
n
=
601 o -L30
--- Coil Q =
80 R e TP BT £ 4 SRRt
0 20 40 60 80 100 120 250 260
Frequency (MHz)
Figure 4. Comparison of filters realized using lossless and lossy induc-
TR N8N Chebyshev
O —=m=s===oc-ooooo— oo
14 - 0
o 21 =10
&
(/]
(7]
o
-4
i | e
t J
(1]
"
£ 1
60+ .30
mama () '= &0
704 — Q=180
80 . ; : 4 : At f————
0 20 40 60 80 100 120 250 260

Frequency (MHz)
Butterworth

Return Loss (dB)

Return Loss (dB)

48

October 1985




)
Fy -+ 10 E
& 2
o
® |
8 :
c -<+20 %
) o«
1=
[+3
n
=
60+ =30
- Q =
71T — Q=280
80 t + U } t : 7’/L } 1
0 20 40 60 80 100 120 250 260
Frequency (MHz2)
Elliptic
0 b md
0.5 4= - 0
14 . g
& L - 10 =
g 2
8 S
c
-Cj 1.5 4= <= 20 ‘5-
o &
=
60 + 4 30
———— Elliptic
70 1+ —— — — Chebyshev
--------- Butterworth
80 f : 4 4 $ +—F— +
0 0 40 60 80 100 120 250 260
Frequency (MHz)
Figure 5. Performance of filters realized with lossy inductors (optimized by COMPACT)
RF Design

49



Conclusions

1. For finite Q components (inductors)
the Eiliptic filter has the lowest insertion
loss in the passband, whether optimized
or not.

2. The Elliptic filter has the lowest sen-
sitivity to component tolerances. Average
sensitivities of the optimized filters per
component are:

0.133 Elliptic
0.202 Chebyshev
0.268 Butterworth

3. The Elliptic filter required the least
amount of optimization, Butterworth the
most. In other words, the amount of im-
provement obtained by trying to change
component values to compensate for in-
ductor losses was minimal for the Elliptic
filter. The Chebyshev filter lost its ripple
after optimization, with some improve-
ment in insertion loss and return loss.

4. Near the band-edge, the Chebyshev
filter has the greatest insertion loss; so,
in this case a filter with three lossy com-

For a power resistor that
stays non-X up to vhf,

there’s only one choice.

The Carborundum® Type SP. Only the
Carborundum ceramic power resistor
behaves like a pure resistance rather
than an inductor and/or capacitor. It

operates from low audio frequencies up

into the vhf range. Each unit is a solid
body of resistive material. No wind-
ings. no film. Ideal for frequency-
sensitive rf applications like feed-
back loops.

And it gives you extremely high
power density, with great surge-
handling capability because it's solid.

ponents has worse insertion loss in part
of its passband than than one with four
lossy components!

5. If the optimization function is chang-
ed slightly to minimize insertion loss from
60 to 100 MHz rather than 20 to 100 MHz
{while at 255 MHz, the loss is still 70 dB),
the Elliptical filter still has the lowest in-
sertion loss, but now it is the Chebyshev
filter that has the least sensitivity to com-
ponent tolerances.

In summary, the Elliptic filter can be
designed as if it were ideal (with lossless
components) with a high degree of con-
fidence that once it is built with lossy com-
ponents it will perform close to its op-
timum. A low sensitivity to component
value variation counts as an additional
bonus, if the filter is to be used as a true
low-pass.

About the Author
Peter Vizmuller is a staff engineer at
Motorola Canada; 3125 Steeles Ave E.,
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North York, Ontario, Canada M2H 2H6.
Readers may contact him for information
about a circuit analysis program he has
written.
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Our Type 234SP, for example, is
about the size of a 2-watt carbon comp,
but dissipates a full 10 watts in 40°C
ambient air. Moreover, it can consis-
tently absorb surges of over 10X rated
power for several seconds and come
back for more with very little AR.
Forced-air-cooled, water-cooled or

immersed in oil, it will handle even
greater power overloads.

Other Carborundum Type SP resis-
tors—including high-power, water-
cooled configurations—are rated from
2.5 t0 1000 watts. For further details,
call or write us today.

Sohio Engineered Materials Company
Refractories Division

Electric Products Plant, P.O. Box 339
Niagara Falls, New York 14302
716/278-2553
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WE CAN DO THINGS
WITH A SIGNALTRANSFORMER
YOU NEVER DREAMED POSSIBLE!

We can accommodate
signals from 3.5 Hz to 1000

MHz! We can provide over 140
\ dB noise isolation in video,

high-speed data, and

; 1 . process control lines!
We can minimize signal

distortion, with less than
1 dB fiat loss from 0.2 to

We can match impedance

We can handie a 1 kW ratios of up to 25:1 with al

signal over a 2 to 32 MHZ\ kHz to 5 MHz bandwidth!
rangel /

Let's face it. Even in a digital world, many of your Isolation-—To eliminate transmission problems
design problems are still analog. Like the need to due to differences in ground potential or induced
match transmission lines of different characteristic common-mode noise.

impedances. Or to eliminate
ground-loop currents in video
lines. Or to filter out common-
mode noise in data lines.
Applications like these call for
specialized signal transformers.
That's where we come in.
Wideband transformers are our
business. \We offer over 400
models. All available from stock. Pulse Transmission—To
All 100% tested to insure _ & insure clean, high-speed data.
specified performance for any of % Nobody offers a wider choice
the following applications: of off-the-shelf wideband transformers. Nobody!
Impedance Matching— Balun and unb/unb ANd, if necessary, we’ll custom design to meet your
designs for maximum signal strength and minimum specific needs.
distortion when connecting circuits of different Just call Sales Engineering: 516-671-5700. Or
impedances. write for our free catalog.

slaNorth Hills “Electronics. Inc.

1 Alexander Place, Glen Cove, NY 11542-3796 (516) 671-5700 Telex: 46-6886  |NFOICARD 25

Power Combining/
Dividing— For low-loss
distribution of signals to or from
muitiple isolated ports.

Data Bus Coupling—To
protect data networks or signal
busses from shorts and spikes at
each port per MIL-STD-1553 or
IEEE 802.5 LANS.
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FCC Requirements and Test Methods

October 9-10, 1985, Philadelphia

October 30-31, 1985, Boston
Information: Greg Gore, R&B Enterprises, 20 Clipper Road,
West Conshohocken, PA 19428; Tel: (215) 825-1965

Grounds and Shields in Instrument Design
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VA 22065; Tel: (703) 347-0030

Continuing Education Institute
Microwave Circuit Design: Non-Linear Circuits
December 2-6, 1985, Palo Alto
Information: Helen Hegnsdal, Continuing Education
Institute, 10889 Wilshire Blvd., Los Angeles, CA 90024,
Tel: (213) 824-9545

Interference Control Technologies
Grounding and Shielding
October 15-18, 1985, Philadelphia
November 12-15, 1985, San Diego
November 19-22, 1985, Bermuda
December 3-6, 1985, New Orleans

Microwave Circuit Design: Linear Circuits
October 7-11, 1985, Cambridge, Massachusetts
October 14-18, 1985, Zurich, Switzerland
November 4-8, 1985, Palo Alto, California

EMC Design and Measurement
November 11-15, 1985, Orlando

TEMPEST — Design Control — Testing
October 7-11, 1985, Washington, DC
December 2-6, 1985, Sunnyvale George Washington University

) Antennas and Arrays

Introduction to EMI/RFI/EMC October 28-November 1, 1985, Washington, DC

December 3-5, 1985, Los Angeles

High Frequency Spectrum: New Concepts and

Technologies
November 18-22, 1985, Washington DC
Information: Merril Ann Ferber, Continuing Education
Engineering Program, George Washington University,

Washington, DC 20052; Tel: (800) 424-9773.

EMC for Packaging Engineers
October 8-9, 1985, Philadelphia

Fundamentals of EMI/EMC
December 10-11, 1985, Houston

EITHER WAY . .. WE GOTCHA COVERED !!
BUY OUR NEW CHAMBER | DON'TBUY OURNEW CHAMBER

with integral retrofit instead for integral
IEEE-488 /RS232 /Keyboard Control IEEE-488 /RS232 /Keyboard Control

e .8 cu. ft. 2 S fivaadon
~_11' ’

e -100°C to ' :

+300°C
s TIME/TEMP

auto cyde r TCO1 IN DELTA 2300

0
. 52475 ‘ o
; o TIME/TEMP auto cycle ' .
= e -100°C to +300°C

1275 -

OK. So you don't want to buy our new chamber because you

and you will get a chamber designed to be .
a part of your computerized test setup or

used as a stand-alone without computer
assistance. But, be prepared to PAY LESS
than any competitive system — SORRY.

Sun Electronic Systems, Inc. (305) 587-5577
1601 N.W. 38th Avenue ¢ Fort Lauderdale, FL 33311

already have a Delta or Tenney Jr. (or other) chamber kicking
around — however, you need auto cycling and/or computer
control. Our TCO! is mechanically and electrically designed to
RETROFIT your dumb chamber and give it smarts. But you'll
have to PAY A LOT LESS than buying any new chamber - SORRY.

Sun Electronic Systems, Inc. (305) 587-5577
1601 N.W. 38th Avenue ¢ Fort Lauderdale, FL 33311

INFOICARD 26




»F designer’s notebook

Another One-Transistor FM Transmitter

By S. Kan
Institut d’Electronique Fondamentale
Universite Paris

variant of the one transistor FM
transmitter published in the February
issue of RF design (1) is as shown in
Figure 1. It has been used to transmit an
audio signal over a frequency modulated
carrier at 106 MHz. Very good quality
sound reproduction can be assured us-
ing an ordinary commercial portable FM
radio receiver at a distance up to 50
meters.

The Clapp-Gouriet type oscillator (2, 3)
using a junction FET (BF 256 L/B) was
designed to operate at a gate-source
voltage of about —1.5 V, thus biasing the
two varicaps (BB 105 A) without extra
components. Inductance L, a spiral anten-
na, was also printed on the same copper-
clad PC board. Its value can be calculated
fairly accurately by Dill's formula (4).
Audio signal is fed via a potentiometer R,
in series with R, to modulate the RF car-
rier. The chosen transistor has a drain-
source current of about 1 mA at the
operating gate-source voltage. In spite of
this low biasing voltage, the Q of the
varicap is well over 200 measured with
the HP 4191 A RF impedance analyzer.

(1) RF Design, “A one transistor FM

transmitter,” William Rynone, February
1985, p. 64.

612 V
—0

1
:_E10

2X BB105A =
BF256L/B

Figure 1. Schematic of the one-
transistor FM transmitter with capaci-
tance in uF and resistance in ohms.

RF Design

(2 PIRE, “An inductance capacitance
oscillator of unusual frequency stabili-
ty,’ J.K. Clapp, Vol. 36, 1948, pp.
356-358.

(3)Wireless Eng.,

oscillator,” G.G. Gouriet, Vol. 27, 1950,
pp. 105-112,

(4) Electronic Design, “Designing induc-
tors for thin-film applications,” H.G. Dill,

“High stability February 17, 1964, pp. 52-59.

30-Day Delivery On
Gold Metalized FETs To
Replace Acrian and PHI.

Higher MTTF Than Aluminum FETs, ™ B
30-40% Lower Output Capacitance. ;
10-15% Lower @ jc. aa
Super Rugged. e N
Competitively Priced. -

»
i

- M09A104

ctary
process, include much longer

(805) 498-4552

lifetime for higher reliability, /. for complete
30-40% lower output capacitance catalog and
with resulting higher efficiency, prices.

Cross-Reference Chart Comparison of Power and Gain

POLYCORE| ACRIAN PHI  |CHARACTERISTICS 30}-'# £1001
Part Replacement  { Replacement| PO Freq | l VMIL 20FT
Number for for Watts MHz 26p—o e
F1001 VMIL20FT | DV2820S | 20 175 &
F1002 VMILAOFT | Dv2sd0s | 40 175 b o ¥ T
F1003 VMILBOFT | DV2860S | 60 175 3 1
F1004 VMILBOFT | Dv28sou | 8o 175 5 Ok i (e SN
F1005 VMILBOAFT | Dv2ssou | 80 175 ¥ L | | T 8
F1006 | VMIL120FT | Ov28120 | 120 | 175 ¢ KraRasuanite
F1007 UMIL20FT None 20 | 225-a00 et oo qgh
F1008 UMIL4OFT None 40 | 225-400 T
or 0 s 20 25
[13 POLYFET GOLD’, Power tnput {Watts)

_» polycore rf devices

1107 Tourmaline Dr. ® Newbury Park, CA 91320 e (805) 498-4552 IBM TLX: 285783
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These guys just made
Touchstone obsolete.

It happens every few months—to your advantage!

When EEsof introduced Touchstone in early 1984,
it was the most advanced RF/microwave computer-aided
engineering software available, the new industry
standard. That original Touchstone s still ahead of any
competing program. Yet by now we've made it obsolete
at least four times over.

EEsof's senior engineering staff continues to
introduce upgrades, enhancerments, entire new releases.
We're about to announce release 1.4 of Touchstone.
With an exclusive—and unique—approach to
element modeling.

As always, every current Touchstone owner gets
the new release as part of their EEsof support.

That kind of support is our unshakable commitment to
the industry. It means that Touchstone’s very first customer
enjoys the latest EEsof advance. And it means that
whenever you buy Touchstone, you'll always have

the latest version.

It's what you'd expect of the people behind EEsOf.
As you can see, we're all working microwave engineers.
We can appreciate what you tell us you need and
want. And we can do something about it. Just wait
until you see what we have for you next!

Better still, call or write EEsof now to find out.




Dr. Bill Childs

Larry Lerner
Chuck Abronson

Chuck Abronson, president. Was founder of
Amplica, a manufacturer of microwave
components and subsystems.

Dr. Bill Childs, executive vice president:
manager of advanced development. Fifteen
years of microwave nardware design, and
development of CAE and CAD software tools
used throughout the industry—including the
first commercial MIC layout program.

Dr. Chuck Holmes, vice president and chief
scientist: advanced development of linear
simulators; liaison with outside experts in
mathematical modeling of microwave
elements. \Was principal architect of Super
Compact™; assistant dean of electrical
engineering, Auburn University.

Steve Hamilton

Dr. Chuck Holmes

Dr. Dave Morton, senior scientist: development
of linear engineering. While at Tektronix, he
authored the time domain module used by
Compact™ and managed support of all
microwave CAE activities.

Steve Hamilton, vice president of engineering
and operations: directs EEsof's application
engineering and support, documentation and
continuing product development. At Hughes
and Microwave Products, was responsible for
management, design and development of
microwave components and systems for pro-
grams like the Phoenix, AMRAAM, and Patriot.

Yo Chien Yuan, senior scientist: advanced
development of nonlinear engineering
products. Developed a proprietary version of
SPICE used within Hewlett-Packard.

ﬁ
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Dr. Dave Morton

Yo Chien Yuan

Paul Adams

Larry Lerner, senior scientist: development of
interactive test equipment support. Over 5
years experience in test instrument
programming and device characterization.

Paul Adams, manager of systems
programming: advanced software applications
and porting of EEsof software to other work-
stations. Experience in advanced systems pro-
gramming and integration at Calma and CGIS.

Max Mediey {not pictured, based on east
coast), senior scientist: responsible for
development of EEsof's synthesis products.
Was author of Compact’s synthesis module;
author of Microwave Circuit Design Using
Programmable Calculators.

31194 La Baya Drive, Westlake Village, CA 91362 (818) 991-7530
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Some Questions You

Should Ask Your EMI/RFI
Test Equipment Supplier

How long has your company
been In the EMI/RFlI Testing
Equipment business?

The Electro-Mechanics Company has
been designing and manufacturing
EMI/RFI Test Accessories for over 25
years.

We began with Magnetic Field
Instruments and Radio Frequency
Antennas for the military. Since the
mid-sixties we have been working
closely with the military and industry
standard setting groups, and EMCO
now has one of the broadest lines of
Test Antennas and EMI/RFI Test Ac-
cessories in the World.

What exactly is your major
product lina?

EMCO’s primary business is Test
Antennas for use in Emissions and
Immunity (Susceptibility) Testing as
required for MIL Standard, FCC, VDE,
and CISPR Test Procedures.

Typical Military Antennas for Radi-
ated Immunity (RS) and Emissions
(RE) Testing cover the frequency
ranges from 30 Hz to 18 GHz, and are
noted in MIL STD 462, Notice 3, Table
1. EMCO currently manufactures
Magnetic Field Loops, the 41" Rod
Antenna, Parallel Strip Line, both

: Biconical Anten-
14’
Il\
)

Log Spirals and
the Double
Ridged Guide An-
tennas shown on
this table.

Antennas which are currently ac-
ceptable for use in FCC Volume I,
Part 15 Emissions Testing include,
Adjustable Element Dipole Sets,
Broadband Biconical Antennas and
Broadband Log Periodic Antennas.
EMCO manufactures all of these sep-
arately or can include them as part of
an FCC “Class A" and “Class B" An-
tenna Test System.

nas, the Conical
AN
N

What differentiates your anten-
nas from your competitors?

One major difference is Calibration.
Each Antenna is calibrated using NBS
Traceable Testing Equipment, on our
own FCC open field test site. Calibra-
tion data includes Antenna Factor, Nu-
meric Power Gain, and dBi Gain for
each individual Antenna. For Immunity
Testing Antennas we include Field
Strength measurements in Volts Per
Meter, and Radiation Patterns where
applicable.

Another difference is Design and
Construction. Each Antenna is de-
signed to be durable and long-lasting,
yet functional in varied applications,
such as in Anechoic Chambers or
Outside Test Sites. Antennas and ac-
cessories are machined and con-
structed “in-house” for Optimum
Quality Control.

One last differ-
r ence and maybe
T the most impor-
8- tant, is EMCO’s
L continual Product

improvement thru Research and De-
velopment. For example, our Dipole
and Biconical Balun design is much
improved from the old DM-105 and
military designs . . . and we are con-
tinually researching and redesigning
to make EMI/RFI Testing simpler and
more accurate.

What other Test Equipment and
Accessories do you offer?

EMCO adds efficiency to
EMI Testing with an An-
tenna Positioning Tower
(1-6 meters) and an Equip-
ment Testing Turntable.
Both are suitable for out- {,
side or indoor use, come
with a standard Digital
Readout Controiler and are
available with IEEE-488 |
Bus Option.

For Conducted
Emissions Testing,
EMCO manufac-

. tures Line Imped-

- ance  Stabiliza-

tion Networks to satisfy FCC and

VDE requirements. Our unique design

allows production of as many as 4

separate lines (three phase) in one
unit.

Other Related
Equipment in-
clude: Signal Re-
jection Networks,

Acceptance Net- ’
-
_

works,
Field
Meters,
tometers
Systems.

Why shouwld my company buy
your EMI/RFI Test Equipment?
The Electro-Mechanics Company is
more than just another manufacturer.
We realize that in order to grow and
help improve EMI/RFI Testing we
must constantly forge ahead . .. not
live in the past.

As the FCC moves toward better
and more Standardized Test Proce-
dures, EMCO is staying close to ANSI
(American National Standards Insti-
tute), NBS (National Bureau of Stan-
dards) and other standards groups so
we can keep improving our equip-
ment. Involvement with current and fu-
ture industry needs also helps us plan
for design of new equipment .. . an
ongoing process at EMCO.

EMCO is committed to offering
Technical Assistance, as well as Test
Accessories, to help solve EMI Testing
Problems. Part of that Technical Assis-
tance is advice on purchasing only the
equipment needed, not kits or systems
with unnecessary items. We can also
advise on various manufacturers of
other complimentary test equipment.

Magnetic

Intensity

Magne-
and

Helmholtz Coil

If you have more questions and are looking for Helpful Answers, Call us at (512) 835-4684.

The Electro-Mechanics Company
P.O. Box 1546/Austin, Texas 78767/Telex 767187
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Medical RF Applications Require
Special Shielding Techniques

By Gary A. Breed

n the past few years, hospitals and other

medical facilities have been making
ever-increasing investments in high-tech
equipment to aid in the diagnosis and
treatment of patients. From sensitive EEG
equipment to powerful MRI (magnetic
resonance imaging) units, the peaceful
coexistence of the varied types of equip-
ment requires electrical and magnetic
shielding techniques unique to the medi-
cal environment. Lives depend on it!

Consider for a moment the radiated
chaos that would occur if medical elec-
tronic shielding requirements were ig-
nored. Can you imagine performing an
EEG or EKG in the room next to an X-ray
machine pulsing on and off? Could you
rely on remote heart rate monitors on the
floor directly above an MRI unit
generating magnetic and RF fields at
kilowatt levels? It does not take much im-
agination to recognize the problems that
result from inadequate isolation between
powerful generators of energy and sen-
sitive detectors of physiological electrical
currents.

The principal difficulty in shielding
medical equipment is the extreme diver-
sity of equipment types and the energy
radiated and conducted during their use.
For example:

X-ray equipment is always shielded for
radiation, but uses enough power to
generate sizable transients that may pro-
pagate through AC power lines.

Hyperthermia equipment, the modern
evolution of diathermy technology, uses
RF in the MF through VHF range.

MRI systems represent a major
challenge in shielding design, as they
generate high magnetic fields as well as
high RF fields (HF and VHF range). The
sensitive detection circuitry requires pro-
tection from external fields, as well.

Lithotropy, a new technique for treat-
ment of kidney stones, uses high power
ultrasonic transducers.

Measuring equipment, as used for
EKG, EEG, fetal monitors, heart monitors,
nerve conduction testing, and laboratory
analysis all needs to operate without in-
terference from external sources. Most
often, it is impractical to operate this
equipment in a shielded environment, so

RF Design

Ohio State University
NMR Imaging Research Facility,
Columbus, Ohio

the efforts of the shielding engineer are
concentrated on the design of enclosures
for larger radiating equipment.

Lindgren RF Enclosures, Inc. is a ma-
jor supplier of shielded enclosures for
medical use, and technical information
supplied by them outlines the four major
shielding materials: bronze screening,
copper screening, sheet copper and
sheet steel. Bronze screening is very ef-
fective for RF between 1 MHz and 1 GHz.
Copper screening has somewhat better
microwave attenuation characteristics and
better magnetic field performance than
bronze. Sheet copper offers the best high
microwave attenuation and outstanding
durability, but like all non-ferrous metals
it has limited magnetic field attenuation
at lower frequencies (below 1 MHz). Sheet
steel provides much better magnetic
shielding than copper, and is effective for
RF up to the 1 GHz range. Steel has the
problem of more difficult fabrication than
copper and a greater potential for
degradation with time, due to oxidation at
joints and seams.

In the medical realm, a hyperthermia
treatment room requiring RF shielding at
MF through VHF can use bronze or cop-
per screening very effectively. However,

for an MRI system, a double electrically
isolated shielding system provides the
best attenuation of radiated energy, using
copper screen for the inner enclosure,
and sheet steel for the outer shield.

Lindgren’s RF enclosures feature
panelized construction, which is essen-
tial for medical shielding installations. An
enclosure often must be built within an ex-
isting structure, requiring modular or
knock-down construction. Special resilient
fastening techniques developed by Lin-
dgren make it possible to maintain effec-
tive shielding in a bolt-together system.

Finally, aesthetics are important in a
medical environment. Hospitals are trying
to make patients more comfortable by
reducing their “antiseptic”’ appearance.
Pleasant surroundings are very important
to the use of new high-tech equipment,
where a high level of patient cooperation
is required for successful use. Shielding
systems which can be made attractive are
an asset to their users.

The work hasn't ended yet, as new con-
cepts are being developed for future use.
Every new device will have its own re-
quirement for shielding, whether it is
radiating energy, or protection from out-
side interference.
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Now Meri«pacs

1" sg. Mixer with Pre-Amp

=

8/10" sq. Phase Comparator

38" sq. Broadband Mixers

High Performance IF Signal Processing
Networks in up to 50% less space

B Save on real estate and also obtain low profile 0.20”
height package

B Compatible package for computerized parts placement

B Increase yields by avoiding lead forming

Merrimac's Meri-pac provides you with a new way to save space in dense PCB require-
ments for all your IF signal processing needs up to 3.5 GHz. When you have flat packs
on your mind - consider Meri-pacs instead — you’ll eliminate wasted space and lead
breakage problems. Plus you have the advantage of a package which permits direct in-
sertion into PCB by computer control parts placement. BENT LEAD WAV

The gold-plated Meri-pacs give you not only real estate sav-
ings, but also environmental integrity—package is hermetically
sealed, seam welded ... no solder, therefore no solder balls.

Merrimac’s extensive Hi-Rel product experience in RF and IF
signal processing is available in every configuration; flat pack, low M
profile TO cans, relay packages, discrete connectorized SMA or
OSP low profile packages, and NOW in new Meri-pac.

Call us on your next project. We want to help.

Mermrimac hd

P.O. Box 986, 41 Fairfield Place, West Caldwell, NJ 07006
201-575-1300. TWX 710-734-4314. TELEX 6853128
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ESD Sensitivity Of A Diode Mixer

By David T. Geiser
General Electric Company

Assemblies of mixers may cost hun-
dreds of dollars each, so the cause of oc-
casional burn-out is important. ESD sen-
sitivity is a frequent suspicion, particularly
in light of the fact that Schottky Barrier
semiconductor diodes are commonly
used.

Experiencing burn-out of complex mix-
ers using the double-balanced diode-ring
configuration, the author decided to in-
vestigate the possibility of ESD damage.
This article describes the test procedure
and results.

he basic mixer is made up of two

transformers and four diodes. Figure
1 shows how T1 and T2 are shunted (in
the presence of only one signal) with two
series-connected forward diodes for either
polarity. The circuit ailso shows that DC
and very low frequencies cannot reach
the diodes via the radio frequency (RF)
or local oscillator (LO) ports.

Direct current can reach the diodes via
the intermediate frequency (IF) port (Fig.
2). The basic circuit (a) is approximated
by its DC equivalent, (b). This implies that
the diodes with lower forward conduction
voltages will divert current from those hav-
ing higher conduction voltages. Thus
diode A might draw more than C, and B
more than D.

However, transformers T1 and T2 can-
not be ignored at high frequencies or for
short pulses. The combined effect of the
two transformers (Fig. 2c) shows that the
result is the so-called “current-equalizer
tap,” raising the voltage (and therefore the
current) of the diode that tended to draw
the lower current.

Power applied to any port therefore
tends first to be divided between two
diodes, and then to have reverse voltages
limited to the order of a single diode for-
ward voltage drop. Failure mode in a
diode-ring configuration is usually caus-
ed by power or excess forward-current.
Other mixer configurations may ex-
perience different failure modes and be
more susceptible to damage.

The test mixers were two basic Olektron
model O-CDB-145, modified so the diode-

RF Design
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Fig. 1. Two Series — Connected Diodes

ring assembly (HP 5082-2831) could be
replaced easily. Approximate ratings
were:

e Diode ring: 75 mW/junction (4 junctions)
e Mixer:

LO power (nominal) 5 mwW
Input power (maximum) 300 mW
Conversion loss 6 dB
Isolation (actual) 65 dB

Conversion loss and isolation were
checked in the vicinity of 75 MHz. The
diode characteristics as seen through the
IF port were monitored with a Tektronix
576 Curve Tracer.

The Electrostatic Discharge Sensitivi-
ty Classification Test (MIL-STD-883 Meth-
od 3015) consists of charging of 100 pF
capacitor to a stated voltage. The capaci-
tor is then discharged by way of a 1500
ohm resistor through the terminals of the
device under test, five times with forward
and five times with reverse polarity. RF
and diode curve characteristics are then
measured, the test voltage raised, and the
steps repeated (Fig. 3).

Voltage steps in this test were 20, 50,

100, 200, 500, 1000 and 2000 volts. The
2000 V discharge was repeated with a
capacitance of 250 pF. Five mixer
assemblies passed this last step, while
one (B1) failed.

The five mixer assemblies that passed
were then given a monitored 60 Hz over-
stress on the Curve Tracer. They went in-
to the thermal response precursor of fail-
ure at the levels of Table I. (“Thermal Pre-
cursor” is the tendency for the curve trace
to loop rather than retrace, showing that
the thermal change of diode electrical
characteristics is beginning to lag the ap-
plication of the 60 Hz sweep source. Ex-
perience shows that it first becomes ap-
parent just before obvious damage at
slightly higher stress levels.) Two-minute
periods of lesser overstress did not cause
any apparent damage to the mixers.

It should be noted that the diode-ring
assemblies in the mixers as supplied had
been epoxy-attached to a fairly good ther-
mal mass. Replacement diode-rings were
attached with cyanoacrylate (Eastman
910) adhesive.
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50 watts minimum is a lot of rf
power throughout a bandwidth of
1 to 1000 MHz. But that’s what our
new Model 50W1000 delivers for
all your broadband test needs.

As your hunger for power plus
bandwidth grows, this year and
next, our all-solid-state “W” series
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of 100-kHz-to-1000-MHz linear

amplifiers should become more and
more importantin your plans. Today
you may need only 1 watt (the little
portable on the top of the pile), or 5,
or 10—all with that fantastic band-
width instantly available without

tuning or bandswitching—the kind

of bandwidth that lets you sweep
clean through with no pausing for
adjustment.

And next year?

But chances are good that next
year you'll be moving up into higher-
power work in the same bandwidth.
Then you'll be glad you have a 50W,
the only rf power amplifier in its
power-to-bandwidth class. At that
point, your smaller “W” series
amplifiers can be freed for lower-
power work around your lab.

What you can't see in the
performance curves shown below
is the unconditional stability of
all Amplifier Research amplifiers
—immunity to even the worst-
case load mismatch or shorted
or open cable with no fear of
damage or system shutdown.

The “W” series is part of a
complete line of amplifiers
offering f power up to 10,000
watts cw, for such diverse
applications as plasma/fusion
research, NMR, RFI susceptibility
testing, and a host of other test
situations that demand the very
finest in broadband rf power.

Send for our free booklet,

“Your guide to broadband
power amplifiers.”

ﬁ? AMPLIFIER
RESEARCH

160 School House Road, Souderton, PA 18964 USA
Phone 215-723-8181 « TWX 510-661-6094
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TABLE |. Damage to mixer assemblies.

Damage
at ESD Destroyed at
Mixer Test Level Swept Power
A0 None 1200 mW (pk), 2 min.
BO None 1200 mW (pk), 2 min.
Al None 800 mW (pk), 2 min.

B1 2000 V, 250 pF| —
A2 None 800 mW (pk), 2 min.

B2 None 800 mW (pk), 2 min.

Other tests

Passing current through the opposite
corners of an individual diode-ring approx-
imates currents caused by an input to
either the RF or LO ports. A curve-tracer
test of unmounted (no heat sink) diode-
rings showed that the ring entered the
thermal response precursor region at ap-
proximately 600 mW peak input.

Passing current through adjacent cor-
ners of an individual diode-ring also
causes (no heat sink condition) the ring
to enter the thermal response precursor
region at approximately 600 mW peak.

Conclusions

Electrostatic discharge sensitivity
testing and intentional burn-out attempts
support the conclusion that double-
balanced diode-ring mixers of the types
tested merit Category B classification of
MIL-STD-883 Method 3015. According to
these standards:

“Category B devices may be ESD sen-
sitive to damage in a range above 2000
V, but normal good practice for the handl-
ing of semiconductors should suffice.
Category B devices are preferred for
general use in military equipment be-
cause they require no special ESD pack-
aging or handling precautions other than
normal good practice for semiconductor
devices™

About the Author

David Geiser has overall responsibility
for components at the Aerospace Elec-
tronic Systems Department of General
Electric, French Road, Utica, NY 13503.
A Registered Professional Engineer, Mr.
Geiser has 30 years experience in the
design, testing and application of mixers.

Method 3015.2 Figure 3015-3 Note 2,
MIL-STD-883C. ]
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Fig. 3. Basic ESD Test Setup
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PROGRAMMABLE
LATCHING
ATTENUATORS
FOR OEM

DC to 2 GHz

Configuration:
5 or 8 cells

0 to 31 dB/1 dB steps
0 to 120 dB/10 dBsteps
0 to 127 dB/1 dB steps

Repeatability:
+0.001 dB/cell

Switching time:
1.5 msec (max)

Rated switch life:
107 operations per cell

Operating voltage:
12 volt pulse
3.5 msec pulsewidth

Compact size:
4 x 1 x 7/8 inches
2.8 x 1 x 7/8 inches

WEINSCHEL
ENGINEERING

One Weinschel Lane
Gaithersburg, MD 20877
(301) 948-3434

Telex: ITT440702

or WU89-8352
800-638-2048
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Gallium Arsenide Digital Cell Array

A gallium arsenide (GaAs) digital macro
cell array that offers the fastest speed and
greatest circuit complexity of any such cell
array on the market has been announc-
ed by Harris Microwave Semiconductor,
a division of the Semiconductor Sector of
Harris Corp. The device, called the HMD-
11100 GaAs cell array, features perfor-
mance up to 3 GHz and a medium-scale
integration level of 300 equivalent gates.
The cell array is a fixed-location array with
48 AND gates, 8 NOR gates, 88 inverters,
8 master/slave “D” flip-flops, 6 dual-phase
clock drivers/differential amplifiers, 16 in-
put buffers, and 8 output buffers. The
HMD-11100 features ECL and GaAs com-
patible I/Os, reliable Ti/Pt/Au metallization,
—55 degree to +85°C operating
temperature range, and a configurable
output that can drive 50 ohm, t pF loads
at up to 3 GHz. High-speed signal pro-
cessing markets show the greatest in-

| terest in gallium arsenide circuits. Elec-

tronic warfare systems, satellite com-
munications networks, fiber-optic com-
munication links and high-speed instru-
mentation and test all rely on fast re-
sponse times and high throughput. Har-
ris Microwave, Milpitas, Calif., please
circle INFO/CARD #176.

150 MHz Oscilloscope

B&K Precision has introduced a quad in-
put, dual independent time base 150 MHz
oscilloscope featuring +2% vertical ac-
curacy, 500 uV/div vertical sensitivity and
20 kV accelerating potential. The Model
1596 features 500 uV/div sensitivity to 70
MHz (cascade channel 1 to channel 2),
1 mV/div sensitivity to 100 MHz and 5
mV/div sensitivity to 150 MHz. In addition

| to standard sweep operations, this unit

features a’ DUAL mode whereby the A
sweep and B sweep operate independent-

| ly of each other, allowing two signals to

be viewed in different sweep times. Model
1596 features 20 ns/div sweep speed (2

ns/div with X10 magnification); 20 MHz
bandwidth limiter to eliminate high fre-
guency noises when viewing low frequen-
cy signals; video sync circuitry for view-
ing video signals; Channel 1 output to
hook-up to frequency counter or
peripheral equipment; and a beam finder.
B&K-Precision/Dynascan Corporation,
Chicago, lil., INFO/CARD #175.

Spectrum Analyzer

Marconi Instruments announces the
first in a new series of high-performance
spectrum analyzers, the Model 2382. This
analyzer system comprises two units, RF
Unit 2382 and Display Unit 2380. It covers

frequencies 100 Hz to 400 MHz with a
resolution of 1 Hz; a precision tracking
generator is integral and the analyzer is
keyboard controlled and fully GPIB com-
patible. The 2382 offers an overall level
accuracy of +1 dB at any frequency and
automatic setting of IF gain, RF attenua-
tion and filter bandwidth. The instrument’s
automatic calibration facility carries out a
comprehensive calibration routine in a
matter of seconds. The unit has an elec-
tronic graticule which offers a variety of
axis labels, including linear and logarith-
mic scales, keyboard-selected, and it
features a 50 W overload protection facili-
ty. Marconi Instruments, Allendale, N.J.,
INFO/CARD #174.

Synthesized Signal Generator
The Model 7100D Synthesized
Generator covers the frequency range of
100 kHz to 1300 MHz with 1 Hz resolu-
tion. It offers phase noise performance of
—136 dB/Hz at 10 kHz from the carrier.
The 7100D’s low noise, wide frequency
range, wide dynamic range of +20 to —140
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dBm, and modulation capability including
AM, FM, $M, and pulse make it suited for
high performance receiver testing. All
functions are IEEE programmable. Com-
stron Corporation, Freeport, N.Y.,
please circle INFO/CARD #173.

Rotary Electronic Switches

A full range of new electronic rotary
switches is announced by Electro Switch
Corp. Three series are included for ap-
plications ranging from low-ievel to power
switching. The interrupt ratings are from
.10 to 10 amps and continuous from 6 to
25 amps. All are multi-pole, multi-position
with as many as 48 positions and up to
90 poles. They are designed for such
typical applications as communications
systems, computers & peripherals, test
equipment, power supplies, medical elec-
tronics, and industrial controls. Most are
available in a wide choice of options in-
cluding special contacting, special ter-
minals, dual concentric shafts, key-
operated, spring-returned, and field ad-
justable stops. Electro Switch Corp.,
Weymouth, Mass., INFO/CARD #172.

g
-
RF BRIDGES

Fixed or Variable
Directivity (balance) 40 or
50 dB options.

1-900 MHz RF
Instruments

RF Amplifiers

RF Analyzers

RF Comparators

RF Switches

Hybrid Divider/Combiners
RF Detectors

Impedance Transformers
Precision Terminations
Precision DC Block
Filters

Available 50 or 75 Ohms

WIDE BAND ENGINEERING COMPANY, INC.

P.O. Box 21652, Phoenix, Arizona 85036, U.S.A.

Telephone (602) 254-1570
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New MLCs with negative TC available from
SFE Technologies combine excellent stability
and tight tolerances with a wide choice of packaging.

With a temperature coefficient of
-80 ppm/°C and -150 ppm/°C, our
negative TL MLCs span a capacitance
range of | pF to .056 uF with tolerances
to 1%, working voltages from 25 to 500
VDC, and have all other characteristics
of standard NPO series ceramics. Their
stable performance compared to plastic
film capacitors makes them ideal
replacements for polystyrene,
polypropylene and polycarbonate
components, in filters for modems,
cable TV, RF amplifiers and other
telecommunication applications. They
are unaffected by high production
methods of solder attachment such as
wave solder. Available in leadless

®
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chips, 2-pin DIPs, molded axials and
radials, glass encased axials and con-
formal-coated radials. In all standard
packaging methods including bulk,
tape-and-reel for pick-and-place and
automatic insertion.
Check these additional advantages:
¢ Cost effective —eliminates multiple
capacitor trimming.
¢ Compensates for positive TC of
inductive components, giving
superior filter performance over
temperature changes.
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* Capable of high-density packaging in

thick-film hybrid or printed circuits.

For more information, call Steve
Klein at (818) 365-9411. Or write to
SFE Technologies, San Fernando
Electric Division, 1501 First Street,
San Fernando, CA 91340-2793.

e
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Program for RF Design

Collected onto a single disk for the IBM
PC are a variety of solutions to problems
frequently experienced in radio frequen-
cy design. RF Notes No. 1 can aid in such
activities as passive filter design, resonant
circuit design, basic microstrip and strip-
line design, and mixer cross-product eval-
uation. Additionally, short programs for

dB, dBm, and VSWR conversions are in-
cluded. Etron RF Enterprises, Diamond
Bar, Calif., INFO/CARD #171.

Teflon Coaxial Cable

Habia Cable, Inc. announces the in-
troduction of a new line of Fluorax coax-
ial cables. The new cable utilizes solid or
air spaced Teflon REP dielectric cores

didn’t need
Modpalk .

But modern electronics involves more than a bulb, a vacuum,

and a filament.

Your vulnerable RF circuit needs the
protection only Modpak can give: a

Find out why

you need Modpak,
send for our
complete catalog.

sturdy, RFI-shielded enclosure, user-
designed with a choice of four inter-
changeable connectors and more than
30 standard off-the-shelf sizes or cus-
tom-fabricated in virtually any size.
Top and bottom covers are easily re-
moved for access to both sides of your
PC board. All this at an affordable low

Adams [ §Russell

MODPAK DIVISION

80 Cambridge St., Burlington, MA 01803

(617) 273-3330
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over a copper center conductor that close-
ly approximates MIL specified products.
100% fluoropolymer jackets, copper,
tinned copper or aluminum braid with
aluminum polyester shields are available
to enable the use of Fluorax coaxial
cables in the quietest offices as well as
the noisiest factory environments. Fluorax
coaxial cables are available in 50 chm, 75
ohm and 93 ohm ratings. Habia Cable,
Inc., Ronkonkoma, N.Y., please circle
INFO/CARD #170.

NN

IC IF Limiters with Increased
Dynamic Range

RHG Electronics Laboratory, Inc. an-
nounces the addition of two new series
with increased dynamic range to their IC
IF limiter line. Identified as ICSH for single
channel modeis and ICSHM for matched
channel units, the series offer a dynamic

range of —65 to +15 dBm on models from
20 to 70 MHz and —55 to +15 dBm on the
160 MHz models. The RHG limiters utilize
hybrid IC construction on alumina
Substrates for high reliability and are
designed to work with CW or pulsed
signais. An output buffer stage eliminates
load variation errors. The matched chan-
nel limiters are particularly useful for high
performance monopulse and DF systems.
RGH Electronics Laboratory, Inc., Deer
Park, N.Y., INFO/CARD #169.

CAD System for Printed
Circuit-Board Design

Kepro Circuit Systems, has announced
the introduction of a new software pro-
gram for creating circuit-board artwork.
The program called smMARTWORK™ is
designed for engineers and technicians
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who need fast turn-around on PCB’s. The
program utilizes an IBM PC and an EP-
SON MX-100 printer. Paper, vellum or
polyester film copies may be created us-
ing a pen and ink plotter. The plotter is
recommended for large production runs.
Multi-color display shows two layers. The
screen permits a 2" x 4" close-up view
of individual sections of the panel. Max-
imum panel size is 10” x 16". smART-

WORK requires two 360 Kbyte floppy disk
drives or one 360 Kbyte floppy and a hard
disk. EPSON MX series printers must
have the Graftrax software. Kepro Circuit
Systems, Inc., Fenton, Mo., INFO/CARD
#168.

Digitally Compensated Crystal |

Oscillator

Model D01728, a digitally compensated, |

high stability crystal oscillator is now
available from Murata Erie North America,
Inc. A frequency stability factor of 0.1 ppm
over a temperature range of —40°C to
+85°C is specified, with a frequency
range of 2-20 MHz, a warm-up of less
than 3 seconds, power consumption of

that measure RF Power
from 2 milliwatis to 10
kilowatts with +5% of

READING accuracy

from 200kHz to 1GHz

FULL-SCALE POWER AND FREQUENCY (MHz) RANGES OF 4410 ELEMENTS

0-10. 30, 100, 0-100, 300 milli- 0-1. 3, 10. 30, 0-10, 30, 100,
300 milliwatts, watts, 1, 3, 10, 30, | 100, 300, 1000 300, 1000, 3000
1,3, 10 watts 100 watts watls 10,000 watts
Ew MHz P/N MHz P/N MHz P/N MHz P/N
N 30-50 4410-20 | 25-80 4410-10 | 2-30 4410-3 | 0.2-
50-88 4410-21 | 50-125  4410-11 | 25-80 4410-51 0.535 44101
100-152  4410-22 | 100-250 4410-12 | 50-200  4410-6 | g 45.25 4410-2
150-250 4410-23 | 200-500 4410-13 | 144-520 4410-7| "~
225400 4410-24 | 400-1000 4410-14 | 200-1000 4410-8 | 2-30 4410-4
400-800 4410-25

800900 4410-26

A new Series of Low-power Plug-in
Elements adds 0.002-10W of power
measurement to current choices of
0.02-100W, 0.2-1000W and 2-
10,000W. Each Element features 7 5
overlapping power levels in our 4410
THRULINE® Wattmeter series. y

TURN THE PAGE FOR NEW 4410 MODELS
INFO/CARD 36
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30303 Aurora Rd.,
Clevetand (Solon), Ohio 44139

216 248-1200 TLX: 706898
WEST: Ojai. CA 805-646-7255

AC-0210-350W

20-110 MHz, 350 WATT

SOLID-STATE
AMPLIFIER MODULE
Frequency Range: 20-110MHz.
PouT (into 2:1 VSWR) 350 watts.
PsAT (50 ohms) 500 watts.
Gain: 8dB.

Gain Flatness: +1.0dB.
Collector Efficiency: 50%

Input VSWR: ST

Output VSWR: 14551

Vi: 45 volts.

V2! 5 volts.

Size: (L x W x H) S )
Operating Temperature

Range of Baseptate: —40 to +85°C.

The AC-0210-350W is a conservatively rated
350 watt VHF power amplifier. This wideband
module is a 50 ohm building block for use in
both Military and Industrial applications. The
MMD AC-0210-350W is the first 350 watt
VHF building block with a 1.5:1 VSWR on
both input and output. This modular amplifier
greatly simplifies the design and manufacture
of multi-kilowatt VHF transmitters for com-
munications, ECM and ISM applications.

Call today for additional information
on the new AC-0210-350W or any of the
MMD Standard/Custom products

INFO/CARD 37
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MICROWAVE MODULES & DEVICES inc
550 Ellis St.. Mountain View, CA 94043
415) 961-1473 TWX 508746
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less than 500 mW with 0.1 ppm stability,
square or sine wave outputs, an input
voltage of 15 to 28 VDC, and an input cur-
rent of 20 mA. Available in a standard
case size of 1.5” (L) x 1.5” (W) x 3.150”
(H), other package sizes are available
upon request. Murata Erie North Ameri-
ca, Inc., Marietta, Georgia, please cir-
cle INFO/CARD #167.

RF choke

Coilcraft 3
introduces
the chea er\

Wideband TO-8 Cascadable
Amplifiers

A new series of hybrid cascadable
amplifiers from Hewlett-Packard Com-
pany feature stability over a wide temper-
ature and frequency range in a TO-8 pack-
age. The amplifier design uses resistive
feedback in a Darlington configuration to
deliver gain flatness and phase linearity

Why pay more for molded types when our new
conformal coated chokes offer equivalent performance

at lower prices?

These are close tolerance inductors (+5 or 10%) with
equal or greater humidity resistance, low temperature
coefficients, and greater mechanical reliability.

And their low off-the-shelf pricing means big savings,

especially for low-volume users.

Experimenters Kit.

350 kit contains 25 values, 125 pieces.
Inductance ranges from 0.1 to 10 pH
To order call 312/ 639-6400.

Dept. D, 1102 Silver Lake Rd., Cary, IL 60013
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over a wide temperature range and broad
bandwidth. HP has introduced four
members of its amplifier series. The
HAMP-1001 medium-output power
amplifier provides typical minimum out-
put power at 1 dB compression of 12.5
dBm. The 1 dB bandwidth of this amplifier
is from 5 to 2,800 MHz. The HAMP-1002
and HAMP-1003 general-purpose
amplifiers offer minimum gain of 9.7 dB.
The 1 dB bandwidth of the HAMP-1002 is
5 to 1,900 MHz; that of the HAMP-1003 is
5 to 2,100 MHz. With a 1 dB bandwidth
of 5 to 1,650 MHz, the HAMP-1004 has a
maximum noise figure of 40 dB and a
typical minimum gain of 12.5 dB. Hewlett-
Packard Company, Palo Alto, Calif., cir-
cle INFO/CARD #166.

50 Watt Fixed Attenuator

JFW Industries, Inc. introduces their
model 50FH-xxx-50, a 50 watt, 50 ohm fix-
ed attenuator. This high power unit is
available with attenuation values of 3, 6,
10, 20 and 30 dB. The 50FH-xxx-50 com-
pletes JFW'’s existing high powered fixed
attenuator line which includes 5, 10, 30,

and 100 watt pads. The new 50 watt pad
has a frequency range of DC-2000 MHz
with N connectors standard (BNC avail-
able on request). JFW Industries, Inc.,
Indianapolis, Ind., INFO/CARD #165.

Ceramic-to-Metal Power Triode
Varian EIMAC has developed a com-
pact high-mu, ceramic-to-metal power
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triode designed for use in HF radio
transmitters, RF amplifiers for plasma
generators, and other linear amplifiers.
The EIMAC 3CX1200A7 power triode was
developed by Varian EIMAC in Salt Lake
City, Utah, to take advantage of the new
FCC regulations permitting amateur radio
power output of up to 1500 watts PEP. In-
tended to serve as a zero-bias Class AB2
amplifier for cathode driven circuits, the
EIMAC 3CX1200A7 delivers a power gain
of up to 20. The 3CX1200A7 is forced-air
cooled rated at an anode dissipation of
1200 watts 30 cfm at 0.5 inches of water.
Varian EIMAC, Salt Lake City, Utah, cir-
cle INFO/CARD #164.

Analog Design Tools CAE Software
Made Compatible to Apollo Domain
Workstations

Analog Design Tools, Inc., has an-
nounced it will develop a version of its
analog-circuit design software, the Analog
Workbench, to run on Apollo Computer’s
Domain® family of engineering worksta-
tions. The software, to be available in
third-quarter 1985, will run on all of the Do-

main family’s 32-bit workstation models.
Its availability will enable Apollo users to
fully automate the analog-circuit design
process, emulating the design, bread-
boarding, analysis and test functions
usually performed at a conventional
engineering workbench. Analog Design
Tools, Inc., Menlo Park, Calif., please
circle INFO/CARD #163.

Trimmer Capacitors Surface Mount
Mepco/Electra announces the introduc- |
tion of a series of trimmer capacitors in
surface mounted device (SMD®) configur-
ation. Designated Series 2800S, these
units corsist of brass rotors and stators

...and NOW there are 4 versions of our

MICROWAVE MODULES & DEVICES

HIGH
TECHNOLOGY

SOLID-STATE AMPLIFIERS

FA-501

WIDEBAND RF
FUNCTION AMPLIFIER

AMPLIFIER SPECIFICATIONS, DATA @ 25°C.

versatile NEW THRULINE® Wattmeter
from 20mWV to 10kW within 5% of READING

*2mN

Each element is good for seven overlapping power levels. Frequency bands from
200kHz to 1000MHz. Pick power ranges from

0.02-100W, 0.2-1000W or 2-10,000W with
+ 5% accuracy of reading.

The four NEW THRULINE *
directional RF Wattmeters
are: a battery portable
(4410), an AC or battery
rack mount (4410P) or por-
table (4411) and an
AC/rechargeable battery
portable (4412).

Who eise but
]

30303 Aurora Rd., Cleveland (Solon), Ohio 44139
216-248 1200 TLX' 706898 Bird Elec UD W ' 0@ CA Tel 805687255

Frequency Range: 5-500MHz.
Gain (lo =110 ma) 10dB min.
Gain Flatness (G =01010dB) *1d8

. (G =~-15to 10dB) +3dB
i Power Cutput @ 1dB Gain

+10dBm min.
Noise Figure (lp =110ma) 5.5dB max.

VSWR (50 ohms) Input: 2.5:1 max.
(G=-10dB to 10dB) Output: 2.5:1 max.

. 3rd Order Intercept Point
(lo =110ma)
2nd Harmonic
t Suppression:
Reverse isolation:

Compression (lo =110ma)

+20dBm typ.

—25 dBc @ P1dB
—40 dBc @ P1gs—10dB.

20dB min.

The versatile FA-501 can also be used in many
different fast AGC/Modulator/Mixer applications.

| The FA-501is an RF functional ampliﬁei’ that

offers the circuit designer the versatility of an
operational amplifier in both transmitter and
receiver applications. 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,

J 10dB gain, 25dB AGC and a bandwidth that
{ exceeds 500 MHz. In some applications, the

FA-501 is useful to 750MHz. The unit is
housed in a hermetically sealed package.

‘[ Call today for additional information on the new

#*~SEE PRECEDING PAGE FOR NEW ELEMENTS

MICROWAVE ;OUULES &ADEVICES Inc
550 Ellis St., Mountain View, CA 94043
(415) 961-1473 TWX 508746
EO/CARD
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separated by a film dielectric and enclos-
ed in a plastic case. The plastic film
dielectric affords excellent long-term
stability and a low temperature coefficient
of capacitance. The SMD design is suit-
able for surface mounting with high
speed, automatic placement equipment
and can be reflow, vapor phase or hand
soldered. Mepco/Electra, Inc., Morris-
town, N.J., INFO/CARD #162.
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IFI’s M5500 Combines A

.01 MHz — 1000 MHz
Frequency Range With
Near Limitless Applications

The Model M5500 is the latest in a
distinguished line of wideband power
amplifiers from IFI. Rugged, compact and
economical, this superior unit is forgiving
of load mismatches and generous in
application.

So when your R&D Department or
laboratory needs to boost 1 mw signals up
to 10 watts of clean power over the 10
KHz to 1000 MHz range, then count on the
{FI Model M5500. From advanced medical
research to susceptibility testing, this
linear amplifier is the unit that delivers.

Another One Of ‘‘The Dependables’’ From IFI.
Instruments For Industry

151 Toledo Street, Farmingdale, N.Y. 11735 (516) 694-1414 « TWX 510-222-0876
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Low Profile Comsec Connector

Breeze-lllinois, Inc. announces a new con-
nector, designed specifically to benefit the
tactical and mobile communications en-
vironment by T.J. Electronics, Inc. This
newly developed 90° angled connector
assembly eliminates the protrusion of
cable from the face of electronic equip-
ment. Just one inch in length, cable
equipped with the Low Profile 90° Com-

Specifications

Amplifier Type

Class A Linear, All Solid State

Frequency Range

10 KHz — 1000 MHz in two bands
Band 1: 10 KHz — 500 MHz
Band 2: 500 MHz — 1000 MHz

Min. Power Output

10 Watts (40 db (min.) gain)

Harmonic Distortion (Worst Case): -24 dbc
Input and Output Impedance

50 Ohms (Nominal)

Unconditionally Stable

Size:

5"'Hx 20D x 19"'W

(12.7 cm. x 50.8 cm. x 48.0 cm.)

Weight: Approx. 50 pounds

INFO/CARD 41
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sec connector will not extend beyond the
normal handle length of the component.
With patents applied for, the TJ.E. Low
Profile connector conforms to MiL-
C-26482 and all other applicable Military
specifications. Breeze-llinois, Inc.,
Wyoming, lll., INFO/CARD #161.

Panel Mount RF Fuse

A panel mount precision RF fuse
designed for easy replacement of the fuse
element has been introduced by Alan In-
dustries, Inc., This RF fuse, Alan’s model
50FL( ) 712, protects attenuators and
other devices sensitive to DC and RF
power from accidental burnout. Should a
power surge cause a fuse breakdown the
unigue construction of this unit allows the
fuse element to be replaced from the front

panel without removing the fuse housing.
Two fuse amperages are availabie; the
1/16 amp model 50FL16-712 and the 1/8
amp model 50FL8-712. Electrical
specifications are: frequency range, DC
to 1,000 MHz; impedance, 50 ohms;
VSWR, 1.5:1 MAX; insertion loss, less
than 1.2 dB at 1 GHz; connector, BNC or
TNC. Breakdown point: 1/16 amp model,
+23 dBm (195 mW); 1/8 amp model, +29
dBm (785 mW). Alan Industries, Inc.,
Columbus, Ind., INFO/CARD #160.

Midtex Announces a New RF Relay

The Midtex Division of Midland-Ross
Corporation announces a new RF relay
in a “Dip” size package. The Midtex type
251 RF relay is a SPDT (14 Pin Dip) relay
capable of switching one watt at 900 MHz,
60 dB isolation, 1 dB insertion loss, 1.8
VSWR at 900 MHz. The type 251 has 5
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to 24 VDC coils with internal metal shield
and printed circuit terminals. Midland-
Ross Corporation, Midtex Division, No.
Mankato, Minn., INFO/CARD #159.

Miniature Rotary Ceramic Switch
ELMA introduces ‘01 Type’ — a new
mini rotary switch that is the smallest on
the market (0.708” diameter) to use
ceramic wafers. The unigue construction
of ceramic wafers that are further enclos-
ed and environmentally sealed within the
switch body makes 01 Type suited for high
reliability requirements in the low power
and signal switching applications. With
three versions of gold plated contacts (1,
3, 5 microns), the ‘01’ switches provide
low resistance (10 mQ max.), while the
heavily built bridge type wipers have 2 A
(at 2 V) switching, and 5 A (at 20° C) car-
rying capacity. One, 2 and 4 pole models
in shorting and non-shorting mode are
available in either PC board or wire ter-
minal versions. ELMA Switch Corpora-
tion, Irvine, Calif., INFO/CARD #158.

High Speed Automatic
HF Antenna Tuner

Trans World Communications, Inc., has
announced the release of a high speed
HF automatic antenna coupler, the Model
RAT100. This unit couples HF transceivers
into whip and long wire antennas over 1.6
to 30 MHz. Designed to operate with HF
transceivers with power outputs up to
150W, the RAT100 provides high efficien-
cy matching of the antenna to 50 ohms
with typical VSWR’s of less than 15:1. The
coupler uses a special wide range imped-
ance transformer with 10 impedance rati-
os from 3 to 800 ohms. The tuning ele-

ments are selected by high speed low loss
relays with sealed 5000V vacuum con-
tacts used where the voltage can exceed
500V. The RAT100 is microprocessor con-

trolled and this has permitted the use of
an intelligent tuning program, with high
speed tuning algorithms to ensure the
minimum number of switching operations

High Quality

Fast Delivery
Low Cost

R.F. Coax
Cconnectors

BNC -F -N -UHF
Adaptors

Commercial Grade

%

WL

\
c’a“Toll ‘Free

1-800-824-0122
for Quote/Catalog

YWorld Business Lorporation

2720 W. Monterey #405

Torrance, CA 90503-7282 In California

Order Desk

(213) 328-6871

CM1100A - 5 MHZ at 5VDC

INFO/CARD 42
MICRO PROCESSORS - TTL, ECL, CMOS
AND COMPUTERS 0 0 i ] COMPATIBLE
APPLICATIONS STANDARD SERIES
T TEMPERATURE DIMENSIONS
m ECL CMOS STABILITY, FREQUENCY RANGE
0C T0 70C o - |
TM1100A | EM1100A | CM1100A | + .01% TTL = 1 HZ to 120 MHZ ——T
TM1114A | EM1114A | CM1114A |  + .05% E ey \ s
TMI115A | EMTT15A | CMIT15A |+ 1% PR S R ARIDNE 1 ‘
TMIT16A | EM1116A | CM1116A + 1.00% CMOS = 1 HZ to 25 MHZ =
TM1144A | EM1144A | CM1144A |  + .0025% » ot uon o]
TM1145A | EM1145A | CM1145A |  + .005% U T —,!_;;
L 3
\V NOTE 1: Specify operating voltage R =
for CMOS Oscillators @
EXAMPLE:  [TM1100A}.{500 MHZ EXAMPLE: A ——:}—r

300° (7 62 mm)

OSCILLATEK

B
A DIVISION OF

K & L MICROWAVE INC
620 N. Lindenwood Drive
Olathe, Kansas 66062

NOTE 2: Consult factory for

Screening to MIL-STD-8838,

MIL-0-55310 Qualification

and Custom Design
Requirements.

P e
PIN CONNECTION
1 N.C.

7 GND

8 ouTPUT
14 + Vdc

RF Design

INFOICARD 43
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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

oOlE ¢

i intech
282 Brokaw Rd.

Santa Clara, CA 95050
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to provide a good match. The tune power
requirement is 10W and only four connec-
tions are required to control the coupler.
The RAT100 is contained in a ruggediz-
ed, waterproof, aluminum case with a
high voltage Teflon insulator and MIL spec
connectors. The AT100 is a lower cost
model packaged in a waterproof fiber-
glass box. Trans World Communica-
tions, Inc., Escondido, Cal., please cir-
cle INFO/CARD #157.

Precision Crystal Oscillator

PIEZO Systems announces the avail-
ability of a miniature, rugged precision fre-
quency standard. The PIEZO Systems

Model 2850038 oscillator combines the
latest techniques in SC cut crystal design
with a low noise oscillator circuit. The
stress compensated (SC cut) crystal of-
fers a long life and low vibrational sen-
sitivity. The oscillator has an aging rate of
5 x 10~ per day, with a noise floor of
—153 dBc/Hz. The unit obtains final fre-
quency within 1 x 10-7 after 2.5 minutes
at 25° C, and within 5 minutes at —40° C.
The time domain stability is better than
5 x 10~ per second. The Model
2850038 is available in 10.00 MHz or 10.23
MHz. Frequency stability is 1 x 10-8 from
—40° C to +70° C. PIEZO Systems, an af-
filiate of PIEZO Crystal Company, Carli-
sle, Penn., INFO/CARD #156.

UL Listed Foil Tapes

Three new pressure sensitive tapes
from Fluorglass Division of the Oak
Materials Group have received the Under-
writers’ Laboratories (UL) recognition for
flame retardency. The Fluorglas Division’s
embossed copper, smooth copper, and
embossed aluminum foil tapes received
the UL recognition for flame retardency
per UL Subject 510. The foil tapes, devel-

‘e

-}
- |

"y
@

|

IRON POWDER GORES

FOR RF APPLICATIONS, POWER CHOKES, EMI/RFI FILTERS

\’Q‘g oY

o2 ey

(-}

=2 MICROMETALS

IRON POWDER CORES

1190 N. Hawk Circle. Anaheim, California 92807 USA « (714) 630-7420 « TWX 910-591-1690

o 9 .~
& @
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oped for manufacturers’ compliance with
FCC Docket 20780 EMI/RF1 shielding re-

quirements, can reduce -electrostatic
coupling in transformer and DC power

supply windings, and provide ESD protec-

tion in OEM design and field applications.
Oak pressure sensitive foil tapes are Wo

available in widths from 1/4 inch to 24 in-

ches, and in standard lengths of 18 and
36 yards. All tapes are available with Q ouson

release liners. Oak Materials Group, Inc.,

Fluorglas Division, Hoosick Falls, N.Y., 4
picfures.

Gold Metallized Transistors

; . That's how many individual 134 Fulron Ave., Garden Ciry
I;jolycct)rclerRF dDglylces:gTs_ Z\trqducgd a phortos it would rake 1o show Parls, NY 11040. Or call 516-
gold-metaliized silicon esigned as you the enrire Sprague- 746-1385, Or telex: 14-4533.
a drop-in replacement for Acrian and Goodman timmer capacitor  Sprague-Goodman Electron-

Power Hybrid transistors in the VHF and line. If you'd like ro 1¢s, Inc. is an coffiliare
?ee themn, jrsr wrire RA fEJf the Sprague
y . or our caralog to lecrric Company.
A . GOODMAN i

The world’s broadest line of trimmer capacitors.

INFO/CARD 46

RF RADIATION PROTECTION
begins with

CRYSTAL FILTERS...
DELAY CORRECTED

Alpha Components.. filters made by state-of-the-art technology.
But our reputation doesn't stop there. We're leaders where constant
time delay, combined with iow shape factors are required.

Our current production includes high performance specifications such
as...C.F.——455KHz*, 3db BW 3200Hz min, 60 db BW 4300Hz max,
amplitude variation over 1db BW—1db max, Delta time delay over 85% of
3 db BW—200 us max. Spurious level 60 db to C.F. +-100KHz. Operating
temp range 0 to 60 C. Size 82.3 x 25.4 x 55.9 mm, LxWxH.
(*available in 1.4 to 2MHz range with size adjustment.)

So send us your specs...LC or crystal. Chances are we'll give you
production estimates in one working day from a design in our fitter library.

ACCURATE DETECTION
For further technical information please call...

717/697/8595 or TWX: 510/650/4930. The full ine of HOLADAY Isotropic Broadband

\
|
Field Strength Meters offers automatic self-
ALPHK ) zeroing for accuracy and ease of use.
i

COMPONENTS, INC. . : )
Various models available for measuring both

electric and magnetic fields over a very wide
range of frequencies.

1106 E. Simpson Ro chanicsburg, PA 17055

HOLADAY INDUSTRIES, INC.
| 14825 Martin Drive

Eden Prairie, MN 55344
Telephone: (612) 934-4920
Telex: 29-0922

INFO/CARD 47
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The"Better"

Swiss made, Circular Connectors

BETTER PERFORMANCE
Design, reliability and consistent
quality make Fischer the superior
connector

BETTER PRICE

Fischer is extremely competitive with
manufacturers of similar type
connectors

BETTER LOCKING & BETTER FEEL
A superior automatic locking /
locating arrangement assures easy,
reliable mating and excellent resist-
ance to shock and vibration.

BETTER DELIVERY

Standard connectors are available in ‘
stock to 6 weeks.
* BETTER VARIETY

Connectors types include coax, triax,
compound, thermocouple, PC and

plastic Voits, temps, rads, pressures
and vacuums are no problem Cus- ¢
tom connectors are also available.

f@'i:lsT:H“’E‘n’i

AMERICA, INC.

’

13756 GLENOAKS BLVD., SYLMAR, CA 91342
(818) 362-9396 TLX: 4994182 COCOM Request catalog and sample

INFO/CARD 49

CAE for
Analog Circuit Designers

COMPONENT SENSITIVITY
PLUS: + OUTPUT WAVEFORM for any INPUT
* 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 Now
on4.0

= ALSO: FFT WAVEFORM ANALYSIS
* 4 TIMES FASTER than HP
A * INTEGRATED into ONE FILE

THREE INTEGRATED MODULES:
Shitl B ply i

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(;iRIg\TED SOFTWARE

yw
Contact Deane Jensen (213) 876-0059 + Closed Fridays

INFOICARD 50
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UHF frequency bands. In addition to mak-
ing gold metallization available for the first
time for these frequencies, Polycore’s
“POLYFET” field effect transistors feature
infinite VSWR, high Gm, and low inter-
electrode capacitance. Available for off-
the-shelf delivery, the F1000, -2, -3 and
—4 POLYFETs replace Acrian 20-120 watt
Vmil series FETs, as well as Power
Hybrid’s 20-120 watt PHI-DV series FETS.
Polycore RF Devices, Newbury Park,
Calif., INFO/CARD #154.

Low Cost Shielded Enclosures

Pacific West Electronics announces the
| availability of low cost imported shieided
enclosures which provide a shielded en-
vironment for use by the land mobile radio
communication industry. These units
range from a 4 x 4 x 6 ft. single shielded
enclosure (Model 1-SR-A) to a 20 x 20 x
8 ft. isolated double shielded enclosure
(Model CTR-IL). The low cost of these
units permit the small shop to purchase
their first shielded enclosure or the larger
shop to purchase an additional enclosure.
Pacific West Electronics, Costa Mesa,
Calif., INFO/CARD #153.

Running out
of Real Estate?

Consider our
HC-44
sub miniature crystal
12MHZ-200 MHZ.
Fundamental, third, fifth,
seventh and ninth overtones.
Same quality and electrical
characteristics as
standard sizes.

TOLL-FREE CRYSTAL HOT LINE
800-433-7140

8:00 am-5:00 pm Central Standard Time

UNITED STATES CRYSTAL:

3605 McCart Fort Worth, Texas 76110
(817) 921-3014 TWX 910-893-4084

INFO/CARD 56
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RF Power Source for Plasma Uses

AMT announces a new FET RF power
source for plasma use. The Model 1010
boosts over 600 watts of CW output power
‘rom 100 KHz to 400 KHz, and is capable
of remote or local operation. The Model
1010 has a bidirectional digital power
meter to monitor load and reflected power

and an active power protection system to
allow maximum power to be delivered in-
to any load VSWR. System status and
control lines can be accessed via rear
panel connection. The Model 1010 is
available in OEM quantities. The size is
8.75” x 85” x 19.5". The weight is 44 Ibs.

LASER SCRIBED
MONOLITHIC COILS
SEMI-MONOLITHIC

COILS

- Also Available -

Ceramic & plastic forms,
components, and mountings
for SMT components

DITECH
2254 Kingsway Dr.

Cape Girardeau, MO 63701
(314) 334-0146

AC power reg. 120 VAC, 1500 Watts.
American Microwave Technology, Inc.,
Fullerton, Calif., INFO/CARD #152.

DC to 40 GHz Terminations

With a range of DC to 40 GHz Wiltron’s
new 50 ohm coaxial K Connector™ ter-
minations offer the broadest frequency
range available. Models 28K50 (male) and
28KF50 (female) have a return loss of bet-

RF AMPLIFIERS

by AYDIN VECTOR

Ite Jeast o/ the Jown...

Available in frequencies of 5MHz to 1 GHz, single and p) »£

ter than 34 dB (<1.04 SWR) from DC to
18 GHz and better than 24 dB (<1.135
SWR) from DC to 40 GHz. Since the K
Connector is compatible with SMA con-
nectors, the 28K50 and 28KF50 can be
used for all termination needs up to 40
GHz. Wiltron offers terminations for use
with APC-7, Type N, SMA, and K connec-
tors. Wiltron Company, Morgan Hill,
Calif., INFO/CARD #151.

multi-stage T0-8, T0-12 and 4 pin DIP packages, v 704 94

standard and custom cascaded assemblies with
varying gain, NF and power output options

and a variety of connectors.

CUSTOM RF AMPLIFIER ASSEMBLIES . ..
to meet your specific need, backed by the
engineering skill, manufacturing facilities

and quality assurance ex-
perience to meet your ex-
act specifications and the
requirements of MIL-
STD-883B and MIL-
Q9858A.

VOLTAGE CONTROLLED
ATTENUATORS.. .ranges
to 40 dB within a 5-1000
MHz frequency range.

Accept no substitute for high
quality, fow cost, speedy delivery

and guaranteed specifications. Specify

Aydin Vector RF amplifiers
and attenuators.

For afree copy of our brochure, #¥¥ P

AYDIN XX VECTOR

INFO/CARD 51

In the United States — Aydin Vector Division, POB 328, Newtown, PA 18940

Tel 215-968-4271, TWX 510-667-2320

In Europe — Aydin International U.K., 64 Wilbury Way, Hitchin Herts, SG4 OTP
England; Tel 011-44-462-34555, TLX 851826626
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SOLID- STATE SWITGH

Specifications
Configuration: SP2T
Frequency: DC-50 MHz
Speed: 2 psec. Max.
Control: 2 Line TTL

Impedance: 50 Ohms
YTaTE _\ Terminations: 50 Ohms Int.
RF Power: +25 dBm Max.

DC Supply: +15V at 10 mA

Part Number 100C1562
TYPICAL PERFORMANCE

)
2
&)
L5

LU (08

8

a4 i —15V at 20 mA
Intercept
U T ke Points: 2nd +55 dBm
3rd +35 dBm
ub 12 Connectors: SMA
Size: 2”x 3" x 1"

[ Part Number: 100C1562

o 1w n?“ 3‘;1 @ %" QTHER CONFIGURATIONS
g AVAILABLE

Industry Leader in
Microwave Integrated
Circuit & Connectorized
Switches, Step
Attenuators, Voltage
Control Attenuators

DAICO INDUSTRIES, INC.

2351 East Del Amo Blvd., Compton, Calif. 90220
Telephone: (213) 631-1143 TWX 910-346-6741
© 1982 Daico Industries, Inc mpB2414k
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Microwave Filter Catalog
' Microwave filters in the frequency range of 0.3-40 GHz are
presented in a new 40-page catalog. With graphics for all elec-
trical and mechanical filter characteristics, this catalog serves
as a useful tool for design engineers. The SUHNER filter line
includes coaxial and waveguide bandpass filters as well as
tubular lowpass filters. Huber & Suhner Ltd., RF and Microwave
Division, 9100 Herisau, Switzerland, INFO/CARD #138.

l Frequency Synthesizer Catalog

f PTS announces the publication of a new frequency synthesizer

y catalog. PTS makes one of the most complete lines of direct syn-
thesizers available in the industry today. The applications, prop-
erties and specifications of the four models offered (40 MHz, 160
MHz, 250 MHz, 500 MHz) are discussed in this catalog. Pricing
and ordering information is included. Reliability and quality;
MTBF and life-cycle-cost are discussed, as well as the new two-
year warranty and the flat-rate service. Programmed Test
Sources, Inc. Littleton, Mass., INFO/CARD #137.

Electrically Conductive Compounds Selection Guide
Chomerics, Inc. has published an electrically conductive com-
| pounds selection guide, designed to assist engineers in selec-
| ting conductive caulks, adhesives, primers and coatings for
specific EMI shielding applications. The wall chart provides data
for 19 CHO-BOND® and CHO-SHIELD® compounds, including
pot life, consistency, use temperature, cure cycle, coverage,
max/min thickness, shelf life, and resistivity. Chomerics, Inc.
Woburn, Mass., INFO/CARD #136.

CELLULAR RADIO

RF AMPLIFIER

Part of Janel’s complete line of cellular radio
components is this high dynamic range
amplifier. Features include a high reliability
hybrid configuration, low distortion, and a low
noise figure.

PARTIAL SPECIFICATIONS

Frequency 800 to 920 MHz
‘ Gain, +0.5 dB 26.5 dB
VSWR, 50 Ohm, max 1.50
Noise Figure, max 2.8dB
3rd Order Intercept, min +34 dBm
Power, 20 Volts 275 mA

Janel manufactures a wide range of standard amplifiers, power
dividers and other rf components. Custom designs can be pro-
vided for unusual applications. For detailed information, call or
write Janel Laboratories, Inc., 33890 Eastgate Circie, Corvallis,
OR 97333. Telephone (503) 757-1134.

@JANEL LABORATORIES

INFOICARD 54

October 1985



RLC Electronics Catalog

RLC Electronics has issued their new precision microwave
components catalog. This 100 page catalog contains specifica-
tions, charts and graphs concerning RLC’s complete line of
switches, filters, attenuators and terminations. Information on
couplers, hybrids, dividers/combiners, detectors, and coaxial con-
nector adapters are also described. RLC Electronics, Mt. Kisco,
N.Y., INFO/CARD #135.

PC Enhancement Handbook

CyberResearch Inc. announces the publication of the second
edition of The IBM PC Enhancement Handbook for Scientists
and Engineers. This 192-page book is a combination handbook,
buyers guide, and catalog for technical hardware and software
products for the IBM PC. This book includes applications infor-
mation on hundreds of PC enhancement products for applica-
tions such as computer aided design, data acquisition, in-
strumentation control, engineering development, presentation
graphics, scientific word processing, etc. Complete turn-key
systems are listed in this book for applications such as CAD for
architectural, mechanical, civil and electrical engineering,
presentation graphics, solid modeling, data acquisition, in-
strumentation control, programming, communication, etc.
Systems are supplied with IBM PCs, XTs, or ATs with a wide var-
iety of options selected to match each particular requirement.
All systems are available as single workstations, or as a multi-
ple workstations network. Also listed are mass storage and com-
munications products for integration into the systems. Cyber-
Research Inc., New Haven, Conn., INFO/CARD #134.

HIGH Q
CERAMIC CHIP CAPACITORS

Miniature multilayer capacitor chips with High-Q
characteristics for applications in the microwave frequen-
cy range. Available in two of the most popular standard
chip sizes, the capacitance range is from 0.1 pf to 1,000
pf. The Q-factor is greater than 10,000 at a frequency
of 1 MHZ. Designed and manufactured to meet or ex-
ceed the requirements of MIL-C-55681-B.

JOHANSON
DIELECTRICS )))

2220 SCREENLAND DRIVE, BURBANK, CALIFORNIA 91505
(818) 848-4465 TWX 910-498-2735
INFO/CARD 55
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RF Desig-

F1400/F1600 SERIES RFI POWER LINE FILTERS

High Performance/Low Leakage Units
for Switching Power Supply Emissions

o High peak current design for high insertion loss.

o F1600 Series features efficient T-section dual-ceil,
low-leakage design.

Space-saving compact design and high performance
characteristics make Curtis F1400/F1600 Series RFI filters the
ideal choice for efficient control of switching .

power supply emissions. 3, 6, and 10-amp
models provide top attenuation performance
for both common-mode (line-to-ground)
and differential-mode (line-to-line) noise.
Choice of PC-pin, quick connects, wire
leads or IEC connectors. Fusing and ON/
OFF switch options, too.

Call today for details or send for new &
32-page engineering manual loaded
with useful information on RFl filters.

@ CURTIS ““We Build Confidence!”

INDUSTRIES, INC.

8000 W. Tower Avenue, Milwaukee, Wi 53223, Phone 414:354-1500, Twx 910-262-3035
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PRECISION CRYSTAL
OSCILLATORS

SERIES 8000

STANDARD FREQUENCY 5.0 MHz

AGING RATE MODEL ER8001 1 x 10 —9day
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

OUTPUT SINE-WAVE 1VRMS INTO 50
ohm LOAD
SIZE MODEL ER8001 and
MODEL ER8003
2 X2 %53
MODEL ER8005
2.25" x 2.25” x 425" H
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

INFO/CARD 58
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Phase-Noise Measurements

Hewlett-Packard Company Product Note 11729C-2, “Phase
Noise Characterization of Microwave Oscillators, (Delay Line
Discriminator Method),” presents a detailed overview of the fre-
quency discriminator method of measuring single-sideband
phase noise. The method is particularly valuable for measuring
free-running sources such as Gunn-diode, GasFET, and YIG-
tuned oscillators. The 40-page product note, which contains 34
graphs and charts, discusses phase noise and its effect on the
signal performance of modern microwave systems, and provides
considerable detail on the theory and practice of the frequency
discriminator method. Hewlett-Packard Company, Palo Alto,
Calif., INFO/CARD #133.

Semiconductor Chip Catalog

Solitron Devices, Inc., Semiconductor Group, has announced
the publication of a new semiconductor chip and wafer catalog
covering a partial line of silicon wafers and chips for transistors,
rectifiers, FETs and linear ICs. The 110 page book provides a
comprehensive listing of power transistors, Darlington transistors,
planar diodes, Schottky diodes, GaAs diodes, Gunn diodes, thin
film resistor chips, resistor chips on sapphire and resistor net-
works. Included in the catalog are power chips, junction field ef-
fect transistors, MOS and MOSFETs, rectifier dice, quartz crystals
and crystal oscillators produced by Solitron along with selected
types from affiliated companies. Solitron Devices, Inc., Riviera
Beach, Fla., INFO/CARD #132.

Air-Plate and Tubular Trimmers from Trim-Tronics are
designed for stability and reliability. With our operating
temperature range of -55°C to +125°C and a near zero TC,
these miniature air dielectric variable capacitors feature High
Q and are your ideal choice for RF to microwave frequency
applications.

* 2-Way Communications ¢ Satellite Communications
® Security Systems ® Filter Tuning & Crysta! Trimming

AIR DIELECTRIC TRIMMERS ARE OUR ONLY BUSINESS
W TRIM-TRONICS INC

67 Albany Street, Cazenovia, New York 13035
Tel: (315) 655-9528 TWX: 710-541-1530
Qutside USA and Canada contact Alfred Tronser, GmbH 7543 Engelsbrand, W-Germany
INFO/CARD 59
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»rF opportunities

Leading
Edge

e Analog
¢ Digital
e RF

Our technically advanced clients
encourage professional growth and
provide a stimulating environment.
These clients set the standards and
require the best performers.

Openings nationally—salaries to
$70,000.

Mayhall Search Group has served engi-
neers successfully since 1952. To accel-
erate your career, send resume or call:

Dale Mayhall
President

MAYHALL
SEARCH GROUP

2008 Ft. Wayne Bank Building
Ft. Wayne, Indiana 46802
(219) 424-4466 J/

—

Senior Electrical
Design Engineer

Finnigan Corporation is the world's leading manufac-
turer of mass spectrometers. These sophisticated ana-
Iytical instruments are used in basic chemical
research, forensic science, environmental pollution
monitoring, and energy resources exploration.

We are currently seeking a Senior Electronic Design
Engineer. Candidates should have a BSEE/MSEE with
5 years’ professional experience in the design of ana-
log circuits and systems, design of RF ampilifiers in the
1-2 MHz range, and developing test programs, proce-
dures and documentation. Knowledge of UL, VDE and
FCC requirements a must.

Please send your resume with salary history, in confi-
dence, to Carole Reynolds, Human Resources Depart-
ment, Finnigan Corporation, 355 River Oaks Parkway,
San Jose, CA 95134. Principals only, please. An equal
opportunity employer, m/f/h/v.

@ Finnigan
Corporation

Specializing in Worldwide
Placement of RF
Engineering & Marketing
Personnel Since 1977.

s Prdt. Mgr. — BSEE + data comm
bkgd. SW. loc., lo $50's.
* Acct. Mgr. — TVRO RCATV prds. Exp.
reg. Southern loc., $45 + bonus.
* R&D RF Engr. — 500 MHz design of
IC’s MSEE or PHD req. W-coast, sal.
open
* Mkt. Mgr. — CATV bkgd., M-west loc.
$50's + bonus.
* Proj. Eng. — hi-speed RF ana. & dig.
design. 3-5 yrs. exp. N. Eng. loc., $50K
* RF Comm. Eng. — Design revr,, filt.,
& amps (airborn). 3-5 yrs. exp. N.J. loc.,
$45K
FEES PAID * Sales Eng. — AS or BSEE TVRO

prod., Fla., $43K+

CONFIDENTIAL * RF Design Eng. — design RF amps

& in lovely N. Eng., $45K.

PROFESSIONAL * RF Design Eng. — 3+ yrs. exp. of m-
wave freq. design. W-coast loc., $45-50K.
* QC Eng. — BSEE = 3-5 yrs. exp. in
CATV prod., S.E. loc., $45-48K.

JIM YOUNG & ASSOCIATES, INC.

One Young Plaza ¢ 1235 Ranger Hwy ¢ Weatherford, TX 76086

CALL OR WRITE FOR OUR MANY OTHER OPPORTUNITIES WORLDWIDE.

TOLL FREE #1-800-433-2160. IN TEXAS ONLY CALL (817) 599-7623

RF/MICROWAVE
CIRCUIT DESIGN

ENGINEER

Colorado

Manufacturer of RF products for TV broadcast, CATV and
satellite needs EE’s to design new TVRO products for con-
sumer and commercial markets. Experience in
RF/microwave circuit design required.

Based in Burlington, fowa and recognized as an
industry leader for 30 years, Winegard Company
develops new products at its engineering and research
division located in a scenic Colorado mountain
community within commuting distance of Denver.

Our medium-sized, stable, independent company
offers multiple benefits for its professional employees.

Phone or send resume to Jim Kluge, Winegard
R&D Lab, P.O. Box 940, Evergreen, CO 80439.

(303) 674-5576

WINEGARD W8




You and GE:
Exploring Advanced
NMR Technology.

Nuclear Magnetic Resonance (NMR) may be the most exciting medical
technology GE is exploring. Your RF design expertise could be the key
to changing the direction of future medical technology.

RF Engineer

Working over a frequency range of 5-500 MHz, you would design the RF
coil probes for NMR imaging systems and hi-resolution spectrometers.
BSEE (MS preferred) or an advanced science degree is required with
several years design experience for scientific instruments. An under-
standing of field and wave theory is essential.

Join GE NMR in our new advanced facility in Fremont. Call or send your
resume including salary history to Mr. R. Watkins, Manager, Employee
Relations, GE NMR Instruments, 255 Fourier Avenue, Fremont, CA 94539,

(415) 490-8310.

The future
is working
at General Electric.

An equal opportunity employer m/f.
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RF DESIGN
ENGINEER

Unique opportunity with an Employee Owned company
in the beautiful Shenandoah Valley of northwestern

Virginia.

Self-motivated individual with BSEE and 3 years minimum
experience in RF circuit design will have opportunity for
professional growth and utilization of creative abilities,
and will direct other technical individuals toward product

design goals to production level.

Direct involvement in project planning and scheduling
reporting to VP of R&D and Production, and exciting op-
portunity to expand professional abilities working directly
with leading RF design consultants in new applications
for RF circuits and integration of RF and microprocessor

technologies.

Competitive benefits and salary, and employee stock

ownership plan.

Send confidential resume to:
VP R&D and Production

ComSonics Inc.
P.O. Box 1106

Harrisonburg, Va. 22801

ComSonics, inc.

0. Boxn 1106  Harrisonburg, Virgina 22801

(703} 434 5965

RF/MICROWAVE
ENGINEERS

Representing companies (in New England and National-
ly) with hundreds of opportunities for RF and Microwave
Engineers means we are the one contact necessary tor
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 retocation costs.

Nationwide
Business Service

PERSONNEL CONSULTANTS
ESTABLISHED 1937
145 STATE STREET,
SPRINGFIELD, MASSACHUSETTS 01103

RF Engineers $25- $70M

Immediate, choice opportunities in
nationwde. All fees paid by client compames
More than 20 years’ experience. Send resume
in strict confidence to John G. Weir. Pres

WEIR PERSONNEL SERVICES, INC.
P.O. Box 1379, Reading, PA 19603
(215) 678-7812

Acrian, inc

Adams Russell — Anzac Div.
Adams Russell — Modpack Div.
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Anderson Labs .
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Avantek

Bird Electronics .
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Coilcraft
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Curtis Industries
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Ditech

E€Esol .

EG&G Cirtech

Electro Mechanics
Electronic Research Co.
Fischer America .

Holaday Industries

Hopkins Engineering Co
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instrument Specualnes Co .
Instryments for lndus!ry {
Intek 4

JFW Industries

Janel Laboratories .

Jensen Transformers .
Johanson Dielectrics, Inc
Lark .

M/A-Com Micrawave Power Devices
M/A-Com Omei Spectra
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Mernmac .

Micrometals

Micronetics g N
Microwave Modules Devices
Microwave Semi Conductor
Motorola Semi Conductor
Noise Com

North Hills Eleclvomcs
Oscillatek .
Polycore

Programmed Test Soufces .
RF Monolithics

SFE Technologies

Sohio Engineered Materials .
Sokol Crystai Products, Inc
Sprague»Goodman Electric
Sun Electronics

Times Fiver

Trim-Tronics .

United States Cryslal Corp
Vectron Labs .

Weinschel Engmeenng .
Wide Band Engineering
World Business Corp
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High tech leadership
in high power amplifiers

Application requirements for solid
state RF/Microwave amplifier
systems become more demanding
every day. Power outputs up to 20KW
and frequencies up to 20GHz present
formidable challenges in circuit  ga
design and fabrication -
techniques. Add to that a
host ot complex operational
and environmental req-
uirements which are now
being met by M/A-COM MPD
with a diverse array of : 1 - -
technological disciplines: W’
high power switching tor
antenna T/R; electro-mechanical and
solid state filter switching for harmonic suppression;
prime power conditioning; antenna integration; high power
tunable filters for co-location conditions; microprocessor
intertacing for control and BITE; air and liquid cooling for high
density packaging.

The compact assembly shown here is a Class AB solid state
amplitier sub-system for airborne communications. It delivers 1000
watts in the UHF band, and includes a unique digitally addressable
high power filter to assure extremely clean RF output, allowing
multiple amplifiers and receivers to be co-located without impinging
on one another. Featuring high density easily maintainable
packaging. with an ability to perform in a mission-critical environment,
it is one more example of our expanding high tech leadership in high
power amplifier systems and sub-systems...the kind of leadership that can
meet the most ditficult requirements of your EW, radar, communication
and test applications.

'

MP M/A-COM MICROWAVE POWER DEVICES, INC.

D" 330 OSER AVENUE, HAUPPAUGE, NY 11788  (516) 231-1400  TWX 510-227-6239
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From Test to To
\

Plastic

MMIC gain blocks.
Avantek 4-Pac
amplifiers. $1.80 each*.

Avantek’s series of MODAMP™
silicon monolithic microwave in-
tegrated circuit amplifiers are
ready to drop into your 50-ohm
circuit, with no design problems
— virtually no concern for what
comes before or after. These
MMICs are unconditionally sta-
ble and provide cascadable gain

blocks at any frequency up to 2
GHz.

4-Pacs are small (140 mil) plastic
packages suitable for PC board or
stripline applications in products
ranging from instrumentation to
toys, from fiber optic systems to
mobile communications. They’re
simple to use and readily avail-
able.

Available in volume.

Avantek 4-Pac MODAMP MMICs
are available today from your
nearest distributor. Prices start at
$2.75 and go o $1.80 in 10,000

piece quantities. Don’t forget —
because of their very wide operat-
ing range, the same amplifier can
work from DC through video all
the way up to 2 GHz. And you
can stack them like building
blocks to add whatever gain you
need. Avantek innovation —
designed to make your design job
easier.

Gain vs. Frequency

18 |- MSA 0104 )
N
N

|
T 14 -MSA 0204
c
5 12|-MSA 0304

MSA 0404

(Gain flat to DC)H
1 1

0.1 0.5 1 2
Frequency, GHz

*price in 10,000 piece quantities.
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Avantek MODAMP MMICs are
the most universal low-cost RF
amplifiers available. Try some
today. Contact your nearest
Avantek distributor or call us for
complete details.

Avantek Distributors

EAST Thorson Dist.
Applied Specialties Dallas, 'I'X
Belwsyille, MD 214) 233-5744
301) 395-5393
Sickles Dist. Sales YSEST,

Pen Stock, Inc.
Lexington, MA L& Alios. CR
(617) 862-5100 I S

Technical Marketing Asso.

Hackensack. NJ Sertek, Inc.

201) 342-4008 Los Angeles, CA
2135 177-9051

CENTRAL

Component Dist. Spirit Electronics

Fu. Lauderdale, FI

Scotisdale, AZ

(305) 971-4950 H02) 998-1533

Peak Distributors
Arlington Heights, 1
(312) 253-0707

D AVANTEK

3175 Bowers Avenue
Santa Clara, California 95051
Sales: (408) 496-6710

Copyright 1985 Avantek, Inc
Avantek is a registered trademark of Avantek, Inc





