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\OW/ from Comstron/Adret

Select the
synthesizer with the
price/performance you need.

Model 742A: 0.1 to 2400 MHz;
AM, FM, phase and pulse modulation
— under $12,500.
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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

-— under $15,000.
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Model 730A: 300 Hz to 180 MHz;
1Hz Resolution; AM, FM, and phase
modulation; FM stereo capability

— under $7,000.

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

- under $20,000.
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ver your appli ',.ﬁ:cih 3aohz to
2'4 GHz, Comstron/Adret has the synthesizer
you want at the price you need.

Send for complete specifications.

comstron corporotion

10 Hub Drive, Melville, NY 11747
(516) 756-1100 Telex: 4973525 FAX: (516) 756-1167
INFO/CARD 1

Come see us at the RF Technology Expo, Booth #637.




Meri«pacs
The High-Rel Package

High Perform Signal Processing Networks
in up to 50% less space

Save on real estate and also obtain low proflle 0.20" height package
Compatible package for computerized parts placement
increase ylelds by avoiding lead forming

BENT LEAD WAY

Merrimac’s Meri-pac provides you with a new way to save space in dense PCB
requirements for all your IF signal processing needs up to 3.5 GHz. When you have ; g
flat packs on your mind—consider Meri-pacs Instead—you’ll eliminate wasted

space and lead breakage problems.

The gold-plated Meri-pacs give you not only real estate savings, but also environ-
mental integrity—package is hermetically sealed, seam welded ... no solder, there-
fore no solder balls. Six sizes immediately available: 3/8”x1/2"” and in square sizes 3/8",

112", 518", 8/10" and 1”. Larger sizes available for customized components. SPACE SAVING MERI-PAC WAY
Merrimac’s extensive Hi-Rel product experience in RF

and IF signal processing is available in every configuration;

flat pack, low profile TO cans, relay packages, discrete con-

nectorized SMA or OSP low profile packages, and now in

new Meri-pac. PO Box 986, 41 Fairfield Pl West Caldwell, NJ 07007-0986
Call us on your next project (201) 575-1300. We want to help. Phone: 201-575-1300 ¢ FAX: 201-575.0531
INFO/CARD 2 Come see us at the RF Technology Expo, Booths #525, 527.




NEC

NEC Corporation

The high performance of HEMT technology
is now available from NEC; the NE202.
Typically this device exhibits a 1 dB noise figure
with 12 dB associated gain at 12 GHz. This out-
standing performance promises a new era for
low noise applications at 12 GHz and well
beyond 20 GHz. You can now design amplifiers
for production with performance that regular
transistor users can only wish for.

A protective passivation layer of silicon
nitride is applied to each chip to avoid contam-
ination and improve durability. Another ex-
ample of NEC dedication to ensure reliability.

If your amplifier specifications demand
superior noise figures, excellent gain, and ex-
ceptional reliability, contact vour nearest CEL
office for data sheets, price and delivery. This
could be the HEMT you've been waiting for.

Quality Speaks for Itself

California Eastern Laboratories
3260 Jay Street, Santa Clara, CA 95054 (408) 938-3500
Western (408) 988-3500  Eastern (301) 667-1310

Canada (613) 726-0626

Europe NEC Electronics Gmbti 0211/650301
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Basic research efforts rely heavily on RF techniques in their attempts to better
understand the universe. This report take a look at some of those fascinating
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Nobody gets excited about Sokol
oscillators; and that’s just the
way we like it.

We’'ve noticed that when
engineers get excited about
oscillators, it’s because they
haven't been delivered on time.
Or because they don’t conform
to ordering specs. Or because
they're defective, or succumb
quickly to stress. Sokol
oscillators just don't generate
that kind of excitement. The only
waves they make are square
waves and sine waves.

That's precisely why, when you
need oscillators, you should think
of Sokol first.

We do our best not to make our
oscillators exciting.

Crystal Products, Inc.

Where the Impossible Becomes the Ordinary

121 Water St., Box 249, Mineral Point, Wi 53565
Phone 608-987-3363, Telex 467581

INFO/CARD 4

See us at the RF Technology Expo,
Booth #554.

»F editorial

Research: For Knowledge

or Technology?

By Gary A. Breed
Editor

Scientific research was born 2500
years ago, with the idea that Man can
actually go out and look for the secrets
of Nature. The first man to realize that
discovery need not be accidental was
named Thales, a thinker of Phoenician
descent living on the Mediterranean
island of Miletus.

By 585 B.C. Thales had made a name
for himself. Through his studies he was
then able to predict an eclipse, certainly
a big deal back then. He had solved a few
other knotty problems, too, such as get-
ting an army across a river that was too
deep to ford. Mostly, though, Thales spent
his time trying to figure out how the world
around him operated.

If we consider Thales as the first “scien-
tist” then we need to hear another tale
about him: Money to support research
was scarce in 585 B.C., too, and Thales
was constantly chided for his poverty. So
he decided to do something about it. His
studies of weather patterns indicated that
a good growing season was likely, so he
went out and bought options on all the
olive presses on Miletus. When the big
crop came in, he made a killing on the
market! Then he went back to his studies.

Pure Science vs. Applied Science
Even in the dawn of scientific research,
the differences between pure science and
applied science were pointed out to
Thales. The arguments haven't changed
in 2500 years. With tough competition for
the finances to support research, battles
are constantly waged between those who
see the pursuit of knowledge as the only
important role, and those who insist that
research have a practical outcome.

I'd like to make just one point: In the
long view of history, neither approach has
any monopoly on effectiveness or results.
Applied science, in the efforts to develop
radar in World War I, led to fundamental
discoveries about the nature of wave
propagation. The study of prime numbers
in mathematics, once a seemingly use-
less theoretical exercise, has given us a
virtually perfect data encryption system.

The battle for dollars will go on, some-
times with the argument that either “pure”
or “practical” is the better way. Whatever
the arguments, we just have to make our
best judgment on the short-term and long-
term values of the research efforts com-
peting for support. Getting rid of the ar-
tificial labels of “pure” and “applied” is
the first step toward making even-handed
decisions. Pure science eventually gets
applied, and applied science usually
discovers some basic principles.

Our Special Report (page 36) takes a
look at some of the research efforts where
RF plays a central role. Some of these ef-
forts might be called pure science, some
considered applied science, but at the
bottom line they are all fascinating ex-
plorations of Nature intended to satisfy our
insatiable curiosity and then use that
knowledge to give us a little more control
over our life on earth (and beyond).

Afti e
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Direct dial.

In manufacturing, time is money. Which
is why we designed straightforward
controls into the new Wavetek 2500
synthesized signal generator. To make
it the easiest to operate. So training is
simple and fast.

A spin knob enables easy, tune-for-
effect control of carrier frequency.
|t adjusts modulation and output levels,
too. Off-line time is minuscule, since
the 2500 has a simple, key-activated
AutoCal™ feature to keep the 2500 up
and running within specs.

For a free brochure and demonstra-
tion of the only signal generator tuned
to your manufacturing needs, call your
nearest Wavetek sales office:
Northeast 914 357-5544
Southeast 813 797-1732
Central 317 787-3815
West 519 565-8234

The new Wavetek 2500. /t out-
classes everything in its class.

Wavetek 2500 Signal Generator
Frequency Range: .4 to 1,100 MHz
QOutput Level: +13to - 137dBm
Special Introductory Price: $5,495

.

INFO/CARD 5 See us at the RF Technology Expo, Booths #346-348.



»F viewpoint

The Right Place at the

Right Time:

RF Technology Expo 87

By Keith Aldrich
Publisher

f you're an RF engineer at this time

in history, there seems to be little ques-
tion that the ‘“right place” for you, come
February 11 to 13, is at the Disneyland
Hotel in Anaheim, Calif., attending RF
Technology Expo 87. No matter how busy
you are in your job. No matter if the ex-
pense is a bit of a strain on the budget.
No matter what else might be going on
at that time.

Recent research shows that if you're
among one half of our readers you've
been working in RF less than six years
— even though you've been a working
engineer for 12 years — and several
thousand of you have gotten into RF work
within the past year. You're part of a great
influx into this technology, occasioned by
a worldwide boom in RF applications.
Your newness is no disgrace, but with the
technology itself changing as fast as it is,
there’s no question you've got a real
challenge in trying to keep up. Perhaps
you owe it to your company and to your-
self to take a break and get better at what
you’re doing.

Or, let’s say you're among the other half
of our readers — those who've been work-
ing in RF more than six years. To you, RF
Technology Expo is a homecoming: a
sign that your time has come. For years
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you labored in relative obscurity, and even
some disdain, in a world where digital
technology reigned supreme. No more.
Our research shows that 90 percent of our
readers rate RF work as “desirable” or
“extremely desirable” And of course
among the readers are many who used
to be those digital engineers . . . or still
are.

Therein lies the real importance of at-
tending RF Technology Expo, even for the
most experienced RF veteran. The times,
they are a-changin’ Most RF systems now
employ digital as well as RF techniques.
They combine lumped element with dis-
tributed circuit techniques. Discretes give
way to hybrids which give way to mono-
lithic chips. “Seat of the pants” design
gives way to precise characterization and
computer aided design. The RF engineer-
ing veteran, if he isn't careful, might well
become the RF dinosaur.

RF Technology Expo, in its brief two-
year history, has already developed a
reputation for offering technical sessions
of great practical value to engineers in-
volved in these transitions — whether
they are developing radio-controlled toys
or sophisticated jamming systems. It is not
a conference for scientists, theorists,
lobbyists, or businessmen. It does have
a practical business side, however, in
bringing engineers together with manu-
facturers of RF devices. This year more
than 120 exhibitors, using more than 200
booth spaces, will be showing the latest
and best of the components, instruments,
subsystems and design aids now avail-
able to RF engineers.

In this issue you'll find a compiete,
digested guide to the technical program,
as well as advertisements from many of
the exhibitors, advising you of their booth
numbers at RF Technology Expo 87,
February 11-13 at the Disneyland Hotel.
Careful study of this material will convince
you of the rather bold statement at the
outset of this piece: that if you're an RF
engineer that place is the right place for
you to be at that time. You'll even find a
registration card on page 48 to make sure
you follow through and act on your
conviction.

See you in Anaheim.
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HIGH ISOLATION
WITCHES

dB Isolatio Typical Performance Key Specifications
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130 N | PARAMETER | TYPICAL | TYPICAL | TYPICAL | UNS | CONDITION
) | Control Configuration | 1LINETTL | TLINETTL | 4LINETTL — Logic
120 { Switching Transients 155 10 ] 600 mv Peak Value
Transition Time 4 2 q — ns 90%/10% or 10%/90% RF
110 x 3 | SwitchingSpeed | 17 | 3 | a0 ns | 50% TTLto 10%/90% RF
100 ¥ ‘ Insertion Loss { 15 | 15 ! - ! dB —
\ t i 07 | @8 . 20-350MHz
i Iy i — | = | 1w | ¢ |350-600MHz
Isotation 106 100 ~ ; dB 1 -
80 s = = 05 | dB | 20-200MHz
A 85 dB | 200-600MHz
n VSWR | s 1211 111 P AT
60 [ | = i Termination VSWR 1511 1211 1171 = T
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DAICO INDUSTRIES offers high isolation switches step- or voltage-controlled attenuators, or step phase Call Daico for applications assistance, custom
with over 100dB of isolation in a variety of switching shifters with: device information, and a prompt response.
5 BTt o s “ High lsolati
peer and_ freqqencneg These dfgwces_have extremely Q High | qlaupn DAICO INDUSTRIES, INC.
high isolation without increased insertion loss. I”} Fast Switching Speeds 2139 East Det Amo Bivd , Compton, CA 90220
If your system requires cost effective switches, C1 Phase or Attenuation Compensation » g 2 i ki iy e €
Low Switching Transients
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ONLY SUPER-COMPACT
DOES ALLTHIS.. ...

Full control of HP8510 and HP8753
Network Analyzers from the
PC environment

Total Range of Apollo Work Stations
for muiti-tasking, multi-user applications:
DN320/330/460/550/560, plus the New DN3000

HP UNIX Environment
for multi-tasking, muiti-user applications:
HP 9000 Series 300/500

piot turas "hele”, or, “restart™ (e pd 5 POlMrYE




......ANDMO

SUPER-COMPACT
PC3.1

SUPPORTED FOR:

¢ IBM PC XT/AT
e COMPAQ
e HP VECTRA
o AT&T PC6300
e OLIVETTI M24
...and other compatibles

SUPER-COMPACT
MAINFRAME 1.81

SUPPORTED FOR:

SUN

RIDGE

APOLLO

DEC VAX

IBM Mainframes

CYBER Mainframes
HP500 Series (UNIX)
HP200/300 Series (UNIX)

THAT'S NOT ALL

CCC/COMPACT offers the WIDEST RANGE of
RF & Microwave CAD capabilities available:

ANALYSIS/OPTIMIZATION: SYNTHESIS:

SUPER-COMPACT MICROWAVE
& AUTOART DESIGN KIT
SUPER-COMPACT PC FILTER DESIGN KIT
& AUTOART PC PLL DESIGN KIT
CADEC 4 RF & COMMUNICATION
CADEC + DESIGN KITS
LINMIC + COMPLEX MATCH
WHAT'S NEXT?

In our continuous striving for TECHNICAL EXCEL-
LENCE, COMPACT SOFTWARE brings you:

SUPER-COMPACT 1.9/PC4.0
with completely NEW, UNIQUE features, including:
e NEW, IMPROVED 1986 MICROWAVE MODELS

o UNRESTRICTED NODAL NOISE ANALYSIS
e USER-DEFINED MODEL CAPABILITY

See us at the RF Technology Expo, Booths #509-511-410-412.

03724786 16:57101

.5 1
Free [GHz]

WHAT'S NEW?

SUPER-COMPACT 1.81, SUPER-COMPACT PC 3.1,
AUTOART and AUTOART PC offer SIGNIFICANT
improvements in ERROR TRAPPING and other USER

INTERFACES.

FREE!

For all SUPER-COMPACT Mainframe and PC users,
with current Support Agreements, ALL new versions
are FREE! If support has lapsed, just update yourself
to current status and exchange your program for the
newest, enhanced version!

1+ CCC COMPACT

* THE SOFTWARE COMPANY

483 McLean Bivd. and 18th Avenue, Paterson, New Jersey 07504
(201) 881-1200 « (201) B25-7966 * Telex: 130073 ¢ Fax: (201) 881-8361

INFO/CARD 7
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BOONTON 4300 RF POWERMETER

EVERYTHING YOU'VE ALWAYS
WANTED IN A POWER METER...
AND MUCH MORE!

Frequency Range 100 kHz to 110 GHz window for sweep measurements and filtered by a selectable
One to Six Channel Capability pipeline average to optimize settling time, noise reduction,
Power Range, — 70 dBmto + 33 dBm and measurement spgaed, Up to 9 complete instrument

Up to 90 dB Dynamic Range with Single Sensor setups can be stored in NVR for easy recall.

Complete Series of Coaxial and Waveguide Sensors Check out the 4300 with your local representative, or call
Programmable 30 MHz Calibrator Boonton to arrange for ademonstration. We think you'll agree.
40 Measurements per Second

Stored Calibration Data for up to 20 Sensors .
IEEE 488 Standard/Mate Compatible Boonton Electronics Corp.

The 4300 is ideal for ATE applications. Data from up to 6 791 Route 10, Randolph, NJ 07869
channels can be synchronized to fall within a 20-millisecond ~ Telephone (201) 584-1077

BOONTON

Signal Generators @ Modulation Analyzers ® RF Power Meters m RF Millivoltmeters @ Capacitance Meters and Bridges @ Audio Test Instruments

INFO/CARD 8




rFletters

Letters should be addressed to: Editor,
RF Design, 6530 S. Yosemite St.,
Englewood, CO 80111.

“Ladder Network Analysis’’ Notes
Editor:

| would like to thank all the readers who
have written recently about my article, “A

Ladder Network Analysis Program,” Nov.
1986, p. 68. Be sure to watch future issues
for more! | would like to remind those who
have ordered the software disk or the pro-
gram listing that the IBM version is de-
signed to be used with the Color Graphics
Adapter (CGA) card, or equivalent, in
order to obtain the high-resolution screen
plots. Also, the IBM program, GRAPH-

RF & Microwave
Filters 100 x: to 15 oz

If you have a filter problem
we’ll provide the solution!

For Military, Communication
or Space Application

e Lumped Element
¢ Helical Resonator
¢ Coaxial

e Waveguide

e Low Power

¢ High Power

o Fixed Tuned

e Variable

Give us a call or send us your

specifications—we’ll do the rest.

Wil W

-~
b

LORCH ELECTRONICS CORP. ~

"\ 105 CEDAR LANE, ENGLEWOOD, NJ 07631
{201) 569-8282 TWX: 710-991-9718

/A Subsidiary of Vernitron Corporation

INFO/CARD 29
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ICS.COM, is required in order to print the
screen plot to an EPSON graphics, or
compatible, printer.

In addition, | would like to point out
some minor typos that crept into the
figures.

Page 68, Table 1: For model types 12
through 16; the “3EI0” is really “3E10,”
i.e., the number 30,000,000,000.

Page 69, Figure 1: The letters within the
matrix should read,

A B A C
c o| "™ |8 D]

Page 69, Figure 2: The fourth formula
should read;

“then: vm] _ [AsBa [ABBB Vs ).
ha CaDaJ[CeDg|| 28

Page 76, Figure 4(a): Add a 170 pF
capacitor from the junction of the 0.1 uF
capacitor and the 187 nH inductor to
ground as shown in Figure 4(b). Add a
95.3 pF capacitor from the junction of the
0.1 uF capacitor and the 32.7 nH induc-
tor to ground as shown in Figure 5(a).

Please note that although the program
is copyrighted, | would like to encourage
readers to modify the BASIC code in order
to make improvements. Let me know of
any major improvements or changes so
that | might be able to share these with
the rest of the readers.

Lastly, | failed to acknowledge, in the
original article, the help of James Sesters,
who kindly provided the superior graphics
routine. Thank you, Jim!

Ken Wyatt
Woodland Park, Colorado

More Shielding Discussion

Editor:

Can you stand another letter on the
April 1986 article “Composite EMI/RFI
Shielding” and the ensuing letters about
it?

Both letters about the article point out
a confusing, misleading graph of shield-
ing effectiveness which perpetuates or
strengthens the myth that the FCC re-
quires a certain level of shielding for pro-
ducts that fall under its rules! The fact is
that the FCC does not require any
shielding of any electronic device! The
FCC requires that unauthorized RF emis-
sions be kept below the regulatory limits!
Shielding is only one of several ways to
accomplish the needed suppression of
unauthorized emissions.

The last letter (Curilla, September 1986)
mentions the ASTM ES7-83 gold-filmed
calibration sample. This sample is about
4.5 nm thick and has a shielding effective-
ness of 32 dB +3 dB. A one-atom thick
gold-film would only have about 13 dB
shielding effectiveness (Is this “substan-
tial?”), while if it were at least one skin-
depth thick the gold-film would have a

| (Continued on page 24)

13



»F news

FCC Recognition for Foreign
Test Data Opens U.S. Doors

A huge anechoic test chamber near Mt.
Fuji in Japan has become the first
overseas facility to have its site attenua-
tion data recognized by the FCC as
equivalent to open-field data, according
to Keene Ray Proof, Norwalk, Conn., the
company which engineered and built the
chamber for Fujitsu Ltd.

“Such FCC recognition should come as
good news to overseas electronic manu-
facturers aiming at the U.S. market,” says
Brian Lawrence, vice president of Keene
Ray Proof. “It means that the FCC will
almost certainly accept data direct from
overseas manufacturers if recorded in a
properly designed chamber.”

The test chamber is part of Fujitsu’s
new EMC and Acoustics Laboratory at its
Numazu facility. It is designed to perform
RF emissions testing for Fujitsu’s line of
personal and commercial computers in
the 30 to 1,000 MHz range. The chamber
has a shielding integrity of more than 100
dB attenuation up to 10 GHz, and has pro-
ven suitable to accommodate measure-
ments in accordance with FCC rules, Sec-
tion 15.38, Part 15 J.

Measuring 86 by 46 by 36 feet, with a
26-foot diameter, seven-ton capacity turn-
table, the $2 million test chamber easily
accommodates Fujitsu's large FACOM
supercomputer system at test range
lengths up to 10 meters. Chamber walls,
floor and ceiling are constructed from
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Fujitsu’s anechoic chamber has been FCC-recognized.

modular panels. Walls are supported by
structural steel for the seismic re-
quirements of the region. Lining the in-
terior are foam rubber pyramids ranging
four to eight feet in length, impregnated
to absorb RF and microwave energy.
“There's a great deal of global interest
in meticulous testing for FCC compliance

among manufacturers of electronic de-
vices today,” says Lawrence. “This can be
attributed to the FCC'’s current crackdown
on companies doing doubtful emissions
testing. There are currently fewer than 10
anechoic test chambers whose data has
been accepted without reservation by the
FCC”

RF Business Briefs

K&L Microwave, Inc., Salisbury, Mass.,
has acquired all assets of Communication
Techniques, Inc. (CTI), Whippany, N.Y.
Founded in 1973, CTI manufactures a
variety of high performance RF and
microwave signal sources and synthe-
sizers. It will function as a wholly owned
subsidiary of K&L.

TRW Electronic Components Group, El
Segundo, Calif., has formed TRW Semi-
conductor Products Division to consoli-
date the European operations of LS| Pro-
ducts and Optoelectronics and RF De-
vices Divisions. The Semiconductor Pro-
ducts Division is expected to strengthen
the group’s position in Europe by bring-
ing together manufacturing, marketing
and sales operations of its active compon-

14

ent product lines into a single organiza-
tion.

Adams-Russell Electronics, Inc., Burling-
ton, Mass., has signed a letter of intent
with SDI, Inc., Billerica, Mass., agreeing
to acquire all assets of SDI. SDl is a fast-
growing maker of diodes, switches, lim-
iters and subassemblies. It will function
as a wholly-owned but separate sub-
sidiary of Adams-Russell when the trans-
action is completed.

Varian Beverly Solid State Operations
Division, Beverly, Mass., has been re-
named Varian RF Subsystems Division.
The division is part of the Solid State
Microwave Division, headquartered in
Santa Clara, Calif., and manufactures

phase detectors, direction-finding sub-
systems and synthesizers for EW appli-
cations.

Systron Donner Corp., Concord, Calif.,
has executed a memorandum of under-
standing with Austron, Inc., Austin, Tex.,
to pursue negotiations for Austron’s pur-
chase of Systron Donner’s Instrument
Division based upon approval of both
boards of directors. Systron Donner’s In-
strument Division is a maker of RF and
microwave synthesizers, sweepers, micro-
wave counters and power supplies. Aus-
tron produces instruments and systems
for the precise measurement of time and
frequency.

The U.S. Army Signal Warfare Laboratory
January 1987



Wantto
save
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Instrument Specialties can help you comply with FCC
emission standards and prevent future fines. Our beryl- Egigﬂﬁ'

lium copper shielding strips, available from stock or
custom-designed to your needs, do the job. And they cost
a lot less than $10,000!

For more information, consultation, and de-
sign services, as well as our “Guide to Inter-
ference Control”, phone and ask for EMC \

Customer Service. Or, write us at Dept.
RF-31.

INSTRUMENT SPECIALTIES COMPANY, INC.

PO. Box A e Delaware Water Gap, PA. 18327
Phone: 717-424-8510 ® TWX: 510-671-4526
Specialists in interference control since 1944

INFO/CARD 9
Come see us at the RF Technology Expo, Booth #240.
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at Vint Hill Farms, Warrenton, Va., has
awarded a $1,027,394 contract to Ameri-
can Electronic Laboratories, Inc. for an-
tenna research and development. AEL
will develop a specialized antenna system
for a moving vehicle utilizing techniques
developed by the company’s Antenna
Division. AEL has been awarded an $18.2

Programmable
Attenuators

million contract by the Dalmo Victor Divi-
sion of Singer Co., Belmont, Calif., to pro-
duce antennas and receivers for the U.S.
Army’s AN/APR-39A radar warning re-
ceiver system.

TRW Inc. and American Shizuki Corpora-
tion, a wholly-owned subsidiary of Shizuki

50AP-002
Analog Programmable

ontrol Lag 10-500 MHz
0-400 MHz

0-127 d8 in 1 dB steps

0-127 dB in 1 dB steps

JFW Industries, Inc.
34 Commerce Square Drive
Indianapolis, Indiana 46237

0-30 DB Continuously Variable

50AP-008

S0P-076 PCB Mount

Wideband Programmable Analog Programmabie
DC-1000 MHz 50-500 MHz

0-40 DB Continously Variable

Jw

(317) 887-1340

INFO/CARD 10
Come see us at the RF Technology Expo, Booth #301.
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Electric Co., Inc., a Japanese-based elec-
tronics company, announced today that
they have signed an agreement for the
sale of TRW’s Capacitor Division for an
undisclosed price. Under terms of the
agreement, American Shizuki will buy all
of TRW’s capacitor operations. The Cap-
acitor Division is headquartered in Ogal-
lala, Nebraska, and operates manufactur-
ing facilities there, in Guadalajara, Mex-

| ico, and in Taiwan. The division currently

employs 980 people. The sale is expected
to be completed by the end of December.

The board of directors of Itel Corporation
and Anixter Bros, Inc. approved the acqui-
sition of Anixter Bros. By Itel in a transac-
tion valued at over $5 million. Itel has
agreed to pay $14 per share in cash for
all Anixter common shares. Anixter cur-
rently has 36.4 million shares outstanding.
Itel, a Chicago-based corporation, has an-
nual revenues of $300 million and oper-
ates businesses in the cargo container,
rail, and marine dredging industries. Anix-
ter Bros., Inc., also headquartered in the
Chicago area, has annual revenues of ap-
proximately $650 million. It is a leading
supply specialist for wire and cable and
other products used in telecommunica-
tions, data communications, and cable TV
industries.

India’s Ministry of Defense has awarded
Ericsson an order worth approximately
$21.5 million for radio relay equipment that
is similar to the type used by the Swedish
military. UIf Mimer, manager of Ericsson’s
Radio Systems’ Defense Communications
Division, notes, “Ericson has worked a
long time on increasing its market share
in nonaligned countries, so the Indian con-
tract may be considered a breakthrough
for our company.” Ericsson Radio Sys-

| tems is a supplier of defense communica-

tions equipment, including command,
control and communications systems,
radar systems, tactical communications
networks and encryption equipment. The
company is also a major supplier of
mobile telephone systems, paging sys-
tems, avionics, satellite antennas and fand
mobile radio equipment.

TRW Resistive Products Division, Boone,
N.C., has been acquired by Crystalate
Holdings plc. The division will operate as
IRC, Inc., a U.S-based, wholly owned sub-
sidiary of Crystalate, a U.K.-based, pub-
licly traded holding company.

January 1987



Kissed by quietness.

GHz transistors whisper 1.2 dB.

Silent, nearly-noiseless, GHz RF parts
that provide top performance without
sacrificing gain in receiver front-end are
real sweethearts of efficiency.

Particularly if you're designing portables
or land-mobile radio where signals come
in weak most of the time. Because you
can't get those signals through noisy, low-
quality front ends that put up their own
sound barriers.

Motorola now provides small-signal
amplifiers that are not only kissed by noise
figure specs as low as 1.2 dB, but are of-
fered in a variety of packages, plus chips,
for optimum applications flexibility.

MRFC941 MRF941 MRF942
MRFC951 MRF951 MRF952
MMBR941,L MRF9411,L
MMBR951,L MRF9511,L

S

High-frequency whispers.

Rated at 15, 30, 50 or 100 mA Ic collector
currents, the MRF-/MMBR- family pro-
vides a totality of choice in four different
package styles, including plastic Macro-X

Come see us at
RF Technology Expo
Booth #423-425-427 &
324-326 & 328

and soon-to-be-registered 70- and 100-mil
ceramic types, including SOT-23/SOT-143
with tape and reel packaging options,
plus unpackaged chips.

We even plan to offer the ceramics in
Hi-Rel versions.

And listen to these best-in-industry per-
formance specs: 1.2 dB and 1.7 dB noise
figures at one and two gigahertz levels for
the higher-current versions and 1.2, 1.7
and 2.8 dB NF at one, two and four giga-
hertz frequencies for the lower-current
types.

The 1.2 micron die geometries are all
of gold top-metal construction with fully-
implanted base and emitter structures
with silicon nitride passivation for opti-
mum reliability.

They're affordable, too, with bipolar
performance that can’t be beat at any
price.

One-on-one design-in help.

Anywhere in the U.S. or Canada, get
an engineer-to-engineer update on the
latest in Motorola RF technologies. Call
toll-free any weekday, 8:00 a.m. to 4:30
p.m., MST. Or we’ll have an applications
engineer contact you.

1-800-521-6274

Send the coupon to Motorola Semicon-
ductor Products, Inc,, P.O. Box 20912,
Phoenix, AZ 85036 and we'll send you

a free sample kit I,
of the Macro-X \/\/C re
cation note on )n }"()u r
noise figure con- E.\lérn‘l n
cepts and data eam
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sheets.

@ MOTOROLA

package, an appli-
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Name

To: Motorola Semiconductor Products, Inc.
PO. Box 20912, Phoenix, AZ 85036

Please send me a free MRF951 low-noise RF device kit.

298RFDO10087

Title

|

Company

Address

|

City

State — Zip

Call me (
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” REVOLUTION |

- PN

microncticy inc.

36 Oak Street-Norwood:NJ 07648 (201) 767-1320 twx: 710-991-9603

M-NOISE -NOISE M-NOISE
NMU 2000 Series NMA 2000 Series NMA 2100 Series

Package: = Package: = Package:

14 Pin DIP 14 Pin DIP 24 PIN DIP
Output: & Qutput: = Qutput:

5dB, 15dB, 30dB ENR 10 millivolts RMS 1 volt RMS
Upper Freq. Limit: = Upper Freq. Limit: = Upper Freq. Limit:

500MHz to 1.5GHz 100KHz to 500MHz 100KHz to 500MHz
Pulse:

TTL Input

INFO/CARD 12 INFO/CARD 66 INFO/CARD 67




JOIN THE NOISE REVOLUTION THAT HAS
TAKEN PLACE AT MICRONETICS and reap the
benefits of increased performance and
reduced size.

FEATURES
SYMMETRICAL GAUSSIAN NOISE
PEAK FACTOR 14 dB (5:1 VOLTAGE;
25:1 POWER)

FREQUENCY FLATNESS +.5 dB STD.
+ .1 dB OPTION

COMPACT SIZE (u-NOISE)

HIGH OUTPUT POWER (3 W PEAK)
LOW OUTPUT VSWR

TTL PULSEABLE UNITS

H-NOISE
NMA 2100-S Series

= Package:
1.5x%.8x.25 inches

= Qutput:
1 volt RMS

s Upper Freq. Limit:
100KHz to 500MHz

H-NOISE
NMA 2200 Series

Package:
3.75x1.5%.7 inches

Output:
+13dBm

Upper Freg. Limit:
100KHz to 300MHz

H-NOISE offers a greater than an order of
magnitude reduction in size.

The advanced features of the new line of
H-NOISE modules are made possible by a new,
power efficient, broad band, linear ampilifier
design (patent applied for), surface mount
construction and computer aided design.

Best of all, Micronetics, the leader in noise
innovation, backs up every product that bears its
name with in-depth applications assistance from
its staff of noise experts.

Give us a call with your specific requirements on
“The Noise Line' at 201-767-1320, today.

H-NOISE
NMA 2300 Series

= Package:
3.75x 1.5x.7 inches
= Qutput:
3 Watts Peak
= Upper Freq. Limit:
100KHz to 300MHz

Output VSWR:

1.2to 1
INFO/CARD 69
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Coaxial RF relays and Microwave Switches
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Send for: 1987 Design Guide and Long Form Catalog

Featuring:

e Switch Basics and Selection Ciriteria

¢ Integrated Switch Functions and Applications
¢ Intelligent Relays and Smart Switches

® HPIB/IEEE 488 Control and Switch Matrices

Also Includes:

* Complete DowKey® RF and Microwave Switch
product line of SPDT, DPDT, Transfer, SP3T through
SP12T Electromechanical Coaxial Switches from
DC to 26.5 GHz

DowKey Microwave Corp. » 1110 Mark Ave. « Carpinteria, CA 93013 « (805) 684-0427 « TLX 910 380-4327
See us at the RF Technology Expo, Booths #445-447. INFO/CARD 13
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Chicago Commuter Trains
Provide Cellular Phones

Cellular telephone service is being pro-
vided to passengers on 34 daily com-
muter trains in the Chicago area for a
90-day trial period ending January 31. The
trial tests passenger use of the phones
throughout the 5500 square mile area
covered by Ameritech Cellular Service.
Rates during the trial are 95 cents per
minute for calls to local area codes, and
$1.45 per minute for long distance calls.
The experiment represents the first use
of cellular phone service for passengers
on any U.S. train system.

Boeing Woos U.K. AWACS
Contract, Joins With
Racal-Tacticom for Saudi Project

Boeing Company has announced a
joint agreement with Racal-Tacticom of the
U.K. to develop a tactical radio production
facility in Saudi Arabia. The project could
add as much as $500 million in tactical
radio sales in the Middle East in the next
several years. The Saudi project is part
of a deal made by Boeing which involves
the creation of a technology center in
Saudi Arabia, not just sales of hardware.

Perhaps more important is Boeing'’s
choice of a British company as a partner.
The U.K. Ministry of Defense is expected
to decide on an early-warning aircraft con-
tract in the near future, with Boeing'’s
AWACS and Britain’s own Nimrod (Gener-
al Electric Co. plc.) the primary com-
petitors. Boeing has offered a 130 percent
offset to the U.K. which would mean that
Boeing would spend 13 dollars in the U.K.
for every ten dollars of the AWACS con-
tract.

Boeing's primary subcontractor, West-
inghouse’s Electronic Warfare Division,
has joined in the effort to impress the
Britons, with both companies making
agreements with Racal, Plessey and Fer-
ranti for offset contracts if Boeing should
be the successful AWACS supplier.

Report Claims Pacific Basin to be
Fastest Growing
Telecommunications Market

The recent launch of two Aussat satel-
lites over the South Pacific has resulted
in two-thirds of the capacity being booked
within one month of operation. A report
from Benn Electronics Publications as-
serts that there will be a fast-growing de-
mand for TVRO and data communications
equipment in the Pacific Basin, and that
a third Aussat will add even more momen-
tum to the trend.

The B-MAC transmission standard has

RF Design

been chosen for the Aussat system, allow-
ing data handling for transmission to spe-
cific subscribers. With this addressable
system, the possibility exists for down-
loading computer software, video games,
music and educational courses to indivi-
dual households.

The various nations in the Pacific

Basin, including Australia, New Zealand
and several island nations have indicated
that they will use the satellite system for
internal communications needs. Others
have scheduled trials to evaluate such ap-
plications. Benn projects a $140 million
per year market for TVRO equipment
alone.

 Introducing a small

accomplishment in
UHF frequency sources!

Our SAW-stabilized frequency
sources provide a unique solution
to your demanding UHF system
requirements. They pack the
performance of a fine cavity
oscillator into less than a tenth of
a cubic inch. Their small size,
low power consumption and ex-
cellent reliability are made possi-
ble by our advanced UHF Quartz
SAW technology.

We cover applications from
150 MHz to 6000 MHz, and
offer a wide range of options
including temperature compensa-
tion, frequency multiplication
and voltage tuning. We can cover
the full —55°C to +125°C

temperature range and offer test-
ing and screening to a variety of
MIL Standards.

Our SAW-stabilized UHF
frequency sources are being used
in IFF systems, radar frequency
synthesizers, GPS receivers,
emergency location transmitters,
fiber-optic communications and
a host of other UHF and micro-
wave system applications.

Contact us with your next
UHF frequency source require-
ment. You'll find our engineer-
ing staff ready to provide you
with a custom solution that is
innovative, timely and cost-
effective.

IR+ TN

RF Monolithics, Inc. » 4441 Sigma Road - Dallas, Texas 73244 U.S.A.
Phone: (214) 233-2903 « Fax: (214) 387-8148 « Telex: 463-0088

INFO/CARD 14

Come see us at the RF Technology Expo, Booth #261.
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FAME!!

Well, among your engineering peers, anyway . . .
for seven winners in the 2nd annual . . .

RF DESIGN
AWARDS CONTEST

You’ve got an original circuit design. Something truly novel. Here’s your chance
for real recognition . . . and a chance to win a first-class RF instrument or design
program . . . just for sharing your ingenuity with your peers . . . in RF Design’s
second annual Design Awards Contest.

The Grand Prize winning design will be featured in the July issue of RF Design,
with a picture of the winner on the cover . . . along with his or her brand new
HP Spectrum Analyzer (grand prize shown at right). Other prize winning designs
may also be published in future issues of RF Design . . . and the runner-up
prizes will be awarded to their winners in July, promptly after judging is com-
pleted. Seven winners in all will be chosen. Why shouldn’t you be one of them?

The official entry rules and judging criteria are listed below. Don’t miss out
on your chance at fame and fortune.

Deadline for entries: March 31, 1987

Mail entries to: RF Design Contest
6300 S. Syracuse Way, Suite 650
Englewood, CO 80111

JUDGING CRITERIA

1.

Entry Rules

Originality: The purpose of the contest is to reward

engineers for their unique design contributions. Each
design will be evaluated according to its similarity to
work by others, unusual application of a device or tech-
nique, and other judgments of its contribution to the ad-
vancement of the engineering craft.

1.

Entries shall be RF circuits containing no more than 6
single active devices (tubes or transistors), or 4 inte-
grated circuits, or be passive circuits of comparable
complexity.

2. The circuit must have an obvious RF function and oper-
. Engineering: Engineering is the application of A0 IS eI S GRS RN e

technology to solve a problem or meet a design goal. 3. Circuits must be the original work of the entrant.
Entrants should clearly identify how their circuit was
created in response to such a need. Judges will evalu- 4. If developed as part of the entrant’s employment, entries
ate performance, practicality, reproducibility and must have the employer’s approval for submission.
economy.

5. Components used must be generally available, not ob-
Documentation: Communicating ideas to others is the solete or proprietary.
business of RF Design and a necessary part of good
engineering. Each entry will be judged on its descrip- 6. Submission of an entry implies permission for RF
tion, analysis and graphical material. Each circuit Design to publish the material. If published, the entrant
should have a complete list of components, explanation will receive the normal per-page author’s honorarium.
of functions, and a summary of performance and test
data. 7. Deadline for entries: March 31, 1987.



FORTUNE!!

Well, in engineering terms, anyway . . .
Here are prizes for winning designs . . .

Grand Prize Winner receives the Hewlett-Packard 8590A Portable Spectrum Analyzer, featured
on the cover of November RF Design!

EBsol - Towchstone - LZ/We/MS - 15:Z3:41  (BIFLOGN
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One Runner-up receives Bird Electronics’
Model 4421 RF Power Meter, featured on
the cover of December RF Design!

One Runner-up receives a copy of
EEsof’s Touchstone/RF, the popular cir-
cuit design software for RF engineers.

T A STAILITY CIBOES

25
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Four Honorable Mentions receive a copy of Superstar from Circuit Busters — Easy to use cir-
cuit design software, an honorable prize for four deserving contest winners!

l"design
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Actual Size
JMC 29620

Sea!—Trim®

Yy

Johanson Seal-Trim®capacitors are high
performance variable ceramic capacitors
encapsulated in a moisture resistant housing.
Their design eliminates the intrusion of

dirt, dust and solder flux during assembly
and atmospheric contamination during use.
Notable features of the Seal-Trim®are low
drift rates and high Q, making them ideal

for higher frequency applications beyond the

limits of ordinary ceramic variable capacitors.

[J MIL-C-81 Qualified

{1 Capacitance Range: .5 to 2.5 through 20 to 100 pF
[J Operating Frequency: From DC to Microwave*

(J Temperature Range: —55°C to +125°C

(0 Size: 180"D x .085"H to .390"D x .125"H*

*Depending on Model

Johanson Manufacturing Corporation

Rockaway Valley Road, Boonton, New Jersey 07005
201-334-2676 TWX 710-987-8367

INFO/CARD 16
Come see us at the RF Technology Expo, Booth #255.
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shielding effectiveness of about 100 dB
at 30 MHz, increasing as {_f_above 30

| MHz. This is for plane-wave shielding,

while other, various values would exist for
the electric or magnetic fields from elec-
trically nearby sources. To adequately
discuss these shielding design issues
would take many more pages.

Edwin L. Bronaugh

Director — Research & Development
Electro-Metrics

Amsterdam, New York

| Author Will Provide Programs

Editor:
Response to my VHF Propagation

‘ manuscript (Aug. ‘86 RF Design and May

86 Communications) has been reward-
ing. To date | have mailed 25 Commodore
and 102 IBM programs to interested read-
ers. Several readers have asked about
something similar covering the Land
Mobile frequencies from 30 to 50 MHz.
| recently wrote a program for ground
wave propagation covering 3.5 to 50 MHz,
and | will furnish it on disk (specify C64
or 1BM format) for $8.00.

I now have a version of my Smith Chart
program which runs on PC-DOS or MS-
DOS 2.0 or higher using BASICA. | will
also supply it on disk for $8.00.

For anyone interested, | will supply a
disk with the latest updated versions of all
3 programs (Smith Chart impedance
matching, VHF- and HF-Propagation) for
$15.00. Specify IBM or Commodore format.

Lynn A. Gerig
R.R. #1
Monroeville, Indiana 46773

Errata

“Constant Impedance Bandpass and
Diplexer Filters,” November 1986, RF
Design, contained an error in the
HP-41 program on page 99. Line 173
should read, “ARCL IND 28" and Line
174 should read “FS?C 2.”

“An Eight-Stage Log Ampilifier,” in
the same issue, requires a few correc-
tions. In Figure 2 on page 84, the ver-
tical axis label should be “Normalized
Output Voltage (Vo/Vg )" On the
same chart, the lower amplifier stage
should have a label of *“1” to indicate
a gain of unity. Figure 3 (p. 85) horizon-
tal axis should be labeled “Normalized
Input Voltage (A V\y/Vo)” and the
vertical axis “‘Normalized Output Volt-
age V/Vg).” Figure 10b (p. 87) should
have a vertical axis label of “Phase
Shift (Degrees).”

January 1987
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four super Viarket ror
Super Selection

RF shopping just became easier!

$8 million of RF transistor inventory will put your order on your desk
the NEXT DAY—not next month. Excellent selection plus factory pricing makes
RF GAIN, LTD. the only RF supermarket you will ever need.
RF GAIN, LTD.—YOUR TOTAL POWER SOURCE—-3MHz to 3GHz.

S RF Gain, Lid.

East Coast: 800/645-2322 « Central: 800/323-1770 » West Coast: 800/348-5580
RF Gain, Ltd.: 116 South Long Beach Road ¢ Rockville Centre, NY 11570 » 516/536-8868 * Telex: 6852380 RF GAIN UW « Fax: 516-536-5440




REMOTE PROCESSING AND
DATABASE SHARING

—

ANACAT"

computer-aided
test

microwa\_le
SPICE"

non-linear analysis

MIiCAD"

layout auto route
and documentation

3§
8 3

B

Touchstone’

linear analysis

Filter
Programs
filter synthesis

NETWORK ANALYZER

Touchstone
Sr.”

user-defined
elements

LineCalc”
transmission
line calculation

E-Syn”

circuit synthesis

1 8
B B

M To trace these sample design problems through the EEsof workstation, just follow the color-coded
numbered squares. For example, to design a dialectric resonator oscillator, start with mw SPICE | | to
generate FET s-parameters. Then use E-Syn [] to synthesize matching networks. Next optimize in
Touchstone ] to ensure that your oscillator will begin oscillation at the desired frequency. Back to mw
SPICE [] to predict start-up time, output power and spurious output. If the spurious level is too high,
you use the Filter Programs || to meet spec. Then with MiCAD [} you produce masks and assembly
documentation. You can move back and forth among these programs at will.

- Filter

Large-signal amplifier

P—
S—

! ha—uﬁ Small-signal amplifier
= ,..._.! Oscillator
Pin Switch

For simplicity’s sake we show just five components. They could as easily be
a mixer, multiplier, power amplifier—or any of your other microwave products
EEsof helps you engineer, design and test them all




EEsof presents
the only total-solution
integrated workstation
for RFmicrowave engineers.

And their managers.

There is an EEsof program for every step of computer-
aided engineering, design and test. Together, they take
your microwave and RF projects—single components to
entire systems—from concept through camera-ready
artwork.

Each is a stand-alone program. Yet all work together
to form the first, and only, RF/microwave integrated
workstation. And each EEsof workstation operates
smoothly within your existing corporate environment,
streamlining the flow of information among departments,
connecting to your VAX mainframe, network analyzer
and artwork generators.

If you're not already using CAE/CAD/CAT, you
soon will be—to raise productivity, cut costs and compete
in new technologies like MMICs. EEsof software is the
only choice that makes sense for engineers and managers,
now and for the future.

Engineers EEsof offers the only complete famity of

Wild-Heerbrugg Coordinatograph

/L gL
- Eﬁ
———— \Q &

Gerber Photoplotter or CAD System

products, entirely integrated for total solutions. You
work easily on your own workstation—with parallel
processing on the mainframe as needed. You shift back
and forth among programs to lick problems as they
arise. You save time, do a better job, grow ever
more creative.
Managers EEsof is the cost effective solution. You can
start with Touchstone (or any of the stand-alone
programs), adding when need and economics dictate.
EEsof's demonstrated commitment to product
development and support means your investment now
will always put you on the leading edge of innovation.
And, of course, the dramatic rise in your engineers’
productivity will shorten development time and reduce
design costs.

Get the whole story. Call or write today. EEsof,
Inc. 31194 La Baya Drive, Westlake Village, CA 91362
(818) 991-7530.

H-P Plotter Arnistomat Coordinatograph

N

s
GV

Come see us at the RF Technology Expo, Booths #533, 535, 537, 434, 436, 438.

31194 La Baya Drive, Westlake Village, CA 91362 (818) 991-7530
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HCan't Miss'’

long-term commitment

quality has earned Reeves-
loffman a high degree of

stomer confidence. Those who
epend on us demand high performance
nd cannot afford component failure. For

those needs, Reeves-Hoffman is right

< on target. [ | Reeves-Hoffman
‘ " % oR ' has provided high-quality

I N ) quartz crystal products for
f” I military and industrial applica-

tions for nearly half

a century. This

experience is enhanced

by an unmatched degree of

order control; we are the only

oscillator manufacturer with in-house facilities
for the production of quartz crystals, hermetic
seal packages, and hybrid substrates. [] In
addition to MIL-QPL oscillators, we can also
provide you with custom designed oscillators to
fit your special requirements. [ | Whether you
need MIL-O-55310 QPL

oscillators, or the reliability

that a QPL supplier

can provide, set your sights

on Reeves-Hoffman.

DIVISION DYNAMICS CORPORATION OF AMERICA

Reeves Hoffman, 400 W. North Street, Carlisle, PA 17013 USA ¢ Phone 717-243-5929
TLX 265873 RHDV UR ¢ FAX 717-243-0079
INFO/CARD 49

Come see us at the RF Technology Expo, Booth #243.




ere is a welcome addi-
tion to the microwave re-
lay market from a company that has
spent over 40 years developing high
frequency relays. Our new TOH Series
offers designers a microwave relay with
small size and outstanding perform-
ance, that can be used for a variety of
applications where stringent impe-
dance matching and isolation are re-
quired. Typical applications include
antenna switching, radar, communica-
tions, radio telephones, and cable TV
systems.
Both PCB mount and SMA mount
models are available in frequency
ranges from DC to 2.5 GHz. Operating

Iniature microwave relays
that come with over 40 years
of relay experience.

voltages of 6, 12, 24, and 28 VDC can be
ordered with your choice of coil termi-
nals, PCB terminals, flying leads, and
solder lugs. Rugged construction as-
sures long life (tested to over 2.5 million
cycles), and materials used meet strict
mil-spec requirements.

We felt the time was right to show
you what 40 years of relay experience
can provide to the microwave relay
market. Now you can find out for
yourself by asking for design
assistance or a copy of our
brochure. Call or write FL
Jennings, 970 McLaughlin
Ave., San Jose, CA 95122,
(408) 292-4025.

% add |

DIVISION OF FL INDUSTRIES

JENNINGS

Come see us at the RF Technology Expo, Booth #308.
INFO/CARD 20
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rFcourses

January 12-15, 1987

SMART Ill

Hyatt Regency, New Orleans, Louisiana

Information: Electronics Industries Association, 2001 Eye St.
N.W., Washington, D.C. 20006; Tel: (317) 261-1306

January 20-23, 1987

Institute of Navigation’s National Technical Meeting
Anaheim Marriott Hotel, Anaheim, California

Information: ION Headquarters, 815 15th St., N.W., Suite 832,
Washington, D.C. 20005; Tel: (202) 783-4131 or Leonard Jacob-
son, General Chairman, Interstate Electronics Corp., 1001 E. Ball
Road, Anaheim, CA; Tel: (714) 758-4036

January 29-30, 1987

Measurement Science Conference

Irvine Marriott Hotel, Irvine, California

Information: Dennis Pinnecker, Conference Registrar; Tel: (714)
762-4574.

February 11-13, 1987

RF Technology Expo 87

Disneyland Hotel, Anaheim, California

Information: Kathy Kriner, Convention Manager, Cardiff Publish-
ing Co., 6300 S. Syracuse Way, Suite 650, Englewood, CO 80111,
Tel: (303) 220-0600 or (800) 525-9154

February 24-26, 1987

NEPCON West 87

Convention Center, Anaheim, California

Information: Show Manager, NEPCON West 87, Cahners Exposi-
tion Group, 1350 East Touhy Ave., PO. 5060, Des Plaines, lllinois
60017-5060; Tel: (312) 299-9311

February 25-27, 1987

Industry-University Advanced Materials Conference
Colorado School of Mines, Golden, Colorado

Information: Dr. Jerome G. Morse, Advanced Materials Institute,
Colorado School of Mines, Golden, CO 80401; Tel: (303) 273-3852

March 24-26, 1987

Southcon/87

Georgia World Center, Atlanta, Georgia

Information: (800) 421-6816 (outside California); (800) 262-4208
inside California; or (213) 772-2965

April 1-8, 1987

Electronics and Electrical Engineering '87

Hannover Fairgrounds, Hannover, West Germany
Information: Hannover Fairs USA, Inc., 103 Carnegie Center, PO.
Box 7066, Princeton, NJ 08540; Tel: (609) 987-1202

April 21-23, 1987

Electrical Overstress Exposition

San Jose Convention Center, San Jose, California
Information: Jim Russell, EOE, 2504 N. Tamiami Trail, Nokomis,
FL 33555, Tel: (813) 966-9521

April 27-29, 1987

IEEE Instrumentation and Measurement Technology
Conference

Sheraton-Boston Hotel, Boston, Massachusetts

Information: Robert Myers, Myers/Smith, Inc., 1700 Westwood
Blvd., Los Angeles, CA 90024; Tel: (213) 475-4571.
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Georgia Institute of Technology

Principles of Pulse Doppler Radar: High, Medium,
and Low PRF
February 10-12, 1987, Atlanta, Georgia

Microwave Devices: Present and Future
February 11-12, 1987, Atlanta, Georgia

Laser Technology and Systems Applications
February 23-24, 1987, Atlanta, Georgia

Infrared Technology and Systems Applications
February 25-27, 1987, Atlanta, Georgia

information: Deidre Mercer, Department of Continuing
| Education, Georgia Institute of Technology, Atlanta, GA
| 30332; Tel: (404) 894-2547.

Besser Associates, Inc.

Microwave Circuit Design — Linear Circuits
February 2-6, 1987, Los Angeles, California

Microwave Circuit Design — Non-linear Circuits
February 9-13, 1987, Los Angeles, California

Information: Besser Associates, Inc., 3975 East Bayshore
Road, Palo Alto, CA 94303; Tel: (415) 969-3400

The George Washington University

Frequency Synthesis
February 9-11, 1987, Washington, DC

Frequency Hopping Signals and Systems
February 23-25, 1987, Washington, DC

SAW Devices and Their Processing Applications
February 23-26, 1987, Washington, DC

Defense Electronics Executive Overview
March 2-6, 1987, Washington, DC

Spread Spectrum Communication Systems
March 9-13, 1987, Washington, DC

Information: Merril Ann Ferber, Assistant Director, Continuing
| Education Engineering Program, The George Washington
University, Washington, DC 20052; Tel: (800) 424-9773

Southeastern Center for Electrical Engineering Education

Antennas: Principles, Design, and Measurements
‘, March 24-27, 1987, St. Cloud, Florida

| Information: Ann Beekman, SCEEE, 1101, Massachusetts
AVe., St. Cloud, FL 32769; Tel: (305) 892-6146

R&B Enterprises

TEMPEST — A Detailed Design Course
‘ February 2-6, 1987, Philadelphia, Pennsylvania

|  TEMPEST — An Overview for Managers and TEMPEST
Officers
February 9-10, 1987, Philadelphia, Pennsylvania

EMI/EMC in the Automotive System
February 9-11, 1987, Dearborn, Michigan

Information: Greg Gore, R&B Enterprises, 20 Clipper Road,
West Conshohocken, PA 19428-2721; Tel: (215) 825-1960

January 1987



NOW! In one manual—
all you need to know about

EMC design and products—
and it’s

If you’re involved in designing for EMC—if you're
involved in testing and measuring electromag-
netic interference—you need this manual. For
the first time, in one place, you'll find all the data,
all the formulas, and all the products you need
to meet your interference control problems!

Included are charts, tables, graphs, dimensional
drawings, and technical data ranging from a dis-
cussion of theoretical design requirements to

how to select a specific shielding material. ®
: INSTRUMENT SPECIALTIES COMPANY, INC.
For your free copy, use the Reader Service Card Delaware Water Gap, PA. 18327

or write us directly at Dept. RFD-9. ~ Phone: 717-424-8510 & TWX: 510-671-4526

Specialists in beryllium copper since 1938
Come see us at the RF Technology Expo, Booth #240. INFO/CARD 21



Signetics 1s your
broadline RF supplier.

VHF GAIN MIXERS/MODULATORS FM IF
COMPANDORS AUDIO POWER SYNTHESIZERS
NES68 NE5204 TDA1574
150 MHz BROADBAND RF AMP VHF FRONT END
PHASE LOCKED LOOP
Features: Features: Features:
e Linear FM Demodulation * 200 MHz Bandwidth ¢ Double-balanced Mixer

¢ Temperature Compensated
Oscillator

e Large Lock/Capture Range

» Series and/or Parallel Loop
Filter Options

Applications:

¢ Fiber Optic Clock Recovery

¢ Fiber Optic Modulation/
Demodulation

¢ Satellite FM Demodulation

¢ VHF FSK Demodulation

¢ 20dB Insertion Gain

¢ 4.8dB Noise Figure: 75Q

¢ 6dB Noise Figure: 50Q

* No External Components

¢ Input/Output Matched to
50/75Q

Applications:

¢ TV Cable and Antenna
Signal Amp

¢ Signal Generators

e Data Communications

® Modems

® Network Amp

e Telecommunications

¢ Low Noise Oscillator
e Linear IF Amp

¢ Keyed AGC

e Large Signal Handling
e Standby Switch

Applications:

e Communications Receivers
* FM Receivers

e Mixers/Modulators

e Weatherband Radio

¢ TV Sound Tuners

¢ Signal Converters

For Literature
INFO/CARD 22

For Literature
INFO/CARD 71

For immediate applications assistance
or information on other products

call 408/991-4571.

For Literature
INFO/CARD 72

One standard. () defects.

Signetics

a subsidiary of U.S. Philips Corporation

For a local Signetics sales office
location and phone number call
800/227-1817, ext. 900.

See Signetics in booths 339 and 341 at RF Technology Expo in Anaheim.



We're even better thanyou think.
Absolutely!

Now the 6071A and the 6060B Signal
Generators have a guaranteed abso-
lute level accuracy of 1.0 dB.

Whether you need the highest spectral
purity (6071A) or are required to do general-
purpose testing (6060B), you'll benefit from
being able to rely on our improved signal
generator accuracy. And, it won't cost you
a penny more!

Fluke signal generators are designed for
critical applications in the military, defense
and mobile communications industries.
You'll find them optimized for high-volume
production. They're easily integrated, and
our fast switching rates will save you pro-
duction time.

SPECIFICATIONS
Frequency

6071A
200kHz to 1040MHz

60608
10kHz to 1050MHz

Amplitude ~127dBmlo +13dBm - 127d8mto + 13dBm
Accuracy + 1.008 (520MHz) +1.0d8
Spurious <~ 90dBc (520MHz) < - 60dBc
Modulation AM, FM, oM AM, FM

The unique architecture of these pro-
grammable signal generators allows us
to emphasize low noise/spurious signals,
while reducing expense to you through the
use of innovative circuit designs.

You also get superior RF shielding with
the 6071A and the 6060B. Our cast alumi-
num housing and RFI gasket-sealed covers
result in low radiated EMI and
microphonics.

Whatever your performance needs are,
Fluke’s family of signal generators offer
you an unbeatable value. And, our after-
sales support is unparalieled.

Find out what we mean. Call
1-800-426-0361 today or contact your
local Fluke sales engineer or
representative.

FLUKE

INTHE U.S. AND NON-EUROPEAN COUNTRIES: John Fluke Mfg. Co., Inc., P.0. Box C9090, M/S 250C, Everett. WA 98206, Sales: (206) 356-5400. Other: (206) 347-6100.

EUROPEAN HEADQUARTERS: Fiuke (Holland) B.V.., P.0. Box 2269, 5600 CG Eindhoven, The Netherlant
© Copynght 1985 John Fluke Mfg. Co., inc. Al rights reserved. Ad No. 4401-6060/60

ds, (040) 458045, TLX: 51846,
n

Come see us at the RF Technology Expo, Booths #461, 463.
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rF cover story

A One-Chip

FM Receiver

By John Stilwell
Motorola Bipolar Analog IC Division

The MC3362 is a new bipolar analog
IC from Motorola which gives the designer
a single-chip FM receiver from antenna
input to audio preamp output. Useful from
50-150 MHz, the low voltage FM dual con-
version design yields low power drain, ex-
cellent sensitivity and good image rejec-
tion in narrowband voice and data link ap-
plications. Closely related to MC3362 is
the MC3363 dual conversion FM receiver
which contains all MC3362 features and
functions, plus an NPN transistor for RF
or LO amplification and a muting opera-
tional amplifier to allow a noise triggered
muting/squelch function.

hese new ICs are specified to run

from V.. = 2 to 7 and draw very little
power (4-35 mW). MC3362/3 are manu-
factured in Motorola’'s MOSAIC 1.5¢
process technology. This process devel-
ops NPN transistors with f; = 4+ GHz,
much like those available in low cost RF
discrete products.

In a typical application, the first mixer
amplifies the incoming signal (conversion
gain 18 dB typical) and converts the in-
coming frequency to 10.7 MHz. This 10.7
MHz high IF is filtered externally and fed
into the second mixer. The second mixer
has a conversion gain of 22 dB (typical)
and converts the high IF to a 455 kHz low
IF. Second mixer output frequencies
above 500 kHz are rolled off internally. For
both conversions, the mixer impedances
and pin layout are designed to employ low
cost, readily available ceramic filters.

The first local oscillator can be used as
a free running LC tank, a VCO using PLL
synthesis, or can be driven from an ex-
ternal oscillator. At higher V. values (6-8
V), it has been operated as high as 170
MHz. The second local oscillator is a com-
mon base Colpitts type which is typically
run at 10.245 MHz under crystal control.
The limiting IF has 10uV sensitivity, flat to
1 MHz. The connection to the quadrature
detector, a quadrature capacitor and
twice-IF filtering are provided internally.

MC3362 contains meter drive/carrier
detect circuitry which detects the amount
of IF limiting. This provides a radio signal

RF Design
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strength indicator (RSSI) function with ex-
cellent linearity and wide dynamic range
(>65 dB). Hysteresis is available. MC3363
also contains a muting op amp to allow
design of a noise triggered squelch
circuit.

A data shaping comparator is also in-
cluded which detects zero crossings of
FSK modulation, allowing construction of
a low cost RF data link. Data rates of 2,000
to 35,000 BPS have been obtained using
a narrowband configuration and a single
audio to data coupling capacitor of 1,000
pF. Comparator hysteresis is available.

Single Chip Two Meter Receiver
MC3362 was featured at RF Expo East
as a single chip receiver operating on the
two meter band (144.585 MHz). The fix-
ture used is in the accompanying photo.
No matching or amplification was done at
the input of MC3362. The sensitivity for
20 dB (S+N)/N was 4uV for a deviation of
+3 kHz. It is expected that matched RF
amplified systems will attain sensitivities

'”ﬂlﬂ"""ﬂﬁ

Dual-Conversion
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below 0.5uV.

The first local oscillator was free-
running using L, = 0028 uH, C(ext) =
43 pF, and the internal C; of a varactor
diode. An external trimpot was used for
frequency tuning. Excellent frequency
stability was achieved with this configura-
tion, which included a regulated supply
voltage of 8.0 Vdc. MC3362/3 are speci-
fied for supply voltages of 2 to 7 V, but
operate well from 1.8 to 8 V.

External elements used included Toko
LFC455F and SKM1 ceramic filters (455
kHz filter not visible in photo), and Toko
RMC2A6597 quadrature coil. The quad-
rature resistor used was 47Q Recovered
audio was amplified using MC34119, a
new low voltage audio amplifier.

Price of the MC3362P (24-pin DIP) and
MC3362DW (24-pin SOIC) is $1.80 (100s).
The MC3363P/DW will be available in the
first quarter of 1987. Motorola, Inc.,
Bipolar Analog IC Div., Tempe, Ariz. For
more information, circle INFO/CARD
#180.
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»F special report

On the Leading Edge:
RF’s Role in Scientific Research

By Gary A. Breed
Editor

RF technology is at the heart of many
scientific research efforts, from elemen-
tary particle physics to the behavior of
whole galaxies. For many endeavors, RF
plays a supporting role, providing com-
munications, telemetry and navigational
aid. For other areas of research, RF tech-
niques are central to the work itself, with
an active role in power or measurement.
Some of these areas will be explored in
this Special Report, as we see how RF
has an integral role in some of the most
“mind boggling” areas of science.

he frustration of a short report is

that many important items must be
omitted. We will cover a few areas where
there is significant work being done right
now, and take a look at some of their RF
applications. We will also point out some
other areas where RF is playing an impor-
tant role, just to remind you that there is
a nearly endless list of exciting RF ap-
plications in research.

Radio Astronomy

Because it is all RF, radio astronomy is
a pursuit that pushes RF technology to
the edge of performance capabilities. To
receive signals from across the universe,
the lowest noise amplifiers, the most
sophisticated signal processing and the
most advanced understanding of wave
propagation must be used.

The most unique RF application in
radio astronomy is in signal processing,
particularly Very Long Baseline inter-
ferometry (VLBI). The basic principle of
VLBI is triangulation, where simultaneous
observations from two distant points can
achieve quite precise directional resolu-
tion. When the two observation points
move in relation to the observed source
(such as when the earth rotates on its
axis, and moves in its orbit around the
sun), the optical principles of in-
terferometry further increase resolution.
With observation from different con-
tinents, as has been done using the Very
Large Array in New Mexico and West Ger-
many's primary facility, the sky can be
mapped with a fraction of an arc-second
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resolution, enough to transform previous
“point” sources of radio emissions into
well-defined regions emitting differing in-
tensities and wavelengths.

The key to VLBI is “simultaneous” ob-
servation, corrected for the varying dis-
tance from the observed radio source as
the earth moves. To accomplish this, the
radio telescopes record the baseband re-
ceived signal on videotape, with syn-
chronization to atomic time standards.
The tapes can then be sent to a common
location for correlation and evaluation.
Recently, a receiving location on a satel-
lite was used for VLBI, demonstrating that
baselines can be extended beyond ter-
restrial limits.

Other areas of RF development in radio
astronomy are a bit more well known:
cooled low-noise amplifiers, phased array
antenna systems, precision-dimension
parabolic reflectors and high-efficiency
antenna feed systems, wave propagation
behavior through interstellar space and
earth’s atmosphere, and signal proces-
sing techniques that precisely resolve
amplitude and frequency components of
the received signal.

One final note about radio astronomy:
If the analysis techniques of today’s are
improved upon in the future, there is no
need to repeat measurements! The data
on videotape can be replayed any time for
further analysis.

Weather Research

The hottest topic of conversation is
always the weather — “Can’t somebody
do something about it?" Well, weather
modification is one area of research, but
RF is more closely involved with monitor-
ing and prediction efforts. We are all
familiar with weather radar and
radiosonde (weather balloon) data collec-
tion, the closest thing to real-time monitor-
ing except for looking out the window, but
there is a new technique that promises to
improve weather prediction: Atmospheric
Profile Radar.

Profilers, as they are called, fall into two
types. One measures wind, the other

measures temperature and humidity. The
thermodynamic type (temperature and
moisture content) operates above 10 GHz,
so we won't dwell on that type except to
say it is based on the principle of water
vapor absorption of microwave radiation,
plus the temperature-dependent emission
of microwave energy by atmospheric
gases.

Wind profilers are much more inter-
esting RF applications. A number of years
ago, it was discovered that very sensitive
radar could actually detect the Doppler
variations caused by winds in the atmos-
phere. The process has been nearly per-
fected, incorporating advances in phased
array antenna techniques, radar echo
signal processing, and our improving
understanding of the physics of clear air
scattering and reflection.

The National Oceanic and Atmospheric
Administration (NOAA) recently let a con-
tract to Sperry Corporation to install a
system of 31 profilers in the central U.S.
The first prototype is expected to be
operational in late 1987, with the entire
system completed by the end of 1989.
These radars operate on 404.37 MHz, and
can monitor the winds above their loca-
tion continuously, replacing the twice-a-
day balloon launches that are now the
primary winds-aloft data source.

Besides providing ongoing weather
monitoring, profiler technology can be
used to detect wind shear conditions near
major airports, or they can be located
around the world, providing unattended
monitoring. In fact, two of the early re-
search profilers have been dismantled
and moved from their original Kansas test
site to the South Pacific. These 50 MHz
systems will be part of a research effort
looking for ocean and atmospheric condi-
tions preceding El Nino events, unusual
warming of the ocean, a major influence
on global weather patterns.

Elementary Particle Physics

If we consider a particle accelerator to
be a giant RF vacuum tube, we are pretty
close to the truth. The electron beams



begin in klystrons, then enter the
accelerator through a window, rather than
being captured by a collector in a stan-
dard RF amplifier klystron. Whether the
accelerator is linear or ring-shaped, the
beam is accelerated by RF-excited cavi-
ties, riding the ‘“crest of the wave” of RF
energy.

The beam can be monitored by RF, too,
since the motion generates a transverse
magnetic field. At relativistic velocities,
this field is essentially RF, and can be
monitored by RF methods. Feedback from
these monitors can be used to synchron-
ize the beam and its accelerating
potential.

Additional information on the applica-
tion of RF in a linear accelerator is con-
tained in the article ““GaAs ICs Improve
Efficiency of the Stanford Linear Accel-
erator,’ in RF Design, January 1987.

Photo courtesy National Center for Atmospheric Research.

Nuclear Magnetic Resonance

Nuclear Magnetic Resonance (NMR)
and its associated area, Magnetic Res-
onance Imaging (MRI) are growing areas
of applied science. The RF aspects of
NMR/MRI are becoming established, but
the potential uses for the techniques are
endless. The most publicized use is the
MRI medical imaging systems, which can
provide three-dimensional representa-
tions of the inside of the human body. This
non-invasive testing is becoming an
essential diagnostic tool.

The principle of NMR sounds simple,
but has been quite difficult to develop.
The nuclei of certain atoms contain both
a magnetic moment and a spin angular
momentum. When subjected to a strong
magnetic field, the magnetic properties
cause the nuclei to become aligned.
When a transverse RF field is applied at

e

Located in a remote region of New Mexico, the Very Large Array (VLA) is the world’s
premier radio astronomy observatory.

RF Design

the frequency of the spin (Larmor fre-
quency), it pulls the nuclei out of align-
ment. When the RF turns off, the nuclei
induces an RF signal through the motion
of realignment with the magnetic field.
This signal can be detected, with its loca-
tion and intensity indicating the nature of
the material. Different materials (hydro-
gen, phosphorous, etc.) have different
Larmor frequencies, and can be differen-
tiated by NMR equipment.

Operating over frequencies of about
10-90 MHz, NMR is a significant area of
RF development, requiring kilowatt power
levels, sophisticated gating techniques
and sensitive detection circuitry for max-
imum effectiveness.

Other Scientific Efforts

The Navstar/Global Positioning System
(GPS) is in the process of deployment and
when operational will provide precise
location and tracking information for many
applications. Ocean exploration, geophys-
ical measurements, and other require-
ments for precise navigation and position
measurement will have a valuable RF tool
to work with. We will cover some of the
GPS applications and circuit require-
ments in the June issue of RF Design.

Other areas we would have liked to
cover include RF drivers for high-power
lasers, used in fusion research as well as
SDI. Solid-state UHF pulse amplifiers with
megawatt power output are being devel-
oped for laser applications, pressing RF
capabilities to the state-of-the-art limits.
Space exploration is another fascinating
area, with the planned Venus radar map-
ping program, investigation of the earth’s
megnetosphere, and deep-space projects,
such as the continuing Voyager flight and
the Galileo probe to Jupiter.

RF is right in the middle of these
research efforts. As science keeps devel-
oping and we gain more and more know!-
edge about our universe, the importance
of electromagnetic energy from zero Hz
to gamma rays is becoming increasingly
evident.
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rF featured technology

Low-Noise Preamplifier Design for NMR

By Otward Mueller and
William A. Edelstein
General Electric Corporate
Research and Development

An important component in any nuclear
magnetic resonance (NMR) imaging or
spectroscopy system is a low-noise
preamplifier. The required minimization of
its noise figure can be obtained only by
careful design. It must go hand in hand
with an optimization of the “noise figure”
of the NMR receive coil. The latter re-
quires that the coil quality factor Q is
made as high as possible. Other receiver
system components such as cables, pro-
tection circuits, matching networks, trans-
mit/receive (T/R) switches, etc., should not
be neglected in a low-noise design. They
can easily add many tenths of a dB to the
overall receiver noise figure.

he most critical item in a low-noise

preamplifier is its input device. Bipolar
transistors have the advantage of a
relatively large bandwidth at higher fre-
quencies (20-200 MHz). They must be
selected for a high current gain, a large
gain-bandwidth product F; of several
Gigahertz and especially a low base-
region bulk resistance. The latter can be
reduced by paralleling two or more tran-
sistors. With their high input impedance,
juntion field-effect transistors are suitable
for low-noise narrow-band preamplifiers.
They should exhibit a high transconduc-
tance which increases with the electron
mobility in the channel. Since the latter
is much higher in gallium-arsenide than
in silicon GaAs-MESFETs are also good
candidates for low noise NMR preampli-
fier designs.

As far as circuit design is concerned,
the following rule should be obeyed:
eliminate all parasitic series or parallel im-
pedances between base-emitter or gate-
source terminails. This implies that, for ex-
ample, by-passed emitter resistors must
not be used and biasing resistors have
values very high compared to the tran-
sistor input impedance.

RF Design
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Figure 1. Equivalent amplifier noise circuit including correlation between

voltage and current noise source.

Quantitative Design Criteria

The expanded noise equivalent circuit
of a preamplifier or its input transistor is
shown in Figure 1. Y, = G, + jB; is the
source admittance producing the noise
current I.. Y = G + jB is the input admit-
tance of the noiseless (F=1) ideal ampilifier
of voltage gain A. The amplifier noise is
in good first-order approximation repre-
sented by the input related equivalent
noise voltage and current generators V
and |. At higher frequencies they may be
partially correlated, an effect which can
be represented by the additional current
generators (YC) V = (GC+jBC)V where YC
is the so-called correlation admittance.
Table 1 summarizes the important noise
formulas.

The noise figure F defined as the ratio
of the total amplifier output noise due to
the source resistor only is given by Equa-
tion 1. F is minimized by choosing an op-
timum source admittance Y, = Gg + jB,
as given by Equation 3. The minimum
noise figure obtainable is expressed in
Equation 4. The following relationship
(Equation 5) shows that the noise has a
parabolic dependence on the source
susceptance B,. The same is partially
true for Gs. It is interesting to note that
the formulas for F do not explicitly depend
on the input admittance Y. lts effect is con-
tained the noise generators V and |. In

VIY, + Yol 4 12

F=1+ |2 3 = Minimum
aF/aB, =0 aF/aG; =0
12 + Gzv2
B,(OPT) = G,(OPT) = S wEaet
V2
Fon =1 % 26T (G;(OPT) + G,)

V2
F=Funt Girg, [(G(OPT)=6,)1+(B,(0PT)-B,)?]

V(Gs=0)

i s V (G,=00)

G,(OPT) = |G + jB|

Table 1. Noise formulas.

many cases, especially at lower frequen-
cies, the correlation admittance Y, is
negligible. The optimum source conduc-
tance G.(opt) is then given by the simple
expression |/V.

The analysis suggests a simple algor-
ithm for determining the optimum source
admittance Y (opt) to minimize the noise
figure F:

a. Determine the preamplifier input ad-
mittance Y = G+jB.

b. Measure the output RMS noise
voltage VL(G; = oo) for a shorted in-
put and VL (G; = 0) for open-
circuited input.

c. Determine from Equation 6 a trial op-
timum source conductance G (opt).
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Figure 2. Liquid nitrogen method: Noise figure as a function of the noise

voltage ratio V,/V;.

d. Measure the noise figure with this
source resistor as a function of
parallel source susceptance B;. The
value of B; which minimizes the
noise figure is By(opt) = —B,.

e. Repeat step b with B, = B, and ob-
tain the final value of G4(opt) which
will not be much different from the
previously determined one.

It is interesting to note that B(opt) is
independent of G, and that in the above
procedure it was necessary to determine
the correlation explicity. Note that if there
is no correlation (Y. = 0) then the op-
timum source impedance is real and
simply given by R; = 1/G, = VII.

In order to minimize the preamplifier
and the NMR system noise figure it is now
important that the receiver coil input im-
pedance is matched by a transformation
network to the optimum source admit-
tance given by Equation 3 or 6 in Table
1. The question may arise: What should
the input impedance Y of the preamplifier
be? Since the formulas for the noise
figure and the optimum source admit-
tance Y¢(opt) are independent of Y, the
answer is: It does not matter as long as
the source (in an NMR system the re-
ceiver coil) is matched to Y (opt). Since
the input impedance of NMR head or
body receiver coils is dependent on the
size of the patient to be imaged one can
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use a variable matching network in order
to minimize the noise figure or one should
use a preamplifier with a very low F.

Measurement Techniques

Since the NMR system operators have
liquid nitrogen available in their facilities
the so-called two-temperature method of
noise figure measurement is very suitable.
The preamplifier output noise voitage is
measured with the source resistor R =
1/G, first at room temperature T1, (V1),
and then dipped into liquid nitrogen (T2
= 77 degree Kelvin, V2). From the curve
of Figure 2 (courtesy of Dr. Howard Hart,
GE-CRD) and the output noise figure ratio
V2/V1 the noise figure F is obtained. The
advantage of this method is its low cost
and its suitability for noise measurements
in a complete NMR system. It also per-
mits an easy determination of F as a func-
tion of source resistance without im-
pedance transformation networks. Ac-
curate measurements can be made with
the HP-8970A noise figure meter (10-1500
MHz), but only in a 50 ohm system. A
comparison between the two methods
resulted in good agreement. For all NMR
low-noise preamplifier measurements one
should use only the HP346A and not the
346B noise source.

In Figure 3 the measured noise figure
is shown as a function of source resis-

-60° -40 -~20 0 20 40 80°

Figure 4. Noise figure as a function
of the source admittance phase
angle.

tance. Ry = 1/G, for a preamplifier of a
low-field NMR system (0.12 Tesla, 5.1
MHz). A cascade configuration of 2 junc-
tion field-effect transistors (U-310) is used
in the input stage. The optimum source
resistance is approximately 750 ohm.
Feedback damping has been employed
in order to increase the bandwidth of the
receiver coil without degrading the noise
performance too much. It is interesting to
note that R,(opt) remains the same with
and without feedback RF = 00) whereas
the input impedance changes drastically
from 1700 ohm, —82 degrees to 250 ohm,
22 degrees. This preamplifier was con-
nected directly to an NMR receive coil
tuned to Z;, = 750 ohm. For RF = 00 a
noise figure of F = 0.5 dB and for RF =
20 kohm//1 pF, F = 0.7 dB was obtained.
These measurements demonstrate also
that the optimum source resistor for junc-
tion field-effect transistors relatively high.

Figure 4 shows F at 5.1 MHz as a func-
tion of the source admittance phase
angle. For & = +45 degree a capacitor or
inductor having a reactance of X = 1000
ohm was connected in parallel to a source
conductance of 1ImS. The minimum of the
noise figure F occurs for ¢ = 0 indicating
that the correlation admittance Y, is zero.
This means that the input related noise
voltage and current generators V and | in
the equivalent circuit of Figure 1 are un-

January 1987



D1 D
IN4608

Figure 5. Low-noise preamplifier PRF-1.

correlated. The curve demonstrates that
even relatively small deviations from the
optimum source conductance by a capa-
citive or inductive component results in a
noise figure degradation of several tenths
of a dB. One concludes that for noise op-
timization it is necessary to control
especially the phase angle of the source
admittance Y,. In practical terms this
means that a few undesired picofarads in
parallel with a preamplifier input can
degrade F. On the other hand Figure 3
demonstrates that deviations from
G,(opt) are not that critical because that
curve has a relative broad minimum.
Figure 5 shows the circuit diagram of this
J-FET preamplifier.

At higher frequencies bipolar trans-
istors can be used, especially if a large
bandwidth is desired, for example for a
preamplifier covering the imaging and the
spectroscopy frequencies. (64, 59, 26, 16
MHz). The optimum source resistor is
much lower (Rq(opt) = 40 — 100). Figure
6 shows the frequency response of the
noise figure for an amplifier using
MA-42197 bipolar devices demonstrating
that F-values of less than 1 dB can be
achieved over a large frequency range. In
Figure 7 the noise figure is plotted as a
function of the source resistor and the
source susceptance for 64 MHz.

Figure 8 demonstrates an example of

RF Design

a preamplifier for which the correlation ad-
mittance Y, is not zero. The minimum
noise figure occurs for a source suscep-
tance of B, = —3mS (Parallel inductance
with a reactance of XL = 330 ohm). By not
neglecting the correlation effect ex-
pressed by the correlation admittance
Y.one obtains in this case a noise figure
improvement of about 0.2 dB. This
amplifier used a by-passed emitter
resistor in the first stage which probably
caused the noise correlation.

Summary

In order to obtain good NMR image
quality low-noise preamplifiers are re-
quired. With careful design and by pro-
viding the optimum source impedance
noise figures of 0.5 dB can be achieved.
At higher frequencies the correlation be-
tween V and | in the noise equivalent cir-
cuit should not be neglected if the noise
figure is to be minimized. ]
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The Technical Program:
RF Technology Expo 87

Wednesday, February 11
Morning Sessions

Session A-1 — RF Switching
Chairman: Gene Niemec, Merrimac Industries

9:00 — Lifetime Effect in PIN Diodes
P. Sahjani, SDI Microwave

Lifetime governs switching speed, on resistance, and low frequency
distortion characteristics of a diode. The lifetime of a diode depends on
I region length, forward bias current density, composition, and impurities
and contamination introduced during processing. A mathematical model
will be presented to compute on resistance R by estimating the diode’s
lifetime under certain conditions. Lifetime measurement techniques will
also be discussed.

10:00 — (TBA)

11:00 — ATE Switching Systems — Predicting RF Performance
John Walsh, Racal-Dana Instruments

This paper discusses two methods to predict and analyze the RF per-
formance of switching systems. The first of these addresses the limita-
tions associated with undetermined stubs, e.g. as with classical matrix
configurations. The second addresses the analysis of relay insertion loss
effects as a function of frequency. The relative advantages and limita-
tions of some typical switching networks are reviewed. Experimentally
derived results using commercially available switching networks are com-
pared to predictions.

Session B-1 — Amplifier Design |
Chairman: Sam Klein, Comstron Corp.

9:00 — CAA and CAD of Dispersive Microstrip Transistor Amplitier
Circuits

R.F. Baeten, M.R. Wolski, A.S. Krauska and T.K. Ishii, Marquette
University

This paper discusses a numerical method for analyzing a dispersive
microstrip transistor amplifier circuit using a CAA approach. The com-
puter program presented is also used to design the amplifier. Examples
are given using 14 and 15 GHz dispersive microstrip GaAs FET ampiifiers.

10:00 — A Monolithic DMOS Wideband Amplifier
D. Somppi, Linear Technology

A DMOS monolithic amplifier is described which exhibits 13 dB gain
over a 650 MHz, 3 dB bandwidth. Input and output impedances are
matched to 50 ohms. A 1 dB compression point of 18 dBm is achieved
in conjunction with a 65 dB noise figure.

11:00 — Power Monolithic Silicon MMIC Amplifiers
J. Wholey and S. Taylor, Avantek

The capability of Si MMIC amplifiers based on resistive feedback and
Darlington transistors has been expanded to include single chip circuits
with increased output powers (up to approximately 2 GHz). This paper
discusses the basic design considerations and performance of two power
MMICs. Typical RF performance will be given with plots of gain vs. out-
put power and frequency, wideband matching (VSWR), stability
characteristics and third order intercept points.
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Session C-1 — Modulation Techniques
Chairman: Clark Bell, Wavecom/Loral

9:00 — Generating an MSK Signal Using an 8PSK Modulator
S. Kuh, Motorola Inc.

Using small phase steps from an 8PSK modulator for generating
minimum shift keying (MSK) signals eliminates the problem of multiply-
ing the data shaping signals, allows wide variation in the design of the
data filter, and results in an MSK-like signal with bit error rate (BER)
degradation of less than 0.5 dB from that of ideal MSK signals.

10:00 — The Mixed Digital Method for Producing a Pilot-Tone Stereo

Signal

Endre Hercz and Peter Sziebold, BHG Hiradastechnikai Vallalat
The mixed digital method is used to produce a stereo signal according

to CCIR 450 recommendations for FM stereo broadcasting in Band 8.

The resuit of this method is a pilot-tone stereo signal for radio broad-

casting with performance enhanced by digital circuits.

11:00 — Topics in Broadband Modulator/Demodulator Design for
Video Transmission
Mircho A. Davidov and Bob Hamell, Catel Telecommunications, Inc.
In standard broadband signal delivery system, performance degrada-
tions are caused by power and bandwidth limitations. To minimize these
limitations the best type of modulation for the application at hand must
be selected. One of the earliest techniques used by Catel was to transmit
FM instead of VSB-AM over coaxial cable, microwave links, and, lately,
fiber optic links, with excellent performance results. Some system con-
siderations and experience gathered at Catel in designing VSB-AM or
FM modulators and demodulators for video transmission over various
transmission media and the applications in future systems will be ad-
dressed in this paper.
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Session D-1 — Amplifier Design I

——— Chairman: Terry Simons, MMD

—

9:00 — Power Amplifiers Using Pulse Duration Modulation
S. Zhang, Wuhan University and D. Zhao, Huazhong University of
Science and Technology

With the introduction of the basic PDM circuit and the PANTEL method
common in tube circuits into transistor circuits, it is possible to use PDM
in the transistor audio frequency modulator. The transistorized PDM
modulator by the PANTEL method is shown to be superior to the basic
PDM circuit.

10:00 — Practical RF Amplifier Design
G. Franklin, Hewlett-Packard

This paper covers the design and construction of lumped element RF
amplifiers. The synthesis of input, interstage, and output matching net-
works of multistage amplifiers will be discussed. RF performance related
to construction techniques will also be covered. A low noise, wideband
UHF amplifier example will be presented.

11:00 — Parameter Extraction Techniques for RF Power Transistor
Models
P. Sanders and Alan Wood, Motorola, Inc. Semiconductor Products
Sector

Wednesday, February 11
Afternoon Sessions

Session E-2 — Amplifier Design Il
Chairman: Robert Regan, GTE Laboratories

1:30 — The Degenerative Feedback Topology for RF Operational
Amplifiers
E. Filseth, National Semiconductor Corp.

The op amp has not been widely successful as a general purpose

CONTINUOUS CREATIVITY...
Glasteel Industrial Laminates
Make a World of Difference

-

L

RF amplifier, principally because of the difficulty of handling large
amounts of negative feedback at high frequencies. A recent develop-
ment, the Degenerative Feedback Topology (DFT), is making possible
op amps with real bandwidths in the hundreds of megahertz. This paper
will discuss the DFT mechanism and the design of a DC-150 MHz, unity
gain, stable, FET-input op amp.

2:30 — Wideband Amplifiers With Lossless Feedback
J. Bares, Motorola Inc.

Feeback is a powerful circuit technique to stabilize component sen-
sitivities and improve distortion and frequency response bandwidth.
Resistive feedback introduces noise generators which degrade the signal-
to-noise ratio of the two-port. Replacement of feedback resistors by wide-
band transformers leads to a new class of amplifier. This paper covers
shunt and series feedback in single stage, combined shunt and series
feedback, extension to multistage amplifiers, and stability criteria for
multiple feedback networks.

3:30 — Active Laser Tuning of RF Power Amplifiers Modules
R. Bickham and P. Larson, Motorola Inc., Communications Sector
A system for the active tuning of copper plated, thick film RF power
amplifier modules in the UHF frequency range is described. The system
monitors amplifier performance and adjusts the module input and out-
put impedance matching networks to optimize such performance
parameters as gain, efficiency, or input return loss. Tuning is done with
a laser and is irreversable, so inadvertant detuning in the end applica-
tion is not possible.

Session F-2 — Filter Design and Analysis
1:30 — (TBA)

2:30 — Applying CAD Terminals to Amplitier and Filter Synthesis
P. Wilhelmsen, EEsof, Inc.

New computer-aided design methods for the RF and microwave
engineer are changing the way engineering traditionally approached the
problem of network synthesis. This paper explores the use of computer-
aided synthesis in the design of an 11.7-12.2 Ghz, two-stage, low noise
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amplifier and an N-section image reject filter.

3:30 — A Voltage Tuned Filter System for a 900 MHz Band

Radiotelephone Receiver

R. Huusko, Nokia-Mobira Oy

This paper describes a new kind of voltage tuned filter system in a
900 MHz band receiver. It consists of fixed and voltage tuned bandpass
filters and voltage tuned filters in microstrip form, making possible a single
IF receiver at 900 MHz. Low power signals do not cause intermodula-
tion distortion problems and insertion loss is small.

Session G-2 — Safety and Medical Aspects of RF
Radiation
Chairman: Tawna Wilsey, Varian Associates

1:30 — RF: Friend or Foe?
R. Vreeland, University of California R & D Laboratory

The hazards, or imagined hazards, of RF exposure have received a
great deal of publicity. The author has studied blood cholinesterase levels
of newly arrived university students who lived under a TV and FM
transmitting tower in a field of about one or two microwatts per square
centimeter. No statistically significant effect was observed. On the other
hand, the author studied the effects of TV signals on cardiac pacemakers
and found that most would stop pacing in a field of less than three volts
per meter.

2:30 — Microwave Equipment Requirements for Hyperthermia
T.R. Wilsey, A. McEuen and E. Tanabe, Varian Associates, and
P. Fessenden, Stanford University

Microwave hyperthermia, used as a therapeutic modality for cancer
therapy, is under intense clinical evaluation at hospitals, clinics, and
universities. This paper presents a brief overview of the equipment re-
quired for microwave hyperthermia. Included is a discussion of problems
unique to a clinical environment of interest to RF engineers, plus the
desirable features of power generators, distribution and control networks,
antenna applicators, and other components.

3:30 — (TBA)

Session H-2 — Transmitter Design
Chairman: Jaime Borras, Motorola Inc.

1:30 — (TBA)

2:30 — High Power Transmitters for Narrow Pulse, Wide Band
Applications
M.D. Clark, System Planning Corp.

This paper discusses the design of VHF/UHF high power amplifiers
with 50 dB gain operating in a narrow pulse mode. The emphasis is on
design areas critical to achieving octave bandwidths, fast rise times, nar-
row pulses, and peak powers up to 200 watts.

3:30 — (TBA)

Thursday, February 12
Morning Sessions

Session I-3 — Detectors in RF Circuits
Chairman: Scott Craft

9:00 — A High Resolution Coherent Detector for Imaging Radars
M.J. Willis, Texas Instruments Inc.

One of the requirements of high resolution imaging radars is a coherent
detector followed by a wideband video amplifier and “flash” analog-to-
digital converter for digitization of the video signal. Such a system pro-
vides detailed range and doppler information for the digital signal pro-
cessing circuits that usually follow the digitizer. This paper discusses
the requirements imposed on a coherent detector recently developed
by Tl from a mathematical viewpoint, then describes the circuit develop-
ment and design tradeoffs made during hardware development.

10:00 — A PLL Frequency Synthesizer With an Analog Phase
Detector
E. Kosty, Motorola Inc.

The Motorola MC145159 is a series input phase locked loop frequency
synthesizer with an analog phase detector. The phase detector on the
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MC 145159 minimizes filtering requirements, reduces VCO modulation
sidebands and allows for wider loop bandwidths than are normally possi-
ble with three-state phase detector outputs. Divide by R, N and A counters
are programmed via a serial data stream, input frequency capabilities
are from DC to 15 MHz and on-chip control logic eases interfacing with
dual modules prescalar.

11:00 — A Low Temperature MOSFET Regenerative Detector
S. Cho and N. Sullivan, University of Florida

The authors describe a relatively simple marginal oscillator operating
at a frequency of 300 MHz. The Colpitts oscillator uses a single MOSFET
with a simple resonance circuit, and is suitable for such applications
as an ultra low noise CW NMR receiver or for monitoring a high-Q
resonator. Its most distinctive feature is operation at cryogenic
temperature.

Session J-3 — RF Circuit Analysis
Chairman: William Childs, EEsof, Inc.

9:00 — Phased Array Simulation for Engineering Analysis
D. Grove and H. Hirsch, Applications Research Corp.

This paper discusses a powerful and innovative technique for digital
simulation of a phased-array radar antenna. Classic mathematical tech-
niques involving aperture functions and power series are cumbersome
in terms of processing time. The highly accurate model presented
manages all aspects of a phased-array, including gain, phase shift, and
lobe distortion introduced by electronic pointing. Derivation and applica-
tions of the model are presented, as well as graphic correlation to
classically-developed functions.

10:00 — Derive S-Parameters From Ladder Network Analysis
Programs
G. Goodman, Northern Microwave Systems

Ladder network analysis programs usually indicate that the circuit in-
put impedance, Zin, equals R+jx. To a working engineer this useful but
limited information does not provide a complete picture of the circuit being
analyzed. S-parameters provide more information about the circuit. This
paper shows the development of S-parameters from a ladder network
analysis program.

11:00 — A Computer Aided Frequency Multiplier Design
J.S. Wong, Hughes Aircraft Co.

This paper describes how a MIC frequency muitiplier was designed
and optimized with Touchstone®Muiltipliers (X3 and X5) were designed,
built, and tested with results that fulfilled pre-fabrication performance
specifications. The ability to optimize the design at the software level
eliminates expensive iterations at the hardware level, reducing develop-
ment costs.

Session K-3 — Oscillator Design
Chairman: Tom O’Shea, Sawtek, Inc.

9:00 — Noise Prediction in Oscillators

U. Rohde, Communications Consulting Corp./Compact Software
This paper shows how to use a linear CAD tool with complete noise

analysis capabilities to determine the phase noise contribution in a Class

C oscillator. Linear formal expressions, correlated and non-correlated

noise source are used.

10:00 — A General Procedure for Low Noise Feedback Oscillator
Design
E.C. Westenhaver, Quintron Corp.

This paper develops a philosophy for the functions and requirements
of each circuit element in a low noise feedback oscillator design. Cavity
and delay type feedback circuits are compared. Mechanical and voltage
tuning are discussed.

11:00 — (TBA)
Session L-3 — SAW Device Design
Chairman: Albert Comparini, Crystal Technology

9:00 — The Development of a 1030-1090 MHz Hybrid SAW VCO for
IFF Applications
D. DePardo, Andersen Laboratories, Inc.

Due to recent developments in the area of mititary IFF, the need has
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TYPICAL STANDARD MODELS

NC 100 Series |{up to 3 MHz
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NC 300 Series |up to 11 GHz
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ALL ARE IN STOCK
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FOR BITE

Self energized in TO-8
Ideal for self testing of receivers
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NC 503 up to 2 GHz
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HIGH-OUTPUT:

+10 dBM, 50 ohms
SMA or BNC output

TYPICAL STANDARD MODELS

NC 1101A up to 20 kHz
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NC 1108A up to 500 MHz
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invariably pass government muster.

That's why both the FAA and the Air
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power transistor for the TACAN
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p gross leak, high temperature storage,
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So if your applications demand
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simply cannot afford a failure, come
to Acrian for your parts.

PRODUCT Volts

FREQUENCY | Pout | Gain

TAN250A | 960-1215MHz | 250W | 6.2dB |

have to stand up to tough treatment.

1618-35
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risen for oscillators in the 1030-1090 MHz range. This paper encompasses
several major areas in the development of a suitable SAW oscillator, in-
cluding design of the SAW device (theory and actual performance),
design, placement and performance of active and fixed oscillator elec-
tronic elements; and development of the hybridized form.

10:00 — (TBA)

11:00 — (TBA)

Thursday, February 12
Afternoon Sessions

Session M-4 — Receiver Design
Chairman: Malcolm Levy, Racal-Dana Instruments
Division

1:30 — A Basic Tutorial on Noise Figure
J. Iseli, Texas Instruments Inc.

This paper describes noise figure concepts and applications in an easy-
to-understand manner. The basic definition of noise figure is presented,
along with explanations of noise figure calculation and measurement.
The relationship of noise figure considerations to receiver system design
is explained, and the link between noise figure, signal to noise ratio, and
sensitivity is shown.

2:30 — GaAs Monolithic IC Receivers for the Global Positioning
System
P. Ho, T. Holden, R. Benton and A. Podell, Pacific Monolithics, Inc.
With 24 satellites in orbit, the GPS receiver can determine the loca-
tion and speed of any object on earth with unprecedented precision. This
paper describes two GaAs MIC chips that will be used as a front end
for the GPS receiver: an L-Band low noise amplifier and an L-band
VHF/UHF frequency converter. The LNA provides better than 1.5 dB noise
figure with 15 dB gain, and the converter demonstrates over 30 dB con-
version gain.

3:30 — A 1 mW IC Receiver
P. Chadwick, Plessey Semiconductor

Session N-4 — Oscillator Design
Chairman: Carl Erikson, Andersen Laboratories

1:30 — Direct Digital Synthesis and the Numerically Controlled
Modulated Oscillator
E. McCune, Digital RF Solutions, Inc.

DDS techniques hold tremendous promise for economical, high per-
formance solutions to many RF design problems. With the advent of the
numerically controlled modulated oscillator (NCMO), another major stone
is laid on the bridge between RF and digital technologies. This paper
shows how many design problems can be solved simultaneously: low
phase noise, microfine frequency resolution, rapid frequency agility,
timebase frequency stability, and digital modulations of all three basic
signal parameters — amplitude, phase, and frequency.

2:30 — Minimizing Harmonic Generation in Crystal Oscillators
J.F. Baran and E.P. Black, Certitech Laboratories

Small changes in circuit components or configurations have signifi-
cant impact on the strength and number of harmonic signals produced
by the oscillator. In digital circuits these harmonics, which are unrelated
to actual digital signals, create propagation and radiation problems that
can significantly impact the RF emissions profile of the system. This paper
examines some of the most critical considerations and discusses
methods of minimizing the harmonic overtone content.

3:30 — Digital Temperature Compensation Techniques for Crystal
Oscillators
E.K. Miguel, CTS Knights Corp.
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A means of compensating crystal oscillators for specific accuracies
over specific temperature ranges is described which replaces the tradi-
tional resistor-thermistor analog network with digital components con-
sisting of a microprocessor and a memory device. An overview of the
more common digital compensation schemes will be presented, followed
by some techniques and results pursued at CTS.

Session 0-4 — Transistors

Chairman: Howard S. Hench, Amperex Electronic Corp.
1:30 — A Simple Low Cost ALC Method for MOSFETs

K. Barkley and G. Lopes, M/A-Com PHI, Inc.

A simple method for controlling MOSFET’s output power using only
passive components is presented. The method can be adapted to pro-
vide VSWR shutdown for an amplifier. A 100-500 MHz, 40 W, push-pull
MOSFET amplifier will be described.

2:30 — S-Band Bipolar Microwave Transistors — A New Approach
J. P. Manhout, La Radio Technique Compelec, and J. Salvey, Amperex
Electronic Corp.

The application of micron level chip processing has led to the develop-
ment of a new generation of high power pulse transistors for use in ad-
vanced solid state radars. This paper describes the method used to
develop the high gain power transistor chip and the method applied to
make the chip function.

3:30 — Power Static Induction Transistor Amplifiers
S. Butler, GTE Laboratories

SITs demonstrate very high output power for a single-ended device
(>200 watts CW at 225 MHz), and high efficiency (>70%), as well as
significantly higher breakdown-voltages (>100 volts DC}) and higher ter-
minal impedances than conventional bipolar transistors and MOSFETs.
This paper describes advances made over the past year in both narrow
bandwidth and multi-octave bandwidth amplifier performance.

Session P-4 — RF Circuit Basics
Chairman: Rich Potyka, Motorola, Inc.

1:30 — A SOT-23 Mixer
J.H. Lepoff, Hewlett-Packard Co.

The SOT-23 package has become popular for low cost surface mount
digital circuits. Schottky diodes in this package are also useful as mixers.
This paper describes a balanced mixer designed on Duroid® microstrip.
The complete circuit, including a 2 GHz branchline coupler, fits on a
1.6 inch square substrate.

2:30 — A Crystal Controlled Frequency and Amplitude Calibrator
Dan Baker, Tektronix, Inc.

Winner of the First Annual RF Design Contest, this circuit provides
frequency and amplitude reference signals at 100 kHz or 1 MHz intervals.

3:30 — The Phase Locked Loop That Works (Almost) — Part I
M. Black, Texas Instruments Inc.

Friday, February 13
Morning Sessions

Session Q-5 — Satellite Communication Systems
Chairman: Jeff Schoenwald, Rockwell International
Science Center

9:00 — The Potential for Direct Access FDMA Satellites Using
Narrowband Techniques
J. Eagleson, Project OSCAR

Using 40 W with 10 dB antenna gain, the author has achieved
reasonable performance with amplitude compandoring via amateur radio
satellites, even on the rather noisy 146 MHz downlink and 435 MHz uplink
band. This paper discusses STl and amateur equipment used and the
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results achieved, with the spectrum efficiency implications for commer-
cial satellite usage.

10:00 — An Automated Measurement and Evaluation System for the
Vandenberg Space Shuttle Data Relay
J.D. Colson, Johns Hopkins University Applied Physics Laboratory
Two totally automated computer-controlled test and measurement
systems have been developed for the Goddard Space Flight Center to
evaluate the performance of the space shuttle RF data relay. The relay
operates at S- and Ku-bands and consists of numerous antennas and
amplifiers and long lengths of coaxial cable and waveguide. This paper
describes the computer software developed to provide fully automated
control of system equipment, all measurements, and caiculations of link
performance.

11:00 — (TBA)

Session R-5 — Phase Locked Loops
Chairman: Brian Rose, Q-Tech Corp.

9:00 — Phase Locked Loop Circuit Emulation
C. Fahrenkrug, Niagara Scientific

This paper is a duscussion of the software modeling of a phase locked
loop in a computer-aided design and circuit emulation. The software com-
putes hold range, capture range, pull-in range, pull-out range, pull-in time,
and noise response for a user defined PLL setup. Setups allow five dif-
ferent loop filters, as well as a linear phase detector. Optimization of track-
ing and the stability of the system are also considered.

10:00 — A Practical Design Approach to PLL Frequency Synthesizers
J.K. Liukkonen and T. Poutanen, Nokia-Mobira Oy
The PLL frequency synthesizer has become an essential part of VHF

" MORE EMI/RFI
PROTECTION

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

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

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

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

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

EASY MODULAR ASSEMBLY

Our patented resilient clamping system permits
easy assembly. Enclosures can be modified and
relocated again and again without compromising
performance.

Lindgren also designs and builds a variety of
shielding solutions for industrial, medical, military,
and scientific applications.

and UHF radio telephones. There are several contradictory demands
concerning settling time, bandwidth, and linearity in modulation. This
paper presents practical design rules for the construction of loop filters
and other parts of the synthesizer.

11:00 — A Parametric Tool for the Analysis of Phase Locked Loops
J. Nowicki and |.J. Dilworth, University of Texas

A computer-aided design investigation and simulation of modern phase
tocked loop design is presented, complete with software. The software
allows observation of the influence of such variables as loop bandwidth
and gain, and present certain computations in graphical form.

Session S-5 — RF Signal Transmission
Chairman: Bill Avery, Sandel-Avery Engineering

9:00 — Point-to-Point Microwave System Design
B. Ziemienski, City of Fresno, California

All lower frequency systems at one time or another must be tied
together for audio or control signals. With costs of telephone circuits high
and still rising, microwave service for system interconnect is a viable,
cost-effective alternative. This paper shows how to design, apply for and
coordinate these systems with the FCC and other users.

10:00 — Considerations in the Transmission of Analog Signals (FDM)
on Fiber Optic Links
J. Koscinski, General Optronics, Inc.

An explanation of how to determine the signal degradations of noise
and distortion when FDM signals (AM/FM) are transmitted over fiber optic
links. The effects of source, fiber, and receiver are discussed.

11:00 — A 1.7 GHz, 5km, QPSK Fiber Optic Link
Larry Stark, Ortel, inc.

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

Call us for more information and applications assistance.

312-628-9100

p]
) U7 LINDGREN
RE ENCLOSURES

1228 Capitol Drive
Addison, llinois 60101
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»rF design feature

Microstrip Filters for Lower Frequencies

By John Ness and Jim Dougall
University of Queensland

Microstrip bandpass filters are widely
used at microwave frequencies since they
offer reasonable performance at very low
cost. They can be directly integrated into
most planar circuits and typically require
no tuning once the design has been
finalized. However, in the range of a few
hundred MHz up to about 1 GHz micro-
strip filters are less common. At these fre-
quencies filters based on A2 (e.g., cou-
pled line designs) or /4 (e.g., planar inter-
digital) line length elements require large
layouts even when folded. The resonator
Q of microstrip filters is low at these fre-
quencies so the filter performance also

Recently, microwave filter prototypes
using elements that are A/4 long at a
stopband frequency selected well above
the filter passband frequency have been
described in the literature (1). This design
method can yield microstrip filters with
good passband responses at frequencies
down to a few hundred MHz, including
wide stopband performances. The filters
can be made quite compact and be real-
ized very cheaply using standard epoxy
board.

The method does require the computer
capability to synthesize filter designs for
the general case. It is also useful to have

gram available to check the design and
allow for performance tradeoffs. The com-
puter analysis is also useful in identifying
how to tune the filter since tuning proce-
dures for standard A/2 or M4 resonator
designs are not applicable. The filter syn-
thesis and prototype design and selection
are covered in reference (1) and will not
be repeated here. Instead, the approach
will be illustrated with a specific example,
with filter requirements as follows:

Center frequency: 310 MHz
Bandwidth: 186 MHz
Rejection: >50 dB at 170 MHz

>40 dB at 470 MHz

; ; pL Insertion Loss: 1dB
i : o
deteriorates a computer analysis and optimization pro Ripple: +1dB
(a) S-Plane prototype. | | | |
! I
} I 0.8267 I l | ' seer |
= ENOn | ! | | [ '
| T 1 1 I g 0.9166] T H 'I
q.
I o | | P | 3082 | 2 I |
<t [P S 0 (v
~ L N L B B3 i .
1A | | - = | | | -
T | 0.3721 0.6953 T | 0.9904 3.0633 | | 0.5874  0.5874 |
Sections | 1 : 2 | 3 : a4 | 5 .78 Center |
[} I | | |
(b) Microstrip circuit on microwave substrate (c) Microstrip circuit on epoxy substrate
(e, = 2.17, h = .787) (e, = 4.75, h = .75)
Z,, = 170, Z,, = 58 Z. = 85, Z,, = 42
Z,. = 134, 2., =55 i Z,. =132, 2., = 63 =28
L w=.T71 W=.46 —w = .31 =17
s =. s = .075 s =.21
z, = 162 z, =109 z, =105 z, = 109
w=.16} _w=.20] w=.22 7\ w=.20
ap7—" e
z,=70__, » 2_/ 3p3
w=1.41 v Tz, = 56—
L w = 1.06
z, = 155 _} z, = 36 s 199
w = .20 w = 2.28 w = 2.89
s, = 30-;
Tk - 265
1 £ All lines A/4 at 800 MHz, 2= 101_5
All lines /4 at 930 MHz, Czo =169 Dimensions in mm. w = .26
Dimensions in mm. w=.17

Figure 1. 200-400 MHz filters.
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In addition, the filter was required to
have a wide stopband response as far out
as 1 GHz. Based on the theory of (1) a
suitable filter prototype is shown in Figure
1(a). The microstrip filter versions realized
on the low loss substrate and on standard
epoxy board are shown in Figure 1(b) and
(c), respectively. The line lengths, widths
and gaps were calculated using the meth-
ods given in references (2), (3) and (4).

The stopband frequency f, was
selected at 930 MHz for the microwave
substrate filter and at 800 MHz for the
epoxy filter. The microstrip line lengths are
then A/4 at the frequency f,. The unit ele-
ments in Figure 1(a) simply become /4
lines at f; with the normalized im-
pedance values as shown in Figure 2.
The capacitive sections can be realized
by coupled lines or if the capacitance
values are too large they can be augment-
ed by lumped element capacitors. Finally,
the LC network can be converted to a
series of unit elements as depicted in
Figure 2. At these frequencies it is, of
course, possible to use lumped elements
to realize the LC network, but part of the
reason for using this filter was to avoid the

use of wound coil inductors.
A comparison of the impedance levels

in Figure 1(b) and (c) shows that they are
not the same. The impedances of Figure
1(b) resulted in line widths that were too
thin for the epoxy substrate design. A
computer optimization was done to main-
tain the filter response, but with an im-
pedance level constraint of 110Q2. Because
of the higher losses in the epoxy substrate
filter and the greater varition in the dielec-
tric constant compared to the microwave
substrate the passband was increased.
This effectively puts the rounding at the
edges of the passband outside the speci-
fied bandwidth, keeping a relatively flat
passband. Extra lumped capacitors in-
cluding a shunt capacitance to ground
were also necessary for the epoxy sub-
strate design.

The fitter shown in Figure 1(b) occupied
an area of 45 x 65 mm on the microwave
substrate. The epoxy substrate design
was deliberately more compressed by re-
ducing the spacings between the (ideally)
non-coupled microstrip lines. The filter oc-
cupied an area of only 33 x 60 mm. A
more compressed version was tested, but
the unwanted cross coupling levels were
too high leading to an unsatisfactory
response. The artwork for the epoxy sub-
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Z =127, x3.2412

3.2412
1
i

Even and odd mode
impedances
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It Z,, Is too low to realize on microstrip c
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{
stubs /4 at f,

g s 42 s
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It Z, is too high it may be replaced with a lumped capacitor to ground
of value

It C; = C;, the Z, stub is omitted and Z,, and Z,, may be more physically
realized as given below:
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Figure 2. Filter design details.



IMPEDANCE MATERIAL THICKNESS Q Q Q
N (mm) 300 Mhz 2 GHz 10 GHz
50 EPOXY 8/ 39 46 48
50 EPOXY 1.5 45 49 50
50 TFG 75 133 240 355
10 EPOXY 75 30 40 46
110 EPOXY 1.5 38 47 49
110 TFG 75 85 165 255

Table 1: Comparison of Microstrip Line Q.

Microprocessor controlled.

With the advent of micro-
processor control, the 352C
Spectrum Analyzer provides
unique benefits to meet your test-
ing needs.

The built-in microprocessor
allows 6 complete control setups
to be stored in non-volatile
memory. When the unit is pow-
ered up, it automatically recalls
the last control setup used prior to
shut down. The microprocessor
also allows you to transfer test
data to hardcopy by a standard
printer output. The accom-
panying printer shown is optional.
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Figure 3. Artwork for the epoxy
substrate filter.

strate filter is shown in Figure 3 and the
degree of folding is evident.

Filter Performance

The ideal and measured responses of
both filters are shown in Figure 4. In
general the agreement is quite good with
deterioration in the stopband for the epoxy
filter being due to the increased loss, as
well as the stronger cross coupling. The
insertion loss of the high performance
filter is comparable to or better than an
equivalent LC filter. The 2.2 dB insertion
loss of the epoxy substrate filter is higher
than desired, but is considered accept-
able in view of the size and cost advan-
tages of this design.

The wideband response for the micro-
wave substrate filter is shown in Figure 5.
The first spurious response does not oc-
cur until about 1.2 GHz, which is four
times higher than the filter center frequen-
cy. The filter also has its maximum stop-
band rejection level of nearly 70 dB
around the design stopband frequency of
930 MHz. The thecretical results (which
do not include cross coupling effects) are
also shown. In general, apart from the
response around 1.2-1.4 GHz, the theoret-
ical results predict quite closely the spur-
jous responses out to at least 2 GHz.

It is informative to consider the effects
of the different substrates at different fre-
quencies. Table 1 compares the Q for 50
and 110Q line resonators of a typical
microwave substrate (¢, = 2.17, tan d =
.001) with that of the same impedance
lines on two epoxy substrates (¢, = 4.75,
tan 4 = .02) at 300 MHz, 2 GHz and 10
GHz. For simplicity, radiation losses and
changes in dielectric properties with fre-
quency are ignored and the copper con-
ductivity and surface roughness are as-
sumed to be equal in all cases.

(Continued on page 59.)
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The A-7550 Spectrum Analyzer by
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market today.
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At high impedance levels the relative
improvement in the Q with the microwave
substrate is not as great. This is due to
the higher copper losses in the thin tracks
compared to the dielectric loss. The
marked improvement in the Q for the
microwave substrate as the frequency in-
creases shows that microstrip filters will
have much improved performance at the
higher frequencies at least until radiation
losses begin to affect the Q. The much
lower Q of the epoxy material at the higher
frequencies also illustrates that such
filters on this material will have very poor
performance even at 2 GHz.

At 300 MHZz, the insertion loss of a filter
on the epoxy substrate with a mixture of
high impedance (110R) and moderate im-
pedance lines (50R) would be expected
to be about 2.5-3 times higher than a com-
parable filter on the microwave substrate,
based on the ratio of the Q values. After
allowing for the wider bandwidth of the
epoxy substrate filter and higher impe-
dance lines of the microwave substrate
filter the relative insertion loss increase
of about 2.2 for the epoxy substrate filter
is close to the expected result. At 10 MHz,
the Q ratio for 50Q lines on the .75 mm
substrate is nearly 7.5 so an epoxy sub-
strate filter is not practical. If this filter had
been etched on a 1.5 mm thick epoxy
board then the Q ratio of about 1.2 com-
pared to the .75 mm epoxy board would
have resulted in an insertion loss of about
1.8 dB, a small, but nevertheless real,
improvement.

This discussion shows that, besides the
larger board area necessary, the perform-
ance of conventional microstrip filters at
the lower frequencies is considerably in-
ferior to microwave filters. For example, a
conventional 10 GHz filter etched on the
microwave substrate using 50 Q
resonators if scaled to 300 MHz would
have nearly three times the insertion loss.
This design by contrast achieves the
same performance at low frequencies as
at the microwave frequencies. The 4-8
GHez filter described in reference (1) (on
which this design was based) had a 1 dB
insertion loss. This is about the same
value as the 300 MHz filter etched on the
microwave substrate.

As another example, for a Chebyshev
filter to have a comparable roll off a 14 or
16 section design would be necessary. If
realized on an epoxy substrate this filter
would have a theoretical insertion loss of
4-5 dB.

(Continued on page 61.)
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Figure 4. Narrowband response of
filters.

Summary

A very compact planar filter suitable for
wide band UHF applications has been de-
scribed, which can be etched on standard
epoxy materia! and still yield good per-
formance. The filter does not appear to
suffer the Q degradation of conventional
microwave filters when etched in micro-
strip form at these lower frequencies. The
area occupied by the filter is larger than
a comparable LC filter, but it requires no
coils and only a few capacitors. The filter
does not require post etching tuning for
filters etched from the same substrate.
The performance is quite repeatable with
wide predictable stopbands. The filter
does require precision etching principal-
ly because of the fine gaps required, but
this problem can be alleviated by com-
puter aided design and the selective use
of lumped element capacitors. (]
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An accurate measure
of field strength

The Aeritalia field-sensor sys-
tem tells you what you need to
know to make rfi susceptibility
testing work. A range of bai-
anced isotropic (non-polar-
ized) sensor probes lets you
cover the entire frequency
band from 20 Hz to 1 GHz.
These handy small-diameter
probes, which fit easily into
TEM cells, may be purchased
individually to cover your fre-
quency requirements.

Sensor and repeater, linked
by fiber-opticcable, telemeter
data from your shielded room
on the level of the electric or
magnetic field around your
test item. This information, in
combination with AR ampli-
fiers, preamplifiers, antennas,
and directionalcouplers, gives
you real-time control of the
interference environmentwith-
in the test chamber.

Call or write for complete

information.
AMPLIFIER

160 School House Road

Souderton, PA 18964-9980 USA

Phone 215-723-8181
TWX 510-661-6094
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Hybrid Splitter Improves
Mixer IMD Performance

By Daniel Marz
Jerrold Subscriber Systems Div.,
General Instrument Corp.

Reducing intermodulation distortion
(IMD) products in mixers is an ongoing
challenge for design engineers. This ar-
ticle describes a method of IMD improve-
ment in simple applications, where cost
and complexity are important design
factors.

t is well known to RF engineers that a

mismatch at any of the ports of a bal-
anced mixer increases the IMD products
present at the output. In those cases
where the use of a bandpass filter is re-
quired at the mixer output, frequencies
outside the filter passband will see a
mismatch and result in increased IMD
product levels.

Figure 1 is an example of a mixer with
a broadband termination, forcing a
matched condition at all frequencies. The
spectrum analyzer photo shows the ac-
tual IMD performance of a sample mixer.
The use of a bandpass filter (Figure 2) in-
creases the IMD products in this mixer by
10 dB or more.

If an additional loss of 3 dB can be
tolerated, a two-way 0° hybrid power split-
ter can be connected between the mixer
output and the filter. The function of re-
sistor R1 in the splitter is to absorb the
reflected energy from the filter, preventing
re-entry into a mixer. The second splitter
port should be terminated. Figure 3 shows
about 8 dB improvement in IMD perfor-
mance over the directly connected fil-
ter. ]

About the Author
Daniel Marz is a Project Engineer
with the Jerrold Subscriber Systems
Division of General Instrument Corp.,
2200 Byberry Road, Hatboro, PA
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THY. THE.
ONLY LOWESY

MILSPEC ~ ° COS™Y

SMD . SMD

MIXER MIXER

po—— p p—
.375 x .500 x .150 .375 x .500 x .140
LO LO
RF/LO I'E; POWER RF/LO IF POWER| PRICE
MODEL | MHz MHz dBm MODEL | MHz MH:z dBm [(100 pcs.)
SMDA1 1-1000 { DC-1000 +7 SMD-C1 1-1000 DC-1000 +7 $ 6.50
SMD-1M 1-1000 | DC-1000 7 SMD-CIM{ 1-1000 DC-1000 +17 7.00
SMD-1H 11000 | DC-1000 +23 SMD-C1H | 1-1000 DC-1000 +23 11.00
SMD-2 20-1500 DC-1500 +7 SMD-C2 | 20-1500 DC-1500 +7 7.00
SMD-2M 20-1500 DC-1500 7 SMD-C2M | 20-1500 DC-1500 +17 8.00
SMD-2H 20-1500 | DC-1500 +23 SMD-C2H | 20-1500 | DC-1500 +23 12.00
SMD-3 20-2500 20-600 +7 SMD-C3 | 20-2500 20-600 +7 8.90
SMD3M | 20-2500 20-600 +17 SMD-C3M| 20-2500 20-600 +17 9.70
SMO-3H | 20-2500 20-600 +23 SMD-C3H| 20-2500 20-600 +23 12.95

Call or write us today.
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483 McLean Blvd. and 18th Avenue, Paterson, New Jersey 07504 « (201) 881-8800 * Telex 130073
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with everythmg,
togo please

Antenna kits that meet your specifications of high quality and
frequency response, and that are also responsive to your demands
of portability and easy use. A.H. Systems offers nine different kits
that fill the bill. Each comes in a single, lightweight case. Just one kit
can contain all the antennas, probes and cables to perform E-Field
1KHz-18GHz, H-Field 20 Hz -50KHz and conducted 20Hz-100MHz

testing. Antenna factor calibrations are provided with each antenna.

So order one to go, with everything, or one of our other tantalizing
specials.

MODEL # FREQ. RESP. DESCRIPTION MODEL # FREQ. RESP. DESCRIPTION

SAS- 200510 300, 1HOO WHz  Log Periodic SAS-200542 20- 300 MHz Bicomicai, Folding
SAS- 200511 1000+ 12000 MHz  Log Periodic SAS-200/550  001- 60 MHz Active Monopole
Log Periedic SAS-200560  per MIL-STD-461 Loop - Emission
2 Lag Periodic SAS-200'561  per MIL-STD-461 Loop - Radiating

Sradband Dipote
Biconical BCP-200'510 20 Hz - 1 MHz LF Current Probe

Biton i Collapsible BCP-200'511 100 KHz 100 MHz HF VHF Crnt Probe

INFO/CARD 41

A complete line of kits
with upper limits to
18GHz that satisfy FCC,
VDE, and MIL-STD 461
specifications, and more.

Available now from your
source for the finest
EMI test equipment and
accessories.

AH Systems

9710 Cozycroft Ave
Chatsworth, CA 91311
Tel: 818 998-0223
Telex: 182 640 WKVG
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Simple Computation of Spurious-Free

Dynamic Range

Relationships Between Performance Parameters

Identify Design Tradeoffs.

By Nubar Ayrandjian
Applied Communications

Electromagnetic compatibility (EMC) is
an important aspect of receiver design,
with the growing use of the radio spec-
trum. Prediction of performance in a
strong multi-signal environment requires
knowledge of a receiver’s dynamic range.
Conversely, the required dynamic range
can be computed from the signal levels
expected to be seen at the receiver “front
end.” Presented here is a review of the
basic parameters of dynamic range, and
the relationships between them.

purious-Free Dynamic Range (SFDR)
is defined as the input level variation
range over which spurious signals are not
developed above the minimum discern-
ible signal levels. Minimum discernible
signal (MDS) is defined as the lowest
signal a system can see or discern in the
noise threshold. Noise threshold in 1 Hz
bandwidth at room temperature in a 50
ohm system is given as KTB = —174 dBm.
If the system is a 1 Hz bandwidth system,
then noise threshold is at =174 dBm, but
for any other practical bandwidth, such as
10 kHz, the noise threshold is: —174 + 10
log (10,000) = —134 dBm. This means that
at room temperature the maximum noise
will be at =174 + 40 = —134 dBm for a 10
kHz bandwidth, which is then defined as
a 0 dB noise figure.
If the system is not an imaginary one,
but one that has true working parameters,

it will also have an input noise figure. If

Output Level (dB)

bw =1 Hz

3rd order

intefeept mmcoc===as

P,

’I
.
ll

Input 7’
COMPression mm=ewaw 4

point

Spurious-free
dynamic range (SFDR)

-~
-
~-

Noise floor at given bandwidth

Room temperature thermal noise

and noise figure

nolse floor j

IMD

-174 dBm

(MDS)

Input Level (dB)

input noise figure is 10 dB then the system
noise threshold in 10 kHz will be —134 +

RF Design

Figure 1. Graphical representation of dynamic range factors.
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SAPPHIRE

PRECISION

TRIMMER
CAPACITORS

Voltronics “P” line has high Q,
zero temperature coefficient, and
is internally O-ring sealed!

No flux or cleaning fluids can
ever get inside.

These parts meet all size and
performance requirements of
MIL-C-14409D.

%

300°C Soider Seal

A 1R

Actual Size
4 5pF range

Screw Head

Max capacitance ranges: 1.2,
2.5, 4.5, and 8 pF in two diame-
ters. Usable to over 5 GHz. The
external tuning screw does not
move in and out. Six mounting
styles. Write for data on the only
sealed sapphire line, or call us at

(201) 887-1517.
AammA

Voltronics ===

CORPORATION v
_—

P.O. Box 476, West Street
East Hanover, NJ 07936
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10 = —124 dB,. This simply means that,
to discern a signal, the signal level must
be —124 dBm or higher. Two —124 dBm
levels will give a resultant —121 dBm level
which is the 3 dB (S+N)/N definition of
minimum discernable signal.

For spurious-free dynamic range, the
starting input level (in the 10 kHz BW) will
be —124 dBm, which is MDS. The level
where input signals develop spurious
signals of a level equivalent equal to MDS
is the upper limit of the SFDR.

Since the third order input intercept
point (IIP;) of a system is a constant
number and the noise floor (in the pre-
vious example the MDS level) is known,
the SFDR can easily be computed from
these two parameters. This approach
assumes that when the third order inter-
modulation products are at the noise floor
level, the MDS characteristics of the
system are disrupted and the system is
no longer considered linear.

In some cases, intermodulation specifi-
cations are given as two input tones with
the product levels at a certain dB level
below. If it is realized that input intercept
point does not vary with input levels
unless the system is driven into compres-
sion, all that is required to be known is the
third order input intercept point which can
readily be computed from input level used
and how far down the Intermodulation
Products are:

IIP3 = Input Level + IM Products/2
IMP/2 = IIP; — IL
IMP = 2(1IP; — IL)

Since, for our approach, we assumed
that the noise fioor was the minimum in-
put level starting point and maximum in-
put level was the level at which the inter-
modulation products developed would be
at the noise floor, then:

IL - IMP
IL = 2(1IP; — IL)
3(IL) — 2 (lIP3)
Noise floor + 2(IIP3)
3

This represents the upper level for deter-
mining the SFDR.

Noise floor

L

Computing SFDR

We defined Spurious-Free Dynamic
Range as the difference between the final
input level and the noise floor, therefore:

SFDR = IL — Noise floor
Noise floor + 2(IIP3)

— Noise floor

2
= é“ (IIP; — Noise floor)

These are all values available to us,
either from specifications or as results of
design analysis. For example, if a re-
ceiver’s design specifications are given
as:

Noise Figure = 15 dB
IF Bandwidth = 10 kHz
iP; = 12 dBm

Then Noise floor =
—174 + 10 log BW + Noise Figure
=—174 + 40 + 15
= —119 dBm, and
23 (12 — (-119))
8733 dB
This means that if two signals appeared
within the passband at a level of 87.33 dB
above the noise fioor they will develop
spurious at the noise floor level with the
input level being —119 dBm + 87.33 dB
= —31.67 dBm. The Spurious-Free
Dynamic Range will begin at —119 dBm
and stop at —31.67 dBm. Throughout this
range any spurious developed shall be
below or at minimum discernable signal
level. Conversely, when the two input
signals are above —31.67 dBm, unwanted
spurious will occur above MDS and
degrade performance.

SFDR

Computing Receiver Requirements

All of the above relationships can be re-
arranged for other factors, if the “exter-
nal” signal levels are known and receiver
performance must be determined. For ex-
ample, the SFDR equation can be rewrit-
ten as either:

3
IIP, =?(SFDR) + Noise Floor, or

3
Noise Floor = IIP; = — (SFDR)

By this type of analysis, the system de-
sign engineer can determine whether the
specifications imposed meet the mission
requirements, with the additional value of
examining all of the relationships between
receiver performance characteristics. [

About the Author

Nubar Ayrandjian is a research
scientist at Applied Communications,
an affiliate of Amstar Corporation. He
holds a BSEE degree from Capitol In-
stitute of Technology. Mr. Ayrandjian
can be reached at Applied Communi-
cations, 5300 Spectrum Drive, Freder-

ick. MD 21701.
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Kalmus Engineering Achieves
1 us Blanking Speed for NMR/MRI

A 1000 watt amplifier for NMR/MRI ap-
plications has been introduced by Kalmus
Engineering International, featuring one
microsecond blanking speed for high
resolution imaging. The 10-86 MHz ver-
sion is the Model 166LP, with the Model
166HP covering 80-200 MHz.

The fast blanking speed is required to
obtain sharp NMR images. The NMR pro-
cess involves the excitation of the material
(typically a human body) being studied
and the immediate transition from trans-
mit to receive mode for detection of the
material’s response. Slow blanking will
cause a portion of the return pulse to be
missed.

Another feature of the Model 166
amplifiers is an accurate peak-reading
power meter, offering reliable measure-
ment of power with pulse durations from
4 microseconds to 100 milliseconds.
Other important specifications are: TTL-
compatible blanking input, gated-OFF

noise floor 15 dB (max.) above thermal
noise and 60 dB gain with +1 dB gain
flatness.

THe units feature full protection cir-
cuitry, including VSWR and temperature.
Power supply taps are provided for

Avantek Introduces MMIC
Frequency Converters

Three new monolithic silicon frequency
converters provide up or down frequency
conversion with up to 20 dB of gain with
RF inputs from 500 MHz to 8 GHz. These
cilicon MMICs are optimized to simul-
taneously operate as a self-oscillating LO
and two-port active mixer with conversion
gain.

Typical electrical specifications (at
+25°C with —20 dBm RF input at 4.2 GHz
and 5.15 GHz LO) include conversion gain
to 950 MHz of 9 dB, 1 dB compressed out-
put power of 9 dBm, 3rd-order intercept
point of +16 dBm, and IF band spurious
signal level less than 70 dBc. Potential ap-
plications include CATV converters, satel-
lite MATV and TVRO block converters,
UHF/VHF communications systems, pol-
ice radar detectors, cellular radio
receivers, MDS television receivers, GPS
and Inmarsat receivers and military man-
pack systems. The devices are suited for
very low cost or size-constrained applica-
tions where simple external filters can be
used to achieve adequate isolation. Pack-
age styles include a cost-effective, glass-
sealed, microstrip ceramic micro-X pack-

68

St
St e

age (MSF-8835), a high-reliability, 70-mil
hermetic metal-ceramic package (MSF-
8870) and a low-cost 85-mil plastic pack-
age (MSF-8885). All products are in stock
at authorized Avantek distributors. In 1000
piece quantities, they are priced accord-
ing to package options: $29.75 each
(MSF-8870), $12.40 each (MSF-8835), and
$5.20 each (MSF-8885). Avantek, Inc.,
Santa Clara, Calif. INFO/CARD #201.

190-240 VAC, single-phase 50-60 Hz.
Linearity is specified in terms of third
order intermodulation intercept point,
which is typically +71 dBm. Kalmus
Engineering International, Ltd., Wood-
inville, Wash. INFO/CARD #202.

Programmable Units Adds
RF Switching

Three new plug-in switch modules now
available from Hewlett Packard increase
the switching flexibility of its low-cost,
IEEE-488 programmable switch/control
unit, the HP 3488A. Two of the modules
are ideal for microwave switching applica-
tions up to 26.5 GHz. The third plug-in is
a Form-C module with seven channels,
each an SPDT switch, intended to drive
remote mounted microwave switches or
attenuators. The HP 44476A microwave
switch module has three channels, each
an SPDT 50-ohm coaxial switch with a fre-
quency range of DC to 18 GHz with isola-
tion of greater than 90 dB at 18 GHz and
an internal 50-ohm termination of the
ungated port. Price of the HP44476 switch
module is $2200. The HP3488A Switch/
Control unit is $1400. Hewlett Packard,
Loveland Instrument Division, Love-
land, Colo. INFO/CARD #199.

Test Set Monitors RF Radiation
The Model 8700 from Narda is an ac-
curate, easy to use radiation monitoring
system designed for RF hazard identifica-
tion, safety and compliance monitoring.
Consisting of Model 8716 Meter and your
choice of ANSI shaped probe (Model
8722) or flat probe (Model 8721). Model
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8700 offers 300 kHz to 40 GHz coverage,
continuous automatic zero, ability to
measure all modulation types (CW, AM,
FM, Pulse) and built-in test field oscil-
lators. The Narda Microwave Corpora-
tion, Hauppauge, N.Y. Please circle
INFO/CARD #200.

2-6 GHz Amplifier Chip
is Reliable, Efficient

A 2-6 GHz monolithic amplifier chip
with 10 dB small signal gain is announced
by Pacific Monolithics. The ampilifier chip,
model PM-AMO0607, is ideal for thin-film
hybrid assemblies where minimal tuning
time and high reliability are important. It
may be easily used as a stand-alone gain
stage, or it may be directly cascaded (side
by side) to produce higher gain. The chip
measures .036 in. x .036 in., operates
from a single supply voltage of 8 volts, and
requires an external DC bypass capacitor.
The amplifier has a gain flatness of +0.75
dB over the 2-6 GHz. band. At the 1 dB
gain compression point, power output is
+5 dBm and harmonics are —20 dBc.

Noise figure is 7 dB with reverse isolation
of 30 dB. The amplifier consumes only 20
mA current at 8 volts. Price for the
amplifier chip is $135 each in quantities
of 100. Pacific Monolithics, Inc., Sun-
nyvale, Calif. INFO/CARD #197.

Power Meter Handles
Automatic Measurements

The new Rohde & Schwarz-Polarad
Meter NRYV is a sensitive and versatile in-
strument specifically designed for
automatic measurements. The standard
IEEE 488 interface can control all front
panel settings. Depending on the power
sensor used, the NRV can meaure
powers from 400 pW to 500 mW over a
frequency range of 1 MHz to 18 GHz. With
two channel capability, the NRV can be
used with two sensors to measure two in-
dividual values, a ratio of one against the
other, or against an arbitrary reference.
Measurements may be in watts, dBm, dBv
or voits. A peak function is included to
measure the peak envelope power (PEP)
of a modulated signal. Rohde & Schwarz-

LOWEST PRICED, HIGHEST QUALITY ATTENUATORS -BNC $11.00 1.9€A, SMA 514.40|OEA]
-

MORE MOS
FET POWER
From Intech

COM 1000: 1000W AVG. Power
NOW 1.5 to 50 MHz with PS 248
Dual Switching AC Power

Supply.

The family of unconditionally
stable power MOS FET linear
amplifiers from Intech is growing.
With hundreds of high power
amplifiers delivered in the 1st
year, Intech is emerging as the
leader in the new MOS FET
technology. Combining the
linearity and low order distortion
of Class “A” with the high
efficiency of “AB” & “C” designs,
they can withstand severe load
mismatches without spurious
oscillation or failure. They are
capable of high speed, high
power pulsing with excellent
gating for ultra low residual noise,
and are frequency agile over their
1.5 to 50 MHz band. They are
ideal for N.M.R. Imaging, and
Spectroscopy, RFI/EMI testing,
H.F. Transmitters, Linear
accelerators, Plasma equipment,
and Diathermy. We are currently
producing custom MOS FET
amplifiers from .5 MHz to 200
MHz at power levels of 500W,
1KW, and 5KW (pulse).

Please contact Ted Stevenson,
phone (408) 727-0500, TWX
910-338-0254 to discuss your
state-of-the-art amplifier
requirements or write him at:

il intech.

282 Brokaw Road
Santa Clara, CA 95050

D TERMINATIONS - BNC $5.60 10EA., SMA $5.60 10€A., MIL. HI-REL. NETWORKS
Model [ Frequency UNIT PRICE (4) EFFECTIVE 91588 -
Number (2] Ohms (Power Wi Aange BNC ™C ~ ma unE rc
Fized Attenuaiors. 3 10 20 aB
AT-50(3) 30 ( 5w 0C-1 sGuz 1400 2000 2000 1800 -
AT-5Y 30 ( 5W) 0C-1 8GHz 1100 1800 1300 1400 - 12.00
AT 82 50 (1w) 0C-1 5GHz 143% 203 2080 1980 -
AT 83 50 20W) ©C-3 0aMz 1400 1700 15 00 -
AT-84 50 ( 25W) OC-4 2GH2 18 00
AT 88 20 25w) 2GH1 14 400001
AT T80AT-00 780093 SWh DC-1 5GHz2(TS0MNZ)  19.30 2000 2000 1800 -
Ostector, Mixer. Zaro Biss Schottky
CD-81, 78 50,78 014 20H1 5400 5400
Du 81 50 014 2GH: 84 00 )
Resistive impedance Tranetormers. Minimum Loss Pads '
ATS/7H 5010 75 0C-1 8GH2 1050 1980 1950 1750
RT 5093 501093 DC-1 0aM1 1300 1930 1950 1780
Terminations
CT-50(3) 50 5w DC-4 20Mz 1150 1500 15.00 1750
c1-81 50 | SW) DC -4 2GH2 9.80 1200 10.50 950
cr-82 50 {1w) DC-2 8GHz 1080 1500 1600 1300 1830
crsvm 50 5W) DC4 26Hx 8 800me s 8600001
crsa 80 (1w) 0C-2 0GHz 1400  18.00 1300 17,50
cr7s 78{ 25w 0C-2 3Gz 105 1800 1800 1300 1830
cte3 93( 25w 0C-2 3GHr 1300 1500 1500 1550
Mismstched Terminations. 08 110 3 1, Open Circuit, Short Circutt
“Y 81 30 0C-3 0GH2 [ 4530 45850  45.50
Y78 s OC-1 00M2 43 50
Foed thru Terminations shunt rasistor
£1.80 50 DC-1 0GHI 1080 1950 1980 1750
T8 . DC SOOMH 1 1050 1950  19.80 1730
F190 03 OC-150MHz 1300 1950 1030 1780
Directionsl Coupler 30 08
0C 300 50 250 S00MH1 80 00 - 24 00
Resistive Decoupler, series rasiator or Capactive Coupler, Beries capacitor
mD orCC-1000  1000(1000PF)  DC:1 8GHz 1200 1800 1800 1700
Adepters
CA-50 (N to SMA) 30 DC4 26Kz 1300 1300 1300 1300
Inductive Decoupiers. series inductor
D15 0 17uM 0C 300Nz 1200 1800 1800 1700
D-6Re 8 Bun OC-55MMH2 1200 1800 1800 1700
Fined Attenuator Sets, 3. 8 10, and 20 B, In plastic case
AT-50-8E7 (3} 0 OC-9 56Kz 6000 8400 8400 7600
AT-518ET OC 1 3GHz 4800 6400 6400 8000
e Reactive Multicoupien 2 and 4 output porte
TC-128-2 50 1 8125MHe 84 00 6700  67.00
TC-1254 50 15925MHz 07 00 8950 6180
u Aesintive Pows: Dividers 3. 4 sna 9 porte
AC 330 30 0C-2 0GM2 0400 84 84.00
o RC-4-80 30 OC 500MH2 0400 8400 84.00
"C 8- 30 30 OC 300MHz 84 50
AC T8 678 ™ OC 300MH? 84 00 84 00
S e
! 0BM-1000 50 5 1000MM1 o1 00 700 8100 34 00
0B M- S00RC 50 2-300MM1 34.00
RF Fuse. 1/8Amp and 1/18 Amp
£L.50 (3 0C:Y 8GH2 1200 1800 4880 1700
LTS i OC-1 8GMz 1200 1800 17
- .g NOTE 1) Critical parameters fully teated end gusrenised Febrcated from Ml Spec High-Rel resistors
'y Schottky dlodes Mil Spec plated parts, and connection In nickel, slfver, and gold 2) Bee catsiog for Compiete Model
p Number Speciy connector seres Specisle avalisble 3) Callbration marked on lsbel of unit 4} Price subject 10 changs 19088
=a ) without notice Shipping 85 00 Domastic of $28 00 Foreign on Prepaid Orders Osiivery Is stock 1o 30 days AR
| & Send for Free Catatog o1 7
~
- /CO"'I SYSTEMS INC. 305-994-1774
932 CLINT MOORE ROAD, BOCA RATON, FL 33431
RF Design

INFO/CARD 45
Come see us at the RF Technology Expo,
Booth #254.
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Polarad, Inc., Lake Success, N.Y. Please
circle INFO/CARD #196.

5-1000 MHz Amplifier
has 2.7 dB Noise Figure

Vector’s Model MHT-1011 thick film high
gain LNA is a cascadable wideband

155 dB (typical), 14 dB (min) gain over the
5 to 1000 MHz range. Noise figure is 2.7
dB (typical), 3.3 dB (max.) Power output
at 1 dB gain compression point is zero
dBm (typical), —2 dBm (min.) The
MHT-1011 operates from a +15 Vdc source
at 10 mA. Aydin Vector Division, New-

amplifier in a TO-8, 4 pin package. It has ton, Pa. INFO/CARD #195.

Dependable
Bench Attenuators

Depend on Kay Bench Attenuators to stand up to your requirements
onthe job. Each provides high accuracy, low insertion loss, good VSWR
characteristics and long operational life. Available in either standard or
miniature sizes, and in 50, 75 or 90 ohm models. BNC connectors are
standard (TNC or SMA are optional). Listed below are some typical
attenuator models.

MODEL IMPED- FREQ. ATTEN
NO. ANCE RANGE RANGE STEPS
Standard 431* 500 DC-1GHz 0-41dB 1dB
Size 432* 500 DC-1GHz 0-101dB 1dB
I 442 750 DC-1GHz 0-101dB 1dB
Miniature 1/439 500 DC-1GHz 0-22.1dB .1dB
Size 439 500 DC-1.5GHz 0-101dB 1dB
437 50Q DC-1GHz 0-1025dB  .5dB
449 750 DC-1GHz 0-101dB 1dB

"The models 431 and 432 are available in high wattage (3W) versions at an
additional cost. Please add HW to model number when ordering.

Attenuators
& Teut Equipmen:

Kay Elemetrics also offers a complete
line of Programmable, Rotary and Con-
tinuously Variable Attenuators and can design
an attenuator to fit your specific needs. For
acomplete catalog and price list orto place
an order call Vernon Hixson at (201) 227-
2000, ext. 104.

Tel: (201) 227-2000 TWX: 710-734-4347
K Av Kay Elemetrics Corp 12 Maple Ave. Pine Brook, NJ 07058

70 INFO/CARD 46
Come see us at the RF Technology Expo, Booth #564.

ZT-Cut Crystals Offer Stability
CX-ZT is a chemically milled quartz
resonator with excellent temperature/fre-
quency characteristics. Its high perfor-
mance is achieved through concurrent
width and length vibration of a unique
double rotated quartz. A miniature cer-
amic package is available for standard
mounting and for surface mounting. CX-

|-a:ayl

ZT quartz crystals cover the frequency
range from 2.1 to 4.2 MHz and are in-
tended for highly stable oscillators (overall
stability better than 10 ppm without com-
pensation in a temperature range of 100
deg. C). ETA Industries, Micro Quartz
Div., New York, N.Y. INFO/CARD #198.

Waveguide Air Vents for
Shielded Enclosures

Lindgren RF Enclosures has developed
a new honeycomb waveguide air vent with
more EMI/RFI protection and minimized
resistance to air flow. A new solder fusion
assembly process developed by Lindgren
completely fuses all contact surfaces in
the honeycomb matrix to create a solid

¥ 4 ( e A

>

: /»‘,.

VB

SN XY R

electrical and mechanical bond that
eliminates tiny cracks and cavities along
the fused surfaces. If present, these im-
perfections can cause RF leakage in the
microwave frequencies. The new honey-
comb construction technique provides at-
tenuation of over 120 dB for frequencies
up to 10 GHz. Lindgren RF Enclosures,
Inc., Addison, lll. INFO/CARD #194.

Coax Termination Dissipates
up to 500 Watts

A new ceramic materials which can
dissipate microwave energy levels as high
as 500 watts in a 7/8” coaxial termination
has been developed by Core-Tronics. This
new material, Cortron 900, can be sup-
plied in a full range of geometric shapes

January 1987



based on isostatic pressing, to meet the
performance and mechanical require-
ments of microwave terminations. At-
tenuators fabricated of Cortron 900 exhibit
minimum reflection with low, essentially
constant dB loss over their full frequency
range. They are capable of dissipating
from 200 watts in a 3/8"” coax termination
to as much as 500 watts in a 7/8" termina-
tion without deterioriation. Core-Tronics,
Orange, N.J. INFO/CARD #193.

Soft Ferrite Material Has
Permeability of 5000

Ceramag® 24F, a new high permeabili-
ty, low loss soft ferrite material has been
developed for RFI/EMI filter applications.
With an initial permeability value of 5000,
anda maximum permeability of 8000, the
ferrite material has a maximum loss fac-
tor at 100 kHz of 20 x 10-6. Principal ap-
plications for the material include filters,
wideband transformers, pulse transfor-
mers, antenna cores and other electronic
applications. Coated and uncoated toroids
are available, as are E cores, pot cores,
and other configurations. The Stackpole
Corporation, St. Mary’s, Pa. Please cir-
cle INFO/CARD #188.

MINIATURE

POWER
DIVIDERS

amplifiers.

High-Speed Buffer Amplifier

The HOS-200 hybrid buffer amplifier
from Analog Devices provides up to +100
mA of continuous current drive (+250 mA
peak) at frequencies to 200 MHz. This
high-speed buffer amplifier features
1500V/s slew rate, capability to drive 50Q
and 75Q cables, and operation with +5V
power supplies. Additional key AC
specifications include phase linearity of
2° (at a bandwidth from 1-20 MHz) and
distortion of less than 0.1 percent, impor-
tant parameters for faster graphics and
video-speed applications. Propagation
delay and rise time are both typically 1.5
ns. Pricing in 100s starts at $12.60 for the
HOS-200AH (—25° to +85°C) and $17.00
for the HOS-200SH (—55° to +125°C).
Analog Devices, Inc., Greensboro, N.C.
INFO/CARD #187.

Miniature Microwave Relays

A new line of miniature microwave
relays has been introduced by FL Jen-
nings. Initially, the line offers two series
— the TOH 54 Series with connectors for

m 2-, 3-, 4- and 5-Way

B High Isolation

® Rugged Construction

m 8 Models Covering 2 to
500 MHz

s Economical

® Guaranteed Performance

Extremely compact, even with BNC or
TNC connectors. For example, here's
our Model PD8612 2-Way Divider:

Frequency . ... 2t030 MHz
Isolation, min ... 30dB

VSWR, max B

Connectors { 2 RBING

Size, inches . ........... 0.62x1.25x0.70

Also available: more than 30 models of standard power dividers and more
than 20 standard models of High Dynamic Range RF

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

Design & Manufacture of Quality Electronic Equipment since 1969

- JANEL LABORATORIES, INC.
33890 Eastgate Circle » Corvallis, OR 97333

INFO/CARD 47
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DIE-CAST
RF CONNECTORS
CUT YOUR

When you need an SMB con-
nector, but don’t need the MIL-
Spec, you can save up to 50%
without sacrificing performance
Johnson’s JCM-B miniature coaxial
connectors give you a low-cost, com-
mercial grade alternative for com-
munications, computer, office
equipment and test and
measurement applications up
to 4 GHz.

JCM-B connectors can be
interchanged and intermated
with their MIL-spec SMB coun-
terparts, and give you virtually
the same electrical, mechan-
ical and environmental per-

formance. In addition to die-
cast versions, machined
versions of JCM-B con-
nectors are available.

For SMA applications up
to 8 GHz, you get the same perfor-
mance and cost savings from Johnson’s
machined JCM-A connectors. Both
JCM-A and JCM-B connectors are
available in gold or nickel-plated ver-
sions with beryllium copper and half-
hard brass contacts.

For complete specifications and pric-
ing on all Johnson JCM miniature coax-
ial connectors, contact your local
distributor or E.F. Johnson.

2 JOHNSON*

COMPONENTS PRODUCTS

EE Johnson Company, Waseca, Minn. 56093
Telephone 1-507-835-6307 Telex 200470 TWX 910-565-2161

CALL TOLL-FREE! 1-800-247-8343
INFO/CARD 48 71

»
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PC boards, and the TOH 55 Series with
SMA connectors. The TOH 55 series is
rated at DC to 25 GHz, and offers a
VSWR of 1.20:1, with isolation near 40 dB,
and insertion loss of 0.15 dB. Operating
voltages of 6, 12, 24, and 28 VDC are
available, with coil connections of PCB
terminals, flying leads, and solder lugs.

FL Jennings, San Jose, Calif. Please
circle INFO/CARD #184.

Interchangeable N and
SMA Connectors

Various new N connectors are now
available which can be directly mounted

Quarnz Crystals - Crystal Oscillators

Catalog C/D,

REI. CRYSTALS AND OSCII.I.ATOI!S
AND YOU CAN HAVE A COPY. FREE!

New 1987 Catalog. Complete data for full line
quartz crystals and crystal oscillators, including:
¢ Surface Mount and SC cut crystals
® OCXO and TCVCXO oscillators

Phone or send for your copy now.

BLILEY ELECTRIC COMPANY

2545 West Grandview Blvd.

P.O. Box 3428, Erie, PA 16508
TWX 510-696-6886 ol—x
INFO/CARD 19

(814) 838-3571

S5

\

in place of SMA connectors without the
need of modifying the component or in-
strument to be equipped. This gives a
high degree of freedom to the designers
of OEM components like circulators,
isolators, filters or any kind of stripline
devices. The N and SMA connectors have
identical flanges and rear ends and pro-
vide operation with low VSWR up to 125
GHz. Huber & Suhner AG, Herisau,
Switzerland, INFO/CARD #192.

Transfer Switch Operates
to 24 GHz
An intelligent coaxial transfer switch

| useful to 24 GHz has been announced by

the Wavecom Division of the Loral Cor-
poration. The model 130 2P2T switch,
equipped with SMA connectors, offers a
DC to 18 GHz frequency range as stan-

dard, with the 18 to 24 GHz band optional-
ly available. The switch offers either
failsafe or latching actuation. The user
may specify any type of high- or low-level
logic. RF performance features are:

| VSWR from 1.2:1 (3 GHz) to 16:1 (24

GHz), insertion loss from 0.2 to 0.6 dB (24

| GHz), and isolation from 80 dB (3 GHz)
| to 50 dB (24 GHz). Wavecom Division of

Loral Corporation, Northridge, Calif.
INFO/CARD #191.

Double Balanced Phase Detectors

A new series of double balanced
microwave phase detectors has been in-
troduced by RHG Electronics Laboratory.

| The PDM series of phase detectors pro-

|

vides a DC output voltagte proportional
to the phase and amplitude differences
of the RF inputs. The DC offset voltage
is the lowest available in this type of
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covers the
spectrum

Safety personnel with no specialized RF expertise can, for the first time, perform
fast, easy, accurate measurements over the frequency spectrum from 300 KHz to
1500 MHz (exposure levels of RFPG contained in ANSI C95.1-1982). The Narda
Model 8682 ANSI Standard Radiation Monitor conformal probe can be used with
either 8611 and 8616 metering instruments. Both direct reading meters permit
measurement with excellent resolution over the 30 dB dynamic range. This
monitoring system features: direct readings in percent of ANSI exposure limit,
operation even in multiple signal environments; true RMS indications regardless of
modulation; isotropic response; and compatibility with existing meters.

Narda has pioneered, for over 20 years, the field with state-of-the-art system in
radiation monitoring technology.

Write for complete technical information and application notes: The Narda
Microwave Corporation, 435 Moreland Road, Hauppauge, New York 11788.

(516) 231-1700. TWX: 510-221-1867.

CABLE: NARDACORP HAUPPAUGE NEW YORK

Come see us at the RF Technology Expo, Booth #526. INFO/CARD 50

Radiation
Monitors

Narda has developed radiation monitor-
ing systems consisting of a variety of field
sensitive probes and metering instru-
ments. These probes are interchange-
able to provide electric and magnetic field
measurements. The metering instru-
ments are also usable for applications
from 0.3 MHz to 26 GHz.

Broadband Isotropic Probes

.
St T

Electric Field
FREQ. 0.3to0 10 to 300 MHz
300 MHz 3000 MHz to 26 GHz
PROBE | 8662 8644 8621, 8623
Magnetic Field
FREQ. 0.3to 10 MHz 10 MHz to
300 MHz
PROBE 8652 8631,
8633, 8635

Three meter styles are available. Each
performs specific requirements. Model
8616 is our full-featured instrument and is
calibrated in average equivalent power
density. While the 8619 is identical in size,
it is calibrated in mean squared electric
and magnetic field strengths. Both ac-
commodate all probes. Model 8611 is a
compact unit with the same readout as
8616 and accommodates all probes.

7k B \ 4
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Their Future Is Ours

Each year, 10,000 of “today's” children are
stricken with the most dreaded disease of
them all - cancer. Many will never see a
tomorrow.

But thanks to St. Jude, one of those child-
ren may someday grow up to be the person
who puts an end to childhood cancer forever.

For more information on how you can help,
write to St Jude, 505 N. Parkway, Memphis,
TN 38105.

Danny Thomas, Founder

Greenray Has Your |
Military TCXO'’s

device. Both RF ports utilize matching
elements to ensure low VSWR, minimiz-
ing errors from impedance mismatches.
Frequency range is 4-8 GHz, with a con-
version loss of 8 dB, nominal. Output
voltage with two 0 dBm signals is +60 mV.
The PDM4-8 is priced at $850. RHG Elec-
tronics Laboratory, Inc., Deer Park, N.Y.
INFO/CARD #190.

Tubular Attenuators are
Color-Coded

RF Industries is announcing a 1 Watt,
BNC in-line tubular, fully shielded and
color-coded attenuator line. These 1 dB
through 40 dB models are fully shielded
and have a nickel plated body. EIA color
code bands indicate the value of each at-
tenuator. These attenuators are for opera-
tion to 1 GHz and have an accuracy of +.2
to .6 dB (depending on value). The at-
tenuators are offered at an introductory
price of $12.95 each. RF Industries,
Hialeah, Fla. INFO/CARD #189.

Broadband Noise Sources
International Microwave'’s broadband
coaxial solid state Noise Source provides

high ENR from 1 to 18 GHz and elim-
inates the need for a separate noise
source for each band. The noise source
has a wide range of measurement ap-
plications including amplifier gain and
noise figure tests, and on-line monitoring.
Noise output flatness is +0.5 dB over a
temperature range from —55°C to +85°C.
A built-in current regulator assures ex-
cellent output stability with voltage and
temperature variations. International
Microwave Corp., Stamford, Conn.
INFO/CARD #183.

RF Relays Switch DC-1 Ghz
Single pole double throw, DPDT, SP3T
and SPA4T relay assemblies for remote
control transfer of RF signals in the DC-1
GHz range are being offered by Alaun
Engineering. The units are electro-mech-
anical with low insertion loss and high
isolation for audio, video & RF. Power con-
sumption is 200 mW at 5-24 VDC with
polarity sensitive floating coils. Ac-
cessories available as options include
remote power supply, control switch with
cable and various connectors. Most
models are available from stock with

SIGNAL CONDITIONING

FILTERS

1 Hz to 100 MHz

¥ COMPETITIVE PRICES

7 10 DAY SHIPMENTS
(STD. PRDS.)

# NO MINIMUM ORDER

 NO SET-UP CHARGES OR
ENGINEERING CHARGES
FOR STD. PRODUCTS

TTE®

2233 S. BARRY AVE.

Greenray announces a new line of compact and ruggedized
TCXO's for ground and airborne applications.

Fraquency. 79 kHz to 50 MHz

Input Voltage +12VDC and +5VDC

Stabity trom £ 3PPM (—55°C to + 125°C)
to £5 x 107 (-20°C to +60°C)

Externyl freguency adjust to compensate for 5 years of aging [

Size 2" x 2" x 0.5"

Environmental Vibration and shock to MIL-STD-202, |
Hurdity — scider and "0 " ning sea!

B Output CMOS. TTL, Sinewave or ECL

Over 25 years of oscillator technology. I
LOS ANGELES, CA 90064

Send for complete specifications.
8140 W. Church Road
REENRA Mechanicsburg, PA 17055 ! (213) 478-8224
(717) 766-0223, TWX 510-650-4939 ‘
INDUSTRIES, INC. ' FREE CATALOG
A Technicorp Co.

INFO/CARD 52

INFO/CARD §1 Come see us at the RF Technology Expo, Booth #529.



prices ranging from $26.00 and up. Alaun
Engineering, Montrose, Calif., Please
circle INFO/CARD #182.

GaAs Ultra High Speed Digital ICs

NEC has just introduced the first of the
new UPG700 Series, three GaAs digital
ICs designed for high speed digital signal
processing. The UPG700B is a master-
slave D-type flip-flop with set/reset func-

tions, while the UPG701B is a master-
slave Ttype flip flop with set/reset func-
tions. The UPG702B is a 3 input OR/NOR
gate. All three chips can operate beyond
2.4 Gb/s. The prices are $197 each for
quantities of 100. California Eastern
Laboratories, Santa Clara, Calif.
INFO/CARD #181.

Wi jiti

HIGH OUTPUT RF DETECTOR

As ”
/wee 4

e L HIGH OUTPUT  DC

N RF DETECTOR ouv!

model A6l
Rl

Model A61 provides a flat DC voltage
gain better than 10 dB over conventional detec~
tors. The unit replaces most detectors where
easily Increased galn is desired.

The unit basically consists of a spe-
clally designed voltage doubling wide band RF
transformer, loaded at the secondary by a fre-
quency compensating termination network. More
gain In voltage Is realized hy applying a dual
microwave dlode voltage doubling network at this
termination.  Additlonal DC output Is gained
from raising the diodes' operating point in the
square law region with respect to the RF {nput
level.

The detector |s shunted by low capaci-
tance (less than 150 pf) for exceptionally high
frequency response on the DC side. For addi-
tlonal fistness, a network [solates the DC or
Video output from the reactive effects or
"suckouts" normally assoclated with varlous
cable lengths connected between the detector and
the scope, recorder, or other device.
Additional external capacitance at the DC ouput
may be used to reduce the high frequency video
response for nolse and transient reduction
without the usual resonance distortion effects
reflected back to the RF Termination. Some
applications Include sweep display, RF measure-
ments, and signal monitoring.

WIDE BAND ENGINEERING COMPANY, INC.

P.O. Box 21652, Phoenix, AZ 85036 U.S5.A.
Telephone (602) 254-1570

INFO/CARD 53
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Sprague-Goodman Gigaherz Trimmer Capa
Nobody offers a wider selection of
single turn ceramics, multirurn sap-
phire and plastic rimmers for appli-
cations in the UHF and lower GHz
bands. All feature high Q,

great stability, small size
and low cost.

St
citors.
For RF applications, our line includes
sub-miniature glass and quanz Piston-
caps®, plastic Filmrims® and Ceramic
single furn, Mica compression, Ainmm®
e | Cir dielecric, miniature LC

SPRAGUE

runers, and Stab-L® meral-
GOODMAN

lized inductors.
(An affilicre cmic Company)

134 Fulton Ave., Garden City Pk., NY 11040. 516 746 1385. TWX: 510-600-2415. TLX: 14-4533.

INFO/CARD 54

Come see us at the RF Technology Expo, Booth #547.

I-Power RF

AMPLIFIERS, TRANSMITTERS, POWER GENERATORS
10-10,000 WATTS! / 2-500 MHz Frequency Range!

HENRY RADIO
HAS THE PRODUCT
YOU NEED.

(If we don't have it, we'll make it.)

APPLICATIONS:

NMR, Nuclear Magnetic Resonance
PLASMA Generation

MEDICAL Applications

NUCLEAR Magnetic Imaging
COMMUNICATIONS Applications

The New, Dynamic

RERRY RADIC

2050 S. Bundy Drive, Los Angeles, CA 90025
TOLL FREE: 1-800-421-6631
In California call (213) 820-1234

INFO/CARD 55




the
D AVANTEK

advantage
in New England
and Upstate N.Y.

Call our Hotline

Collect (617) 862-5100

“w
/0 SE

Call or write for data on

Solid State Components

DC to 18.0 GHz

SEMICONDUCTORS
AMPLIFIERS
OSCILLATORS
SWITCHES
ATTENUATORS
LIMITERS
DETECTORS

SICKLES
DISTRIBUTION
SALES

175 Bedford Street (Suite 12)

Lexington, Massachusetts 02173

(617) 862-5100
INFO/CARD 56

76

rFsoftware

Filter and Data Conversion System
Combines Hardware/Software

A menu-driven, board-level FIR (Finite
Impulse Response) filter design system
lets engineers design digital filters with no
prior digital design experience. The EVK-
128 by Intersil, Inc. is a moderate speed
data acquisition, conversion and digital
filtering system occupying a single slot on

| an IBM PC or compatible. The EVK-128

digitally filters data with a filter length of
zero (unfiltered) to 128 taps using two In-

| tersil chips: the proprietary 1M29C128

Finite Impulse Response Filter Controller
(FFC) and the industry-standard 29C510
16-bit multiplier/accumulator (MAC).
Throughput is a function of required filter
length, with an 80 nS per tap processing
rate. Price of the EVK-128 is $799. Inter-
sil, Inc., Cupertino, Calif. Please circle
INFO/CARD #220.

Microwave Artwork Program
is Updated

EEsof, Inc. announces the release of
MICAD™ 1.05, the newest version of its
microwave layout and drawing program
for the preparation of camera-ready art-
work, drawings, and documentation asso-
ciated with MIC, microstrip and stripline
circuits. New features include all new
Touchstone 1.4 microstrip and stripline
elements, a geometric text editor, and full
Disk Operating System (DOS) pathname
support. Also, the graphics processing
speed runs four times faster. MiCAD 1.05
runs on the IBM PC and compatibles with
hard disk drive and the HP Vectra PC. The
program retails for $8,400 (volume dis-
counts available). EEsof, Inc., Westlake
Village, Calif. INFO/CARD #219.

Software for RF/Microwave
Directional Couplers

Microwave Software Applications an-
nounces the release of computer-aided
engineering (CAE) software for the syn-
thesis and analysis of directional couplers,
including the following four products:

e LANGE: Microstrip interdigitated
couplers.

¢ MSCUP: Microstrip directional
couplers.

¢ SLCUP: Stripline directional couplers.

e WGTCUP: WI/G multihole topwall
couplers.

The software offers synthesis of coupler
dimensions from coupling level im-
pedances (Z,. & Z,,), or synthesis of
coupler impedances from dimensions
used in the device; sensitivity analysis of
coupler impedances to changes in dimen-
sions; four-port frequency analysis; and

insertion loss. Microwave Software Ap-
plications, Inc., Norcross, Ga. Please
circle INFO/CARD #217.

Automated Amplifier Testing
Software

Software for automated measurements
of amplifier gain, gain compression, SWR
(return loss) and isolation using a scalar
network analyzer has been introduced by
Hewlett-Packard Company. The software,
HP Part 86399-10001, is for HP 9000
Series 300 computers, and operates with
the HP 8756A and 8757A scalar network
analyzers, HP 8350B/83500 series sweep-
ers, or HP 8340/8341 synthesized sweep-
ers. A feature of the program is a routine
that rapidly characterizes the 1 dB gain
compression output power level of ampli-
fiers as a function of frequency, normally
a rather tedious measurement. Price of
the amplifier test software is $250. Hew-
lett-Packard Co., Palo Alto, Calif. Please
circle INFO/CARD #216.

Software Enhancements are
Announced

Webb Laboratories announces TRANS-
CAD Version 1.1, with four new structures
added to the 38 lines and waveguides in-
cluded in the original package release.
Coupled offset stripline, coupled inverted
microstrip, asymmetric coupled stripline
and asymetric coupled microstrip have
been added. TRANSCAD Version 1.1 is
available for $895.00 and may be operat-
ed via hard disk without the master flop-
py. In addition, the SYSCAD Microwave
and RF System Design Package is now
available for use with the 8087/80187 math
co-procesor. Either version of the package
is available for $895.00. TRANSCAD and
SYSCAD operate on IBM PC or compati-
ble computers. Webb Laboratories,
North Lake, Wisc. INFO/CARD #215.

Program Adds Analog Standard
Cells

Datalinear and Analog Design Tools,
Inc., have signed a joint marketing agree-
ment to integrate the Datalinear semi-
custom analog standard cell library into
Analog Design Tools’ Analog Workbench
computer-aided engineering system. The
Datalinear library offers dielectrically
isolated semicustom analog arrays, a pro-
cess that allows the positioning of high-
bandwidth NPN and PNP transistors on
the same chip. Applications include high-
speed amplifier, comparator, filter, driver
and receiver circuits. Analog Design
Tools, Menlo Park, Calif. Please circle
INFO/CARD #218.
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CAE for
r’ literature I Analog Circuit Designers

New RF Data Book \ P AC
rH
Motorola’s RF Products announces an all new RF Data Book I than you 6,9
(DL110, Rev. 2). Over 100 new parts have been added along with ’ 17, el S
4 adqmonal applnc.atron note§. For rhe first time, small signal PLUS:  OUTPUT WAVEFORM for any INPUT
plastic parts containing RF die are included. These parts use - OPTIMIZATION - IMPROVED ALGORITHMS
the prefixes MPS, MMBR and MXR which identify TO-92, SOT-23 | *98 NODES - COMPATIBLE with HP DATA FILES
and SOT-89 packages, respectively. The manual has been ex- 'L':";U‘;%’:‘:‘S - INTEGRATED with FFTand
: : : 9 q f o e MEASUREMENTS with HPIB
tensively reorganized for ease in locating a particular device, in | Bt S o i ¢ ot e
* 30 DAY TRIAL

Semiconductor Products, Inc., Phoenix, Ariz. Please circle

cluding a revised selector guide and cross-reference. Motorola ‘ - NEGATIVE COMPONENTS
INFO/CARD #214.

ALSO: FFT WAVEFORM ANALYSIS
« 4 TIMES FASTER than HP
Coaxial/Waveguide Measurement Accessories Catalog | *INTEGRATED into ONE FILE
The latest edition of HP's Coaxial and Waveguide Measure- 1
ment Accessories Catalog is now available with product and ap-
plications information for more than 400 products operating from
DC to 110 GHz. Seventeen product sections include attenuators,
detectors, couplers, filters, power sensors, scalar analyzer ac-
cessories, noise figure equipment and even 75-ohm accessories.
Twenty-seven pages are devoted to measurement techniques and
reference data. Hewlett-Packard Company, Palo Alto, Calif.
INFO/CARD #213.

THREE INTEGRATED MODULES:

ACCAP
AC Qircuit Analysis with OPTIMIZATION $950 00

S-WAVE
FFT Waveform Analysis for Time Domain  $950.00

PLOTFTY
Time Domain Data Acquisition $950.00

Double all prices for 9020 computer version.

COMTRAN INTEGRATED SOFTWARE

CORPORATED

jensen transformers I
Signal Filtering Handbook
Wavetek announces a design handbook on signal filtering, The

10735 Burbank Boulevard - North Hollywood, California 91601
(213) 876-0059 « TELEX via W.U.I. 650 291 9207 MCI UW

i
Application of Filters to Analog and Digital Signal Processing. i Contact Deane Jensen - Closed Fridays
|
l
|
l
|

Although signal filtering is simple in concept and is easily
understood quantitatively, its application to signal processing
systems requires a sophisticated appreciation of such difficult
disciplines as Fourier spectrum analysis, information theory and
the time-domain characteristics of complex networks. This hand-
book begins with fundamental ideas and introduces more ad-
vanced concepts gradually. Topics include analog signals and
spectra, noise, signal filtering at the input and at the output,
sampling signals, types and characteristics of filters, program-
mable filters and ATE system applications. Wavetek San Diego,
San Diego, Calif. INFO/CARD #212.
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When you buy a crystal
from Sentry, you never
have to buy it again”

Short-Form Catalog Describes Microwave
Semiconductors
A 28-page short-form catalog is now available from Siemens
Components, Inc., providing major functional specifications on I
I
l

Continuing advances in the design
and development of analytical in-
strumentation have tremendous
impact on all aspects of scientific
research. And that means enhanced
sensitivity; faster, more efficient
procedures: and - perhaps most
critical for the designer-a demand
for reliability.

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

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

SENTRY MANUFACTURING
COMPANY
CRYSTAL PARK

the Siemens’ line of microwave semiconductors. These include
Schottky diodes, varactors, PIN diodes, silicon bipolar transistors,
GaAs FETs, and GaAs MMICs. Specifications present enough
electrical and mechanical data to enable a designer to select
a device for a specific job. To simplify device selection, an appli-
cations guide plots device families versus frequency. This gives
the designer a way to determine the device class that suits his I
specific requirements. Siemens Components, Inc., Iselin, N.J.
INFO/CARD #211.

RF Power Amplifier Catalog

ENI, Inc. has recently updated their RF Power Amplifier '
Catalog. The result is an attractive catalog containing complete |
descriptive information and specifications on the EN! line of stan-
dard off-the-shelf products. With power outputs ranging from
milliwatts to kilowatts, the units cover the frequency range of 9
kHz to 1000 MHz. ENI, Inc., Rochester, N.Y. INFO/CARD #210.

CHICKASHA OK 73018
405-224-6780

Catalog Features Signal Sources g 5 .
A 16-page catalog from Communications Techniques provides
information on signal sources. Included are microwave phased-

© SENTRY MFG.CO. 1983
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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— '9/day
MODEL ER80055 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
28 A2 i
MODEL ER8005
2.25” x 2.25" x 4.25” H
OPTIONS MANY OPTIONS ARE AVAIL-

ABLE TO INTERFACE WITH
YOUR REQUIREMENTS

‘ ' ’ _’i ter atur €@ continued

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 OR WRITE FOR OUR COMPLIMENTARY
CATALOGUE.

For information and prices, send your specifications to:

FREQUENCY CONTROL PRODUCTS
electronic research company

7618 Wedd Overland Park Kansas 66204
TWX. (910) 749-6477
Telephone: (913) 631-6700
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locked signal sources operating in bands from 0.1 to 21 GHz;
microwave frequency synthesizers operating in bands from 30
MHz to 21 GHz; microwave mechanical and voltage-tuned oscil-
lators operating in bands from 0.5 to 21 GHz; HF-VHF voltage
tuned oscillators; microwave frequency multipliers operating in
bands from 1 to 21 GHz; single and multiple crystal oscillators
lockable to 5 or 10 MHz and 70/140 MHz FM modulators and
demodulators. Communications Techniques Inc., Whippany,
N.J. INFO/CARD #208.

Ferrite Products Catalog

Fair-Rite Products announces their 10th edition catalog, listing
some of the many ferrite parts they manufacture and detailing
the electrical parameters of their materials. The catalog includes
three new configurations for power applications: EP cores, PQ
cores and ETD cores, as well as an expanded line of cores and
new shapes for EMI/RF| suppression. Fair-Rite Products Corp.,
Wallkill, N.Y. INFO/CARD #208.

Publication Describes Piezoelectric Ceramics

An illustrated six-page brochure is available from Vernitron,
presenting the designer and production engineer an overview
of the latest developments in piezoelectric ceramic materials.
Subjects covered include: standard and customs configurations
available in piezoid ceramics, Unimorph® and Bimorph® con-
struction, material properties, performance characteristics and
standard dimensional tolerances. Vernitron Piezoelectric Divi-
sion, Bedford, Ohio. INFO/CARD #207.

Technical Bulletin Discusses PTFE Substrates

Taking Advantage of Pure PTFE's Qualities in Microwave
Substrates has been prepared by Polyflon Company. the tech-
nical bulletin discusses PTFE’s use as a dielectric material in
microwave substrates, and covers PTFE’s unique electrical,
physical and mechanical properties, highlighting Polyflon’s
CuFlon® pure PTFE substrates. While CuFlon has been avail-
able for about eight years, it has generated a lot of new interest
from engineers who are designing circuits/components that
operate in the higher frequency ranges. Polyflon Company, New
Rochelle, N.Y. INFO/CARD #206.

Catalog of Electronic Materials

Electro-Science Laboratories’ 1987 catalog is now available.
The 16-page catalog describes ESL's complete line of electronic
materials systems including applications in surface mount
technology, thick film, multilayer and flexible circuits, packages,
hybrids, photovoltaic cells, optoelectrics, sensors, discrete com-
ponents, circuit boards and high frequency circuits. The catalog
contains a variety of solder pastes for surface mounting, and
polymer thick film materials for PC board and flexible substrates.
Electro-Science Laboratories Inc., King of Prussia, Pa. Please
circle INFO/CARD #205.

Radar Cross Section Measurement Brochure

Scientific-Atlanta has published a brochure which describes
the Series 2090 Pulsed Radar Cross Section Measurement Sys-
tem. The brochure contains descriptions, applications informa-
tion and specifications. The Series 2090 system provides fast,
accurate RCS measurement on both indoor and outdoor ranges.
System components are standard products with complete docu-
mentation. High sensitivity, real-time data collection and pro-
prietary dual level detection ensure amplitude and phase ac-
curacy over an 80 dB dynamic range. Scientific-Atlanta, Inc.,
Atlanta, Ga. INFO/CARD #204.

January 1987
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southern Colorado Rockies.

Join th_e Leader

in

< . 4 RF POWER
i ETO is a leader in RF power for
' communications, science, and
-1 medicine. We supply more high

\ power, microprocessor-controlled
RF amplifiers for Magnetic Reso-
nance Imaging and medical MR
spectroscopy than all other
manufacturers combined.

Our growth has created several
career opportunities for EE’s with
experience in linear RF power
amplifier design.

Sr. RF Engineers — BSEE or equivalent; advanced degree
desirable. Experience (5+ years) in HF/VHF broadband solid state
100W to 1kW power amplifier design. Background in 1-20kW power
tube amplifier design is useful but not essential.

Outstanding compensation package includes profit sharing, life
and health insurance, and a location in the banana belt of the

For your convenience we will be interviewing at RF Technology
Expo 87. Call us at (303) 275-1613, or see us at Booth 565 for an
appointment. For prompt consideration send your resume in con-

5112 is required

national norm.

Citizenship is required.

SENIOR EMI

TEMPEST ENGINEER

Magnavox Electronic Systems Company, (MESC), a leading manufacturer of elec-
tronic systems for defense and industrial applications has an immediate opportunity for
an EMI Tempest Engineer with expertise in all design and test phases for EMI,
TEMPEST and EMP products. An advanced degree or equivalent and 8 years ex-
perience as an EM Engineer working in MIL-STD-461/462/463 and NACSEM 5100 and

Responsibie for all test plans, reports and control plans as well as technical and cost pro-
posais supporting EM| and TEMPEST, this senior team member provides staff consulta-
tion on advanced technology and systems susceptibility analysis and assists in software
development for automatic test systems

The selected candidate will be motivated in a dynamic, progressive department and live
in Fort Wayne, Indiana, a top-flight community where the cost of living is well below the

Magnavox offers a competitive compensation and benefits plan including a generous
and supportive relocation package. Qualified candidates are encouraged to send
resume or call for prompt and confidential consideration to: Bili Blake, Magnavox
Electronic Systems Company, Department RF 187, 1313 Production Road, Fort
Wayne, Indiana 46808, (219) 429-7772. An Equal Opportunity Employer M/F/H. U.S

fidence to:
Ehrhorn Technological Operations, Inc. Maanawvosx
ETo Attention: Steve Christensen M Electronichystems Company
P.O. Box 888 Magnavox Covem’nseun((”!’.dl':a;s):nalElec"omcsCo
Canon City, Colorado 81212
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THE PROCEEDINGS OF RF EXPO EAST
BRINGS YOU TOGETHER WITH THE
SUPERSTARS OF RF AND THEIR PRACTICAL
SOLUTIONS TO RF DESIGN PROBLEMS.

Proceedings

Feist

Nose
N ot

Now, all 56 papers from the
jam-packed technical sessions
held at RF Expo East in Nov-
ember in Boston are available
to you in printed form...a
perfect-bound, 550-page soft-
cover book with full 8v2 x 11
inch pages, and sharply
reproduced graphics and
schematics. A volume which
deserves an honored place in
your working engineering lib-
rary . . . because every paper
was carefully selected for work-
ing engineers.

Technical Sessions
Shine

The technical sessions at RF
Expo East have been proclaim-
ed a resounding success by at-
tendees and speakers alike. At-
tendees packed rooms to listen
to the likes of . . .

Peter Chadwick, Plessey
Ed Oxner, Siliconix
Ulrich Rohde, CCC
Compact

Roderick Blocksome,
Rockwell International
Bruce Long, ISC Defense
Systems

Their papers are representative
of all the 56 papers you will
find in this information-packed

volume.

=

e Phase Noise Intermodula-
tion and Dynamic Range

e A Communications
Double-Balanced Mixer of
High Dynamic Range

e Developing Non-Linear
Oscillator Models Using
Linear Design Tools

e Practical Wideband RF
Power Transformers,
Combiners and Splitters

e Practical Approach to the
Design of Voltage Tuneable

» = ~-

Lowpass and Bandpass
Filters;
plus 51 other discussions of
current RF techniques.

The Price is Right

You can own your own copy of
the Proceedings of RF Expo
East for only $95 ($125 outside
the U.S. and Canada). A small
price for solutions to big prob-
lems . ..and less than what
you often pay for proceedings
from other comparable tech-
nical conferences.

Easy To Order

To place your order, tear out
one of the attached postcards
facing this ad and mail it today.
(You MUST include payment
with order.) Supply is limited
. .. so don’t delay. Act now to
make sure your staff has all the
backup it needs.

If both postcards are
gone, or for further infor-
mation, call:

Bonnie Ward

(303) 220-0600

l'f&esign_



NEW — 112-Page Information

and Product
Catalog

Complete from Abrupt to Zener —
112-pages of designer data to make
your life easier and your project
trouble-free. Our new catalog will
give you the needed information

to complete even your

toughest projects, by

describing our broad base
capabilities in silicon and

gallium arsenide diodes.

Many of our high performance
products are available as
standard products or call us
and discuss your special
designs.

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

® FLTVAR — Frequency Linear
Tuning Varactors

B VHF/UHF Hyperabrupt
Tuning Varactors
® GaAs Tuning Varactors
15V to 60 Volts
® Power Generation
— Multiplier Varactors
® Step Recovery Diodes
® Harmonic Generator Varactors

@ Multi-Chip High Power
Generator Varactors

u Noise Diodes
® Gunn Diodes
m Parametric Amplifier Varactors

m Control Devices — PIN and
NIP Diodes

® UHF/VHF PIN Diodes

# Power RF Switching

= Small Signal RF Diodes
® HF Power PIN Diodes
® Limiter Diodes

® Chip Capacitors

P T

SEMICONDUCTDR 5l{/lSlaN
A SUBSIDIARY OF LOIR /AL CORPORATION

16 Maple Road
Chelmsford, MA 01824
(617) 256-8101
TWX(710) 343-0404
INFO/CARD 62

Come see us at the RF Technology Expo, Booth #524



and Andersens.

Bandpass filters:

QUESTION: | have an application that
requires filters. Why should | consider
SAW devices?

QUESTION: What about hybridizing?

ANDERSEN: This may be a very smart
move. With our in-house hybrid facility, we

ANDERSEN: Want to eliminate tuning?

Need very sharp passband skirts (i.e. low can deliver maximum performance in a
shape factor) with high close-in rejection? minimum space. Buying a zero-loss SAW
Low ripple? Phase that can be linear or filter module or an entire hybridized An-
non-linear, as you choose? Small size? Dy, dersen IF section may improve your system
Highly repeatable characteristics? These t

L performance, reduce size, increase reliability
are the areas where SAW filters excel. If . and fully exploit the advantages of SAW
any of these factors are important, you technology.

should be looking at SAW's.

QUESTION: How do | get started?
QUESTION: How expensive and

how long will it take to get my filter? ANDERSEN: Just give us a call. We'll do

\@_ everything we can to meet your needs.

ANDERSEN: That depends on your - » Or, if you simply want more information,
specs. But we have hundreds of b send for Volume I of our comprehensive
stock designs to choose from (we're handbook on Acoustic Signal Processing.
the oldest SAW manufacturer), so In it, you'll find the right Andersen to most
it's very possible we already have B of your SAW questions—and specs’on the
one that meets your specs. If £ latest quels. ; _
not, with our recent major staff [ @ o : Write to Andersen Laboratories,
increase we offer one of the S 1280 Blue Hills Avenue,
largest groups of SAW design- ¢ > Bloomfield, CT 06002.

Or phone (203).242-076l/
TWX 710 425 2390.

ers of any U. S. company to
meet your needs fast and
at aggressive new pricing.

® ANDERSEN LABORATORES

A Subsidiary of ANDERSEN GROUP

When it's a question of SAW,
Andersen is the answer,
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Come see us at the RF Technology Exp.o

Filter Bank
{actual size)
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