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For off-the-shelt

custom and specialty
RF products,

Amperex/Philips produces a full line of Ceramic
Strip-Line Transistors, Leadless Semiconductors, Linear
Wideband Amplifiers, and Pin Diode Drivers for RF
applications.

Ceramic Strip-Line RF Transistors. Low noise, low
impedance devices for thru-hole and surface mount
assembly applications, featuring all-gold metallization
systems for ultimate reliability over a wide range of
temperature operating conditions.

Linear Wideband Ampilifiers. Single stage amplifiers
for linear wideband applications up to 400 MHz, featuring
all-gold tnin film construction. These devices are available
in low-cost TO-39 packages for both commercial and
military temperature ranges.

_our name stands out.

Leadless Inverted Devices. High-density surface
mountable products, LiD’s are ideai for designs where
minimum capacitance and inductance are essential, and
wherever high shock environments exist.

Pin Diode Drivers. Thin film hybrid integrated circuits
in hermetically sealed flatpacks, designed for driving PIN
diodes in fast microwave switching applications.

When you need reliable RF products from a
aependable supplier, Amperex/Philips is the name that
stands out. For price, delivery, or technical discussions
with our engineers, write or call Amperex Electronic
Corporation, Slatersville Division, A North American
Philips Company, Providence Pike, Slatersville, Rl 02876.
Phone (401) 762-9000; TWX: 710-582-6332.

AMmMperex

See us at RF Expo/East, Booth #217 & 219.
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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 vou
can't get those signals through noisy, low-
quality front ends that put up theirown
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 PARF942
MRFC951 MRF951 MRF952
\g/ K /
MMBR941,L MRF9411,L !
MMBR951,L MRF9511,L

b

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 ditferent
package styles, including plastic Macro-X

See us at RF Expo/East, Booth #115-119, 214-218.

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 naise
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, PO. Box 20912,
Phoenix, AZ 85036 and we’ll send vou

atmevheox  VNETE
package, an appli- nyvour
cation note on et
aesiZn-1n
team.

noise figure con-
cepts and data
sheets.
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To: Motorola Semiconductor Products, Inc.
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The Bottom Line In
Bipolar Performance
Is Value

It’s time for final decisions. The sales
3 pitch has been heard, the data sheets read,
the samples delivered. You now sit down
o~ by yourself, in your lab, on your test equip
ment, and sce how they really perform.
7 You'll expect. of course, the very best
gain and noise figure within your cost con
- straints. That’s why NEC has introduced
these new high performance bipolars,
5 NE856 and NE68(0/681, in SOT23 and
20 Micro-X packages at such reasonable
FREQUENCY (642) prices...to give you valie.

For oscillator and gain stage applica
tions the NE856 is an excellent candidate,
while the NE680/681 would be the ideal
choice for your low noise, high gain re
quirements. Each of these NEC bipolars uses
titanium, platinum, and gold. along with
Si0, and SisNy passivation to give you the
highest reliability.

Whether you're working in such areas
as electro-optics, cellular radio, GPS, or
MMDS, vou can have that renowned NEC

vality. And you’ll have it where it counts
the most...on the bottom line. That'’s value.

Send for your free NEC bipolar brochure
and data sheets. Our comprehensive bipolar
line will have what you’'re looking for...
value.

4.0

3.0

2.0

01

e et Quality Speaks For Itself

CALIFORNIA EASTERN LABORATORIES
32060 Jay Street. Santa Clara, CA 95054 (408) 988-3500

NEC
b > Western (408) 988-3500 Eastern (301) 677 1310

. Canada (613) 726 0026
NEC Corporation Europe: NEC Electronics Gmbli 0211/650301

See us at RF Expo/East, Booth #438 & 439. INFO/CARD 3
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New Directions for Hewlett-Packard

In a significant change of direction, HP has entered the low-cost spectrum
analyzer market, but with traditional HP quality. The HP 8590A covers 10 kHz
to 1.5 GHz, weighs 30 Ibs., and costs $9,500. More on pages 40-41.

Features
29 Special Report — New Shielding Methods and Materials

A look at some new developments in RFI shielding. This report includes a description
of a hospital MRI room installation using 3M’s new joint sealing tape.

37 Digital Connection — DMOS Analog Switches

. ; . . Solid state switching is constantly improving, making it more useful in RF circuit design.

1 : 1 ) I A new switch product from Topaz is an example. — Gary A. Breed
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replace filters, and other applications of diplexer filters. — Francois Methot

104 Broadband Noise Improvement in RF Power Amplifiers
The authors present methods of reducing unwanted emissions from transmitters in multi-
radio environments. — Ernie Franke and Joseph Deleon
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When you need more crystal
filter performance in less space,
we re-think basic assumptions.

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

Then there's our HC45 package,
meeting or beating fundamental
filter specs at one-
third the usual

size. And our

sub-mini tubular

(17-250 MHz, | | f
.12"D. x .32""'H.). ‘

And our [
matched filter sets, ‘
smallest in HE45 Subsmini
the industry. ok
Two minus one equals two.
When you need more perfor-
mance in less space, call on us.

Our new formula
can't be equaled.

Crystal Products, Inc.
*‘Where the Impaossible Becomes the Ordinary.
121 Water St.

Mineral Point, Wl 53565
(608) 987-3363, Telex 467581

INFO/CARD 4
See us at RF Expo/East, Booth #328.

»rF editorial

Thanks to the

Contributors

By James N. MacDonald
Editor

Last month we used this space to take
a bow and tell you about some of the
ways we are proud to serve this industry.
Like a conductor we now ask the “orches-
tra” to stand and be recognized. Without
the writers who take the time to share their
knowledge there would be no RF Design.

RF design engineering is one of the
most demanding professions. The know-
ledge and mental agility required is such
that many people could not master it,
even if they wanted to devote the long
hours of study. It is seldom an 8 to 5 job,
and many RF engineers spend their free
time doing some variation of what they do
at work. We should all be grateful that
some of them spend that time writing.

When we suggest that an engineer write
an article about something he or she has
developed, we sometimes hear the re-
sponse, “Where would | find the time?”
It is hard to answer that question. We
know there probably is no extra time for
writing articles. So, we have that much
more appreciation for those who take the
time from something else.

OK, it isn’t all altruistic. We know our
contributors like the recognition from
readers and from their co-workers and
supervisors. Sometimes they are asked
to write an article to explain a new pro-
duct. Behind it all, however, has to be the
desire to share knowledge and advance
the profession. They are proud of what
they are doing and they want other engi-
neers to be the best they can be.

One of the most gratifying aspects of
this job is reading the Comment Cards
that come in almost daily saying, “That
was a terrific article. Let’s have more like
that.” Or, “That article gave me the solu-
tion to a problem I've been working on for
months.” From talking with authors we
know they hear such comments far more
than we do. That is their real compensa-
tion for writing.

As this issue goes to press we are pre-
paring for RF Expo East, Nov. 10-12, in
Boston. There, RF engineers will present
58 papers on some aspect of RF engi-
neering. Preparing these papers is at
least as much work as writing an article,
but this is the third show we have done
in two years with such a technical pro-
gram. The fourth will be next February,
and the program is almost complete for
that one. That will mean more than 200
different papers presented in a two year
period. We sometimes wondered if we
could keep the technical program that
size, but the response to our call for
papers gets larger with each show. And
the quality of the papers remains high.

So, let’s hear it for the people who write
the articles and those who prepare the
papers. Without them there would be no
magazine and no show.

oo ) i
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ATTENUATORS
TERMINATIONS
MATCHING PADS
DETECTORS

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

TERMINATIONS

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

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

DETECTORS
100 KHz - 1000 MHz

Units available 50 or 75 Ohm

JFW Industries, Inc

5134 Commerce Square Dr.
w Indianapolis, IN 46237
317-887-1340
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»F viewpoint

The Power and the Glory

By Gary A. Breed
Technical Editor

987 is going to be a fascinating year

for RF engineers and RF Design! Jan-
uary’s Special Report is on the subject of
RF in Scientific Research, an area where
RF engineering shares in the glory of
radio astronomy, weather research, ele-
mentary particle physics, and space ex-
ploration. It has taken almost no effort to
find many possible avenues to explore in
preparing the report. RF is everywhere in
research, from the expected voice and
data communications to innovative mea-
surements, analysis, and signal process-
ing techniques where RF is integral to the
project.

After the glory comes the power — RF
power. February’s RF Design will feature
new techniques and new devices that
make RF power one of the hottest topics
in all of electronics, searching for higher
power, broader bandwidths, higher fre-
quencies, better efficiency. Part of the
force pushing RF designers to achieve
better power amplifiers is the research
noted above, in Nuclear Magnetic Reso-
nance research, laser drivers, particle ac-
celerator “pumps” and radar. The other

big push comes from communications
systems, where reliability, efficiency and
broad bandwidth are major goals.

On a More Serious Note

Being attuned to scientific research for
the January report, | noted an item that
was carried in the papers a few weeks ago
concerning the resignation of a brilliant
young physicist at Lawrence Livermore
Laboratories.

News about this country’s top scientists
is not unusual, but this story made me
stop and think. Among the expected rea-
sons for dissatisfaction (management
style, job assignments) this man had
another reason for leaving. He had
brought his talents in the field of X-Ray
lasers to the Laboratories with the expec-
tation of using them in medical applica-
tions. Instead, he found himself working
on ‘‘star wars” weapons, and chose not
to continue that work.

| wondered, how many engineers stop
and think about the consequences of their
actions? Do they understand and accept
the role of the finished product, beyond
the assemblage of parts that is their piece
of the system? Can they take pride when
they see that it is useful, and do they
become concerned when the end use
doesn't fit their ideals?

Our recent survey indicated the median
age of RF engineers to be about 36. | am
37 myself, and | can clearly remember the
debate and question over every aspect of
life during the tumult of the late '60s and
early '70s. Have many of us kept even a
little bit of that questioning attitude? Can
we look beyond the power and the glory,
and think about the responsibility we have
for the use of our talents?

. /j
' ‘//‘; a7?('i:<_ ;
__(:(/.'_cX'\ = &
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We're even better than
Absolutely!

you think.

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 (60608B), 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 6071A 60608
Fvequencr i W' E@};lo_@wii T 10kMz to 1030%;
Amplitude - 127dBmto + 130Bm - 127dBm to + 13d8m
Accwacy  +£100B(S20MH)  £108
Spurious T < -0dBc(520MH) < - 60d8c
Modulation VAM.‘FM, oM - AM. M

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 shiglding 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 unparalleled.

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

IFLUKE

INTHE U S AND NON-EUROPEAN COUNTRIES. John Fluke Mg Co , Inc, PO Box C9090, K/S 250C, Everett, WA 98208 Sales (206) 356-5400 Other (206) 347-6100
EURDPEAN HEADCUARTERS: Fluke (Holland) BV, P.O Box 2269, 5600 CT Eindhoven, The Netherlands, f040) 458045, TLX. 51846

See us at RF Expo/East, Booth #536.

Copynght 1985 John Fluke Mfg Co . inc Al nghts reserved Ad No 4401-6060/6071
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Your best source
of custom GaAs
ICs is the same
technology leader
you rely on for
standard GaAs

IC products.

1 see Harri
lots of MM
? E expertise”




Here’s why it will pay you to meet our custom
chip capability — including Analog and Digital ICs!
Whatever the endeavor, there’s no substitute for experience.

That'’s especially true in the world of gallium arsenide
analog and digital integrated circuits. And that’s why you
should turn to Harris Microwave Semiconductor — the
leader in standard GaAs ICs — for all of your custom-design
needs, too.

We've been producing standard GaAs FETs and digital
ICs for years — from substrate to finished device — with
greater product uniformity, higher quality and shorter pro-
duction cycles.

Now, this long-term commitment to quality and uniform-
ity is yours in custom 0.5 and 1 micron MMICs (Monolithic
Microwave Integrated Circuits) and 1 micron digital ICs. We
supply fully documented design rule books and training,
plus options like computer simulation, design assistance,
packaging, testing and screening to make it easy for you
to come up to speed quickly with your monolithic designs.

Our experience can help you get the exact custom GaAs
ICs you need when you need them. Let us introduce you
to our:

e Custom MMICs

e Custom and Semicustom Digital ICs

¢ Custom Analog ICs

e Custom FETs/FET Arrays

e Fabrication Services

When vou consider custom GaAs IC suppliers,
there’s really only one choice. Call Harris Microwave
Semiconductor, 1530 McCarthy Boulevard, Milpitas,
CA 95035; (408) 262-2222; TWX 910-338-2247.

FOR YOUR INFORMATION,
OURNAME IS

HARRIS

Harris Semiconductor: Analog - CMOS Digital
Gallium Arsenide - Semicustom - Custom

qQ) HARRIS

See us at RF Expo/East, Booth #101.
INFO/CARD 7




VIRlF-WRF SYIRNTHESIZERS

Front
or Rear
Output

Rack or Bench
Cabinet

[resaAAAL B\ PTS 500, PTS 250,

*=w. ¥ \PTS 160, PTS 120

Resolution (7 available steps and PTS 040

100 KHz, 10 Kz, 1 Kz )100 Hz, 10 Hz 0.1-500 MHz
2y IS

Frequency Standard f, ast swi tCh’ng

Oven (3 x 10°/day) (+1x 10®/0-50°C) low noise
TCXO (1 x 10°®/day) (+1 x 10%/0-50°C)

AN R

Extra 10 MHz Outputs (replaces the normal 10 MHz output
with 3 passively decoupled outputs which deliver 0dBm into 50 ohms)

Picket Fence Output (A pulse containing all 10 MHz multiples
from 10 MHz to 140 MHz, at a level of -5dBm each)

Filtered Comb (A single frequency output of any 10 MHz multiple from
20 MHz to 140 MHz at a level of 0dBm)

1 MHz External Drive 90° Phase Shifter Manual and/or Remote Controls
(BCD or GPIB)
TLU Resolution Block (1 Hz or 0.1 Hz resolution BTN e e,

with steady-phase-switching) '

Programmable 90dB Attenuator
(fast switching)

NO NRE FOR THESE OPTIONS LA AAA AL LA

PROGRAMMED TEST SOURCES, INC. 9 Beaver Brook Rd., PO. Box 617, Littleton, MA 01460 — (617) 486-3008
See us at RF Expo/East, Booth #519.
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rFletters

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

Reed Relay Loss is
Skin Effect
Editor:

Author Colin Gyles (“Anomolous Be-
havior of Reed Relays,” September 1986,
p.49) discusses a phenomena of hermet-
ically sealed relays, excessive loss of high
frequency response. Gyles correctly notes
that relays employing magnetic materials
exhibit far more loss than similar struc-
tures using non-magnetic materials.

His explanation of a magnetostrictive
phenomenon stretches the imagination.
His own photos show that the conductor’s
effective high frequency resistance is at
least five times that of the DC value. Fur-
thermore, the conductor seems to start
out in the constricted or high resistance
state before any current flows. It is hard
to believe that the conductor constricts to
one fifth of its final diameter in zero time.

The correct explanation is skin-effect
loss. The magnitude of the loss is so
much higher than we are used to seeing
precisely because the materials used are
magnetic. At high frequencies the current
is pushed to the conductor's extreme
outer surface by its high permeability.

Magnetic materials such as Kovar are
used in the manufacture of hermetically
sealed relays because they match the
temperature coefficient of expansion of
the glass to metal seals. Hence, both
glass reed relays and TO-5 style metal
relays exhibit the phenomenon — some
more than others.

There are circuits which compensate
for the phenomenon correctly, although
good compensation requires more than
a few components because skin effect is
not a simple phenomenon which can be
modeled accurately with a single pole-
Zero pair.

John Addis
Tektronix, Inc.
Beaverton, Ore.

Editor:

The article “Anomalous Behavior of
Reed Relays” by Colin Gyles brings to
your readers’ attention an important
phenomenon in precision wideband cir-
cuits. Mr. Gyles comments that the fre-
quency variation of series impedance of
these relays ‘“‘can probably be attributed
to magnetostriction.” However, the phen-
omenon is most certainly due to skin
effect.

RF Design

COTO 9000-0023
REED RELAY

100 nH &

10 nH 4

r 1 ohm

4 10 ohm

/v— 10 ¢ ohm
A

#22 AWG Cu WIRE
EQUIVALENT PATH TG COTO REED

10 * ohm

+ +
1 kHz 10 kHz

Figure 1

e
+ +
100 kHz 1 MHz 10 MHz

Skin effect (1) in copper conductors is
usually not of interest at low MHz fre-
quencies unless the circuit impedances
are very low and/or desired Q very high.
The reed relay armature is made of a fer-
romagnetic material for which (mu/rho) is
much higher than copper (mu = relative
permeability, rho = resistivity). This lowers
the frequency at which skin effect be-
comes dominant.

Measurements of Ls and Rs vs. fre-
quency (f) are shown in Figure 1 for a
CQOTO 9000-0023 reed relay and an equiv-
alent length of #22 AWG Cu wire. These
measurements were made directly on
Hewlett-Packard 4375A and 4274A LCR
meters, carefully autozeroed with a < 3
mm long copper short-circuit. At 4 MHz
the skin effect in the reed is pronounced,
causing most of the current to flow near
the surface of the conductor. This in-
creases Rs by almost an order of magni-
tude relative to 1 kHz. The graph clearly
shows that Rs follows the SQRT(f) behav-
ior associated with skin effect. Ls of the
reed is considerably reduced at higher
frequencies because the magnetic field
is now mostly outside the high mu mat-
erial. This is predicted by comparing the
inductance of a solid cylinder with that of
a cylindrical shell of the same outside
diameter (2).

The elastic deformation implied by
magnetostriction would require the length
of a cylindrical reed to increase by a fac-
tor of 2.6 (assuming the volume of the
reed remains constant) to obtain an in-
crease of resistance by a factor of 7. Clear-
ly this does not happen!

The use of ferromagnetic conductors in
low impedance paths of precision wide-
band circuits should be avoided.

1. Reference Data For Radio Engi-
neers, Sixth Edition (Howard W. Sams &
Co., 1975), p. 6-4, 6-8.

2. L.J. Giacoletto, ed., Electronic De-
signers’ Handbook, Second Edition,
{(McGraw-Hill, 1977), p. 3-43 item 4.

James J. Sanders, Il
Teradyne, Inc.
Boston, Mass.

The Author’s Response

Editor:

Thank you for a really nice presentation
of my article on the “Anomolous Behavior
of Reed Relays.”

| have received a copy of John Addis’s
letter that he sent you, proposing that the
reason for the observed anomoly is due
to skin effect.

I have also had a call from Gordon Long
of Tektronix who explained that they have
been aware of this phenomenon for many
years, attributing it to skin effect being
magnified by the material's high per-
meability.

Since writing the article, | have docu-
mented similar effect in coaxial cables
which are well documented to be at-
tributed to skin effect.

Thus, although there might be a con-
tribution caused by magnetostrictive ef-
fects, the consensus of opinion is that the
predominant factor is skin effect.

Although this effect is well known at
Tektronix, it is not generally known — in-
deed, the reed relay manufacturers don’t
mention it and two manufacturers con-
tacted don't even know of the problem.

My reason for writing the article was to
advertise this subtle problem to other
engineers that might have trouble with it
and not to prove the reason behind it. |
state in the article that ““the cause of this
anomoly is probably due to magnetostric-
tion;” no research or time was spent to
verify it. In fact, another reason for
publishing was to find out if anybody out
there knew the reason, and to that end
it was successful.

Colin Gyles
Analogic Data Precision Division
Danvers, Mass.
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How sure are you of your

Instrument Specialties can

provide you with Certified Testing:..
document with computer print-outs...
recommend corrections if necessary!

What is Certified Testing?

Certified Testing is Instrument Specialties name for its auto-
mated test program that evaluates the effectiveness of the
interference control built into the equipment being tested. It is
available only from Instrument Specialties. State-of-the-art
emissions and susceptibility measurements over the range
of 20 Hz to 20 GHz up to 20 V/m...RF gasket evaluation...
FCC/VDE/CISPR and MIL-STD-461A/B tests... TEMPEST
facility measurements per NACSIM 5203 and 5204 require-
ments. .. all can be performed and documented, depending on
your needs.

How do we test?

Tests are computer-controlled, to provide customized testing
with precise results, repeatability, and hard-copy documentation
to be included in your test reports. In addition to those tests
mentioned above, shielding can be tested to MIL-STD-285,
IEEE 188, NSA, etc. RF gaskets are tested using the SAE
ARP-1705 transfer impedence method, to 140 dB. Computers
and proved software, plotters, signal sources, oscilloscopes,
meters, receivers, amplifiers and antennas are employed in
a quantity and degree of sophistication not available even to
most manufacturers of Class A and B devices. In fact, few, if any,
other test facilities in the U.S. have a comparable array of equip-
ment, calibrated and trace-
able to the National Bureau
of Standards!




Interference Gontrol?

Where do we test?

Your place or ours! If your equipment is portable,
we'll conduct your tests in our new shielded en-
closures, including semi-anechoic (non-echoing).
Commercial tests are confirmed in an open field test
site, itself tested in accordance with FCC stan-
dards. Originally developed to ensure performance
of our own EMC shielding
strips, these superb facilities
are available to you on a daily
basis. Engineering help is also
available on request. On the
other hand, when on-site test-
ing is required, we'll gladly
come to you with our portable
laboratory instruments.

What do you get?

We've been told our Test Reports are the
best in the industry. More detailed, and
much clearer, since you get a continuous
sweep of frequency spectrum—not just a
few hand-plotted points. You get computer
print-outs and documented data which
meet both FCC and military audit require-
ments. And, if desired, we can supply you
with engineering consultation leading to
specific recommendations and verification. Finally, our strict non-
disclosure policy assures that only you or your designees receive this
valuabledata.

For more information on rates and schedule availability, or to
discuss your specific needs, phone and ask for EMC Customer
Service. Or, write us at Dept. RF-29.

1 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
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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:

ie! intech..

282 Brokaw Road
Santa Clara, CA 95050

16

See us at RF Expo/East, Booth #424.
INFO/CARD 10

' ’ Etter S Continued

Well Paid Compared to Whom?
Editor:

As | read your article “Profile of the RF
Engineer,” some questions came to mind.
It is possible that those who respond to
your survey do not represent a valid sam-
ple of RF engineers. The fact they receive
your magazine would indicate they are
keeping track of developments in their
field, and therefore probably the elite of
the group. | recall that back in 1936 the
“Literary Digest,” a leading business
publication of its day, polled its readers
regarding the result of the presidentia!
election. Based on this poll they predicted
Alf Landon would defeat FDR. As you may
remember, Landon won only Maine and
Vermont. Also, it appears that the RF
engineers employed by the federal gov-
ernment (the largest employer of engin-
eers) were not adequately represented.
Starting salaries are below $25,000 and
only a small portion of government en-
gineers ever earn as much as $45,000/yr.

When you state RF engineers are well
paid, | am reminded of the question “How
is your wife?” and the standard answer,
“Compared to who?” RF engineers are
not well paid when compared to those in
the legal, medical, or business profes-
sions. They are not even well paid when
compared to public school teachers. Re-
cent figures show that the average public
school teacher in California receives
$29,950 per year for teaching less than
1200 hours. This equates to $50,000/yr if
they worked as many hours as engineers.

While engineers do earn a living wage,
consider the caliber of these engineers.

1. Scholastically they were in the top 10
percent of their high school class.

2. They completed perhaps the most
difficult and time consuming of all
degrees.

3. They spent four years and $50,000
learning their trade. (No, they did not
receive an education.) This places them
some $100,000 behind union craftsmen
who elected to learn their trade on the job.

4. They struggle constantly trying to
keep abreast of developments in engin-
eering. For example, when | graduated in
1949 there were no semiconductors,
satellite communications, digital com-
puters, color television, information
theory, etc. The older you become, the
more difficult the task of keeping up
becomes. It is like running the 220-yard
dash. You run as fast as you can for the
first 200 yards, and then you sprint.

5. They have the misfortune of living in
the only country in the world where
engineers are paid essentially the same
wage as steelworkers, the building trades,
etc.

The fact that RF engineers are relatively

young can be accounted for in two ways.
First, once they are past 40, they are
vulnerable to replacement due to ob-
solescence. Second, many of the bright-
est ones leave the profession in search
of greener pastures.

Carl W. Chapman
Carmichael, Calif.

Surveys Show Changes

Editor:
It was interesting to compare your re-
cent survey results with those in 1982.

1982 1986
Median Income 32K 45K
Engineering Exp. 15 yrs. 12 yrs.
Education:
BSEE 40% 66%
POST GRAD 29% 37%
BS (any) 32% 17%
NO DEGREE 9% 10%
Amateur Radio License 40% 33%

Median income for the four-year period
has seen the expected increase.

Experience levels have dropped slightly
from 15 to 12 years in engineering with
a much bigger drop in RF engineering ex-
perience from 11 to six years.

This seems to imply entry of exper-
ienced engineers into the RF field rather
than an increase in young engineers
entering the field.

There seems to be a dramatic increase
in BSEEs vs. BS degree holders though
survey techniques might account for
some of this.

Non-degreed RF engineers still remain
around the 10 percent level.

The amateur radio percentage has
dropped from 40 percent to 33 percent,
possibly also indicating entry of engineers
into RF from other disciplines.

The 33 percent figure is actually much
higher than his “ham” operator figured.
Your suggestion that amateur radio is not
as big a factor as one might think is
somewhat like saying that California’s 15
percent of the total U.S. population is not
much of a factor in U.S. government or
culture!

It is also interesting to note the strong
correlation between the MIL/Aerospace
percentages and those who have access
to IBM PCs or “stand-alone workstations”
(73 percent and 72 percent, respectively).
It would be interesting to look at the same
figures for industrial and consumer elec-
tronics segments to see just where those
“other” computers are being used.

It is also interesting to note that almost
20 percent either ‘‘share” or have
“none” . . . one out of five RF Design
readers!

James Eagleson
RF Engineer
Identronix, Inc.
Watsonville, Calif.
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~ “Before it
into the heavens

)

we put alittle part of it
through hell”

When a part goes through hell and commitment from management.
still meets our standards we know it They've given me the most sophisti-
will do its job in the real world. So cated equipment to work with, and

when a source inspector marchesinto  even more important, the people.
Acrian we remain pretty cool and calm.  Fully 10% of Acrian’s work force is in
Parts that meet our rigid inspections  quality control. In fact, confidence
invariably pass government muster. in our parts is so high that many

N . S 31'$ Use us as a single source.
That’s why both the FAA and the Air S OR che IS AR T SITRC RO WS

Force have specified our TAN 250-A So if vour applications demand
power transistor for the TACAN impeccable performance and you
navigational systems. simply cannot afford a failure, come

) ' to Acrian for vour parts.
What do we have in our little torture ’ l

chamber? Qur tests include constant
acceleration, burn-in, HTBR, fine and
 gross leak, high temperature storage,
and temperature cycle testing.

PRODUCT | FREQUINGY | Pout | Gain | Vols |
And it’s not just our hi-rel parts that [ 12504 | 9601215 Mifz | 250\ | 6.24B |50 Vohs
have to stand up to tough treatment. | 1681351600 1800MHtz ) 35W | 70dli | 28 Volis
\\'(1 pe]-f()l'"] ]()( ()0 tes“ng ()fslan_ LDRSSLA | 1200- 1400 MHz | 55W | 6.6dB | 36 Volts
dard production parts as well — 308 SN I PN |
with complete traceability

throughout the system.

All of this. of course, takes quite a

— Alvee Watkins
High Reliability Specialist "

190 Race Street, San Jose, California 95126
(408) 294-4200. TWX (910) 338-2172

See us at RF Expo/East, Booth #528.
INFO/CARD 11



microneticy inc.

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

H-NOISE H-NOISE H-NOISE
NMU 2000 Series NMA 2000 Series NMA 2100 Series

e (LN

Package: = Package: = Package:
14 Pin DIP 14 Pin DIP 24 PIN DIP
Output: ® Qutput: s Qutput:
5dB, 15dB, 30dB ENR 10 millivolts RMS 1 volt RMS
= Upper Freqg. Limit: ® Upper Freq. Limit: = Upper Freq. Limit:
500MHz to 1.5GHz 100KHz to 500MHz 100KHz to 500MHz
= Pulse:
TTL Input
INFO/CARD 105 INFO/CARD 106 INFO/CARD 107

See us at RF Expo/East, Booth #325,




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

FEATURES

s 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

M-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%x.7 inches

Output:
+13dBm

Upper Freq. Limit:
100KHz to 300MHz

{-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 amplifier
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.

4-NOISE
NMA 2300 Series

= Package:
3.75x1.5%x.7 inches

= Qutput:
3 Watts Peak

= Upper Freq. Limit:
100KHz to 300MHz

Output VSWR:

1.2t01
INFO/CARD 103

INFOICARD 12

INFO/CARD 104




U
: 02_
=
-
‘o —
(( t‘. (i
S S N v
— Y
|

-

YVIG Devices: Oscillators and bandpass filters (0.5 to
40 GHz), harmonic generators, band-reject filters and
integrated front ends.

Subsystems: RF and microwave subsystems,
converters, receiver front ends, frequency memory
loops and filter banks.

Switches: PIN-diode switches (0.5 to 18 GHz), optional
drivers, SPST to SP5T.

Microwave Amplificrs: Broad bandwidths (500 MHz
to 20 GHz) 9 to 50 dB gain, +10 to +30 dBm R, low-
noise amplifiers and limiting amplifiers.

Cascadable Amplifiers: Cascadable amplifiers, TO-8
amplifiers, limiters and attenuators (0.002 to 6 GHz).

For more information on these excellent products, contact the Watkins-Johnson sales office in your H
area or telephone Devices Applications Engineering in Palo Alto, California, at (415) 493-4141.
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Iraveling-Wave Tubes: TWTs
and TWTAs (1 to 40 GHz), up to
20 watts CW.

Voltage-Controlled Oscillaters: VCOs, digitally

tuned oscillators and phase-locked oscillators (400 MHz
to 20 GHz) for missile, radar and EW/ECM systems.

Miwers: QPL mixers, image-reject mixers, dual mixers,
thin-film mixers, low- and high-level mixers and phase
detectors (DC to 40 GHz).

Backward-Wave Oscillators: BWOs (1 to 50 GHz).

Ceramic Amplifiers: Surface-mounted (1 10 6 GHz)
“KA”" cascadable FET amplifiers.

WATKINS-JOHNSON

uwJ

Watkins-Johnson—U.SA: e California, Palo Alto (415) 493-4141; Orange (714) 634-1811 @ Florida. Fort Walton Beach (904) 8634191 e Georgia. Atlanta (404) 458-9907 e Illinoes. Palatine (312)'991-0291 ® Maryland.
Gaithersburg (301) 948-7550 @ Masszchusetts. Lexington (617) 861-1580 @ New York, Smithtown (516) 724-0952 e Texas. Dallas (214) 247-1761 e United Kingdom: Dedworth Rd.. Oakley Geeen, Windsor, Berkshire SL44LH
o Tel: (0753) 869241 e Cable: WJUKW-WINDSOR e Telex: 847578  Germany, Federal Republic of: Keferloher Strasse 90, 8000 Muenchen 40 o Tel: (089) 35 97 038 ® Cable: WJDBM-MUENCHEN e Telex: 509401;
Deutschherrenstrasse 46, 5300 Bonn 2 e Tel: (228) 33 20 91 o Telex: (836) 3522 @ Cable: WJBN BONN e ltaly: Piazza G. Marconi 25, 00144 Roma-EUR e Tel: 532 45 54 or 531 25 15 @ Czble: WJ ROM | @ Telex: 612278

See us at RF Expo/East, Booth #535.
INFO/CARD 13




»F calendar

»F courses

November 10-12, 1986

RF Expo East

Boston Marriott Copley Square, Boston, Massachusetts
Information: Kathy Kriner, Convention Manager, Cardiff Publish-
ing Co., 6530 So. Yosemite St., Englewood, CO 80111; Tel: (303)
694-1522 or (800) 525-9154

November 12-13, 1986

FALLCON ’86 — 35th Annual IEEE Fall Conference
Electronics Exposition

Five Seasons Center, Cedar Rapids, lowa

Information: Barry F. Lipp, Publicity Coordinator, PO. Box 451,
Marion, |A 52302; Tel: (319) 395-8545

November 18-21, 1986

Wescon/86 High Technology Electronics Exhibition

and Convention

Anaheim Convention Center, Anaheim, California
Information: J. Fossler, Electronic Conventions Management,
8110 Airport Blvd., Los Angeles, CA 90045; Tel: (312) 299-9311

December 4-5, 1986

28th Automatic RF Techniques Group Conference

Don CeSar Beach Resort, St. Petersburg, Florida
Information: Richard trwin, Systems for Automatic Test, 1282
Reamwood, Sunnyvale, CA 94089; Tel: (408) 734-9447

January 12-15, 1987

SMART Il

Hyatt Regency, New Orieans, Louisiana

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

February 11-13, 1987

RF Technology Expo 87

Disneyland Hotel, Anaheim, California

Information: Kathy Kriner, Convention Manager, Cardiff Publish-
ing Co. (see address above)

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

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

May 11-13, 1987

37th Electronics Components Conference

Boston Park Plaza Hotel and Towers, Boston, Massachusetts
Information: Tom Pilcher, Electronic Industries Association (see
address above)

RF Design

| The George Washington University

{
|

Radar Systems and Technology
November 3-7, 1986, Washington, DC

Grounding, Bonding, Shielding and Transient
Protection
December 8-11, 1986, Ottawa, Canada

Mobile Cellular Telecommunications Systems
December 8-10, 1986, Washington, DC

Wideband Communications Systems
December 15-19, 1986, Washington, DC

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

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

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

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

Synchronization in Spread Spectrum Systems
April 6-10, 1987, Washington, DC

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

Georgia Institute of Technology

Principles of Modern Radar
November 3-7, 1986, Atlanta, Georgia

Phased-Array Antennas: Theory, Design and Technology
November 18-21, 1986, Atlanta, Georgia

Information: Diedre Mercer, Department of Continuing
Education, Georgia Institute of Technology, Atlanta, GA
30332; Tel: (404) 894-2547

Besser Associates, Inc.
Principles of RF and Microwave Circuit Design
November 12-14, 1986, Baltimore, Maryland
December 15-17, 1986, Santa Clara, California

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

Interference Control Technologies, Inc.
TEMPEST Design, Control and Testing
November 4-7, 1986, Santa Rosa, California

Grounding and Shielding
November 11-14, 1986, San Diego, California
December 2-5, 1986, Washington, D.C.

TEMPEST Facilities Design, Installation and Operation
November 11-14, 1986, Washington, D.C.
January 27-30, 1987, San Jose, California

Practical EMI Fixes
December 9-12, 1986, Orlando, Florida
January 20-23, 1987, San Diego, California

Information: ICT, PO. Box D, Gainsville, VA 22065
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»F news

Plessey Technology to Power Wristwatch
Communications Terminal

A wristwatch that can receive and
display broadcast messages has been
developed by AT&E Laboratories, Beaver-
ton, Ore., a subsidiary of AT&E Corpora-
tion, San Francisco. The wristwatch will
use advanced integrated circuit and radio
technology from UK-headquartered Ples-
sey Semiconductors.

AT&E Laboratories selected Plessey to
integrate AT&E proprietary system tech-
nology into two proprietary semiconduc-
tor chips that will be used in an average-
size wristwatch, to receive and decode a
radio signal and display a digital mes-
sage, such as “Call Office,” or call any
designated phone number, as well as
keep time.

The personal wireless wristwatch com-
munications terminal, known as the Re-
ceptor™, combines an extremely
sophisticated FM radio receiver and a
highly accurate standard time piece. Not
only are messages broadcast by local FM
radio stations received and displayed
anywhere in the world, but also variations
in local time, such as those caused by

IBM Ranks No. 1 in Europe
According to a recently published
analysis from Benn Electronics Publica-
tions Ltd. (BEP), IBM has retained its posi-
tion as the leading electronics company
operating in the European market. As
monitored in the latest Seventh Edition of
Benn’s European Electronics Companies
FILE, Top 100 Table, IBM achieved elec-
tronic product sales in Europe of over
$11.7 billion in the 1984/85 period, com-
pared to $11.0 billion the previous year.
This is the second consecutive year
that Philips, the largest European-owned
electronics group, has been forced into
second place by the U.S. computer con-
glomerate. For several years, Philips ex-
erted its leadership in the marketplace
and for the period 1980/81 to 1982/83 held
on confidently to the leading position with
sales of over $10 billion. However, as a
result of a depreciation in the guilder
against the dollar, Philips’ electronics
sales have fallen below the $10 billion
mark in the 1983/84 periods, to $9.7 billion
and $938 billion, respectively, thus mak-
ing way for the challenge from IBM.
Seventy percent of the top 20 elec-
tronics companies operating in Europe
are European-owned, and unlike Philips
most of them have improved on their
overall ranking when compared with the
previous year. Seven of the 14 companies

22

travel between time zones, are auto-
matically corrected for using coded data
on the FM subchannel signal.

“Plessey has the system knowledge,
expertise in RF communications, and the
capability to implement those systems in-
to integrated circuits, as well as high
speed, low power bipolar and CMOS pro-
cesses that will allow the devices to be
economically produced for operation in a
wristwatch/radio environment,” said
Joseph F. Stiley, lil, president of AT&E
Labs.

Plessey will supply two proprietary cir-
cuits, a bipolar direct conversion receiver
and a CMOS decoder for extracting the
message signal for further processing
and display. The RF receiver must oper-
ate with a very low power input (—92 dB)
from the watchband antenna, have ex-
cellent dynamic range (40 to 60 dB) and
operate at low power and voltage. The
CMOS device handles the interface be-
tween the receiver and a microprocessor
which processes and displays the mes-
sage to the user.

moved up the rankings, five moved down
and two stayed the same. CGE of France
and STC of the U.K. made marked im-

J
|

I
|

provements in their ranking by acquisi-
tion, rising 10 and 16 positions, respective-
ly. CGE rose to No. 7 as a result of the
restructuring of the French electronics in-
dustry, which led to CGE acquiring the
communications operations of Thomson.
STC rose to No. 10 in the rankings after
its acquisition of ICL, the £1 billion British
computer group.

In the U.S.-owned group there was very
little change with two groups, DEC and
Hewlett-Packard, moving up the rankings,
two groups moving down (ITT and Xerox)
and IBM remaining unchanged at the top.
The sole Japanese representative in the
top 20 was Matsushita, which dropped
two places to No. 12.

Overall, the total electronics-only sales
of Europe’s leading electronic groups, as
monitored in the Seventh Edition of
Benn's European Electronics Companies
File, reached $104.6 billion in 1984/85,
representing 30 percent of world elec-
tronics output (as monitored in BEP’s
Analysis Series database of 30 leading
electronics nations).

The most profitable companies were
either American or Japanese-owned com-
panies, with average pre-tax profitability
of these two groups reaching 16.9 percent
of sales, and profit per employee averag-
ing $16,340.

The only European-owned group to
rival this dominance is Norsk Data of Nor-
way with an average pre-tax profitability

Table 1. Top 20 electronics companies operating in Europe.

Results 1984/85

Rank to Electronics

1984/85 1983/84 Month/Year Company Country Sales ($M)
1 1 12/84 IBM us 11,741
2 2 12/84 Philips Netherlands 9,845
3 3 9/84 Siemens W. Germany 8,407
4 5 12/84 Thomson France 5,337
5 6 3/85 GEC UK 4,013
6 4 12/84 ITT us 3,576"
7 17 12/84 CGE France 2,883
8 7 12/84 LM Ericsson Sweden 2,854
9 8 12/84 Robert Bosch W. Germany 2,745
10 26 12/84 STC UK 2,145
11 13 6/85 DEC us 1,978*
12 10 11/84 Matsushita Japan 1,966"
13 14 10/84 Hewlett-Packard US 1,765*
14 9 3/85 Plessey UK 1,725
15 16 12/84 Olivetti Italy 1,583
16 12 12/84 Xerox us 1,582*
17 11 12/84 Groupe Bull France 1,556
18 21 12/84 STET-IRI italy 1,396
19 20 12/84 Nixdorf W. Germany 1,339
20 18 3/85 Thorn EMI UK 1,336

*European Electronics Sales Only.
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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. RF-9. Phone: 717-424-8510 ® TWX: 510-671-4526
Specialists in beryllium copper since 1938
INFO/CARD 14



l‘ ' news Continued

reaching 17 percent of sales. By compari-
son with the large electronic multina-
tionals, Norsk Data is a relatively small
company with overall electronics sales of
$168 million, ranking it No. 86 in the Top
100 table. However, irrespective of size the
group also managed to lead the Euro-
pean-owned group in terms of the highest
profit per employee with a figure of
$12,897, while no other European elec-

tronics company managed to return a pro-
fit of over $10,000 per employee.

Further information on this and other
BEP publications is available from: Beryl
Hay or Jackie Amos, Benn Electronics
Publications Limited, Chiltern House, 146
Midland Road, Luton, Beds, LU2 OBL,
England, Telephone (0582) 421981, Telex
827648 BENNLU G, or please circle
INFO/CARD #200.

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 {FF 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.

RF Monolithics, Inc. < 4441 Sigma Road - Dallas, Texas 73244 U.S.A.
Phone: (214) 233-2903 - Fax: (214) 387-8148 - Telex: 463-0088
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Magnavox Introduces Automatic
Vehicle Location System

A newly developed automatic vehicle
location system (AVLS), introduced by
Magnavox Advanced Products & Systems
Company, Torrance, Calif., provides an
automated technique for locating, moni-
toring, communicating with and manag-
ing vehicle fleets.

Gerald A. Gutman, president of the
Magnavox subsidiary NAV-COM Inc., said
the AVLS can help emergency services
improve response time and reduce de-
mands on manpower, while keeping initial
capital investment to a minimum. Gutman
noted that this technology may also be
suitable for a host of other applications,
such as security vehicles, armored trucks,
dangerous cargo transportation, public
utilities, and even motor freight and
package delivery services.

The Magnavox system uses compact
navigation sensors and processors in
each vehicle. These are linked via radio
to a central computer at the dispatcher’s
station. There, the location and status of
each vehicle are shown on a large color
video map display.

A unique feature of the Magnavox AVLS
is its use of precise automatic ‘‘dead-
reckoning” techniques to track the ve-
hicles' positions. The system does not de-
pend on constant reception of signals
from radionavigation sources, such as
Loran-C, which may be subject to disrup-
tion, interference and error. Position sen-
sors track the vehicle’s movement by
automatic inputs from a compass and
speedometer. Position data is automat-
ically recalibrated periodically with signals
from navigational satellites.

The dispatcher’s computer monitors
each vehicle’s location by sending out a
short data burst triggering an automatic
response from the vehicle's processor.
Normally, the driver will not know when
the vehicle is being polled. The frequency
with which a given vehicle is polled is
determined automatically by the dis-
patcher's computer and varies according
to that vehicle’s current status. Thus, a
vehicle that is moving very fast is polled
more often than one moving slowly. The
polling interval changes automatically as
the vehicle status changes. “This type of
smart adaptive polling helps to optimize
the radio link, minimizing congestion and
keeping the frequency channel open for
essential traffic,” said Gutman.

Pre-programmed status messages can
be included in position reports. These
messages can be initiated by the driver
at the touch of a button. Thus, the dis-
patcher can learn when the driver arrives
at the scene, when the driver leaves his
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vehicle or if a driver is in trouble.

The system can also provide a wealth
of information for planning and analyzing
fleet activities. Vehicle locations, ID, time,
status and other pertinent data can be
stored in a database for future analysis.

For further information, contact Theresa
Dale, Marketing Services Department,
Magnavox Advanced Products and Sys-
tems Company, 2829 Maricopa Street,
Torrance, Calif. 90503, telephone (213)
618-1200, telex 696101, or circle
INFO/CARD #199.

EMC Labs Accredited by NBS

Fourteen private sector laboratories that
perform electromagnetic compatibility
(EMC) and telecommunications equip-
ment testing have been accredited under
the National Voluntary Laboratory Ac-
creditation Program (NVLAP), established
by the Commerce Department’s National
Bureau of Standards (NBS). The labor-
atories were accredited for selected test
methods under a new electromagnetics
laboratory accreditation program (LAP).
This LAP was established by NBS —
which manages NVLAP — at the request
of five commercial testing laboratories
seeking international recognition for EMC
accreditation. International recognition of
U.S. laboratories and test methods has
been a high priority of industry groups
and manufacturers to aid them in ex-
porting their products to foreign countries.

With NVLAP accreditation, the labor-
atories automatically receive international
recognition for their testing services
through NBS' agreements with the United
Kingdom’s National Measurement Ac-
creditation Service, Australia’s National
Association of Testing Authorities, and
New Zealand’s Testing Laboratory Regis-
tration Council. Under these agreements,
test data reports listed by an accredited
laboratory in one system are recognized
by the other national accreditation
systems.

Under NVLAP procedures, laboratories
can apply for accreditation in one or more
of the recognized test methods that make
up the electromagnetics LAP. The LAP
provides recognition to accredited labor-
atories that are capable of performing
specific test methods for conducted emis-
sions, radiated emissions, and terminal
equipment compatibility in accordance
with Federal Communications Commis-
sion (FCC) standards.

Established in 1976, NVLAP is a volun-
tary system whereby organizations and in-
dividuals request NBS to establish a
laboratory accreditation program. On an
individual basis, laboratories seek ac-
creditation for having the competence to

RF Design

use specific test methods. “Competence”
is determined by evaluating applicant
laboratories to assure that they have the
equipment, staff. and procedures neces-
sary to perform recognized tests in accor-
dance with nationally or internationally ac-
cepted standards or test methods.
NVLAP-accredited laboratories pay an-
nual fees, go through on-site reassess-
ment every two years, and participate in

scheduled proficiency testing to maintain
accredited status. The laboratories are
listed in the NVLAP directory that is
distributed worldwide.

For further information or a list of ac-
credited laboratories, contact: Manager,
Laboratory Accreditation, A531 Adminis-
tration Building, National Bureau of Stan-
dards, Gaithersburg, Md. 20899, tele-
phone (301) 921-3431.
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MODPAK" Shielded RF Housings
for Prototypes or Production

Your circuit needs the protection only MODPAK
can give. More than 100 standard models to
choose from . . . or we will custom-fabricate to
your specifications. Send for catalog.

Adams ] §Russell

MODPAK
80 Cambridge St., Burlington. MA 01803  (617) 273-3330 * FAX 617-273-1921

See us at RF Expo/East, Booth #425, 427 & 429.
INFOICARD 16
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EEsof Workstation

REMOTE PROCESSING AND
DATABASE SHARING

Microwave
Test
CAT & database

Filter
Programs

filter synthesis

18

LineCalc"™

transmission
line calculation

St -
3
Q

bl Filter
Large-signal amplifier
. 2 Small-signal amplifier

Oscillator

—. Pin Switch

B To trace these sample design problems through the EEsof workstation, just follow the color-coded
numbered squares. For example, to design a dialectric resonator osciilator, start with mw SPICE T to
generate FET s-parameters. Then use E-Syn [l to synthesize matching networks. Next optimize in
Touchstone < to ensure that your oscillator wilt 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 {1 you produce masks and assembly
documentation. You can move back and forth among these programs at will.

microwave
SPICE"

non-linear analysis

HE
[ 1

|

MiCAD"
layout auto route
and documentation

Touchstone®

linear analysis

Touchstone
Sr.™

user-defined
elements

E-Syn”

circuit synthesis

1 &
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EEsof helps you engineer design and test them a

See us at RF Expo/East, Booth #203, 205 & 207.



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

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 arong 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 family of

Mg Heerbrugg Courdinategrach

~
~
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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.

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




M““@ MODEL AC-120140-1000P
v “L’ BAND

IV\'V\Q
1200-1400 MHz.

1 KILOWATT

PULSE POWER
AMPLIFIER

Model AC-120140-1000P is a hermetically sealed
modular power amplifier that provides more
than 1000 watts of pulsed output power in
“L" band, 1200 to 1400 MHz. This compact
amplifier module is well suited for a wide
variety of high power commercial and
military applications. An electrically
stable and mechanically compact
design makes it easily possible to
combine several modules for
multi- kilowatt output power.

Incorporation of a 90° quadra-
ture combiner assures predict-
able 50 ohm system interfaces
and superior performance into
mismatched loads.

FEATURES

« 30 dB gain.

e More than 1000 watts output
into 2:1 VSWR.

e Circulator protected.

¢ 50 ohm input and output.
« Flat gain vs frequency.

¢ High efficiency.

» Hermetically sealed.

¢ Rugged...highly stable.

Please write/phone/telex for additional
details and price/delivery information.

M““ 500 Ellis St. Mountain View, CA 94043 (415) 961-1473 TELEX 508746

MICROWAVE MODULES & DEFCES

For Demonstration circle INFO/CARD #18.  For Literature circle INFO/CARD #102. See us at RF Expo/East, Booth #112 & 114.




rF specialreport

New Shielding Methods and Materials

By James N. MacDonald
Eaitor

With the proliferation of radio communi-
cations equipment, shielding has become
a serious problem. Manufacturers must
protect their equipment from interference
and must assure that it does not radiate
excessive RFI. The more powerful equip-
ment sometimes must be surrounded by
shielding walls to contain its radiation and
protect it from interference. Even entire
buildings are shielded for security rea-
sons. Signals radiated from computers,
for example, can be detected from a sur-
prising distance outside the building and
read.

In this Special Report we take a short
look at some of the new shielding materi-
als and methods on the market to give RF
engineers an idea of the possibilities
available. Shielded enclosures and
shielding materials have been discussed
in this magazine before, so we will not at-
tempt to cover everything on the market,
only some new developments.

Much recent research is devoted to
shielded rooms. Such rooms are im-
portant for measuring radiated emissions
and testing protected equipment and for
such medical techniques as magnetic re-
sonance imaging. Lining the walls with
conductive foil or metal is not difficult, but
RF radiation can penetrate seemingly
tight cracks. Keeping it in or out is not as
easy as was once thought. Major con-
struction problems arise when a prefabri-
cated structure is assembled in a hospital,
plant or elsewhere.

Sealing Doors

Joints and doors pose major difficulties.
Chomerics, Inc., Woburn, Mass., recently
announced METALKLIP, clip-on gasketing
to seal doors. The clip-on feature is said
to provide a simple means of mounting a
carbon-loaded silicone or wire mesh EM!
gasket strip on sheet metal enclosures.
The corrosion-resistant stainless steel
spring clip in which the gasket material
is secured snaps onto the edge of a door
or cabinet frame. Sharp teeth or tines in-
side the clip ensure electrical continuity
between the METALKLIP assembly and
the panel and bite through non-conduc-
tive paint.

RF Design

METALKLIP gasketing can be fabricated
with a broad range of integral EM| gasket
materials, the company said, including
carbon-loaded elastomer, Monel and Fer-
rex over a silicone tube core, or Monel
mesh over a stainless steel mesh core.
Solid or sponge neoprene and silicone
cores are also available. It is offered in
standard 8-foot lengths or custom cut. For
additional information circle INFO/CARD
#220.

Shielded Enclosures

For temporary shielding, a British com-
pany has announced a silver coated nylon
mesh that can be an inexpensive screen
to protect sensitive equipment and con-
tain radiated emissions. Chemring Ltd.,
Portsmouth, England, said the material
can be made into curtains by normal sew-
ing techniques or bonded into fiberglass
laminates for interior surfaces. For infor-
mation circle INFO/CARD #195.

As this issue is distributed, Keene
Corp., Ray Proof Division, Norwalk,
Conn., is announcing a new 60 dB modu-
lar shielding system. Series 73 Plus is
modeled after NSA requirements 73-2A
with a greater shielding effectiveness. Bill
McClain, vice president for sales, said the
shielding industry has been hit with a
series of new shielding requirements
lately.

“When they start totaling up the area
of shielding required and total number of
dollars they start saying there's got to be
a cheaper way to do it,” McClain said.

He said a lot of customers have been
opting for low performance, with such
alternatives to welded or modular con-
struction as foil backed sheet rock, screen
and spray on.

“The problem is that they think they can
get a drywall contractor to install the foit
backed sheetrock. Customers have been
seeing all sorts of problems.”

McClain said the contractors are not
guaranteeing shielding performance. He
said he knows of many applications where
it has not worked.

“It just has not been around long
enough,” he said. “In a laboratory under
perfect conditions it works. Contractors
are not used to the fact that if you scratch

it, you've lost your shielding performance.
They are not used to the care that has to
be taken with penetrations. When you
look at the specs for drywall construction
it is horrendous. It is terribly labor inten-
sive.”

McClain described one installation
where the contractor began with 12 peo-
ple and now has 54 on the job.

Ray Proof installs the modular panels
they have just announced. The Series 73
Plus is like the Series 81 they have been
installing, except that the 28-gauge steel
plate is only on one side. The structural
strength comes from the framing and 3/4
inch Novaply.

“We get some fairly significant cost sav-
ings,” he said. “We can guarantee not on-
ly the shielding effectiveness, but also the
schedule. We know exactly how much it
is going to cost and exactly how long it
is going to take. Shielding does not
become the critical path on the project.”

Circle INFO/CARD #198 for additional
information about Ray Proof shielded
walls.

New Connector Shielding Method

G&G Technology Inc., Camarillo, Calif.,
has developed a method of terminating a
shielded twisted pair into the back of a
Series 4 type connector. Mike van Brunt,
manager of the Electromagnetics Labora-
tory, said this method provides shielding
all the way to the face of the grommet. It
was developed for the U.S. Navy to elimi-
nate the 7 inch pigtails now used.

“We solder a specially designed con-
tact to the shield, and the contact plugs
into a groundplane at the back of the con-
nector,” van Brunt said. “An important
aspect of the design is that it is field
repairable.”

He said the company has received a
patent and is going into the prototype and
testing stage with the device. The com-
pany expects to market it within six
months.

A New Mica Compound
Wilson-Fiberfil International, Evansville,
Ind., has just introduced the industry’s
first nickel-coated mica compounds, which
extend the performance spectrum of elec-
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SURFACE ACOUSTIC WAVE TECHNOLOGY

provides performance advantages and design flexibility thathave proven invaluable to engineers in need of reliable, reproducible components featuring linear phase. temperature stability,
small size, or other SAW characteristics. Increasingly, SAW technology is meeting the exacting requirements of modern systems with high performance bandpass filters, resonator
products, defay lines, and other state-of-the-art signal processing components. Sawtek offers the industry's broadest product line and provides the total engineering support needed to

make the proper design trade-offs among key parameters in order to achieve the optimum performance available from SAW technology.
Sawtek produces hundreds of standard SAW products for both low and high volume programs in Cable Television, Satellite Communications, Modems, Radar, EW, and

many other applications. In addition, Sawtek’s custom design capability can provide technical assistance
and rapid response to new design and production requirements at frequencies from 10MHz to

more than 1GHz. Sawtek also designs and produces subsystems which incorporate
SAW components. These include filter banks comprised of cascaded filters
packaged in a single assembly, SAW resonator-controlled oscillators,
and ovenized components.

Sawtek maintains a leadership role in SAW technology through the

I

development and production of superior SAW components and a proven track record of delivering these reliable, high performance

= |
; ;.‘u‘ﬂ‘l"“l

products on time and at a very competitive price. Product reliability for Sawtek's broad range of military and commercial parts is insured by a . -
watchful quality control program that meets even the exacting requirements of military and space applications.

SAW BANDPASS FILTERS
SAW bidirectional bandpass filters
are available at frequencies from
10 MHz to 1000 MHz. Fractional
bandwidths from 0.1% to 65% are
produced with insertion loss that is
typically 15 dB to 30 dB with shape
factors as low as 1.15:1 and linear
phase response.

LOW LOSS FILTERS

Sawtek offers low-loss SAW filters
for applications where noise figure
or dynamic range are limited by filter
insertion loss. Losses of 4 dBto 10
dB are typical while achieving excet-
lent time spurious performance.

RESONATOR PRODUCTS

Sawtek's resonator products include
- { high-Q resonators for oscillator con-
il trol and ow-loss resonator filters for
narrowband applications requiring
0.01% to 0.25% fractional band-
widths. The resonator filters are pro-
vided in indivi-
dual two-pole
stages and
o incustom
“ modules.

b,
<

\

OSCILLATORS [
SAW resonator-controlled oscil-

lators are produced in both hybrid "-===l
and discrete versions for military, "- |
aerospace and commercial appli- .
cations. Operating at fundamentals

to more than 1000 MHz, SAW oscil- l -.
lators simplify design, reduce cost,
and improve noise

performance
through the —
elimination of | s
multiplier
stages.

DELAY LINES
Sawtek produces non-dispersive
delay lines for signal processing,
oscillator control, and discriminator
applications; dispersive delay lines
for EW receivers and radar pulse
compression systems; and tapped
delay lines.

SAW ASSEMBLIES
Sawtek designs and manufactures
RAC devices and other SAW com-
ponents in ovenized assemblies as
well as filter banks, pulse com-
pression subsystems,
oscillators, and
specialized 4%

.

signal A
processing
modules. &
S 4 .
S — .

w2/ Whenyour system demands the advantages of

SAW Technology...Demand Sawtek.

 SAWWT EK I

INCORPORATED

Post Office Box 18000 ¢ Orlando Flomda 32860
(305) 886 8860
See us at RF Expo/East, Booth #128 & 130.
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New from TRW...

A broadband, medium-power
amplifiqr In a compact package.

¢

TRW RF DEVICES has developed two
new lines of packaged linear amplifiers
that feature . ..

® Heavy-duty machined housing
¢ EMI-RFI shielding

¢ SMA connectors

* Low noise

* High gain (14-36dB)

These new modules are ideal for applica-

tions in instrumentation, communications

equipment and military systems. And
they are lower priced than comparable
products.

The SHP series package measures only
7.2 cubic inches; the DHP series pack-
age measures 9.8 cubic inches.

All products utilize a push-pull configu-
ration and operate with bias voltages of
15V, 24V or 28V. They also are protected
against reverse bias. They meet
MIL-SPEC 883, Methods 1004 and
1009, for humidity and salt spray.

Prices (in quantities of 1-9) range from
$240to $275 for the nine models in the
SHP series.The five models in the DHP
series—which feature higher gains and
power outputs at comparable frequencies
—are priced from $380 to $455.

Look toTRW RF DEVICES
for the latest developments in

RF POWER TECHNOLOGY.

For data sheets, applications assistance
or the location of your nearest stocking

See us at RF Expo/East, Booth #104 & 105.
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distributor, contact Don Murray, Sales
Engineer:

RF Devices Division

TRW Electronic Components Group
14520 Aviation Blvd.

Lawndale, CA 90260, 213.536.0888

GTRW Ine 1986 -TRF 6101

72/

RF Devices Division
TRW Electronic Components Group




oko coils and filters
attack RF design problems

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

to neutralize your

f design problems.

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

CHIP AND

ADJUSTABLE SMD
Need to reduce the
size of your products or
outomate production?
Toko solves these problems with a
wide range of surface mountable
coils and LC, ceramic and helical
tilters in fixed and adjustable con-
figurations. Packaged for automatic
insertion and available for reflow or
solder dipping.

-
o
-

Fore more information on:
Subminiatures, Circle 23
Chip/SMD, Circle 24

efore th

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

module replaces dozens P S

of components.

FILTERS
Fori-f or tuned rf '
circuitry. Toko filters
simplify aftenuation of
out-of-band signals, while cleanly
passing your desired signal. Ultra-
miniature ceramic and LC filters at
popular i-f frequencies fit tight
spaces and tight budgets. With
frequencies up to 1.2 GHz Toko
helical tilters are the right choice for
communications
transceivers.

ACTIVE FILTERS
If you're advanc-

ing the state-of- \\
the-art in digital by
audio or PCM .
products you'll /
appreciate Toko

active filters. Especially
designed for small size and low distor-
tion, they're also very cost-effective.

- ._’--\- _.
" "

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

No matter what Toko coils and filters
you choose, you can be assured of
exceptionally high quality control at
economical prices.

Quality and workmanship that add
value and performance fo your
product.

= TOKO
TOKO AMERICA,INC.

CORPORATE HEADQUARTERS)
250 Feehanville Drive
Mt. Prospect, IL 60056
(312) 297-0070, Telex: 724372, FAX (GIlI):
(312) 699-7864

(Western Branch) 10080 N. Wolfe Rd, SW3-364,
Cupertino, CA 95014
(408) 996-7575, FAX (GlIl): (408) 996-7280

(Eastern Branch) 6 Corporate Park Drive,
Suite 307, White Plains, NY 10604
(914) 694-5618, FAX (GII): (914) 694-6280

(Southeastern Branch) Executive Plaza,
555 Sparkman Drive, Suite 820-C,
Huntsville, AL 35816

(205) 830-0952, FAX (GIlI): (205) 830-5399

Custom Modules, Circle 25
RF & I-F Filters, Circle 26
Active Filters, Circle 27



Now From Comstron...

A Unique Building Block Approach
providing the

ONLY TRUE

High Performance, @ .
Broad Band, Hhpne
Low Noise,

Low Spurious,

Modular

Frequency
Synthesizer with Crdit
Sub-Mlcrosecond

B2 'ﬁ'g tbe cmsai wh’n o‘thervmmaan
défms of low noise and submicrosecond
switching from DC to light. Only :
Comstron’s Model F$2000 Modular
Frequency Synthesizer gives you what
you need in one unit ... Guaranteed A
<lusec switching for any step size s LR T ol 2
between any two frequencies. SETANLGRAIS Sty

50 if you are involved in Secure - P9 L g s ok S8 s
Communications, ATE, Radar ' ;
Cross Section, Target/Threat Simulation,
Instrumentation Radars, Imaging
Radars, FM Pulse Compressions
Radars or Cellular Radio then call
or write us today for complete
specifications or a quotation.

SSB Phaso Moige (in 1 Hz BW) dB Below

WK 100k 1
Oftset trom Carrier (Hz)

comstron corporation

10 Hub Drive, Melville, NY 11747
(516) 756-1100 Telex. 4973525 FAX: (516) 756-1167
See us at RF Expo/East, Booth #229.
INFO/CARD 28
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Matrix Makes Switching
as Easy as “OFF” or “ON”

MATRIX MAKES
SWITCHING A SNAP

Whether you're switching VHF, HF, IF,
video, audio or DC, Matrix Systems
makes it a snap. That's because we
can tailor a system to your exact
needs using Reed, CMOS, or Pin
Diode relays. The chart tells the story.

It pays to deal with a company like
Matrix who really understands the
switching business. We've been
designing and delivering state-of-the-
art systems for over 15 years to
defense contractors, government
agencies, the TV industry, ATE
manufacturers - and more. Built to the
toughest electrical and packaging
specs imaginable.

BUILT TO YOUR SPECS

Don't spend months designing a
custom switching system when we
can do it faster and for far less
money. We assume total system
responsibility, including computer
compatibility, control panel, status
indicators, scanning functions and
power supplies. We can switch any
type of cable system: coax, twinax,
triax, common ground, floating ground
or twisted pair. And because our
systems are modular, repairs can be
made in minutes.

MATRIX COVERS THE
WHOLE FREQUENCY
SPECTRUM

RELAY TYPE

CMOS RELAY

BALANCED AUDIO
< —»

S

BALANCED AUDIO
«———
REED RELAYS

| vIDEO

- — >
CMOS COAX RELAYS
VIDEO, IF, HF

—»
COAX & TWINAX REED RELAYS

IF. HF, VHF

< —»
COAX PIN DIODE RELAYS

—— »
0 FREQUENCY 300 MHz
000000
00]00.0]0
Q00000
Q00000
Q00®00
000000
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COMPUTER
COMPATIBILITY

Just apply a control input from your
computer and the system will instantly
route your signal to as many points
as needed. 16 bit parallel interface is
standard, and we also offer IEEE-488
and RS232, all with status feedback.

NEW PRODUCTS

We have a lightweight portable
system which is perfect for test, and
service. Plus an ULTRA-FAST
(microsecond range) pin diode coax-
ial system.

LEAVE THE SWITCHING
TO US

Don't make switching a chore. Make it
a snap. Matrix has the answers to
your switching probiems, no matter
how tough they may be.

M AT R | X svsrevs comonsrn

5177 NORTH DOUGLAS FIR ROAD
CALABASAS, CALIFORNIA 91302
(818) 992-6776 ¢ TWX 910-494-4975
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DMOS Analog Switches
Solid-State RF Switching Seeks New Applications

By Gary A. Breed
Technical Editor

Analog switching for DC and low fre-
quencies has become quite common-
place, with many standard CMOS com-
ponents now available. However, CMOS
does not have the low capacitance and
ON resistance needed for effective RF
switching. Despite these shortcomings,
CMOS has found its way into many RF
and video applications up to several MHz.
Demand for the convenience of digital
control and the reliability of solid state is
evident.

DMOS (double-diffused MOS) technolo-
gy has now reached a level of maturity for
standard RF switching products to be
readily available. This process has the re-
quired low capacitance and low ON resis-
tance for RF, and can interface with stan-
dard digital logic when combined with
CMOS drivers in the same device. With
best performance at frequencies below
about 100 MHz, DMOS is useful up to
about 1 GHz, with enhancements coming
rapidly.

here are two DMOS processes, verti-

cal and lateral. For RF applications,
the lateral DMOS process (Figure 1, page
38) produces the best switches. Feed-
through capacitance is typically around
0.3 pF and channel ON resistance can be
as low as 20 ohms, with 50 ohms typical
for most configurations. With properly de-
signed packaging, a DMOS switch can
switch RF to 200 MHz with adequate
isolation in the OFF mode. incorporating
compatible CMOS driving logic into the
same device offers the convenience of
control by conventional logic circuits. All
of these factors make DMOS RF switches
worth examination for new designs.

Applications Hints

There are a few aspects of DMOS switch
characteristics that require special atten-
tion. These include harmonic distortion,
power supply decoupling, and supply volt-
age levels.

Harmonic distortion is generated in an
analog switch by the modulation of the
channel ON resistance by the analog sig-
nal. Since the switch is controlled by the
gate-source voltage, it is easy to see how
the analog signal swing changes the
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The Topaz CDG2214N
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Figure 2. CDG2214N insertion
loss vs. frequency.

This is the first published description
of a new analog RF switch from Topaz
Semiconductor, the CDG2214N. A
leader in lateral DMQOS fabrication
techniques, Topaz has introduced this
device, a SPST switch with integral
CMOS logic driver. The switch has
been characterized for insertion loss
and OFF isolation to beyond 200 MHz
(Figures 2 and 3).

The CDG2214N is packaged in an 8-
pin DIP package, with a single switch
per package in a 50 ohm system, the
switch has a typical insertion loss of
6 dB, increasing somewhat at frequen-
cies above 100 MHz. OFF isolation
falls off with frequency from 80 dB or
so at low MHz ranges to 25 dB at 200
MHz. The device can handle analog
signal swings of +10 volts with +15
volt supplies.

The integral CMOS driver operates
from standard 5 volt, CMOS compati-
ble logic input. Switching times are
typically t,, = 50 nS and t = 20 nS,
and are dependent mainly on the
speed of the CMOS driver, not the
DMOS switch element. Figure 4 shows
the switching time test waveforms.

Finally, a significant attraction of
solid state switching is price. The
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Figure 3. CDG2214N OFF isola-
tion vs. frequency.
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Figure 4. Switching time plot,
showing analog switch output
relative to the control logic
input. The CMOS logic driver is
the primary contributor to
switching speed, as it is slower
than the DMOS switch itself.

CDG2214N is offered at 99¢ each in
1,000 piece quantities. The CMOS/
DMOS combination can be manufac-
tured with low enough cost to make
analog RF switching attractive for ap-
plications where it has never been
used before. Topaz Semiconductor,
San Jose, Calif. For more informa-
tion, circle INFO/CARD #214.
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Figure 1. Cross-section of the lateral DMOS structure. The “‘double diffu-
sions” of the body and source create the short channel length that is a

key to its performance.

channel resistance. When the signal
reaches the output termination, the vary-
ing resistance is converted into a chang-
ing voltage, resulting in (primarily) second
harmonic distortion of the analog signal.

The main method of keeping distortion
low is to keep the power supply voltage
five volts higher than the maximum signal

level. This will keep the ON resistance
fairly constant by keeping the gate-source
voltage out of the 2-5 volt range where the
slope of the control voltage vs. channel
resistance curve is quite steep.

Higher impedance can improve har-
monic distortion, but at the cost of fre-
quency response and OFF isolation. The

OFF isolation can be improved with the
TEE configuration, but frequency re-
sponse will still suffer, due to increased
capacitance and higher impedance. It
should be noted that distortion is not as
severe at higher frequencies, where the
source/drain to gate capacitance also
modulates the channel resistance, but
counter to the purely voltage effects,
reducing the overall distortion.

Power supply decoupling is essential
for best performance. Logic signals in the
control circuitry can introduce high fre-
quency noise onto the power supply rails.
Good decoupling methods at the power
supply pins will keep the noise out of the
device, where it could couple into the
analog circuitry.

Although not perfect (is any device per-
fect?), lateral DMOS analog switches are
a recent improvement in low power RF
switching that should interest RF engi-
neers. The technology is also producing
amplifier transistors from small-signal to
medium power levels. The low capacitance
of the process makes sub-nanosecond
switching possible, adding speed to the
switching characteristics. It's a technology
to keep an eye on.

5000 MHz PULSE GENERATOR WITH 30 ps RISETIME
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Above Photos Include the 30ps Risetime of the Sampling Head.

Our newest pulse generator is ideally suited for testing GaAs systems and for driving fast laser diodes. It
features pulse repetition rates from 10 - 5000 MHz, risetimes as low as 30ps, a true dual-channel capability,
independent amplitude (2V max.), and offset controls (—5V to +5V) for each output. All settings are digitally
displayed (Model PG 5000A: $17,500). A 5V dual-channel version is also available for repetition rates up to
3000 MHz, Model PG 3000A at $19,500. High power single-output versions include the Models PG 5000A-
4V t0 5000 MHz and 4V output, and PG 3000A-10V to 3000 MHz and 10V output, at $22,500 each. Foryour
system integration applications, the output drivers of the above pulse generators are offered separately as
clock drivers ($4,800 to $9,500). We also furnish six different dc-coupled clock drivers which operate to
2200 MHz and to 5V per output. They feature variable risetime and duty cycle, programmable output
amplitude and output offset, and sub-nanosecond gating capability ($995 to $3,500).

In addition, our popular PG 1000A pulse generator offers both differential TTL (to 350 MHz) and differential
ECL (to 1000 MHz) with built-in source and variable
Colby Instruments, Inc. duty cycle (1V ECL: $7,700; 2V option: add $800). All
Einciterlsatbesareh & Deslbpint prices quoted are U.S.A. list prices only. Complete
! P specifications on all of our products are available on
1810 14th Street, Santa Monica, CA 90404  request. We also offer custom modifications to suit

(213) 450-0261 specific needs.
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AND THE WINNER IS...

It could be you, in the
Second Annual

RF DESIGN

Dan Baker, Tektronix
1986 Winner

Announcement of prizes will be made
during RF Expo/East in Boston.
Send entries to:

RF Design Contest
6530 So. Yosemite
Englewood, CO 80111

T~

3
Calibrator Circuit
1986 Winning Design

"
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RULES AND JUDGING CRITERIA

Judging Criteria

Each entry will be evaluated in three categories, each
having equal weight:

1.

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

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

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

Entry Rules

iIE

Entries shall be RF circuits containing no more
than 6 single active devices (tubes or trans-
istors), or 4 integrated circuits, or be passive cir-
cuits of comparable complexity.

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

Circuits must be the original work of the entrant.

If developed as part of the entrant’'s employment,
entries must have the employer’'s approval for
submission.

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

Submission of an entry implies permission for
RF Design to publish the material. If published,
the entrant will receive the normal per-page
author’s honorarium.

Deadline for entries: March 31, 1987.
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New Directions for Hewlett-Packard

HP Introduces Low-Priced Portable Spectrum Analyzer

In a significant departure from previous
spectrum-analyzer offerings, Hewlett-
Packard Company announces its first
portable, low-priced RF spectrum analy-
zer, featured on this month’s cover. The
first public display of the unit will be at RF
Expo East, Nov. 10-12, 1986, Boston,
Mass.

The HP 8590A spectrum analyzer (10
kHz-1,500 MHz) weighs 23.8 pounds (13.5
kg), is sturdy and compact (21.3 cm x 36.6
cmx46.0 cm), and has a tilt-bail handle for
easy carrying. At $9,500, the new fully-
programmable instrument is priced sub-
stantially lower than previous HP spec-
trum analyzers. It has nearly all the data-
processing and measurement functions
of the HP 8568B high performance RF
spectrum analyzer that sells for $34,600.

Intended for bench applications in R&D
and manufacturing, and for on-site mea-
surements at remote locations such as

antenna sites, the HP 8590A has an op-
tional cover that protects the front panet
from dust, moisture and impact. This
cover also provides storage for the
operating guide or a handheld computer.

Simplified Manual Operation

The HP 8590A is the first HP spectrum
analyzer to have both dedicated (single-
function) pushbuttons and menu-labeled
softkeys for manual operation. Frequently-
used functions such as center frequency
are activated via dedicated pushbuttons,
while more than 80 additional functions
are accessed by six softkeys labeled with
CRT menus. The company believes this
combination of softkeys and dedicated
keys is the optimum design for easy
manual operation. Most measurements
are made using only three main controls
on the front panel: FREQUENCY, SPAN
and AMPLITUDE. The analyzer automat-

D.AT.A.BOOKS

microwave devices

In Microwave Devices With

Now you can find the latest microwave information fast with NEW
sections on GUNN & IMPATT diodes in the latest edition of
MICROWAVE. Plus, you can easily compare the characteristics of
crossedfield amphtiers, klystron tubes, duplexer tubes, microwave
mixer diodes, microwave video detector diodes and many other

This new edition features specifications on more than 29.000
microwave semiconductor and tube devices from 114

ically adjusts internal parameters such as
resolution bandwidths, sweep time, IF
gain and input attenuation for an optimum
CRT display.

Program with a Handheld
or Desktop

Three different digital interface options
are available for the HP 8590A: HP-IB
(IEEE-488), HP-IL (Hewlett-Packard Inter-
face Loop), and RS-232-C. This means
the new analyzer can be programmed
from a wide variety of computers, in-
cluding HP technical workstations, per-
sonal computers such as HP Vectra PC
and IBM PC, and handheld computers
such as the HP-71B. The HP-71B computer
can fit into the analyzer’s optional front-
panel cover for ease of carrying. With
measurement programs written in BASIC
and stored in the memory of the HP-71B,
tests can be performed automatically at

ST - ;
® CONSULTING
DESIGN
Find The Latest Technology || -—92 AHEUNEDRIETRON

e EM SENSORS

Current Probes
Antennas
FCC & CISPR LISNs

e NANOSECOND TRANSIENT
SUPPRESSORS

Coaxial Lines
Power Lines

manufacturers More than 3.900 new devices have been added plus
informatton on an additional 1.850 devices has been updated In all
over one-third of the information iIn MICROWAVE 1s NEW.

The latest technology plus an easy-to use format. outline drawings
and more make MICROWAVE the best resource available for
microwave device information - and for only $95

To order MICROWAVE or tor a free brochure. call Toll-Free
1-800-854-7030 (In Cahformia. call 1-800-421-0159).

D.A.TA., Inc.
9889 Willow Creek Road
® PO. Box 26875, Dept. SSGN6
San Diego, CA 92126

30 Day Money Back Guatantee
Puce subject to change without notice and 1s good only n the U S

Telephone Circuits
I/0 Semiconductor Circuits

_PeC

Fischer Custom Communications, Inc.
PO. Box 581 Dept. J
Manhattan Beach, Ca 90266
(213) 642-0049
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remote sites.

By bringing along a portable printer, the
user can obtain report-quality test docu-
mentation at the test site.

Built-In Digital Functions

The HP 8590A has more than 100 digi-
tal functions to aid in measurement and
data handling. The SIGNAL TRACK func-
tion holds a drifting signal at center
screen and allows automatic *‘zooming-
in” on a signal — that is, a fast reduction
in frequency span and resolution band-
width to permit close-in analysis.

Marker functions such as PEAK
SEARCH and NEXT PEAK help find sig-
nals of interest, and MARKER DELTA
measures amplitude and frequency dif-
ferences between signals. It also is possi-
ble to stop the sweep at a marker posi-
tion for up to 100 seconds, while monitor-
ing the demodulated signal at the VIDEO
OUTPUT.

Complex measurements- such as per-
cent AM, 99 percent power bandwidth
and signal-to-noise are carried out auto-
matically by other functions. A bandpass
filter's bandwidth can be measured by 3
dB points or 6 dB points. The FFT func-
tion measures low-frequency AM side-

MORE EMI/RFI
PROTECTION

HIGHER PERFORMANCE
Independent tests show Lindgren's double-
electrically-isolated (DE!) design assures higher
shielding effectiveness in low-frequency magnetic

and high-frequency electric fields.

MORE SHIELDING SYSTEM OPTIONS
We ofter a complete line of modular enclosures,

cabinets, and custom rooms.

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

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

guide feedthrus, and lights.

Other options include RF connectors, fiber-
optics, special access panels, automatic doors,

bands such as 60 Hz hum, which are too
low in frequency to be resolved by the
analyzer’s narrowest IF bandwidth.
Digital-trace functions include two ac-
tive traces, trace storage, MAX HOLD (re-
tains maximum trace values) and VIDEO
AVERAGE (smooths displayed-noise
peaks to help in locating low-level
signals). Trace-math functions allow fre-
quency response variations caused by an
external source to be cancelled out (nor-
malized) in stimulus-response testing.
Other functions allow trace data to be
output directly (via the appropriate digital
interface) to a plotter or printer, permit up
to nine different sets of ana'yzer-control
settings to be stored for later recall, and
automatically calibrate the analyzer for ac-

emergency exits, permanent ramps, and flush

floors with low-rise thresholds.

EASY MODULAR ASSEMBLY

curate amplitude and frequency measure-
ments.

RF Performance

The HP 8590A has Gaussian-shaped
resolution bandwidths from 1 kHz to 3
MHz in a 1, 3 sequence and video band-
widths from 30 Hz to 3 MHz. Frequency-
readout accuracy is +5 MHz (+1 percent
of span) and frequency response is +1.0
dB. Maximum sensitivity is —115 dB in a
1 kHz IF bandwidth from 100 kHz to 1.2
GHz.

The HP 8530A portable RF spectrum
analyzer is $9,500. Each digital-interface
option is $450. The optional front-panel
cover is $200. For further information cir-
cle INFO/CARD #129.

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

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

RF Design
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ONLY SUPER-COMPACT
DOES ALLTHIS . . ..

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

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

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




......AND MO

SUPER-COMPACT
PC3.1

SUPPORTED FOR:

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

SUPER-COMPACT
MAINFRAME 1.81

SUPPORTED FOR:

e SUN

* RIDGE

APOLLO

e DEC VAX

¢ |BM 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/PC 4.0
with completely NEW, UNIQUE features, including:
* NEW, IMPROVED 1986 MICROWAVE MODELS

¢ UNRESTRICTED NODAL NOISE ANALYSIS
¢ USER-DEFINED MODEL CAPABILITY

See us at RF Expo/East, Booth #419, 421, 518 & 520.

16157101
0

03724786

A 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!

T CCC COMPACT

* THE SOFTWARE COMPANY

x 483 McLean Blvd. and 18th Avenue, Paterson, New Jersey 07504
. [201)881-1200 ¢ (201) 825-7966 * Telex' 130073 » Fax: (201) 881-8361
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One Antenna Kit
with everything,
togo pl_ease. e o

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.

——— e —— e e ——————
MODEL #  FREQ RESP OESCRIFTION MOOEL #  FREQ. RESP DESCRIPTION

SAS-2DO/E10 300 100 M Log Penode 545-200/542 20 00 MHe  Biconical Faiding
é‘sas-mv!n; lgg ﬂggg :m Log ::uw: SAS-200:650 00V 60 MHI Actve Mooopuoie
5-200/81 } Lag Partocks ZA5-200%60  par MIL-STD-481 Loop - Emission
SAB-200/5t8 1000 - 18000 MHr  Log Penodit 500! )
SAS00/S3)  150- S50 MMe Broacband Diphle B e LT ey N
Mz LF Carrent Probe

SAS- 200,540 20 MHz  Bicoalcal BCP 200510 M- 1
5&5'20(1!‘541 70- ;gg Mvr a.zon‘f.conm-:m BOP-200°511 100 MHe- 100 MMz HF-VNHF Cirt. Probe

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, CA91311
Tel: 818 998-0223
Telex: 182 840 WKVG

See us at RF Expo/East, Booth #118 & 124
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Antennas for EMI Measurements

Part I: Measurement Requirements and Antenna Characteristics

By Edwin L. Bronaugh
Electro-Metrics
Division of Penril Corporation

Measurement of radiated electromag-
netic interference (EMI) seems simple at
first glance, and exceptionally complex
upon further examination. The concept of
measuring field intensity in volts/meter is
straightforward, but the practice of achiev-
ing accurate measurements requires both
the art and science aspects of engineer-
ing. The author has prepared a com-
prehensive examination of radiated EMI
measurement, presented in two parts.
This month, the basic theory of EMI
measurement and the related character-
istics of antennas in general are pre-
sented. In December, the second part will
describe the performance characteristics
of specific antenna types used for rad-
iated EMI measurements.

his article is about radiated EMI

measurements, but the term radiated
if often a misnomer since the measure-
ments are usually made under conditions
which do not permit actual measurement
of the power being radiated from the EMI
source. Radiated power (true radiation or
Poynting vector) measurements are prop-
erly made in free space at great distances
from the source and any reflectors or
other field perturbing objects. Radiated
EMI measurements are often made in the
near field zone of the source, usually near
the ground, and in the near field zone of
the measurement antenna in many parts
of the frequency spectrum. A large body
of measurements, those made in accord-
ance with military standards, are almost
always made in shielded enclosures
where multiple reflections exist. The term
radiated is used in EMI measurements to
signify field strength measurements; elec-
tric-field (E-field) strength measurements
and magnetic field (H-field and B-field)
strength measurements. Under some con-
ditions plane-wave field strength measure-
ments are said to be made, but these are
often made using E-field responding an-
tennas such as dipole, dipole-array, or
monopole-fed-horn antennas so it is usu-
ally better to think of all radiated EMI
measurements as being either E-field or
H-field (B-field) strength measurements.

RF Design

The fields being measured are seldom
plane, homogeneous, or uniform. The
field lines are often curved, the vectors of
the electric and magnetic componenits are
often out of phase, and the waves that ex-
ist are often ellipsoidally polarized (10).
Antennas for measuring these fields,
then, must have characteristics which will
provide the truest feasible response to the
strengths of the fields, and the rules for
using the antennas must assure that they
are used as intended.

In specifying the characteristics of an
antenna for EMI measurements, the
wavelength of the EMI to be measured,
relative to the dimensions of the test setup
and of the antenna, is one of the major
factors. Radiated EMI tests may require
a distance of separation ranging from one
meter for military standards to as much
as 300 meters for some civil standards,
with 3 to 30 meters being typical. These
measurement distances correspond to
one wavelength at frequencies ranging
from 300 MHz down to 1 MHz. Practical
dimensions for antennas to be used in
shielded enclosures are about 2.5 meters,
maximum, and for antennas to be used
on open area test sites may reach six
meters;, but such large antennas are
cumbersome to use and will likely give
poor results.

What does this mean? It means that at
frequencies below about 30 MHz, the
measurements are being made in the
near field regions of both the source of
EMI and the antenna. The selection of 30
MHz is somewhat arbitrary, but coincides
rather well with the characteristics of
many sources of EMI. Between 30 and
100 MHz, the source is usually in a trans-
ition zone between the near field and far
field regions of the antenna, while the
antenna may be in the near field region,
the transitional zone, or the far field region
of the source, depending upon the source
dimensions and radiation characteristics.
Above 100 MHz, the source is usually in
the far field region of the antenna, if the
antenna gain is not too high, but the
antenna may still not be in the far field
region of the source.

In deciding what measurement to make
and thus what the antenna characteristics
should be, the tacit assumption is that
above 20 to 30 MHz the E-Field strength
behaves much as would be expected if
the measurement point were in the far
field region of the source, and thus the
propagation of EMI from the source to a
more distant receptor (susceptor) can be
reasonably predicted on the basis of the
E-Field strength alone. Below about 20 to
30 MHz, both E-Field and H-Field
strengths are often measured at the lower
frequencies, the H-Field is usually chosen
because it is better behaved, easier to
measure, and for many sources can be
used for practical prediction of the EMI
field strength at distant receptors.

Required Antenna Characteristics

The H-Field below 30 MHz is easiest to
measure. An unambiguous measurement
can be made with an electrically small
loop antenna which does not respond to
the electric field. An electrically smail loop
antenna must have a diameter much less
than A/n (A is the wavelength). The smaller
the loop is physically, the less it tends to
average the spatial field strength varia-
tions, and thus the more accurate is the
measure of the field strength at the
measurement point. Another way to put
it is that the smaller the loop, the more
nearly planar is the field across the an-
tenna, and the more accurate the meas-
urement.

The E-Field below 30 MHz is more dif-
ficult to measure because the fields are
perturbed by dielectric materials, thus the
antenna itself, tripods, people and other
objects tend to disturb the measurements.
The E-Field is measured by an electric
responding transducer such as an elec-
trically short monopole or dipole antenna.
To be considered electrically short, a
monopole should be much shorter than
A/4 and a dipole should be much shorter
than A/2. The shorter the antenna, the
more nearly planar the wave across it and
thus the more accurate the measurement.

In the frequency range above 30 MHz,
the antenna should either be electrically
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short, or the source of EMI should be in
the far field region of the antenna.

For simple dipole antennas, the middle
of the transition zone is marked by the
distance A/2n, and the transition zone oc-
cupies a shorter range of distances for
electrically short antennas than for elec-
trically large, e.g., half-wavelength dipole
antennas. Half-wavelength dipole an-
tennas should be used at a distance
much more than A/2n from the source of
EMI with a good “rule of thumb” being
five times this distance. Electrically short
dipole antennas should be more than
their half-lengths from the source of EMI.
Again, the smaller the antenna and/or the
farther it is away from the source (or from
the field-perturbing objects), the more ac-
curate the measurements.

For complex arrays or aperture an-
tennas (horns, etc.) having gains higher
than simple dipole antennas, the far field
region starts at a distance inversely
related to the gain of the antenna. For
aperture antennas, this distance is com-
monly accepted to be 2D2/A, where D is
the largest linear dimension of the
aperture.

Wide-bandwidth antennas provide for
much more convenience and efficiency in
making EMI measurements. Antennas
which must be readjusted at each fre-
quency make measurements much more
time consuming and tend to prevent their
automation. For that reason, electrically
small antennas, biconical dipole anten-
nas, log periodic dipole array antennas,
conical log spiral antennas, and horn
antennas tend to be more popular for EMI
measurements than half-wavelength
tuned dipole antennas.

EMI Antenna Design

The study and understanding of the
design and use of EMI antennas could
start many places, but since the antenna
factor relates the design of the antenna
to its use through its performance we will
start with the Antenna Factor: What it is,
what factors it contains, how it is mea-
sured and how it is used.

The antenna factor for an EMI antenna

46

is defined by equation (1) which shows the
relationship between the loaded two-
terminal output voltage V, of the antenna
and the strength E of the electric field in
which it is immersed. The units are volts
and volts per meter, respectively.

AF = E/V, (1)

This deceptively simple factor may be
analyzed as the product of several coef-
ficient factors which describe mathemat-
ically how the antenna works. Each of the
coefficients is the result of the function-
ing of some part of the antenna, so that
the number of them included in the an-
tenna factor and their values depend
upon the design and construction of the
antenna. Two of the coefficients which are
always included are a conversion factor
which converts from values of field
strength to values of open-circuit anten-
na terminal voltage and a load correction
factor which relates the voltage across the
load circuit connected to the antenna to
the open-circuit antenna terminal voltage.
In addition to these, there are usually a
number of other coefficients to correct for
impedance mismatches, transformations,
and losses in the several parts of the
antenna.

The conversion factor is the kernel of
the antenna factor, having within it the ef-
fective height or length of the antenna in-
cluding gain and pattern effects. The con-
version factor is usually given for the
antenna pattern maximum since that is
the way in which the antenna is typically
used for EMI measurements. For dipole
and monopole antennas, the conversion
factor is the reciprocal of the effective
length or height, for loop antennas it is
proportional to the reciprocal of the
square-root of the effective area. The gain
and effective area of a complex antenna
are alway related to power transfer. Thus,
the square-root of these quantities is used
when they are related to the electric fieid
strength or the terminal voltage, as is
done in the antenna factor.

The load correction factor accounts for
the ratio between the open-circuit voltage

at the antenna terminals and the closed
circuit voltage across the load connected
to the antenna. For a relatively simple
antenna such as resonant dipole, this is
often taken to be a factor of two (6 dB).
This is based upon the idea that the load
impedance matches the antenna feed-
point impedance, e.g., approximately 73
ohms for an ideal half-wavelength res-
onant dipole antenna. Any mismatch be-
tween the load and the antenna im-
pedance is accounted for by a separate
“mismatch” factor.

If no impedance matching is provided
between the antenna and load, then a
coefficient to account for the “mismatch
loss” must be included in the antenna fac-
tor. This mismatch loss is not energy
dissipated as in a resistance; rather it is
energy reflected from a point of mismatch,
the impedance discontinuity, back into the
antenna to be reradiated.

Use of a BALUN

A balanced antenna such as a dipole
must be kept balanced if it is to perform
correctly. If it is connected to the EMI
meter by a coaxial transmission line (as
is commonly done), then it must contain
a balanced-to-unbalanced transformer
(BALUN). In some antennas this trans-
former may also perform an impedance
transformation along with its balanced-to-
unbalanced transformation. This BALUN
may be realized as a lumped-element cir-
cuit such as a set of tightly coupled win-
dings of wire on a ferrite toroid or as a
distributed element circuit using pieces of
transmission line. In any case, its trans-
forming action and its losses must appear
among the coefficients in the antenna fac-
tor, either implicitly or explicitly.

In some antennas, a carefully designed
BALUN provides balancing for the an-
tenna, but impedance matching is done
by a resistive attenuator proportioned so
that the antenna is matched, the transmis-
sion line is matched, and the entire loss
is 10 dB. This makes the antenna factor
larger, but both the antenna and its
transmission line are properly terminated
over a very wide band of frequencies. This
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The best hybrids for radar
arent always hybrids.

They're SL2521 Monolithic Log Amps better than 20ns with 2ns rise times and
from Plessey. You heard right. Monolithic. 6ns fall times. It's the world’s fastest
Our advanced 3 micron oxide monolithic log amp.
isolated bipolar process allows us to put And, like Plessey’s complete family
Phase, Video and IF limiting functions of monolithic ICs, the SL2521 meets
on a single chip. About one-third the MIL-STD-883C requirements.
size of bulky hybrids. In fact, it’s the only log amp with
So now you can achieve a guaranteed performance at +125°C,
higher level of performance and making it ideal for the most demand-
reliability with less power than ing radar applications.
most hybrids. Not to mention a So if you still think a radar hybrid
lower price. has to be a hybrid, we'd like to change
Standard features found in the your mind. Call Plessey at 800-321-0871
SL2521 include 1.3GHz bandwidth, or 714-951-5212. For free on-line informa-
balanced IF limiting, temperature sta- tion, dial 1-800-345-7335* Or write us at

bility, phase linearity better than 2° ‘Tﬁg Plessey Semiconductors, 3 Whatney,
(six-stage strip), and pulse handling & Irvine, CA 92718.

& PLESSEY

Plessey and the Plessey symbol are trademarks of the Plessey Company plc.

*Use any 80-column ASCII terminal or PC and a 300 or 1200 baud modem
(EVEN or IGNORE parity. 7 data bits. 1 stop bit.) At “Enter Response Code. Type LOGAMP In Conn. Dial (203) 852-9201.

See us at RF Expo/East, Booth #524.
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— 70 Nanosecond Switching
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PLL and Hybrid Units

— Phase-Continuous

— Upconversions to VHF, UHF

allows for a much more accurate calcula-
tion of the antenna factor of the antenna
from its physical properties, but such an
antenna will still perform inaccurately if it
is used improperly.

The preceding discussion has given a
description of the antenna factor, telling
what it is and indicating how it might be
found. However, except for certain anten-
nas finding the antenna factors by calcula-
tion from design parameters is fraught
with many potential errors. (The perfor-
mance of antennas such as standard gain
horns, and some electrically small elec-
tric and magnetic field sensors can be
determined quite accurately and reliably
as a function of their geometry.) For most
antennas, it is far better to measure the
antenna factors by the careful use of a
technically sound procedure (1). There are
four general approaches to making an-
tenna factor measurements. In one, the
gain of the antenna is measured under
conditions that may simulate the actual
use of the antenna. In the second, a stan-
dard field is produced and the antenna
factor is determined directly by placing the
antenna in the field and calculating the
ratio of the field strength to the measured
output voltage. In the third method, the
antenna to be calibrated is substituted in
a constant field for an antenna of known
performance and the antenna factor cal-
culated by comparison. In the fourth
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— High Resolution
— Excellent Cost/Performance
— VHF to UHF

Custom and Standard Products

7380 Clairemont Mesa Boulevard,
San Diego, CA 92111, 619/292-0500, Telex: 882008

method, the attenuation between three
pairings of three antennas is measured
on a standard test site and the antenna
factors for each antenna calculated from
the proven propagation theory for the site.
These methods are discussed in more
detail in references (1, 2, 3 and 4).

The use of the antenna factor is readi-
ly apparent, but not so easily seen are the
implications of its use. Referring to equa-
tion (1), note that the units of the antenna
factor are reciprocal meter. When the
antenna factor is multiplied by the two-
terminal voltage measured at the output

of the antenna, this voltage is converted
from volts to volts (or amperes) per meter,
in terms of field strength. One can see
that the strength of an electromagnetic
field may be accurately measured by any
antenna for which the antenna factor is
accurately known. Usually the antenna
factor is given in dB (m-1) or dB(S/m) and
it is added to the two-terminal antenna
output voltage in dB(uV) measured by an
EMI analyzer giving the field strength in
dB(uV/m) or dB(uA/m).

Since factors are usually given and
used in decibels, it will help to first restate

2./2
AAAm

LE (v

S g

>
T

N:1

Z,/2 L e e
BALUN

l
|
|
I
i
!
4

L-—————-——— =

Figure 1. Simplified circuit model for a dipole antenna.
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® 500 MHz to 2 GHz,
Up To 500 MHz Bandwidth
® Low Phase Noise
<. —90dBc/Hz at 1kHz offs
< — 110dBc/Hz at 100kHz
® .5, 1,2, 10 MHz step sizes

® SAW resonator/oscillator

® Low power (under 10W)

® Modular with BITE—low MT
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equation (1) in dB as shown in equation
(2). In the remainder of this discussion,
we will be considering the antenna fac-
tor for electric field or planewave anten-
nas, but the ideas also apply to magnetic
field antennas.

AF = 20 log E — 20 log V, @)

The antenna factor is in dB(m~). The
values of 20 log E and 20 log V, are
usually in dB(uV/m) and dB(uV). Common
logarithms are used. A more specific rela-
tionship for dipole antenna factors is
shown in equation (3).

AF =6 - 20 log L, + A, + 20 log
[(Zare + N2Z)/2NZ,] )

Figure 1 shows the circuit model of the
dipole antenna used in this equation. The
symbols used in equation (3) and Figure
1 have the following meanings:

The constant 6 is the 6 dB conversion
from open circuit voltage to the voltage
across a matched load.

L. is the effective length of the
antenna in meters.

Z. is the impedance of the antenna
as a source (feed-point impedance) in
ohms (Z,,, may be resistive, or
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complex).

Z, is the impedance of the load con-
nected to the antenna in ohms.

A, is the loss (not including the ef-
fects of the transformation ratio, if any)
in the BALUN in dB.

N is the antenna-to-load voltage trans-
formation ratio of the BALUN (usually
either unity, N = 1, or scaled for im-
pedance matching, N = V2, /Z)).
In the general case, the impedances
are complex numbers, i.e., Z,,, = R, +
Xam @nd Z, = R_ + jX,, and the BALUN
does not provide a perfectly resistive
transformation. These effects are usually
ignored when the antenna factor is cal-
culated on the basis of “theoretical”
values, because they make the calcula-
tion much more cumbersome if included.
However, ignoring them causes the calcu-
lated antenna factor to be incorrect. These
concepts will be used or referred to next
month in Part II: Characteristics of Speci-
fic EMI Antennas. ]
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Low Cost Monolit

Unprecedented
Bandwidth and
Performance

M/A-COM low cost monolithic
switch and attenuator circuits offer
state-of-the-art performance over
never before achieved bandwidths
from dc to 20.0 GHz. All of these
MMIC units boast very fast switch-
ing time of 3ns with minimal current
consumption of less than 10uUA. Low
cost is gained as a result of integra-
tion of FETs and circuit components
that dramatically reduce the high
labor costs associated with hybrid
device fabrication.

These SPST, SPDT and SPMT
switches combine broad bandwidth
performance with high isolation
and low insertion ioss. The inherent
isolation in the dc bias lines elimi-
nate the need for dc blocks and rf
chokes, thus extending the opera-
tional frequency range.

Our voltage-controlled, matched,
analog attenuators achieve any at-
tenuation level within the specified
range along with outstanding tem-
perature stability and frequency
flatness. Rated input power for linear
attenuation is at +13dBm with inser-
tion loss only 1.8 dB at 20.0 GHz.
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i

Both the switch and attenuator chip
circuits are typically only 37 X 44 mils.
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equation (1) in dB as shown in equation
(2). In the remainder of this discussion,
we will be considering the antenna fac-
tor for electric field or planewave anten-
nas, but the ideas also apply to magnetic
field antennas.

AF = 20 log E - 20 log V, @

The antenna factor is in dB(m-'). The
values of 20 log E and 20 log V, are
usually in dB(uV/m) and dB(uV). Common
logarithms are used. A more specific rela-
tionship for dipole antenna factors is
shown in equation (3).

AF =6 — 20 log L, + A, + 20 log
[(Zam + N2Z)/2NZ\] ©)

Figure 1 shows the circuit model of the
dipole antenna used in this equation. The
symbols used in equation (3) and Figure
1 have the following meanings:

The constant 6 is the 6 dB conversion
from open circuit voltage to the voltage
across a matched load.

L. is the effective length of the
antenna in meters.

Z. is the impedance of the antenna
as a source (feed-point impedance) in
ohms (Z,,, may be resistive, or
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complex).

Z, is the impedance of the load con-
nected to the antenna in ohms.

A, is the loss (not including the ef-
fects of the transformation ratio, if any)
in the BALUN in dB.

N is the antenna-to-load voltage trans-
formation ratio of the BALUN (usually
either unity, N = 1, or scaled for im-
pedance matching, N = vV Z,./Z)).
In the general case, the impedances
are complex numbers, ie., Z,,, = R, +
Xaw and Z_ = R, + jX,, and the BALUN
does not provide a perfectly resistive
transformation. These effects are usually
ignored when the antenna factor is cal-
culated on the basis of “theoretical”
values, because they make the calcula-
tion much more cumbersome if included.
However, ignoring them causes the calcu-
lated antenna factor to be incorrect. These
concepts will be used or referred to next
month in Part li: Characteristics of Speci-
fic EMI Antennas. Irf]
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Low Cost Monolithic

Unprecedented
Bandwidth and
Performance

M/A-COM low cost monolithic
switch and attenuator circuits offer
state-of-the-art performance over
never before achieved bandwidths
from dc to 20.0 GHz. All of these
MMIC units boast very fast switch-
ing time of 3ns with minimal current
consumption of less than I0UA. Low
cost is gained as a result of integra-
tion of FETs and circuit components
that dramatically reduce the high
labor costs associated with hybrid
device fabrication.

These SPST, SPDT and SPMT
switches combine broad bandwidth
performance with high isolation
and low insertion loss. The inherent
isolation in the dc bias lines elimi-
nate the need for dc blocks and rf
chokes, thus extending the opera-
tional frequency range.

Our voltage-controlled, matched,
analog attenuators achieve any at-
tenuation level within the specified
range along with outstanding tem-
perature stability and frequency
flatness. Rated input power for linear
attenuation is at +13dBm with inser-
tion loss only 1.8 dB at 20.0 GHz.
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Both the switch and attenuator chip
circuits are typically only 37 X 44 mils.
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See us at RF Expo/East, Booth #329, 331 & 333.
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Expandable
design choices

Cascadable circuit topology allows limitless
opportunities in design and integration.
Imaginatively arranging the various switch
and attenuator “circuit blocks™ designers
can easily synthesize higher isolation

or single pole multi-throw configurations
utilizing switch and attenuator chips
throughout all their system requirements.
The result is increased circuit integrity al-
lowing new latitude in GaAs applications.

M/A-COM is committed to providing

the broadest choice of monolithic GaAs
control circuits in the in- i1 06
dustry. They are available :
for immediate delivery in

chip or packaged form.

Put our GaAs leadership
to the test

Write for detailed literature on this new
family of low cost monolithic control
circuits to M/A-COM Advanced
Semiconductor Operations,

100 Chelmsford Street, Lowell, MA 01851
or call (617) 937-2872.
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rF expo east products

New Products Featured at
RF Expo East

Dozens of Companies Choose Boston as the Place to
Unveil New RF Products.

Hewlett-Packard’s Spokane Division Presents High Performance Phase
Noise Measurement System.

The HP 3048A is a new, high perform-
ance phase noise measurement system
with a noise floor low enough to measure
even very low noise reference sources.
This means that the actual noise sensitivi-
ty is limited only by the reference source
used to demodulate the phase noise.
Measurement by the HP 3048 over the
0.01 Hz to 1 MHz offset range is specified
to an accuracy of +2 dB. At offsets greater
than 1 MHz, accuracy is specified at +4
dB, to accommodate the variety of spec-
trum analyzers that the system can con-
trol to measure this range.

The HP 3048A system includes the HP
11848A Phase Noise Interface, including
the necessary phase detectors, amplifiers,
filters and switches for phase noise
measurement over 5 MHz to 18 GHz. An
input for an external phase detector for
other frequencies is provided. The HP
3561 Dynamic Signal Analyzer, another
part of the system, makes Fourier-type
measurements on signals within a uHz to
100 kHz. Built-in averaging and large
dynamic range make it capable of quan-
tifying demodulated phase noise.

The final part of the basic system is the
System Software, providing the measure-
ment program and the BASIC operating
system for the controller.

Options include adding the HP 8662A,
HP 8663A, or the HP 8642A or B model
signal generators, the HP 3585A spec-
trum analyzer, or the HP 11729C carrier
noise test set. AM noise detector, high fre-

54

guency phase detector, and a system rack
are other possible options. Arrangements
can be made to include compatible equip-
ment that may aitready be available to the
user.

The basic system with HP 11848A, HP
3561A and operator’s training course (on-
site training) has a price of $31,500.
Hewlett-Packard, Spokane Division,
Spokane, Wash. INFO/CARD #177.
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Synthesized Signal Generator:
John Fluke Mfg. Co.

The 6061A programmable synthesized
signal generator is the latest addition to
the 6060 family, with increased spectral
purity and performance features. The
6061A has a frequency range of .01 to
1050 MHz with 10 Hz resolution. Ampli-
tude range is from —127 to +13 dBm with
0.1 dB resolution and an absolute ac-
curacy of +1 dB. Internal and external AM
and FM can be used in combination or
separately. U.S. list price is $5695. A high
stability reference oscillator option (—130)
is $850, medium stability reference option
(—132) is $300, and a rear panel RF out-
put option (—830) is $105. John Fluke
Mfg. Co., Inc., Everett, Wash. Please
circle INFO/CARD #176.

2-8 GHz Drop-In Amps:
Microwave Research & Mfg., Inc.

MRA-8 drop-in amplifiers will be in-
troduced by MRM™. With 15 dB gain,
these devices provide broadband ampilifi-
cation over the 2-8 GHz range in a micro-
strip-compatible package. Microwave
Research & Mfg., Inc., Hopedale, Mass.
INFO/CARD #175.

Interference requirements.

reliable installation.

* Eliminates broken fingers

* Self cleaning contact surfaces
* Special plating available
¢ Finger width from 3/32”
¢ Bright standard finish

* Gaps up to 3/16”

X

Low Noise, Low Cost GaAs FET:

Motorola Semiconductor Prod. Inc.

Motorola has re-entered the GaAs low
noise marketplace with the introduction of
a low cost field effect transistor. The new
MRF966 dual-gate FET provides lower
gate leakage (1 uA typical), higher gm (18
ms minimum), higher gain than bipolar (17
dB typical at 1 GHz), and low noise (1.2
dB typical at 1 GHz). The MRF966 is a
mass-producible, ultra reliable FET avail-
able in a plastic macro-X package. The
chip (MRFC966) is also available. Pricing
for the MRF966 is $1.95 (100s) and below
$1.00 in volume quantities. Motorola
Semiconductor Products Inc., Phoenix,
Ariz. INFO/CARD #174.

Controllable Power Amplifier:
ENI, Inc.

The ENI solid state amplifier Model
AP-400 is the company'’s first broadband
amplifier offering a controllable output
power. The amplifier covers the frequency
range of 80 kHz to 2.7 MHz with a max-
imum power of 400 watts. The unit may
be operated either as a conventional
amplifier in the unleveled mode, providing
55 dB of gain, or as a controllable power

No-Snag Fingers for RFl/EMI

Beryllium copper shielding gaskets engineered for computer
applications which must comply with the FCC RFI
NO-SNAG FINGERS
feature pressure sensitive adhesive mounting or
the Tech-Etch “Clip-On’’ design for fast,

;,/

4

shielding gaskets to companies in this
country and abroad. Always abreast of the
latest requirements, Tech-Etch engineers can
solve your most difficult shielding problems.

source in the leveled mode. The power
level adjustment is either by front panel
control or a 0 to 10 volt DC signal. The
built-in power meter provides an accurate
indication of both the forward and load
power. A rear panel connector allows the
amplifier to be externally controlled and
monitored. Protected against excessive
mismatch by output power limiter. The
AP-400 is priced at $3,250. ENI, Inc.,
Rochester, N.Y. INFO/CARD #173.

TFE Capacitors and Substrates:
Polyflon Company

Cuflon® is an ultra low loss, high-Q
microwave substrate, featuring a pure
TFE dielectric with a dielectric constant
of 2.1. Cuflon has been successfully used
in applications up to 100 GHz. Copper
cladding is electroplated directly to the
TFE, eliminating added loss and instabil-
ity of a secondary dielectric adhesive.
Polyflon will also have on display its new
models of TFE-insulated non-magnetic
fixed and variable RF capacitors for ap-
plications requiring high Q, 0.1-1000 pF,
and voltages up to 50 kV. Polyflon Com-
pany, New Rochelle, N.Y. Please circle
INFO/CARD #172.

Series M
For a free sample,
please forward your

request on your
company letterhead

For more than 35 years,
Tech-Etch has been supplying
standard and custom designed

TECH-ETCH, INC. 45 Aldrin Road, Plymouth, Massachusetts 02360 / Telephone (617) 747-0300

RF Design
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Wideband Image-Reject Mixers:
Merrimac Industries, Inc.
Merrimac introduces a new line of
image-reject mixers featuring multi-octave
bandwidths. The IRMS series covers
RF/LO frequencies from as low as 1 MHz
to over 250 MHz for an IF output in the
range of 10 MHz to 150 MHz. Typical
image rejection is in excess of 25 dB, with
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Without Hum-Stopper
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e Eliminate ground-loop problems (hum, cross-talk, voltage differentials,
etc.) on video and other wideband data lines.

e Insure outstanding signal transmission with over 120 dB attenuation of
interference at power line frequencies.

With Hum-Stopper

For the ultra-wide bandwidth and low, flat insertion loss needed by broadcast
or remote TV lines. For security, CCTV or Industrial Process Control systems.
For high-speed Data Lines or Medical Imaging Equipment. Whatever your
needs, there's a North Hills Isolation Transformer designed to meet them.

Right off the shelf!

Engineered for unmatched reliability. Standard insulated BNC connectors for
easy installation. Backed by a 3-year warranty —it's the widest selection of
Wideband Isolation Transformers available anywhere. And it's available now!

For details, dial: 516-671-5700. Or write for our new catalog.

slaNorth Hills “Electionics, Inc.

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

a carrier suppression of 30 dB and a con-
version loss of less than 10 dB. Tighter
specifications can be met for specific fre-
quencies and bandwidths. The IRMS
series is priced from $500.00. Merrimac
Industries, Inc., West Caldwell, N.J.
INFO/CARD #165.

400 MHz Silicon Op Amp:
Plessey Semiconductors

Plessey Semiconductors introduces a
monolithic bipolar high speed, high per-
formance operational amplifier with a unity
gain bandwidth of 400 MHz. Designated
the SL9999, the new part is designed as
an ideal companion for high speed flash
analog-to-digital converters, but is ap-
propriate for other circuits including those
with low impedance and high capacitive
load. The integral DC buffer and output
DC offset circuitry provide flexibility for
use as wideband buffer/level shifters,
wideband IF amplification, fast settling
pulse amplifiers, video amplifier/line
driver, and other high speed op-amp ap-
plications. The SL9999 is priced at $13.20
(1000s) in a 16-pin dual in-line ceramic
package. A leadless chip carrier version
will be available soon. Plessey Semicon-
ductors, Irvine, Calif. INFO/CARD #171.

MMIC Multi-Function Controls:
M/A-Com Advanced
Semiconductor

New GaAs FET MMIC dual function
switches have been developed, combin-
ing a transfer switch function with a
variable absorptive attenuator. These
multi-function operations can be achieved
with this single MMIC chip. The circuit is

See us at RF Expo/East, Booth #332 & 334.
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offered in two configurations: a 0.5 watt
unit, P/N MA4GM316 and a 0.25 watt unit,
P/N MA4GM315. These circuits have an
operating band of DC to 12 GHz, and are
designed to complement M/A-Com’s ex-
isting MMIC control circuit product line.
M/A-Com Advanced Semiconductor
Operations, Lowell, Mass. Please circle
INFO/CARD #170.
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DAICO

PHASE COMPENSATED
STEP ATTENUATORS

OPTIMIZED FOR SINGLE FREQUENCY/NARROW
BAND APPLICATIONS

L] Range of Center Frequencies: 20 to [] Range of Attenuation Values/

70MHz

(] Low Transients 25mV Typical

Steps: From 0.1dB (LSB) to 32dB (] Meets Military Environmental
() High Speed 25 Nanoseconds Typical  (MSB) One Bit (Step) through

Eight Bits (Steps)

TYPICAL RELATIVE PHASE VARIATION VS. FREQUENCY

Requirements

INSERTION PHASE RELATIVE TO THRU PATH
(=7

48aB

36aB

24d8

12dB

05t

FEATURES:

8 Single +5V Supply Operation

B TTL Control Inputs

B RF Operating Power +10dBm

8 50 Ohm Impedance

@ VSWR 1.35/1 Maximum

W Insertion Loss 0.6dB/Bit
typical 1db/Bit Maximum

@ Dual In-line MIC (Microwave
Integrated Circuit) Package

(center frequency)
FREQUENCY

Also Available Broad Band Phase Compen-
sated Step Attenuators and Voltage Controlled
Attenuators with Operating Frequencies from DC
to 2 GHz.

DAICO INDUSTRIES, INC.
2139 East Del Amo Bivd., Compton, CA 90220
Telephone: 213/631-1143, TWX 910-346-6741

INFO/CARD 44
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Low Cost Voltmeter:
Boonton Electronics Corp.

The low cost Model 92EA RMS Volt-
meter, option —16, features true rms
voltage measurements from 200 uV to 3
V over a frequency range from 10 Hz to
20 MHz. High input impedance, excellent
stability, and low noise are provided by a
passive (non-sampling) probe. Adapters
are available for through-line or ter-

58

TUSONIX

If you’re looking for excellence in
EMI Filters ...

Tusonix has QPL éppfbval on
EMI Filters and Filter Caps

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

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

TODAY. . . or please call w@@@&\jﬂ%

us at 602-744-0400.
PO. Box 37144, Tuscon, AZ 85740-7144
602-744-0400. Telex: (RCA) 299-640

INFO/CARD 45

minated measurements in both 50Q and
75Q systems.

The 93EA has two linear voltage scales
and a dBm scale referred to 1 mW in 50Q.
A dBm scale referred to 75Q is an option,
as are dBV and dBmV scales. Price of the
Model 92EA, option —16, is $1,845. Boon-
ton Electronics Corporation, Randolph,
N.J. INFO/CARD #169.

2.6 GHz Frequency Counter:
Racal Dana Instruments Inc.

The new model 1999 frequency counter
is introduced by Racal-Dana, offering
nine-digit resolution in one second from
10 Hz to 26 GHz. An external arming
input allows measurements on signal
bursts, or for segments of a waveform.
Also included is a single-shot and hold
capability. Single-key nulling aliows
measurements to be made relative to a
previous measurement, for offset or drift
measurements. Options available include
GP-IB and high stability reference oscil-
lators. Racal-Dana Instruments Inc., Ir-
vine, Calif. INFO/CARD #168.

Two New 2-6 GHz Amplifiers:
Watkins-Johnson Company

New introductions from Watkins-
Johnson include the KA62 and KA65
GaAs FET amplifier modules in W-J's type
“KA” microstrip-compatible package. The
KA62 has specifications of: 15 dB gain,
+12.5 dBm output power, 4.0 dB typical

noise figure and 2.1:1 VSWR. The KA62
operates from a +5 volt supply. The KA65
is a +12 volt device, with 145 dB gain,

| +19.0 dBm output power, 45 dB typical

noise figure and 2.1:1 VSWR. Both de-
vices are specified over the temperature
range from —54 to +85 degrees Celsius.
Watkins-Johnson Company, Palo Alto,
Calif. INFO/CARD #167.

| New Release of CIAO Software:

SPEFCO Software

CIAO (Circuit Analysis & Optimization)
is a program operating in the frequency
domain for one-port or two-port networks
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containing resistors, capacitors, inductors
(coupled), transmission lines and stubs,
controlled sources, and one-, two- or
three-ports described by tables of S, Y, or
Z parameters. New features in the latest
release include parallel-coupled micro-
strip lines and directional couplers, plus
user-definable models. Complete instruc-
tions and examples are given for the crea-
tion of models by the user. SPEFCO also
announces international representation,
with agencies in England and France.
SPEFCO Software, Stony Brook, N.Y.
INFO/CARD #166.

1 GHz Custom Signal Processor:
KDI Electronics, Inc.

This custom microwave device is il-
lustrative of the advances that have been
made by KDI Electronics in the design
and production of thick film microwave in-
tegrated circuits and sub-assemblies. The
device contains PIN diode switches, atten-
uators, resistive power dividers and inter-
nal driver circuits for TTL compatibility.
The entire circuit is fabricated using thick
film technology. KDI Electronics, Inc.,
Whippany, N.J. INFO/CARD #164.

Low Noise, High Gain MMICs:
Avantek, Inc.

Avantek has introduced three new DC
to 3 GHz MODAMP™ cascadable silicon
bipolar MMIC amplifiers which can oper-
ate with power supply voltages as low as
+5 VDC. These MMICs are general pur-
pose, cascadable gain blocks intended for
use in narrow or broad bandwidth IF and
RF amplifier design. At 1 GHz, models
MSA-0735/-0770/-0885 typically feature
12.5 to 13.0 dB of gain (10.5 to 11.5 dB at
2.0 GHz), 4.5 to 5.0 dB noise figure and
+5 to +6 dBm of output power at 1 dB
gain compression. In 100 piece quantities,
they are priced as low as $8.10 each for
model MSA-0735, $23.55 each for model
MSA-0770, and $2.45 each for model
MSA-0785. Avantek, Inc., Santa Clara,
Calif. INFO/CARD #163.

Network Analyzer Test Software:
EEsof, Inc.

An advanced computer-aided test (CAT)
software program for the calibration,
measurement, and management of vec-
tor network analyzer data has been in-
troduced. For use with both active and
passive devices, EEsof's ANACAT™ is
fully menu-driven and supports automatic
network analyzers such as the Hewlett-
Packard 8510, the HP 8753, and others.
ANACAT's built-in database and calibra-
tion capabilities are enhanced by pop-up
menus, mouse control, and interactive
screen displays that assist the user in

RF Design

each step of the test process. The pro-
gram has a DOS interface, full-screen
editor for creating and revising files, and
color graphics for interactive graphics
display. In addition, the program’s data-
base readily interfaces with other popular
applications such as EEsof's Touch-
stone® , Lotus’ 1-2-3™, and AshtonTate’s
dBASE™,

ANACAT runs on the IBM PC-XT™,

PC-AT™, Hewlett-Packard Vectra PC™,
and compatibles. The program is priced
between $5,000 and $7,500 depending
upon options. EEsof, Inc., Westlake
Village, Calif. INFO/CARD #162.

100 kHz-1 GHZ Signal Generator:
Rohde & Schwart-Polarad, Inc.

The new signal generator SMX from
Rohde & Schwartz-Polarad is a high qual-

When low voltage and high performance are essential for your critical
RF power applications, you need Q-bit amplifiers. Q-bit's newly
developed line of low voltage TO-8 amplifiers feature high reverse
isolation, gain stability over temperature, low noise figures and high
dynamic range. Typical specifications are shown below for some of
the new TO-8 line. For other models, please contact the factory.

®Q-blt Corporation
2575 Pacific Avenue N.E.
Palm Bay, Florida 32905
(305) 727-1838 TWX 510-959-6257

Model Frequency Gain (dB) Power Noise Reverse 3rd Order
No. Range(MHz) (Voits/mA) Figure (dB) Isolation Output
(dB) Intercept (dBm)
QBH-198 20-450 28+10 5/42 3 35 25
QBH-199 5-200 A7 & 5/22 2 40 22
QBH-801 5-200 26+ 3 5/35 2 40 25

INFO/CARD 46
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ity synthesizer, providing crystal refer-
enced signals ranging from 100 kHz to
1000 MHz. The output level can be pre-
cisely adjusted from —137 dBm to +13
dBm in steps of 0.1 dB. The total level er-
ror of less than 1.5 dB down to —127 dBm
allows accurate and reproducible sen-
sitivity measurements on receivers. A
non-interrupted RF output range of 10 dB,
in 0.1 dB steps commencing at any RF
level setting, is a standard feature of the
SMX. Offering amplitude, frequency and
pulse modulation, the SMX can be used
for a great variety of measurements. AM
and FM can be used separately, com-
bined or as two tone modulation. Modula-
tion depth and frequency deviation can be
set independently of each other. Rohde
& Schwartz-Polarad, Inc., Lake Suc-
cess, N.Y. INFO/CARD #161.

GaAs Amplifier Chips:
Harris Microwave Semiconductor
The first two gallium arsenide (GaAs)
amplifier chips in an analog family are
now available from Harris Microwave
Semiconductor. These devices, the HMR-
10502 and HMR-10503, give designers
the option to add gain in the 500 MHz to

See us at RF Expo/East, Booth #416.
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5 GHz range by using cascadable 10 dB
gain blocks with +0.75 dB full-band gain
flatness. The HMR-10503 is a directly
cascadable broadband amplifier chip that
does not require external DC blocking on
the RF input or output ports. The HMR-
10502 is similar to the HMR-10503, but
without internal source bypass circuitry,
to let designers maximize flat gain in a
particular band of interest by choosing the
correct external source capacitor values.
Harris Microwave Semiconductors,
Milpitas, Calif. INFO/CARD #153.

Flush Mount 1 Watt Termination:
EMC Technology, Inc.

A screw-in, flush mount 1 watt termina-
tion for microwave circuit packages has
been introduced by EMC Technology. The
new termination enhances package relia-
bility by eliminating the problems caused
by drilling accuracies and differential co-
efficient of expansion in press fit circuit
packages. Model 4910 termination uses
a standard SMA thread, and is ideal for
use when testing SMA connectors in cir-
cuit packages. Frequency range is DC to
18 GHz, with 1 watt power at 60°C. VSWR
is typically low, from 1.10 maximum at 4.0

IN MIL-C-39012
OPL CONNECTORS

It’s official ... AEP is qualified to

MIL-C-39012 QPL for SMA, SMB, and

SMC connectors.

If you need MIL qualified connectors,
now you're free to choose the quality
and dependability of AEP.

Call AEP today for a complete
list of part numbers

and specifications.

Applied
Engineering Products
1475 Whalley Avenue
New Haven, CT 06525

(203) 387-5282
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GHz to 1.30 maximum at 18.0 GHz. Char-
acteristic impedance is 50 ohms nominal.
Price for the new Model 4910 is $9.00
(100s). EMC Technology, Inc., Cherry
Hill, N.J. INFO/CARD #152.

Low-Cost Portable Oscilloscope:
Tektronix, Inc.

Tektronix has broken the $1,000 price
barrier with the introduction of the newest
member of the popular 2200 Series of
portable oscilloscopes. The dual channel
2225 Portable Oscilloscope offers fea-
tures and performance including 50 MHz
bandwidth, alternate magpnification, 500
microvolt sensitivity, peak-to-peak auto
trigger mode, and high frequency/low fre-
quency trigger filtering. The scope’s 500
microvolt sensitivity is four times more
sensitive than previous 2200 scopes.

To provide improved low cost perfor-
mance with the 2225, Tektronix offers the
P6103, a 50 MHz, 10X passive probe for
under $50. The P6103 has compensation
built into the probe head and a more
durable probe tip. The 2225 portable
oscilloscope will be priced at $995.
Tektronix, Inc., Beaverton, Ore. Please
circle INFO/CARD #158.

—

198687 Product Guide.
It describes and compares
design and test equipment.

Over 4300 Products. More than 115 Manufacturers. The U.S.
Ir nals 1986/87 Product Guide has it all. Detailed
product descriptions. Useful speafication
tables. Configuration guides. Manufacturer
comparison charts, And more. A compeehensive hardbound
classic. Yours free when you call our toll-free number.

800-824-2873

United States Instrument Rentals. Inc.

N AUS Leseng Cangany
l 2988 Campus Dr.
San Mateo, CA 94403
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Black Magic . . .

2774,

Ferrite—that black, crystalline oxide ceramic, offers the almost magical property
of suppressing EMI—Dby itself—no grounds needed.

The lossy RF characteristics of ferrite absorb the EMI energy, converting
it to harmless heat.

Slip a Fair-Rite suppressor element (shield bead) over a conductor, and
EMI/RFI disappear. Yet DC doesn’t know it’s there.

In addition to the beads and sleeves which have become industry standards, Fair-Rite has developed a series of large 1 and 2 piece
sleeves, large toroids, and shieiding plates. All can be incorporated in new designs; many can be retrofitted to existing equipment. Data
processing equipment, which both produces and is particularly vulnerable to EM!, offers a prime opportunity for the use of ferrites as
EMI suppressors. Other applications include Switch Mode Power Supplies, telecommunication equipment, and designs that must meet
TEMPEST requirements. A selection of these large suppressors is listed on the opposite page. Please contact Fair-Rite for other items
in our broad line of EMI suppressor ferrites.

Fair-Rite, the leader in ferrite EMI suppressors, has developed unique capabilities in state-of-the-art shielding ferrites, offering users
unparalleled experience in tooling development and the manufacturing process. To assist designers in making full use of our know-how,
we offer three ENGINEERING EVALUATION KITS:

1. The CABLE & CONNECTOR EMI SUPPRESSORKIT (part no. 0199000002): 13 different large beads and toroids, 1 and 2
piece sleeves, and the new multi hole shielding plates, supplied in Fair-Rite 43 material.

2. The BEAD-ON-LEAD KIT (part no. 01 99000003): 10 different beads on leads, plus two six hole wound shield beads, providing
impedances from 68 to 680 ohms typical, measured at 100 MHz. Values from 68 to 200 ohms are available taped and reeled for
automatic insertion.

3. The BEAD, BALUN AND BROADBAND KIT (part no. 0199000001): A selection of 34 cores in 7 different materials offering
the designer many options for high frequency circuits.

Each Kitis $25 postpaid against your check or M/O; or, plus shipping when ordered on your PO or letterhead. For prices outside the USA
and Canada, please contact our Customer Service Department.

Each Kit comes with its own Engineering Bulletin describing the contents and guiding the designer in the use of Fair-Rite components to
solve his EMI problems.

Further information on these three Kits may be obtained by requesting a copy of the Engineering Notes, Ferrite Components as
EMI Suppressors.

For transformer and inductor designs: Fair-Rite manufactures a broad line of ferrite bobbins, U, E and I cores;
pot, ETD, EP and PQ cores; toroids, slugs and rods. Send for our full line catalog.

F H H P.O. Box J, Dept. RF-6, One C ial Row. Wallkill, N.Y. 12589
/ Falr- the PrOducts corpl PhoneOFQM) 385-2055 . Tn\:/X ZT(;’-‘;;‘::B:’Q“" FAaX ('91 4) 895-2629
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High Output Noise Generators:
Noise Com Inc.

Noise Com has developed a new fam-
ily of inexpensive high power RF White
Noise Generators in a 24 PIN dual-in-line
package. The high output ievel of these
noise generators along with their excellent
stability makes them ideal for injecting
noise into systems with substantial de-
coupling for such applications as BITE-
ERROR, amplifier gain and noise figure
testing. Model NC2201 covers the full fre-
quency range of 100 Hz-100 MHz with an
output of +5 dBm and a flatness of +1 dB,
priced at $290 (1-9). Model NC2301
covers the frequency range of 1.5 MHz-
300 MHz with an output of +0 dBm and
a flatness of +1 dB, and is priced at $330
(1-9). Noise Com, Inc., Hackensack, N.J.
INFO/CARD #157.

Hybrid DIP VCXO:
Vectron Laboratories, Inc.

The CO-484V Series Hybrid VCXOs
(Voltage Controlied Crystal Oscillators) are
designed specifically for phase locking
applications. They provide +7 dBm out-
put at any specified center frequency from
10 MHz through 200 MHz, and comple-

ment Vectron’s previously announced 32
kHz to 70 MHz TTL output line. Deviation
over 0 to +5V or =5V control voltage is
available from +30 ppm to +100 ppm; this
deviation is adequate to permit locking
onto the specified center frequency over
the operating environment (0/50°C to
—55/+85°C) for 10-20 years without adjust-
ment. Vectron Laboratories, Inc., Nor-
walk, Conn. INFO/CARD #160.

Board-Mountable Enclosures:
Compac Development Corp.
Compac introduces the FLT series of
board-mountable RFI/EMI enclosures, in
custom or standard configurations. The
FLT enclosures are available with a one-
cover option for direct access while in-
stalled. Compac Development Corp.,
Holbrook, N.Y. INFO/CARD #1589.

High Power Mini Attenuators:
Alan Industries, Inc.

Specifications for new high power ad-
ditions to series 50 MHP attenuators in-
clude a 10 watt average power model with
a frequency range of DC-18 GHz in a case
size only 1.2 inches long and 0.615 inches
in diameter. A 5-watt model is also avail-

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

62

e Barrell, Nationa
-33210r wi

able, with attenuation values of 1-20 dB.
Both models are supplied with SMA con-
nectors per MIL-C-39012. These fixed
attenuators have a low VSWR of 1.35:1
maximum. Price for the 50 MHP series in
lots of 1-24 is $65 each for the 5 watt
model and $85 each for the 10 watt
model. Alan Industries, Inc., Columbus,
Ind. INFO/CARD #156.

MIL-Qualified Connectors:
Applied Engineering Products

Sixty-five connectors are now qualified
to MIL-C-39012 standards — 37 in SMA
series, 17 in SMB series, 11 in SMC
series. A 12-page brochure describes the
available configurations, including cable
plugs, bulkhead jacks and receptacles.
Latest additions to the AEP connector line
will be on display. Applied Engineering
Products, New Haven, Conn. Please cir-
cle INFO/CARD #155.

Benchtop RF Pulse Amplifier:
Amplifier Research

A new, very compact high-power RF
amplifier has been developed especially
for NMR and other applications that de-
mand rapid blanking capability and in-

Glasteel, the leader in contin-
nation technology.

;,’. of hlgh "

o 'i
:
RRS clad
it Istry. .

- 2

INFO/CARD 50

For samples and information co
| Sales/Marketing Mai

! “CA

Glasteel Industrial Laminates . '

| Asubsidiary of the
Alpha Corporation
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stantly available bandwidth over the 2-150
MHz frequency band. The Model 1000LP
amplifier delivers 1000 watts of linear
pulse power on an up-to-10 percent duty
cycle with a maximum eight-millisecond
pulse. The fast blanking feature effectively
shuts down RF power to permit sampling
of NMR signals. In addition to pulse
operation, the Model 1000LP has a front-
panet CW pushbutton selector which may
be used for continuous-wave applications
at power levels to 200 watts. Pulse opera-
tion requires only a TTL gate pulse
synchronized with the RF input signal.
Price of the 1000LP is $13,500. Amplifier
Research, Souderton, Pa. Please circle
INFO/CARD #154.

Clip-on EMI Gasket:
Chomerics, Inc.

Chomerics has introduced METAL-
KLIP™ Clip-On EMI Gasketing products.
This new clip-on method provides a sim-
ple means of mounting a carbon-loaded
silicone or wire mesh EMI gasket strip on
sheet metal enclosures. The corrosion-
resistant stainless steel spring clip in
which the gasket material is secured
snaps onto the edge of a door or cabinet
frame. Sharp teeth or tines inside the clip
ensure electrical continuity between the
METALKLIP assembly and the panel, and
bite through non-conductive paint. The
product is offered in standard 8-foot
lengths or custom-cut. Chomerics, Inc.,
Woburn, Mass. INFO/CARD #213.

High Power Class A Amplifier:
EPSCO, Inc.

The EPSCO Model AM0250D0015 is a
miniature Class A Linear High Power
Amplifier delivering 15 watts minimum at
the 1 dB compression point across the full
20 to 500 MHz frequency band. EPSCO,
Inc., RF Division, Westlake Village,
Calif. INFO/CARD #212.

Push-Pull, TMOS Power FETs:
Motorola Semiconductor

MRF151G (50V Vcc) and MRF141G (28V
Vec) are 300 watt, 175 MHz, TMOS power
FETs in the GEMINI push-pull package.
The lower voltage part has typical gain of
14 dB at 175 MHz, while the higher volt-
age part has 17 dB. Motorola Semicon-
ductor, Phoenix, Ariz. INFO/CARD #211.

Surface Mount GaAs MESFETS:
Motorola Semiconductor
MRFG9661,R and MRFG9801,R are
low-noise dual gate GaAS MESFETS in
4-lead surface mount plastic packages.
The MRFG9801 is designed for use at
500 MHz, while the MRFG9661 is opti-

RF Design

Giga-Trim

Giga-Trim®(gigahertz trimmers) are tiny variable
capacitors which provide a straight-forward
technique for fine tuning RF and microwave
circuits. They eliminate time consuming methods
of abrasive trimming, cut and try adjustment
techniques and interchange of fixed capacitors.
The Giga-Trim®design assures superior electrical
characteristics as well as the ability to withstand
the rigors of soldering heat, excessive tuning and
rough handling. The patented self-locking constant
drive mechanism provides an extremely high Q
and virtually zero tuning noise.

0 MIL-C-14409D Qualified
0 Q's to >5000 @ 250 MHz
O Temperature Range: —65°C to +125°C
Actual [ Capacitance Range: .3 to 1.2 pF through .8 to 8 pF

Size

Johanson Manufacturing Corporation

Rockaway Valley Road, Boonton, New Jersey 07005
201-334-2676 TWX 710-987-8367 FAX 201-334-2954

See us at RF Expo/East, Booth #109.
INFO/CARD 51
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Consistent PTH Quality. Put ECM-85,
Cincinnati Milacron’s all-glass faminate, up
against FR-4 and you'll find it superior in
processability and electrical performance.

In head to head comparison, ECM-85 con-

sistentiy provides superior drilled hole quality

for PTH applications.

« Lower, more stable dielectric constant and
dissipation factor over a wider range of
frequencies, temperatures and humidities
than FR-4

« Excellent dimensional stability and flatness

« Superior hole quality for both drilled and
punched applications

* 20% lower Z-axis expansion than FR-4 for
PTH reliability -«

* Greater safety mar-
gins in arc tracking,
and high current
ignition resistance

* Meets 94-VO flam-
mability requirements

b

Make

Your Own =

Comparison -
™

Call Cincinnati Milacron —toll-free—for
more information, samples, and the name of
your nearest ECM-85 approved fabricator.
Direct inquiries to:

Steve Hayden or Arlene Bennett

C.ncinnati Milacron Marketing Company

PO. Box 246

Bianchester, OH 45107

1-800-221-7084

(In Ohio, call 513-783-2464)

GCINGINNIATT
MILACRON

INFO/CARD 52
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mized for best performance around 1
GHz. Noise figures are typically 1.2 dB;
gains typically 17 dB. Both MRFG9661
and 9801 are SOT-143 packages. The
MRFG9661,R and MRFG9801,R are in
the conventional Japanese configuraton
for 4-lead SOTs. Motorola Semiconduc-
tor, Phoenix, Ariz. INFO/CARD #210.

Pulse Power Amplifier:
Steinbrecher Corp.

A low intermod pulse power amplifier
operating over the 10 MHz to 86 MHz
range, which provides a low-cost source
of 400 watt PEP, 10 percent duty cycle
pulses with intermod suppression of 28
to 30 dB across the entire frequency
band, is available. Steinbrecher Corp.,
Woburn, Mass. INFO/CARD #209.

Low Noise Transistors:
Motorola Semiconductor

Two series of state-of-the-art low-noise
high frequency transistors: MRF940 Series
(Ic = 15 mA) and MRF950 Series (Ic = 30
mA). Both series feature 1.2 micron inter-
digitated geometries, ion implantation,
gold metalization and silicon nitride
passivation. Package choices are the
plastic macro-x (MRFXX1); the surface
mount SOT-143 (MRFXXX1); a 100 mil.
square metal/ceramic package (MRFXX2);
and the surface mount SOT-23
(MMBRXX1). Motorola Semiconductor,
Phoenix, Ariz. INFO/CARD #208.

NMR/MRI Kilowatt Amplifiers:
Kalmus Engineering

Our new models 166LP (10-86 MHz)
and 166 HP (80-200 MHz) are the world’s
only pulse kilowatt amplifiers capable of
better than 1 microsecond blanking time,
producing cleaner images. Kalmus
Engineering International, Ltd., Wood-
inville, Wash. INFO/CARD #207.

Log and Compression Video
Amplifiers:
American Electronic Labs
Pulse-on-pulse and other custom
hybrid log video amplifiers and compres-
sion video amplifiers with wide dynamic
range and fast recovery. American Elec-
tronic Laboratories, Inc., Lansdale, Pa.
INFO/CARD #206.

High Power RF Amplifiers:
TIW Systems

VHP Series fixed gain high power RF
amplifiers designed to meet high perform-
ance specifications. Spanning the 5 to
300 MHz frequency range, the new ampli-
fiers feature greater than 30 dB gain, low
VSWR in and out, and efficient thermal

packaging which allows operation at ele-
vated temperatures without additional
heat sinking. Four models are available
providing up to 1 watt linear output power,
noise figures from 5 to 6 dB, and typical
compression from +27 dBm to 30 dBm.
Models VHP-01 and VHP-02 operate in
the 40-300 MHz frequency range, while
Models VHP-03 and VHP-04 cover the
ranges of 5 to 250 MHz and 10 to 300
MHz, respectively. TIW Systems, Inc.,
Sunnyvale, Calif. INFO/CARD #205.

The Paramixer:
Steinbrecher Corp.

The PARAMIXER™ supercomponent
design provides a +82 dBm second order
intercept and a +45 dBm third order in-
tercept. Models currently in production
provide this performance over a frequen-
cy range of 5 MHz to 30 MHz. The PARA-
MIXER provides the closest approxima-
tion to linear performance in frequency
conversion. It therefore is useful as a key
building block in designs involving fre-
quency conversion where maximum dy-
namic range is required (e.g., receivers,
translators for RF to digital conversion).
Steinbrecher Corp., Woburn, Mass.
INFO/CARD #203.

Synthesized Signal Generator:
Rohde & Schwartz-Polarad

The SMG Synthesized Signal Genera-
tor covers 0.1 to 1000 MHz in 1 Hz steps,
with an output level from —137 dBm to +13
dBm in steps of 0.1 dB. It offers exception-
al spectral purity with residual FM of less
than 1 Hz at 250 MHz and an SSB phase
noise of —126 dBc at 20 kHz from the car-
rier at a frequency of 500 MHz. It offers
high quality amplitude, frequency, phase,
pulse and FSK modulation. An optional
Modulation Synthesizer is available which
can be used as an audio signal source
from 10 Hz to 100 kHz. IEEE-488 interface
is standard. Rohde & Schwartz-Polarad,
Lake Success, N.Y. INFO/CARD #202.

Emission Measuring Receivers:
Eaton Corp.

The new Eaton 3018 and 3038 Emis-
sion Measuring Receivers provide a cost
effective means of making highly refiable
FCC, VDE and CISPR measurements
over the frequency range of 9 kHz to 30
MHz and 25 to 300 MHz, respectively.
Designed for manual or programmable
operation, the receivers feature full pre-
selection, integral GPIB bus, and non-
volatile memory for storage and easy
recail of front panel settings. Eaton Corp.,
Electromagnetic Instrumentation Div.,
Los Angeles, Calif. INFO/CARD #201.
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Now, more than 135 dB

spurious-free dynamic range
in a broadband HF mixer.

The patented STEINBRECHER
PARAMIXER™ frequency converters
have been designed for high perform-
ance HF communications sys-

tems. Tailored to either Receiver or
Exciter applications, the PARA-
MIXER provides unequaled results
for both requirements.

REDUCE OR ELIMINATE RECEIVER
PRESELECTOR REQUIREMENTS

The RECEIVER PARAMIXER affords
the best dynamic range currently
available in a mixer. It also affords a
low noise figure and full coverage of
the HF band. The mixer can with-
stand continuous out-of-band inter-
fering signals with peak power up to
ONE WATT without desensitization.

REDUCE EXCITER BROADBAND
NOISE AND POST-SELECTOR
REQUIREMENTS

The companion EXCITER PARA-
MIXER maintains high dynamic
range and can be operated continu-
ously at input signal levels up to
ONE WATT. Thus you can signifi-
cantly reduce the power gain of your
broadband amplifier and exciter
broadband noise.
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The PARAMIXER concept incorpo-
rates a unique local oscillator power
amplifier and wave-shaping circuit
to achieve high dynamic range. The
LO drive circuit, included in each
PARAMIXER., requires only nominal
drive power from your synthesizer.

PARAMIXER frequency converters
are being used in modern communi-
cations systems, radar applications,
and fast-hopping frequency
translators.

Why not the BEST mixers for
your HF system?

See us at RF Expo/East, Booth #326.
INFO/CARD 53

Typical PARAMIXER Specifications

Input Third-Order Intercept > +45 dBm
Input Second-Order,

Intercept > +82 dBm
Noise Figure < 6.5dB
One-dB Compression Point > 433 dBm
One-dB Suppression Point > 433 dBm
Local Oscillator Power

Required < 420 dBm
DC Power Required < 7 Wats

STEINBRECHER also offers com-
plete digitally-controlled synthesizer
and frequency translator designs
compatible with the high perform-
ance of the PARAMIXER system.

STEINBRECHER engineers will cus-
tom design and build frequency
translators with input bands rang-
ing from 1 MHz to 50 GHz for your
OEM applications.

For all of your high performance HF
requirements contact the sales
department of

STEINBRECHER CORPORATION
185 New Boston Street

Woburn, Massachusetts 01801 USA
Phone 617-935-8460 TELEX 948600

STEINBRECHER

CORPORATION
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A New Dimension in Portable, Digital Spectrum Analyzers!

AW

11\

The A-7550 spectrum Analyzer

The A-7550 Spectrum Analyzer by

IFR is the most advanced, low cost,

portable spectrum analyzer on the

market today.

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

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

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

A Subsidiary of F qean ELECTRONICS, INC I

» 100 kHz to 1 GHz frequency coverage * VRS™ (Vertical Raster
Scan) CRT display * Single function keyboard entry * Menu
driven gisplay modes * Automatic amplitude calibration
Selectable linear/log display modes * Digital storage of all
displayed parameters * 70 dB dynamic range * 300 Hz
resolution bandwidth * 16 selectable scan widths * Accurate
center frequency readout * Direct center frequency entry
* Automatically scaled electronic graticule * Variable top scale
reference (+30to —95 in 1 dB steps) * IF gain in 1 dB steps
» Line, bar, average and compare display modes * 300 Hz and
30 kHz video filters

* Internal rechargeable 5 APH battery for portable operation
» Tracking generator with 10 dB step attenuator * Tracking
generator with 1 dB step attenuator * FM/AMISSB receiver
IEEE-488 interface bus * RS-232 interface bus * 75Q2 adaptor
Quasi-peak detector

w2 Contact your local IFR authorized

, distributor for a demonstration.

10200 West York Street / Wichita, Kansas 67215 US.A.
316/ 522-4981 / TWX 910-741-6952

See us at RF Expo/East, Booth #534.
INFO/CARD 54
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The High-Rel Package

High Performar F Signal Processing Networks
in up to 50% less space

Save on real estate and also obtain low profile 0.20” height package
Compatible package for computerized parts placement
Increase ylelds by avoiding lead forming

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
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",
1127, 518", 8/10" and 1”. Larger sizes available for customized components.

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 Merl-pac. PO Box 986, 41 Fairfield PI., 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 55 See us at RF Expo/East, Booth #339 & 340.
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»rF design feature

A Ladder Program Analysis Program

Personal Computers Both Small and Large Use This CAD Tool.

By Kenneth D. Wyatt

TRW Electronic Products, Inc. Type 1 Series R [1 +jo R+ jo] Type 11 Serles — Serles RL/Series — Parallel C
; b o—AAN—O 3

Computer modeling of electrical net- pe s S R D 140 "m [1 +i0 RB + j(1B)
works is a real time-saver for RF engi- 0+jo 1+]0 ]
neers. Engineering CAD (Computer Aided Type 2 Parallel R 140 0+jo] ———0 R
Design) programs include basically two : \ U LR Ly T v e
types of software: analytical and synthe- % L R IL 1 - Lol = CRRB
sis. Analytical software derives the circuit s R
characteristics such as gain and phase ]
from given component values. Synthesis e S O LU P ol b ol
software does just the reverse, starting b ool i 140 % | cos(@+j0 0+j[Z SIN(9)]
with desired circuit characteristics such SIN (8) 3
as filter type, bandwidth, and roll-off to Type 4 Paralel L 1+j0 0+0 o——0 |0 +l[ zZ, ] cos (6) + i0
derive the component values required. i
The program included with this article 2 [o j ((:L) 1+ io} where: § ~~";"E',0'
analyzes a passive ladder or cascaded
network. One valuable use of this pro- Type 13 Open Parallel Stub
gram is analysis and verification of ex- Type 5 Series C [1 +j0 0-j w‘cﬂ e 0+ o]
isting circuit designs. Using the editor o—{—o |o+j0 1+j0
function, it is also possible to “tweak” o———o 0+ [TAN (9):| 1+j0
component values in order to optimize a Z
circuit design. Type 6 Parallel C 1+]0 0+jo . "E

o L* i(wC) 1+ jo] A
Most RF networks can be modeled as 15 O
a series of cascaded circuit elements Q% L Phonsdulaons

such as series or parallel (shunt) resistors, Type 7 Series — Serles RLC 140 0+jo
inductors or capacitors. The 17 circuit gt | P R+j(“’L 1) >
models included in this program may be [ ¢ 0-] [TAN @ z,,] 140
cascaded to form almost any type of filter, 0+j0 140 T
impedance matching network, or trans- where: 6 = :;IGOI
mission line network. Type 8 Parallel — Serles RLC

The program allows you to enter com- £+ o 040 Type 15 Open Series Stub

ponent values and obtain a chart of inser-

3 ] ; o 2,

tion loss, return loss, VSWR, reflection [ zcznzf?lfm 1),] j(c) 1+jo | | RIS '[TAN (e)]
- . w (A} -

coefficient (Rho), and both real and im- 0% Jo 140

aginary input impedances. Circuits may

be completely modeled before the bread- i ZC(gilC =) where: § = “LE
board stage, saving much time with hand oo "N ICT Licapr 4 (wilc - )2 S
calculations or trial and error in the lab. Type 16 Shorted Series Stub

The included program is designed to Type 9 Series — Parallel RLC - 2
run on the IBM-PC or compatibles under 1o RB + |(18) | | ‘1 g O] [TAN (9)]
BASICA or GWBASIC. Except for the plot- ;
ting routine, special graphics or coding 0+0 140 | 6———o |° + 10 140
was avoided so that it might be easily con- ket P .
verted for other computers that use Micro- e w?RL (1 - ALY P S0
soft BASIC. In addition, a version of the wlR2 (1 — w3LC) ,
program is available for the Commodore B ZRLRE TS = SR — o e el

64 or 128 computers.

Type 10 Parallel — Parallel RLC Gz 9 0+ 0]
; 3 ' 1, .
Theory of Operation 1+i0 0+ijo 3 § 0+io a * o)
The program is based upon the ABCD Lol w’LC) 1+j0

parameters of the circuit element to be

R wl
\
analyzed. This is a standard network an-
alysis technique, but one that may not Table 1 — Circuit Models

where: n = turns ratio
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have been explained adequately in previ-
ous literature. The advantage of the ABCD
parameters lies in the ease in which cas-
caded networks may be represented and
analyzed.

The ABCD parameters make up a ma-
trix that describes the voltages and cur-
rents into and out of four terminal (two
port) networks (Figure 1). Each element
model has a unique ABCD matrix as
shown in Table 1. The operation of this

——’ *.
+ A c +
A Va R,
8 1) &
Vi AV, + B,
ILh=CV,+DI,

of, in matrix form:

(]~ [¢ 8] [+]

Figure 1. Two-port ABCD matrix.

program is based on the fact that the
ABCD matrix of two cascaded circuits is
equal to the product of their individual
ABCD matrices. See Figure 2 for a brief
derivation of this technique. These matric-
es are stored as the various element
models, and their associated component
values are entered by the user. At each
frequency to be analyzed, the individual
matrices are formed and multiplied to
gradually compute the overall matrix of
the entire circuit. Once the network is
reduced to a single matrix, we may derive
the insertion loss, return loss, VSWR,
reflection coefficient, and input impe-
dance. Table 2 illustrates the equations
used in the program.

Program Description
The program is divided into four sec-

ba ha he

[
—> — > —p
e —0
+ A, B, Rl A, B, +
v V. v, \/
ks € D ] [T &
Network A Network B

Note that I, = I, and Vg, = V,,

wenile] <[ & ][ t]
e T =[] (& 8]
e (1] - & 8 [ &2 [%2)

The generalization to n cascaded 2-port networks follows:

ool el [23]

Figure 2. Derivation of n
cascaded networks.

RF Design

tions: data input, data editor, computation
and data output. Since the screen on the
Commodore 64 is only 40 columns wide,
this version displays just four of the most
widely used parameters on the screen
(frequency, gain, return loss and VSWR).
These variables, plus reflection coefficient
and input impedance, are all sent to the
printer port if the print function is selected.
In addition, the gain and return loss may
be plotted graphically to the screen. Since

the IBM-PC does not have this screen
width limitation, the PC version of this pro-
gram sends all variables to either the
screen or printer.

Units used have been optimized for use
at RF and are in ohms, nanohenries, pico-
farads, inches, degrees and megahertz.
The maximum number of circuit sections
has been limited to 30, but this is really
arbitrary as most computers have plenty
of memory these days. For passive net-

THICK FILM RF HYBRID CIRCUITS
& SUBASSEMBLIES

Available in frequencies of SMHz to 2 GHz,
single and multi-stage T0-8, T0-12 and 4 pin
DIP packages; standard and custom cas-
caded assemblies with varying gain, NF and
power output options and a variety of con-
nectors.

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

your exact specifications and the require-
ments of MIL-STD-883 and MIL-Q9858A.

Aydin Vector ... providing you advanced
technology and resources for standard and
custom hybrid amplifiers, switches, attenu-
ators and RF subassembties.

To obtain a free detailed brochure call or
write:

AYDIN X VECTOR

Aydin Vector Division -
Tel 215-968-4271,

POB 328, Newtown, PA 18940-0328
TWX 510-667-2320, FAX 215-968-3214

INFO/CARD 56
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Power amplifiers for every rf testing need. Power you
can depend on. Power from one watt to ten kilowatts.
And these power ratings are ultra-conservative:
Whether you order a 10-watt or a 2000-watt amplifier,
you can be certain of at feast its rated output at every
point in its frequency band.

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

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

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

160 School House Road
Souderton, PA 18964-9990 USA
Phone 215-723-8181 « TWX 510-661-6094

See us at RF Expo/East, Booth #317 & 319.
INFO/CARD 57
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Given the result matrix for the network:

RS RA, IA RB, IB
AN\
RC, IC RD, ID
FaV]
o e s

where: RA = the real part of element A (same for B, C, D)
IA = the imaginary part of element A (same for B, C, D)

RS = the source resistance
RL = the load resistance
Z,, = the input impedance
then let:
G - RA (RL) + RB + RC (RS){RL) + RD (RS)

(RL)

IA (RL) + IB + IC (RS)(RL) + ID (RS)
(RL)

H
I =VGz+ Hz
V1 = RC (RL) + RD
V2 = RC (RL) + ID
Q = V12 + V22

then we can now calculate:

Insertion Loss (IL) = —10 log BR(:%I):I

IR Oich g V1 [RA(RL) + RB]Q+ V2 [IARL) + 1B] _ (7 |

Im [ZIn]

imaginary part of z, = 1 IIARL) + 1B] +sz [RA(RL) + RB] _

ViR, [Z.] - RS}2 + I, [Z,]?

Rho (o) = Y{R. [Z,,] + RS} + |, [Z,.]

Return Loss (RL) = 20 log (1/)

vswr = | t @
1-0

Table 2. Equations Used

ratio), and RHO (reflection coefficient).
Before the program is run, it is useful

work analysis, the insertion loss is equal
to the transducer power gain. Thus, when

the source (RS) and load (RL) resistances
are matched, the gain is zero dB. ZIN(R)
and ZIN(l) are the real and imaginary in-
put impedances, respectively. The remain-
ing output variables are RL (return loss
in dB), VSWR (voltage standing wave

RF Design

to prepare the network for analysis in
order to ease data entry. Refer to Exam-
ple 1 (Figure 3(a)), and notice that the cir-
cuit is drawn such that all elements are
in cascade or “inline.” The source resis-
tance (RS) should always be drawn in

even in the difficult
30-150 MHz range

Our new Cavitenna® radiator
turns your shielded room into
aresonant cavity. Using a wall
or ceiling as a groundplane, it
delivers unprecedented high
volts-per-meter to your sus-
ceptibility test item.

Operating from 30 to 1000
MHz, the Cavitenna can han-
dle input power up to 3500
watts, producing field strength
up to 600 V/m.

In the particularly bother-
some 30-150 MHz band,
where other antennas have lit-
tle or no gain, the remarkable
Cavitenna provides gain over
5 dB. Less than fourfeet wide,
this little radiator does what
you'd need a log-periodic
antenna biggerthan yourroom
to accomplish. Mounting by
magnetic clamps, it's easy to
move from one wall position to
another.

The Cavitenna, a truly excit-
ing development. Call or write
for complete information.

AMPLIFIER
RESEARCH

160 School House Road

Souderton, PA 18964-9990 USA

Phone 215-723-8181
TWX 510-661-6094

8105

INFO/CARD 58

7



mmn 92008 RF VOLTMETER
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WHO DO YOU THINK OF FIRST
IN RF VOLTMETERS?

Every brand recognition study proves it. When you Choose the digital 92008 and you can store in

think of rf voltmeters, you think of Boonton. After all, memory complete calibration data for up to 8 inter-

we introduced the first sensitive rf voitmeter years changeable probes...low frequency (10 Hz- 100 MHz),
ago. Now there’s a new generation. Still a choice of standard (10 kHz-1.2GHz), or 50-ohm (100 kHz-2.5
high resolution digital and low cost analog models. GHz). Or add an optional second input channel,

Still featuring low noise, passive, rms detection with GPIB, or MATE interface capability. The analog 92EA
microvolt sensitivity in both unterminated and ter- is available with a wide choice of meter scales to meet
minated modes. But now with extended frequency your particular requirements. And both models con-
coverage from 10 Hz to 1.2 GHz—to 2.5 GHz with tinue the Boonton tradition for highest accuracy and
50-ohm sensor. reliability.

A redesigned probe tip mates directly with BNC Callyour local representative or Boonton directly for
connectors and accepts all Boonton accessories, fullinformation on the latest generation of rf voltmeters.
including a new convenient ground clip. Detachable

and replaceable probe cables available in standard Boonton Electronics Corp_

lengths to 100 feet. Special cables to virtually any 791 Route 10, Randolph, NJ 07869

length. Telephone (201) 584-1077

BOONTON

Signal Generators @ Modulation Analyzers @ RF Power Meters @ RF Millivoltmeters @ Capacitance Meters and Bridges @ Audio Te!

See us at RF Expo/East, Booth #110. INFO/ICA




Wideband, mm-wave, high-level...
MSC’s got a nose for noise.

MSC’s Solid State Noise Source product line results from our ad-

: . . TYPICAL EXCESS NOISE OUTPUT
vanced microwave power semiconductor technology. Hybnd IC

construction yiclds mechanical integnity capable of withstanding ;-,j et A

the most severe environmental conditions with out sacrifiang a5 32f_7 e AR :

relability and long-term stability. g% T |

Solid State Noise Sources are available with excess noise ratios 50 2 f~_ — — - I

(ENR) of 15.5 dB as direct replacements for gas discharge tube o g ) S0 UL N

noise sources. Sources with higher level ENR allow noise to be ] o t2e e 265 40

injected into recciver front-ends via a directional coupler. FREQUENCY (GH2z)

System Noise Sources are speatically designed for ““BITE”

applicaions for monitonng of parameter changes and system per- WIDEBAND COAXIAL SOURCES 10 TO 18000 (MHz)

formance. ENR outputs of up to 35dB allow detection of MODEL FREQUENCY __ POWER REQ.

receiver detenoration and developing faults. RNCRBER RANG ENR FLATNESS _ MAX.
MC 1000 10 - 1500 35.0dB + 0.50dB  + 28V, 10mA
MC 1100 10 - 1500 15.5dB + 0.50dB  + 28V, 10mA

MC 1040/1040P 10 - 4000 25.5dB/15.5dB & 0.50dB  + 28V, 15mA
MC 5112/5112P 1000 - 12400 25.5dB/15.5dB + 0.50dB  + 28V, 15mA
MC 5118/5118P 1000 - 18000 25.5dB/15.5d8 + 0.504B + 28V, 15mA
MC 50018/50018P 10 - 18000  25.5dB/15.5dB £ 0.75dB  + 28V, 15mA

WAVE GUIDE BAND SOURCES (GAS TUBE REPLACEMENTS)

MC 51218W 12400 - 18000 15.0dB + 0.504B + 28V, 15mA
MC 51826\ 18030 - 26500 25.0dB + 2.00dB + 28V, 20mA
MC 52640W 26500 - 46000 23.04B + 3.00dB + 28V, 20mA

HERMETIC NOISE SOURCES

MC 7090H 8325 - 9675 35.0dB + 0.504B  + 28V, 15mA
MC 7146H 13500 - 15700 30.04B + 0.50dB  + 28V, 15mA

Microwave Semiconductor Corp.

100 School House Rd., Somerset, N.J. 08873

A Stemens Company

(201)469-3311 TWX(710)480-4730 TELEX833473

S us &\ RF ExpovEast, Booth #J5 3
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Use either the (S)creen or {P)rinter option

0.1 as desired. The results are shown in Fig-

32.7 nH uF ure 4(c). You will note that the circuit is
. Ny matched at 100 MHz. The input return
] [ loss is 52.14 and the input VSWRis 1.00:1.

The 3 dB bandwidth is about 30 MHz.

50Q Similarly, the output impedance match-
ing circuit may be analyzed for proper
match at 100 MHz, output return loss, and
output VSWR. The output impedance of

MRF233

the MFR233 may be represented by a
= series connected 5 ohm resistance and
a 284.2 pF capacitance. Again model the

Figure 4(a). Example 2: Matching to a complex load.

(3) RHO, or (4) real/imaginary impedanc-
es. Up to 150 points may be plotted vs.
frequency. The C64 version is limited to
40 points of insertion and return loss. You
only need to specify the minimum and
maximum desired for the vertical (Y)
scale. You may also redefine the frequen-
cy limits, resweep the network, and replot
the data. If the IBM program “GRAPH-
ICS.COM” has been initially loaded into
memory, the output plots of the IBM-PC
version may be printed on any Epson
graphics printer. Simply press the “SHIFT”
and “PrtSc” keys simultaneously after the
plot is complete on the screen. Press any
key (IBM-PC version) to obtain the menu
of choices after the plot is finished.

00 0.1 F, 18.7 nH 5898 pF
m e i
i r
v
| 170 pF
Eloment ¢ &S ‘12 3 4 AL
Elemnent type s 14 3 s

Figure 4(b). Example 2:
input model.

In the case of a data entry error, you
may edit the source or load resistances
or any of the network components. Choice
5 allows you to exit from the program.

Example 2: Impedance Match
to a Complex Load

Let us analyze the input and output
matching circuits shown in the amplifier
circuit of Figure 4(a). The source and load
resistances are 50 ohms and the transis-
tor used is a Motorola MRF233. First, we
will verify the insertion loss, the input
return loss, and input VSWR and the 3 dB
bandwidth of the input circuit at 100 MHz.
The series input impedance model for this
device is 1.7-j2.7 ohms at 100 MHz. This
transforms to a series equivalent of 1.7
ohms and 589.5 pF.

76

transistor output capacitance as a separ-
ate circuit element. Refer to Figure 5(a)
for the resulting output model. The results
may be seen in Figure 5(b) and plotted in
Figure 5(c). Note that the RF choke and
+12 V feed need not be modeled, having
little contribution to the system impedance.

First, redraw the input model as shown
in Figure 4(b). Prepare the model for data
input by dividing the element types and
recording the component values. In this
case, show the transistor input capaci-
tance (589.5 pF) as a separate element.
Then enter all data as before. Sweep the
circuit from 50 to 150 MHz in steps of 5
MHz. This will require a total of 21 steps.

Example 4: Transmission Line
Match
This next example is an input impe-

RF NETWORK ANALYSIS PROGRAM VER 4.0PC
NETWORK LISTING:
ELEM TYPE R L C
(20) (L) (E)
SOURCE R 50

1 5 0 0 100000

2 6 (0] 0 170

3 3 0 18,7 0

4 5 0 0 589.5

LOAD R ENT,
NOTE: R,L,C ARE FOR ELEMENT TYPES 1-11.
Z0,L,E ARE FOR ELEMENT TYPES 12-16.

FREQ(MHZ) IL(DB) RL(DB) VSWR RHO ZIN(R) ZIN(I)
50.00 =BRi8 =0%1612 28.25 0.93 177 0.29
55.00 -8.24 S OR7A! 24.65 0.92 2.03 1.46
60.00 -7.60 -0.83 20.98 0.91 2.39 2.71
65.00 -6.88 00 17.42 0.89 2.89 4.12
70.00 -6.04 =124 14.00 0.87 3.62 5.78
75.00 ~-5.08 1672 10.79 0.83 4.75 7.82
80.00 -3.98 SN2 7.87 0.77 6.63 10.41
85.00 SR 3L 2 5.38 0.69 10.03 13.77
90.00 =)L il -5.31 3.37 0.54 16.90 17.69
95.00 -0.45 =107 1.91 0.31 31.48 18.54

100.00 0.00 =-52.14 1.00 0.00 49.87 0821
105.00 -0.50 -9.60 1.99 0.33 37.42 =21 5 (5
110.00 SR80 ~-4.69 3.79 0.58 18.30 ), (5
115.00 -3.44 2. 61 6.69 0.74 9.36 -24.81
120.00 Follie -1.60 10.91 0.83 5.37 -20.60
125.00 S6.57.0) -1.04 16.66 0.89 3.37 S50
130.00 =815 S0/ 872 24.07 0.92 2.2 i5L22
135.00 -9.47 -0.52 33.32 0.94 1.61 -13.49
140.00 -10.68 SORI3 9] 44.88 0.96 1.18 SLZ2ISS
145.00 =ik 7] -0.30 58.28 0.97 0.90 1L K (074
150.00 -12.82 ()5 %) 74.40 0.97 0.70 S OFIg)

Figure 4(c). Example 2 input model data.
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HIGH ENERGY
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Our high standards of manufacturing
excellence is your assurance of
superior quality in design, versatility
and reliability. Choose from our
complete line of over 30 laboratory type
AC instruments or from more than 40
DC modules for OEM or special
projects. Over 16 years of RF Power
design and manufacture. If we don't
have what you need, we’ll design it
for you! Send for free catalog.
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-

2-30MHz
200/400/1000/2000/3500 WATTS

.01-220MHz
10/200/500/
1000 WATTS
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Engineering International, Ltd., U.S.A.
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Figure 4(d). Example 2 input
model response plot.

dance match to a Motorola MRF627 using
a transmission line. See Figure 6(a). The
equivalent input impedance for this de-
vice at 470 MHz is 6.0-j4.0 ohms. This
equates to a series RC circuit of 6 ohms
and 84.6 pF. The matching circuit uses a
series transmission line and two variable
capacitors which tune from 1 to 25 pF,
each. The transmission line is 0.25 inches
wide by 1.75 inches long. The circuit
board is Teflon-fiberglass which has a
relative dielectric constant of 255 and a
thickness of 0.06 inches.

There are two input options for stubs
and transmission lines. In some cases the
actual physical dimensions are specified
or may be measured from the circuit
board, and in some cases the electrical
parameters are specified in ohms and
degrees of length (360 degrees = one
wavelength). You will be given the option
as to which set of data you desire. In both
cases, the relative dielectric constant of
the board material must be specified. The
program will automatically calculate the
effective dielectric constant. The effective
dielectric constant differs from the relative
dielectric constant depending upon the
line impedance and board thickness.

In this case, choose (1) Physical Dimen-
sions. Next, enter a dielectric constant of
2.55, transmission line dimensions of 0.25
and 1.75 inches, and board thickness
from 400 to 540 MHz in steps of 10 MHz
(16 steps). You should obtain the result

NETWORK LISTING:

ELEM TYPE R L C
(20) (L) (E)
SOURCE R 50

1 5 0 0 100000

2 6 0 0 95.3

3 3 0 S8 U 0

4 5 0 (0] 284.2

LOAD R 5
NOTE: R,L,C ARE FOR ELEMENT TYPES 1-11.
Z0,L,E ARE FOR ELEMENT TYPES 12-16.

FREQ(MHZ) IL(DB) RL(DB) VSWR RHO ZIN(R) ZIN(I)
50.00 =5308 =11.1612 OENIS 0.83 4.64 =305 (9l
55.00 -4.64 ~1.83 9.54 0.81 5.24 0.24
60.00 -4.16 e 10 8.31 OR7tS 6.03 2l
65.00 -3.63 -2.47 7.08 OLN7IS U%dal 4.09
70.00 =Sh(0 SOl 5.90 0.71 8.61 6.23
75.00 =oWai3 -3.68 4.79 0.65 NOLITT, 8.57
80.00 178 ~-4.73 PN 0258 13.98 1109
85.00 SHPINS =613'3 2.86 0.48 18.93 13.55
90.00 -0.58 -8.00 210 0.35 26.68 14.98
95.00 =0T SR 77 1.48 0.19 38.02 12.48

100.00 0.00 -42.10 1,402 0.01 49.67 0% 72\
105.00 -0.16 -14.48 1.47 QRS 50.37 =), %8
110.00 -0.65 -8.57 2 149 0L} 37.89 =328:3
1156.00 -1.42 S5M5.5 3.24 0.53 24.55 -35.34
120.00 =236 SO 4.68 0.65 15.65 ~-32.94
125.00 =340 12466 6.59 0.74 10.32 2956
130.00 -4.45 -1.93 9.05 0.80 7.08 -26.42
135.00 2405150 -1.44 112;. 180! 0.85 5.07 -23.76
140.00 -6.51 T10 116..:813 0.88 LMD 2154517
145.00 =Ny -0.86 20.29 0.91 2.85 -19.74
150.00 -8.39 30,168 25.52 0.82 2 2% SIS 27

Figure 5(b). Example 2 output model

shown in Figure 6(c). Note that the inser-
tion loss is very broad band and varies
from zero to 1.1 dB. The return loss at the
design center frequency is 37.52 dB, and
the VSWR at band edges is less than
2.79:1. By “tuning” the two variable
capacitors with the edit function, you may
observe the corresponding changes in cir-
cuit parameters, such as insertion loss
and return loss.

' 1 1 ' 0 0
: L AR :
: 50Q : 0.1 pF: : 32.7 nH : 284.2 pF :
i i i i ‘ B 1
- % r
: = s | s
N D o .
: ot T A : It e
' ' 1 pF1 1 '
' 0 ] ' ' i
) s 4 2 ) !
T ' 1 1 1 '
] (] 1 ] [ ] [}
4| Tt e :
Element # ' RS 1 1 ' 2 ' 3 ' 4 ) RL
i i 1 ] ' :
1 (] ] ] [} )
] i i i 1 '
Element type - (RIS S 3 1 5 i

Figure 5(a). Example 2: output circuit.
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data.

Program Notes

The program described has proven to
be a very useful tool in analyzing existing
circuit designs. A number of benchmark
networks have been tested and compared
with other network analysis programs with
gratifying results. Every effort has been
made to eliminate errors, however, if the
reader should discover a “bug,’ please
write the author at the address below.
Enclose a self-addressed stamped enve-
lope if you desire a reply.

it is possible to change the default units
by changing the multiplication factors in

% INSERTION LOSS / RETURN LOSS

0 e =
it T
e ~ //" “‘*-»..__-‘

19

-0

-0

-4

-50
5 1% 150

FREG IN W2 { AR IR = 5 )

Figure 5(c). Example 2 output
model response plot.
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1-25 pF 84.6 pF

T

R

l
| T

L T ] e pepupuny [ —

@ ' E
I\D 1 1 6.0Q
I 1
:7 1-25 !
)
o= Bl )
) 1 1
] ] ]
el !
Element # 1 : 2 : 3 : 4
1 ] 1
' i i
Element type 5 : 4 : 12 ! 5

Notes: 1) Z, = 0.25” wide x 1.75”" long
2) The circuit board is Teflon-Fiberglass and has a relative
dielectric constant of 2.55 and the thickness is 0.06".
3) Both variable capacitors were set to 9 pF for the best

] INSERTION LOSS / RETURN LOSS

match.

Figure 6(a). Example 4: Transmission line match.

Line 320 (310 for C64 version). Note, how-
ever, that if the frequency is changed to
something other than MHz, you will have
to change the various “MHz" labels within
the program.

Due to formatting constraints, input data
larger than 6 digits to the left of the
decimal is not aliowed and will default to
999999.00. Similarly, output data larger

than 6 digits to the left of the decimal point
will have just the leftmost 8 digits dis-
played.

Input data of zero defaults to 0.00001
(1E-5) in order to avoid divide by zero er-
rors in the equations.

When typing in the program, watch out
for the following variable names: CO, RO,
ZO and OUTS$. They contain the letter O

RF NETWORK ANALYSIS PROGRAM - VER 4.0PC
NETWORK LISTING:
ELEM TYPE R 2 c
(Z20) (L) (E)
SOURCE R 50

1 5 0 0 9

2 6 0 0 9

3 12 38.15 1.75 2.55

4 5 0 0 84.66001

LOAD R 6
NOTE: R,L,C ARE FOR ELEMENT TYPES 1-11.
70.L.E ARE FOR ELEMENT TYPES 12-16.

FREQ(MHZ) IL(DB) RL(DB)  VSWR RHO  ZIN(R) ZIN(I)
400.00  -1.10  -6.52 2.79 0.47  20.53 -17.59
M0LB0) =008, | -T.86 241 0.41  22.83 ~-14.57
420,00  -0.57  -9.08 2.08 0.35 25.69 -11.54
430.00  -0.37 -10.90 1.80 0.28 29.02  -8.53
440,00, 171 Loval "=13.36 1.55 0.21 93.02  -5.60
450.00  -0.09 -16.95 1.33 0 14 -~ adkd " -2.88
460.00  -0.02 -23.32 1.15 0.07  43.63  -0.49
470.00 0.00 -37.52 1.03 0.01  50.57 1,21
480.00  -0.03 -21.68 1.18 0.08  58.77 1.79
490.00  -0.10 -16.24 1.36 0.15 | 146051 0.62
500.00  -0.22 -13.02 1.58 0.22 | weses  -3.11
510.00  -0.38 -10.78 1.81 0.29  88.93 ~-10.25
EBARGCh R0 57 -=9.11 2.08 0.35  97.84 -21.25
530.00  -0.79  -7.80 238 0.41 103.32 -35.65
540.00 -1.03  -6.75 2.70 0.46 103.79 -51.70

Figure 6(b). Example 4 data.

RF Design

4
FREL IN W2 FREQ INCR = 20)

Figure 6(c). Example 4
response plot.

and not the number zero (0).

The author wili provide a copy of the
program on disk for a cost of $10.00, in-
cluding disk and postage. Requests
should be sent to Ken Wyatt, 56 Aspen
Drive, Woodland Park, CO 80863. Read-
ers wishing only a copy of the program
listing should send a self-addressed,
stamped business size envelope to RF
Design, 6530 South Yosemite St.,
Englewood, CO 80111. Specify either the
IBM or C-64 version. G
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With IFl, finding an efficient, comprehensive RF testing system
isn’t a problem any more.

For over 25 years, IFi, Instruments for Industry, has been

the unequalled leader in producing RF system
modules and complete RF testing systems that
offer optimum power, broad bandwidth and ex-
ceptional versatility.

Whether you need wideband, high frequency
power amplifiers, E-field generators and sen-
sors, antennas, TEM test cells or automatic
leveling systems, IFl instruments are
engineered for long life and trouble-free
operation.

ST

IN RF TESTING
AND STILL
THE BEST
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In fact, for:  military and aerospace engineering * detense

and space exploration ¢ medical and bislogical
testing, experiments, and treaiments ¢ a wide
range of communications ngeds e automotive
manufacturing e general lab susceptibility
testing and instrument calibration or whatever
your particular application ... iIFi provides the
most comprehensive equipment available to
solve your critical RF testing and measurement
problems. IFl, the problem solvers in RF testing.

Send for our IFI Data-Pak today!

INSTRUMENTS FOR INDUSTRY, INC.
151 Toledo Street  Farmingdale, N.Y. 11735 ¢ (516) 694-1414
See us at RF Expo/East, Booth #533.



G & H Technology.

ELECTROMAGNETICS LABORATORY

hardened and/or EMI shielded electromechanical components. The knowledge

For over adecade, G&H Technology has been a leader in the development of EMP

gained from this experience has been employed in the establishment of our

advanced Electromagnetics Testing Laboratory in Camarillo, California.

This state-of-the-art facility provides scientific expertise in EMC, EMI, EMP and
Tempest testing. From this location, G&H offers a wide spectrum of testing services
including:

Technical Proposal Preparation

Design Control Plans

Engineering and Qualification Testing to
TEMPEST requirements

Test Plans (461/462 and TEMPEST)
Testing Per Mil-Std 285 and

Mil-Std 461-462

Failure Analysis

Test Reports

Preparation of Specifications

G&H Technology's advanced Electromagnetics Laboratory gives you quality and
reliable service whatever your E® testing requirements may be.

G&H Technoloav. Inc.

750 West Ventura Boulevard, Camarillo, CA 93010, (805) 484-0543
Telex 181095 TWX 910-336-1237
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CAD Software
for HP Desktops
and

PC Compatibles
Wwith

e Full TIME DOMAIN ANALYSIS
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Analyzers

¢ Only $3500
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(201) 881-1200 * (201) 825-7966  Telex: 130073 » Fax: (201) 881-8361
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»rF design feature

An Eight-Stage Log Amplifier
A Review of Log Techniques and the Design of a
Successive-Detection System

By Diep Tran-Nguyen
Plessey Semiconductors

In the demanding world of radar, sonar
and ECM, the high pulse densities, nar-
row pulse widths and rapid amplitude
variations cannot be dealt with by linear,
limiting, AGC amplifier systems. The only

systems that can deal with these signals
utilize logarithmic amplifiers. Those
amplifiers, often called log amps, are not
only capable of handling compression of
high input dynamic range and instan-

DETECTOR

| MICROWAVE | »

|
Rl MIXER T »

LO. = 4 ’
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VIDEO 1 l

{100 ViDEQ AMP S
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]
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NORMALIZED INPUT VOLTAGE (A V./V,,

|
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|
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'
1
!
|
[}
|
[}
[}
1

(or A=, where n « 1)

Figure 2. Transfer function of a true log amplifier

84

taneous pulse to pulse response, but also
the required high sensitivity. They amplify
signals logarithmically, with output vol-
tage proportional to the logarithm of the
input. In a typical log amplifier system, an
input dynamic range of 80 dB can be
compressed to about 20 dB.

here are three types of logarithmic

amplifiers: the detector log video
amplifier (or log video amplifier), the true
log amplifier, and the successive detec-
tion log amplifier. To distinguish between
the amplification characteristics of these
different log systems, refer to Figure 1,
which shows the output signals of each
log receiver system, with an RF pulse
input.

Although this article presents a design
example of a successive log system, de-
sign details will also be discussed for a
true log system and a log video system.

Log Video Systems

In a log video system, the amplifiers
perform a log function directly on the
video signal from a microwave detector,
operating within the bandwidth of the
demodulated signal. These log video
systems can provide broad coverage
through microwave since the frequency
response is determined only by the detec-
tor. However, this system has several
disadvantages. Sensitivity is limited to
about —45 dBm by the detector circuit and
although it is possible to get a log video
system with a dynamic range of 80 dB, the
overall dynamic range is reduced to halif
by the square law of the detector. Coup-
ling between the video amplifiers can lead
to a potential probiem: If they are AC
coupled they won’t respond to a CW sig-
nal, and if they are DC coupled they
become prone to DC drift due to the high
DC gain requirement.

A recent log video amplifier design
described by Potson and Hughes (1) uses
Schottky diode bridges as non linear
elements and state-of-the-art op amps in
which bandwidth, rise and fall times are
independent of the closed loop gain. This
technique employs the bridge small signal
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resistance and limit current to realize the
log response.

Log video amplifiers are often found in
direction finding and alarm systems rather
than in more sensitive measurement
equipment.

True Log Systems

True log amplifiers perform a
logarithmic function at IF and have
undetected, undistorted IF outputs. They
are used in applications where both sen-
sitivity and low distortion in the IF are re-
quired. A dual gain technique is used
to obtain the log transfer function. Each
amplifier stage consists of a limiting
amplifier with a gain A = 3.16 (10 dB)
which is in parallel with a unity gain
amplifier. At low signal levels, the gain is
linear at 10 dB. When the input signal ex-
ceeds a certain level the gain is then drop-
ped to unity. As shown in Figure 2, the
output V, is normalized to V and the in-
put is normalized to V,/A, where V is
output limited level.

Figure 3 shows the transfer function of
a six-stage true log system. The transfer
function consists of a series of straight
lines with break points where each
limiting amplifier successively reduces
the gain by a factor of A. Note that the
slopes of the straight line and break points
on the horizontal axis are derived from the
definition of the dual gain stage. The
multiple scales of the (1-1/A) on the ver-
tical axis are found by setting the two
equations of the two straight lines equal
at the intersection points.

Figure 4 shows a log transfer charac-
teristic of a true log amplifier which con-
sists of n stages, each with a low level
gain stage A = 4 (12 dB). The log non-
linearity referred to the input in dB can be
determined by drawing the two straight
lines, one connecting the cusps of the
cascade’s characteristic and the other
connecting tangentially to the character-
istic between cusps. For a small signal
gain of A = 3.16 (10 dB), the log nonlin-
earity is 1.4 dB.

A typical 6 stage-true log amplifier
“strip” using Plessey SL531C true log
amplifiers can give 70 dB of a dynamic
range from low frequencies below 1 kHz
(using external decoupling capacitors) to
higher frequencies up to 200 MHz, and
a typical phase shift of 3 degrees (2).

Since the stages are operating at RF
and no detection takes place, this type of
log amp has the advantage that the car-
rier information is preserved. The disad-
vantage is that its operating frequency is
relatively low. With their low phase shift
and low frequency operation, these log

RF Design
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Figure 3. Transfer function of an N-stage true log IF strip (linear scale).

A - 4, stage gain
n ~ Number of cascaded stages

NORMALIZED QUTPUT (Vo/Vy)

NORMALIZED INPUT (2010g (A Vu/Vy,)

” 7~ /
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80 70 60 50 40 30 20 ) [ 10 20 30

Figure 4. Transfer function of a N stage true log IF strip (Logarithmic scale).

AF INPUT 1t RF OUTPUT
2 VIDEO OUTPUT

oe 10V

VIDEO OUTPUT (mA)

04

RF OUTPUT (rms)

02 30 mv

INPUT VOLTAGE (sms)

1 myv 10 mv 100 v v

Figure 5. RF and video outputs of a log amplifier (SL521).
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STAGE 3 STAGE 2 STAGE 1
02
E WPUT VOLTAGE (sms)

+ + t
Tw 10 mv 100 W 1v

Figure 6. Video output of a three-stage successive detection log amplifier.
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Figure 7. Circuit diagram of the eight-stage successive detection log IF
strip.
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Figure 8. Component overlay of the eight-stage log IF strip.
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amps are ideal for use in ultrasonic med-
ical scanners, sonar signal amplification,
and IFs for “Raycon,” ECM.

Successive Detection Log Systems

Successive detection log amplifiers are
the most commonly used type in military
radar and ECM system applications, since
they have better sensitivity than detector
log video amplifiers and are more prac-
tical than true log amplifiers. A successive
detection log amplifier today offers not on-
ly video output information but also IF out-
put with phase information. For radar
monopulse applications this type of log
amplifier can replace individual log am-
plifiers and limiters which are fitted in
each channel.

In order to understand the basic tech-
nique of cascading successive detection
log amps, let us look at the characteristic
of the SL521-log amp, shown in Figure 5.
The log amp consists of a limiting ampli-
fier with a gain A (approximately 10 dB)
followed by a low level detector. Note that
the video output and the RF output limit
at a particular input level.

The limiting process of successive
detection log amps can be accomplished
by either of two ways. It can be done in
the RF circuitry where the amplifiers act
as limiting stages. This kind of limiting
tends to be “softer” than the video limiting
counterpart, with less scalloping effect on
the log curve because the transition be-
tween sequential stages is smoother. The
drawback is that when in limiting, those
stages continue to give more output over
the defined input range and may cause
distortion in the desired response.

Alternatively, the limiting process can
be done in the video circuitry following
each detector. Since the video limiting is
accomplished by a constant current lim-
iting diode, the scalloping effect is going
to be increased. This video limiting pro-
cess is sometimes preferred as it provides
smaller output variation over the operating
temperature and better control over the
log scope.

Let us consider a three-stage strip built
with circuits as in Figure 5, and shown in
Figure 6. The first stage of the strip gives
a video output identical to the output of
a single stage. The second stage receives
an input signal which is increased by the
gain of the first stage. This gain is con-
stant over the range of the detector and
so the second stage video output will be
identical to the first, but displaced by the
stage gain A. Similarly, the third stage out-
put will be identical to the first, but dis-
placed by two stage-gains (A).

The dynamic range of the strip can be
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Figure 9. Detected output and logarithmic linearity at 70 and 200 MHz.
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extended by simply increasing the num-
ber of stages, but only to the point where
the last stage gives full video output on
the noise produced by the first stage. If
the bandwidth is reduced, the number of
stages can be further increased. It is com-
mon practice to insert a bandpass filter
in the center of the strip for this purpose,
with the filter bandwidth a compromise
between sensitivity and response time. If
the bandwidth is too narrow then the
response time is longer, and if too wide
the system will respond to noise.
Another technique for increasing the
dynamic range is to attenuate the input
signal and apply it to another short strip
operating in parallel with the main (longer)
one. This will extend the upper end of the
log curve. The maximum number of
stages in the short strip is determined by
the maximum input overload of the first
stage of the main strip. Therefore, dy-
namic range of a log IF strip is limited at
one end by the noise and at the other by
the overload level of the first stage.
The final step in making a log IF strip
is to sum the video outputs from each
stage. The output of the summing network
is applied to a DC coupled video amplifier.

This acts as a low gain output buffer to
provide a desired output slope with suffi-
cient output current to drive the specified
load resistance (typically 93Q or lower).

Design Example
The example chosen here is a log IF
strip that has the following specifications:
¢ Input dynamic range > 80 dB
¢ Center frequency up to 350 MHz
¢ |F output:

Good phase and frequency
characteristic.
Gain > 65 dB.
Output power > —5 dBm.
NF < 10 dB.

¢ Video output:
Log accuracy over dynamic
range +1.0 dB.
20 ns pulse handling.
Rise and fall time < 10 nsec.

Since limited IF output, phase and
video information are required, the Ples-
sey SL2521B/LC is selected for this de-
sign. In order to achieve at least 80 dB
of dynamic range, 8 log amplifier stages
are needed. Since each SL2521B/LC con-

sists of 2 amplifier stages, four devices will

be used. Three devices (six stages) will
be cascaded in series as the main strip,
and one (2 stages cascaded) will be used
in the short strip.

Since the device chosen has a fairly
high noise figure, a low noise preamp with
15 dB gain is used. Avantek’s MSA0780
is chosen for this design. With negative
feedback used to bring the 30 dB avail-
able gain down to 15 dB (with some
degradation of the noise figure). Care
must be taken not to put much gain ahead
of the log strip or a reduction of the
dynamic range could result. Input noise
to the log amp, which is at some level
above the threshold of the strip, reduces
the net dynamic range by that amount.
Added gain at the front end of the log amp
also has the effect of shifting the entire
input dynamic range lower. This allows ex-
tension of the dynamic range at the upper
end by adding one or more stages in the
short strip. However, we must be careful
that the first stage of the main strip is not
overloaded. The complete schematic of
this IF strip is shown in Figure 7.

Circuit Description
The SL2521B/LC consists of two am-

PIEZO’s Little Wonder.

Superb performance in a plug-in compatible replacement for

HP 10544A/B/C or HP 10811A/B oscillators.

L] High short term stability (] Low power consumption [] Rugged construction for
[0 DRAT* SC cut crystal
[J Fast delivery

[J Low phase noise
[ Fast warm up

PIEZO’s new Model Number
2810007 Series oscillators are de-
signed for equipment requiring a
compact, rugged, precision fre-
quency source. The DRAT (*doubly
rotated AT) stress compensated (SC
cut) crystal offers the advantages of
a longer life and a lower operating
cost. This makes the 2810007 an
ideal, cost effective oscillator for
precision time keeping, instruments,
communication and navigation
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The PIEZO standard of quality
guarantees you this kind of perfor-
mance:

* Aging rates: <5 parts in 10'°/day

* Phase noise: Better than 160 dbc
at 10 kHz offset

* Warm up: Within 5 parts in 10’ of
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of PIEZO Crystal Company, a
leader in the production of piezo-
electric crystals since 1936. For
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(717) 249-2151.
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plifier stages fabricated using the Plessey
three-micron oxide-isolated bipolar pro-
cess, packaged in a 20-pin ceramic lead-
less chip carrier. Each amplifier stage
employs a differential amplifier with series
feedback to provide linear gain. The
limiting level of the amplifier is beyond the
limiting level of the succeeding detector
stage. The IF output signal is buffered by
dual emitter followers. This output signal
is also used to drive a full wave detector
which determines the limiting level of the
detected output. An on-chip voltage refer-
ence designed to be independent of
temperature and on-chip component var-
iation is used to provide stable operating
currents for the amplfiier and detector.
The SL2521B/LC also allows the detected
(video) output current to be externally pro-
grammed, overcoming the problem of out-
put current changes due to internal com-
ponent variation.

The construction of the eight-stage suc-
cessive detection log IF strip requires four
Plessey SL2521B devices cascaded on a
PC board having a ground plane on the
bottom side and circuit interconnections
on the top side. All components including
the preamp are surface mountable except
the input and output SMA connectors.
Component placement is shown in Fig-
ure 8.

1 nF capacitors are used for coupling
between the amplifier stages and for
decoupling the power pins of each ampli-
fier stage. 300 ohm resistors are used to
program the detected output of the
amplifier stages from 2A to 4A. 240 ohm
resistors are used to increase the detect-
ed outputs on stages 1A, 1B and 4B and
maximize the input dynamic range of the
strip. The RF choke used on the bias sup-
ply of the preamp is chosen so that its im-
pedance at the lowest operating frequen-
cy (plus the bias resistors) is at least 500
ohms. The two 10 ohm emitter feedback
resistors are chosen to program the gain
of the preamp. The 390 ohm feedback
resistor improves the input and output
VSWR of the preamp. The resistor net-
work consisting of three resistors (470,
50 and 3 ohm) is used to match the im-
pedance of the preamp and to provide the
proper amount of attenuated signal to the
short strip. The detected outputs of the
smaller stages are tied together with a 50
ohm pull up resistor and are brought out
to the SMA connector.

Typical Performance
The eight-stage log IF strip which con-
sists of four SL2521 log amps in cascade
and one MSA0870 preamp has been eval-
uated, with the following results:
Output power, gain and bandwidth were

RF Design

Pl
c2

USEZ2M9 2. SN0

=4, 813 @ 182.43 pF
200 039 BA6 MHz

Smo

CH2 Sz L UFS

G2

tsH

START 10. 0V0 VPP MHz

SIS R

=5 Sekim 143.64 pF
200 . 039 0066 MHz

600 . 0880 BP0 MHz

STOP

Figure 11. IF input and output reflection coefficients of the eight-stage

log IF strip.

measured at one |IF output port with the
other port terminated into 50 ohms. The
limited output power and small signal gain
were —4.7 dBm and 65 dB, respectively
at 200 MHz; and —4.9 dBm and 64 dB,
respectively at 400 MHz. 3 dB bandwidth
was 480 MHz.

Dynamic range at the video output port
was measured under CW conditions, and
as shown in Figure 9, 83 dB of dynamic
range was obtained at 70 MHz, and 81 dB
at 200 MHz with +1 dB linearity.

Phase shift at the IF output under CW
conditions was less than 6° at 70 MHz,
10° at 200 MHz, and 14° at 400 MHz
(Figure 10b). For the phase tracking
measurement, a second log strip was built
with devices from different lots. As shown
in Figure 10a, the two strips track within
+1° at 70 MHz and 200 MHz, and within
+2° at 400 MHz over the full 80 dB input
range.

Noise figure was 75 dB at 70 MHz, 8.0
dB at 200 MHz, and 85 dB at 400 MHz.

VSWR, S11 and S22 reflection coeffi-
cients (Figure 11) were measured at an in-

put level of —30 dBm, with an input VSWR

of 1.2:1 at 70 MHz, 1.3:1 at 200 MHz, and
1.6:1 at 400 MHz. Output VSWR was 1.3:1
at 70 MHz, 1.5:1 at 200 MHz, and 1.2:1
at 400 MHz.

The IF limiting characteristics were ex-
amined in some detail. Good limiting was
achieved at various frequencies, with
good symmetry achieved with the aid of
filtering.

The pulse output of the video output
port was examined and a 20 ns pulse at
0 dBm of input signal fevel demonstrated

good rise and fall times (less than 5 ns).

Among the three types of log amps,
successive detection log amps are the
most commonly used in airborne radar
applications. They provide not only video
information but also phase information
and phase tracking capability. These
characteristics can be achieved with
monolithic log amps where special bipolar
process and small geometry are em-
ployed. In their hybrid counterparts, where
discrete transistors and diodes are used,
both video and phase information cannot
be achieved simultaneously.

It is also worth noting that monolithic
log amps have most performance char-
acteristics inherent in their design, where-
as hybrid log amps have to be individual-
ly optimized and adjusted for each char-
acteristic, often resulting in higher costs
and larger size. rf]
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100 Megawatt OIP2: A startling speci-
fication for a new feedforward amplifier
that significantly increases dynamic
range.

And here are a few more exciting

specs. . .

Frequency Range

1 MHz to 80 MHz

Gain Flatness

+0.5 dB maximum

Third Order Output Intercept Point

+55 dBm

Second Order Output Intercept Point

+110 dBm

Noise Figure

7 dBm maximum

Size

5.0" x 6.0" x 1.56"

Locus Model RF-1960A is a HF high
dynamic range feedforward amplifier
that minimizes distortion at the receiving
site. Model RF 1960A uses a sophistica-
ted intermodulation cancellation pro-
cess to achieve the highest possible
spurious-free performance with 10 watt
dc input power. The distortion per-
formance is equivalent to a 100 watt
linear unit.

For more information contact Locus,
Inc. Telecommunications Division, P.O.
Box 740, State College, PA 16804 or
call (814) 355-7800.

LOCUS



WHETHER YOU'RE IN
RESEARCH,

MARCOW! INSTRUMENTS © 0 ¢-30249M5 cigrw genarsror 2077
saoumy 2 » Lo

PRODUCTION

"
AARCONT INSTRUMENTS 0kHz 1040MHx signal generator 20184
2oeu AT v

CARAGY HANOURAE Y

MARCONI SIGNAL
GENERATORS NEVER FORGET

See us at RF Expo/East. Booth #320 & 322.
INFO/CARD 63

Marcani has been

building Signal Generators
for 50 years, so it’s not
surprising that we offer you
40 different models and ver-
sions with a full range of
modulation capabilities
configured with time saving
digital control from the front
panel and via GPIB ... we
also include a non-volatile
memory for your most used
settings.

The choice includes the 20184
series, covering 10kHz-520MHz
and the 2019A series covering
from 10kHz to 1040MHz. These
models ensure that virtually any
requirement can be met in the
main general purpose range for
RF testing. These unique models
have easy-to-use keypads,
optional talk and listen GPIB,
with the facility to create your
own identity string. The internal
clock can be used to monitor
operating hours, and normal re-
calibration which resides in
software, can be undertaken
without removing the covers.
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state-of-the-art signal purity, and
high output power, is an unbeat-
able performer. It provides CW,
pulse, AM and FM signals at out-
put levels up to +19dBm, with
incredibly low spurious content.
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»rF design feature

Constant Impedance Bandpass and
Diplexer Filters

By Francois Methot
Le Groupe Videoway Inc.

Constant impedance bandpass filters
and diplexer filters are all used to elim-
inate most problems related to circuit
design of mixers, limiters and phase com-
parators: poor isolation (LO-IF), unwanted
beats, saturation of amplifying stages at
mixer output, DC offset, etc. This article
illustrates a technique used to calculate
certain types of constant impedance filters
(Butterworth, Chebyshev) using normal-
ized value tables in conjunction with a
calculation program developed for the
IBM PC and the HP-41C calculator.

In a mixer, conversion of an IF fre-
quency into a baseband produces at the
mixer output unwanted frequencies such
as F(LO)-F(IF), F(LO), F(LO)+F(IF) and
others. In a system with an IF lower than
the input RF and LO, a low-pass filter
easily eliminates most unwanted frequen-
cies, but will present an impedance which
is too high or too low outside the operating
band. Due to this poor matching, spurious
outputs return inside the mixer and cause
additional beats (1).

These beats can be eliminated by
ensuring that all mixer inputs and outputs
are sourced or terminated with the same
impedance as the mixer (typically 50S2 or
759). A filter must then be calculated that
will feed the mixer a constant impedance
for the entire frequency range of opera-
tion. Bandpass and diplexer filters will be
described that include this feature (Fig-
ures 1 and 2).

Diplexer
Filter

Mixer

Diplexer
Fitter

750
[———
RF Input ¥

[———> Baseband

Signal

w

Figure 1. Basic mixer diplexer
configuration.

92

vco —OO—

= Output RF
Bandpass
o—: -
Alternate
= a Diplexer
B"’ss';ﬁiﬁ' Bandstop |+~ Method
=
Lo
Figure 2. Impedance matching with diplexer.
Limiter Amp. Limiter
Bandp ll> Bandp -
Diplexer Diplexer
Bandstop g Bandstop v
T T = =
Current Source
Figure 3. Diplexers in a limiter application.
Phase Integrator
Comparator H 75Q
fl R2 c

Figure 4. PLL phase comparator application.
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THE.
ONLY LOWESY

MILSPEC ~ ° COS'™

. SMD . SMD

MIXER MIXER

= . =

.375 x .500 x .150 .375 x .500 x .140
LO LO
RF/LO IF POWER RF/LO IF POWER| PRICE
MODEL | MHz MH:z dBm MODEL | MHz MH:z dBm |(100 pcs.)
SMD-1 1-1000 | DC-100C | +7 SMO-C1 1-1000 | DC-1000 +7 $ 6.50
SMD-1M 11000 | DC-100C +17 SMD-CIM|  1-1000 DC-1000 17 7.00
SMD-1H 11000 | DC-100C +23 SMD-CIH| 1-1000 DC-1000 +23 1°.00
SMD-2 20-1500 | DC-150C +7 SMO-C2 | 201500 | DC-1500 - 7.00
SMD-2M | 201500 | DC-1500 +17 SMD-C2M| 20-1500 | DC-1500 +17 8.00
SMD2H | 201500 | DC-1500 | +23 SMD-C2H| 201500 | DC-1500 | +23 12.00
SMOD-3 20-2500 20-600 +7 SMD-C3 | 20-2500 20-600 +7 8.90
SMO-3M | 20-2500 20-600 +17 SMD-C3M| 20-2500 20-600 +17 9.70
SMD-3H 20-2500 20-600 +23 SMD-C3H | 20-2500 20-600 +23 12.95

Call or write us today.

Lag VA @ 1 Vg
U Rt
W 1 TNhRTA R

NVCROWAE. CORPORATYON

483 McLean Bivd. and 18th Avenue, Paterson, New Jersey 07504 e (201) 881-8800 ¢ Telex 130073
See us at RF Expo/East, Booth #419, 421, 518 & 520.
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Output

Wanted Signal

Other Circuits and Applications

The technique outlined above can also
be applied to reduce additional beats
generated by mixers used as limiters
(Figure 3) or as phase comparators
(Figure 4). In a phase locked loop (PLL),
harmonic distortions produced by mixers
used as saturation phase comparators
should be filtered before amplification of
the DC correction of the PLL. To avoid
dedgradation of the PLL operation, it is
important to select a cut off point 10 times
higher than the phase locked loop’s
natural frequency wN).

As shown in Figure 5, when a frequency
must be substituted for another, bandpass
filters and band stop filters can be used
to trap out the unwanted signal and insert
a new one. This technique is common in
the CATV industry.

Another application is in circuits requir-
ing bidirectional amplifiers. One must ar-
range diplexer filters in an order that will
give an isolation higher than the power
gain of amplifiers in order to avoid oscilla-
tion problems (Figure 6).

Filter Calculation Technique

In theory, it is possible to design perfect
diplexer filters by selecting normalized
values (singly terminated) among ele-
ments from Butterworth and maximally
flat filter tables (2). For instance, if a low-
pass filter is combined with a high-pass
filter calculated according to those tables,
the sum of the impedance and the admit-
tance combines as illustrated in Figure 7.

The voltage source model is as follows:

Y,, = Y., (low pass) + Y, (high pass) = 1
Therefore,

Re[Yin(low pass)] + Re[Yiq(high pass)] = 0
and,

Inlyin(low pass)] + I[Yin(high pass)] = 0
The same results can be obtained with
the current source model.

However, if Chebyshev filters are used,
the elements’ normalized values are no
longer accurate because the sum of im-
pedances and admittances is no longer
equal to 1. In that case, the normalized
values of Chebyshev filters must be
modified by 1.023 factor to produce, at the
cut off point, a value of 0.5 impedance or
admittance for each high-pass or low-
pass filter(3).

Since Chebyshev filters have a better
selectivity and it is possible to improve
their input return loss, we have included
them in the calculation program at the
end of this article. Moreover, the reader
may refer to several normalized and
modified value tables suitable for other
Chebyshev filters (0.25 dB to 1 dB) as
mentioned by Veltrop and Wilds(3).
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Figure 5. “Trap and insert”

Figure 6. Bidirectional amplifier
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Performance curves for highpass/lowpass diplexer.
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7 L1-1.8633,H, Ct-113 =214, C€3=10 L5=776.7nH, CS5=271
C2=383.4 C4=300.7 75 —
e 12=55.06nH T~ L4=70.1nH

SAPPHIRE | |~ | .. .. ..
PRECISION Lo
TRIMMER |

c AP ACITU Rs Figure 9(a). Example bandpass/bandstop diplexer.
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Figure 9(b). Performance curves for bandpass/bandstop diplexer.
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run t¢ Band Pass / Band Stop t¢
(1) For Low/High Pass, (2) For Band Pass/Stop? | Low Frequency? 30E6
Order 3, 5, or 17 § High Frequency? 40E6
Inpedance 17 75 *t Band Pass Section tt

Cut Off Frequency? 30eb C 1= 11.328p L 1= 1.8633u Serial Con. Serial Res.

#4 Low Pass Section *+ C 2= 383.43p L 2= 55.051n Parall Con. Parall Res.
L 1= 621.10n C 2= 127.81p C 3= 10.0l4p L 3= 2.1078u Serial Con. Serial Res.
L 3= 702.62n C 4= 100.25p C 4= 300.76p L 4= 70.183n Parall Con. Parall Res.
L 5= 258.90n C 5= 27.176p L 5= 1776.7In Serial Con. Serial Res.

*t High Pass Section #t ** Band Stop Section ¢

C l= 45.3L4p L 2= 220.20n C 1= 135.94p L 1= 155.27n Serial Con. Parall Res.
C 3= 40.056p L 4= 280.73n C 2= 31.952p L 2= 660.61n Parall Con. Serial Res.
C 5= 108.70p C 3= 120.16p L 3= 175.65n Serial Con. Parall Res.
New calculation (Y/N)? Y C 4= 25.063p L 4= 842.20n Parall Con. Serial Res.

C 5= 320.12p L 5= 64.726n Serial Con. Parall Res.

(1) For Low/High Pass, (2) For Band Pass/Stop? 2 New calculation (Y/N)? N

Order 3, 5, or 717 5
Inpedance 2? 75 Ok

Figure 11. Sample computations using diplexer design program.

10 'PROGRAM DIPLEXER

20 ' Jean-Luc Dugas MAY 15 86

30 DIN TABLE(7)

40 INPUT °(1) For Low/High Pass, (2) For Band Pass/Stop;A

S0 IF ACOL AND ACO2 THEN 40

60 INPUT "Order 3, 5, or 77;0RDER

70 DATA 1.5133,1.509,.7164

80 DATA 1.561,1.8069,1.7659,1.4173,.6507

90 DATA 1.5748,1.8577,1.921,1.827,1.734,1.3786, .6307

100 IF ORDER=3 THEN RESTORE 70 ELSE IF ORDER = 5 THEN RESTORE 80 ELSE IF ORDER =
7 THEN RESTORE 90 ELSE 60
110 INPUT “Inpedance 2°;2
120 FOR N=1 TO ORDER
130 READ TABLE(N)
140 NEXT N

150 ON A GOSUB 210,480 'Select Fllter type

160 INPUT "New calculation (Y/N)";YES$

170 PRINT

180 IF YESSCO*N™ THEM 40

190 END

200 '** Low Pass High Pass Section **

210 INPUT *Cut Off Prequency”;FC

220 WC=6.28319¢FC

230 PRINT TAB(10) ®** Low Pass Sectfon *¢

240 POR N=1 TO ORDER STEP 2

250 TEST = TABLE(N)*I/NC 'L{N)

260 GOSUB 940

270 LIN§="L"+STRS(N)+TESTS

280 IF N=ORDER THEN 320

290 TEST=TABLE(N#1)/(7WC) 'C(N+1)

300 GOSUB 940

310 LINS=LIN§+" C"+STRG(N¢1)+TESTS

320 PRINT LINS ‘Output results of L(N), C(N+1)
330 NEXT N

340 PRINT TAB(10),"** High Pass Section #¢*

350 POR N=1 TO ORDER STEP 2

360 TEST=1/(TABLE(N)*WC*1) 'C(N}

370 GOSUB 940

380 LIN§="CT+STRS(N)4TESTS

390 IF N= ORDER THEN 430

400 TEST=2/(NCTABLE(N+1)) 'L{N+D)

410 GOSUB 940

420 LINS=LIN§#® LT4STRS(N+1)+TESTS

430 PRINT LINS ‘Output results C(N), L(N¢l)
440 NEXT N

450 RETURN

460

40 !

480 PRINT TAB(10)°¢* Band Pass / Band Stop *+*

490 INPUT "Low Frequency®;Fl

500 W1=6.28319*F1

510 INPUT "High Frequency®;E2

520 W2:6.28319*F2

‘Read noraalized values

530 PRINT TAB(10),°** Band Pasa Section *¢"

540 FOR N= 1 T0 ORDER STEP 2

550 TEST=(R2-F1)/(W10F2¢1¢TABLE(N)) 'C(N)

560 GOSUB 940

570 LIN§="C"+STRS(N)+TESTS

580 TEST=I¢TABLE(N)/(W2-N1) 'L{N)

§90 GOSUB 940

600 LINS=LINS+"  LT+STR$(N) ¢ TESTS ¢ * Serfal Con. Serial Res.”
610 PRINT LINS 'Output Results C(N), L(N)
620 IF N= ORDER THEN 700

630 TEST=TABLE(N¢L)/({W2-N1}*2) 'C(Ne1)

640 GOSUB 940

650 LINS="C" + STR§(N+1) + TBSTS

660 TEST=14(F2-P1)/(W1*F28TABLE(N+1)) 'L(N+1)

670 GOSUB 940

680 LINS= LIN§**  L"#STRS(N#1)+TESTSe" Parall Con. Parall Res.”
690 PRINT LINS ‘Output Results C(N#1), L{N+1)
700 NEIT N

710 PRINT TAB(10),°** Band Stop Sectfon ¢¢*

720 POR N= | TO ORDER STEP 2

730 TEST = 1/(TABLE(N)*(W2-W1)02) 'C(¥)

740 GOSUB 940

750 LIN§="C"+STR§(N)+TESTS

760 TEST=(F2-F1)*TABLE(N)*1/(¥2¢F1) 'L{N)

770 GOSUB 940

780 LING=LIN§#™  L"#STR§(N)4TESTS+" Serial Con. Parall Res."

790 PRINT LINS ‘Output Results C(N), L(N)
800 IF N= ORDER THEN 880

810 TEST=TABLE(N+1)*(B2-F1)/{W2¢F1¢1) 'C(K+1)

820 GOSUB 940

830 LINS="C"+STRS(N+1)¢TESTS

840 TEST=Z/(TABLE(N+1)*(W2-¥1)) ‘L{N¢])

850 GOSUB 940

860 LINS=LIN§#"  L"#STR§(N+1)+TESTS+" Parall Con. Serjal Res.”
870 PRINT LINS 'Output Results C(N#1), L{N¢])
880 NEXT N

890 RETURN

900 *

910 '

920 'Eng notation and string mamipulation

930 '

940 I=0

950 WHILE TESTC=1 AND I¢5

960 TEST=TEST*1000

970 I=1+1

980 WEND

990 IF I=0 THEN 1030

1000 DENOMS="aunpf®

1010 TEST§="= "+LEFTS(STRS(TEST),7)+NIDS(DENONS,I,1)s" *

1020 RETURN

1030 TEST§="= "#LEFTS(STRS(TEST),7)+"7 *
1040 RETURN

‘Fatlure to find Eng Not.
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BASIC program for computation of diplexer filter component values.
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s /
response: re-sponse, n.
A reply or answer,now.

Teledyne Microwave
Defines Response!

Teledyne Microwave's definition of response
is even better than the dictionary’s. When you
ask for high quality isolators, we reply immedi-

ately. We make a shipment within the week. No
ifs, ands or buts. The parts are already there,
on our shelves, ready to ship to you.

Frequency Isolation Loss

Model No. (GHz) = (dB) (dB) VSWR
TS B3U-400 e 10 18 05 1.251
T-2S63U-60  2-4 20 05 . 2ol

T-4S63U-50  4-8 26 204 - d251
7-7S43U-30  7-11 2804 1404
7-7S83U-40  7.6-18 16 08 1501

7-8543U-20  8-12.4 18 04 1301
7-8563U-30  8-16 17 05 1351
7-10S63U-20  10-20 1 o D30 hasy
7-12843U-30 12-18 18 05 1301

7-18S33U-20 _18-26.5 i7a = JR0== S50

Ferrite isolators available from stock.

Of course, you may have a unique ferrite
need which requires special attention. Our
engineers and technical sales people are ready

to respond to that as well with over 2000 docu-
mented isolator and circulator designs. And if we
can't fill your requirements with one of the 2000,
we're ready to design one just for you. We have
integrated packages, drop-ins, special mount-
ings, multiport, high power, miniature packages,
and every conceivable connector option
available.

our customers with timely delivery of technical

support as well as timely delivery of quality
isolators and circulators. Call us and let us
demonstrate our definition of response.

At Teledyne Microwave we strive to support

“»"TELEDYNE MICROWAVE

Teledyne Microwave
1290 Terra Bella Avenue
Mountain View, CA 94043

Telephone: (415) 968-2211
TWX: 910-379-6939

© Teledyne Microwave, 1986
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Using Normalized Tables of Filters

The value of the bandpass and diplex-
er filter components can be calculated us-
ing normalized tables for Butterworth and
Chebyshev low-pass filters according to
the following procedure:

1) Select in the row of AS=infinite, those
normalized values corresponding to the
voltage source configuration.

RS becomes Rs = 09

2) Invert low-pass component value,
thus inductances become capacitances
and capacitances inductances (Figures
7(a) and 7(b)). The high-pass filter nor-
malized component values are obtained
through this conversion.

3) In the case of diplexer filters, nor-
malized values must then be modified ac-
cording to selected frequency and im-
pedance by using the following formulas:

L= LR
w
C,
o= wR

4) To make a constant impedance
bandpass filter, one must simply trans-
form the low-pass model into a bandpass
and a band stop(4). Figures 9a and 9b
demonstrate this configuration. There are
the drawbacks that this type of filter re-
quires a greater number of components
(double), and the filters must be accurate-
ly fine tuned to optimize the input return
loss.

Using the Calculation Programs

It is also possible to calculate the value
of the components using the calculation
programs developed for the IBM PC and
the HP-41C calculator described in this ar-
ticle. Both programs compute the com-
ponents’ modified values for Chebyshev
type filters with .1 dB of ripple and for the
orders N=3, 5 and 7.

Two constant impedance filter sample
computations are included in Figure 11.
These are the designs shown in Figures
8 and 9. Figure 10 illustrates the curves
of a simple bandpass filter to demonstrate
that the return loss outside the band is not
adequate to use it with mixers.
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HP-41 version of diplexer filter design program.
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Leave it to Hewlett-Packard to get you u modules for you to cure an HP 8642 sigt

and running fast if your HP 8642A/B generator in record time. Usually, less tha
signal generators ever go down. The do-it- twent¥ minutes.
yourself HP On-Site Service Kit does it all. t couldn’t be simpler. First, the HP

[t comes with enough card-carrying 86425 built-in diagnostics alert you the

4Gef




oment your measurements are less than it with one from the kit Recalibrate to original - Call 1-800-556-1234, ext. 515 (in Califomnia,
rfect. (Not to worry Actual warranty data high-performance specs in seconds. Honest. ~ 1-800-441-2345, ext. 515). Or write 1820

s a healthy 10,000 hours MTBF). Then, Why not check out the HP 8642A/B  Embarcadero Rd., Palo Alto, CA 94303,
1sh a few buttons; remove the faulty lus the healing powers of the On-Site (é] HEWLETT
odule indicated on the display; and swap ~ Service Kit. And get well sooner P pPACKARD

See us at RF Expo/East, Booth #221, 223, 225 & 227.
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Super high
output

DROP-IN ™ PACKAGE

RF WHITE NOISE GENERATORS
100 Hz - 300 MHz

e Symmetrical e & :,EW T
. . » e i
White Gaussian Noise s | i BN
e Crest Factor: 5:1 R e L B
3 < t43
e Operating Temperature: | B S AL SRR
—-55°Ct085°C e 3 sl —— o —
e Storage Temperature: T = 2 Ui =
—-65°Cto125°C ' f | oo e - Y I
o ]
e Load Impedance: 500 < g3
2 WEEK DELIVERY!
MODEL FREQUENCY OUTPUT FLATNESS
NC2201 100 Hz-100 MHz +5 DBM +1.008B
NC2301 1.5 MHz-300 MHz + 0 DBM +1.008B
Input power: + 15V, 150 ma (max.)
NOISE COM
PRODUCTS: For more

Chips ® Diodes information and
Sources NOIS quick response...call:
Modules M Gary Simonyan

Instruments (201) 488-4144

“NOISE IS OUR ONLY BUSINESS”

NOISE COM, INC. 111 Moore St. Hackensack, N.J. 07601 / TWX 910-380-8198 / FAX (201) 488-5466
See us at RF Expo/East, Booth #525.
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CNA and CPA Series Analyzers

Measure AM, FM and PM noise and coherent sidebands, or phase and phase linearity,
with either a single instrument or a fully integrated system. Pictured here: Model
CNA-40-1/J. Menu-driven; automated; IEEE bus; CW and pulse AM/FM noise

measurement capabilities.

Precision
microwave
measurements.

Raytheon is a proven leader in the
design and manufacture of a wide
variety of testequipment for the micro-
wave industry and users of microwave
power devices in factory tests, military
depots and in the field. Our CW and
pulse systems test microwave power
levels from milliwatts to 50 kilowatts
average, at frequencies from UHF
through EHF.

Our test equipment includes: Auto-
matic Final Test Systems; Automatic
Age/Burn-In Systems; Manual
Systems; Test Consoles; Carrier Noise
Analyzers; Carrier Phase Analyzers;
reliable Grid Pulsers (2400V swing);
highly accurate (0.5%) High Voltage
Pulse Measurement Units (75 kV);
Calorimetric Power Measurement
Systems; Power Generators; and
Waterloads.

For more information, or to discuss
your special requirements, please call
Raytheon Company, Microwave Test
Equipment Group, 190 Willow Street,
Waltham, MA 02254. Phone

(617) 642-2813 or (617) 642-2218.

INFO/CARD 76

Auto Di
Automa?lc, self-correcting, closed flow
Calorimetric Microwave Power Measuring
System with +1% accuracy. |IEEE bus;

local or remote control; self-checking.
Pictured here: Model ASTC-1000A-1.
Microprocessor controlled; 1 kW capability.
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rF design feature

Broadband Noise Improvement in
RF Power Amplifiers

Reducing RFI in Multiple Transmitter/Receiver Applications.

By Ernie Franke and Joseph DelLeon
E-Systems ECI Division

Operation of a high power transmitter
in the vicinity of a sensitive receiver can
result in the degradation of a receiver’s per-
formance due to broadband transmitter
noise. This includes both duplex opera-
tion (simultaneous transmission and re-
ception on two different channels using
a single antenna) and co-location opera-
tion (multiple receivers operating in the
vicinity of a high power transmitter). This
broadband noise may originate in a syn-
thesizer or exciter or may even be domi-
nated by the noise figure of the power
amplifier chain itself. The noise spectrum
may stretch for several megahertz on both
sides of the carrier. The broadband noise
of present wideband transistor amplifiers
is greater than was present in older tube-
type amplifiers which contained tuned cir-
cuits or cavity output networks. The low-
Q, untuned interstage and output net-
works present in solid-state transmitters
increase the available bandwidth and
thus increase the output noise power on
the receiver frequency.

Broadband transmitter noise adversely
affects the performance of a receiver.
Ideally, the transmitter should confine all
of its output power within a narrow band
of frequencies on either side of the
transmit frequency. The bulk of the power
is in fact confined within the assigned
transmitter channel but undesired broad-
band noise exists on frequencies above
and below the carrier frequency. Filter cir-
cuits in the transmitter eliminate a con-
siderable portion of the undesired radia-
tion but enough noise energy is con-
ducted to the antenna to degrade the per-
formance of a receiver operating several
MHz away. The level of noise is greatest
at frequencies close to the carrier fre-
quency of the transmitter. Transmitter
noise appears as ‘‘on-channel” noise in-
terference to the receiver and cannot be
filtered out at the receiver. It falls exactly
on the operating frequency of the receiver
and competes with the desired signal.
Assuming that the frequency separation
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Figure 1. Broadband noise interference on duplex or co-located receivers.
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Figure 2. Transmitter noise interference test arrangement.
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and power output are acceptable for cor-
rect operation, the remaining attenuation
must be achieved by suitable transmitter
filtering or antenna spacing to ensure that
the level of broadband noise at the receiv-
er input is also acceptable. The smaller
the frequency separation and higher the
transmitter power, the greater is the re-
quired filtering or antenna physical
separation needed to achieve adequate
isolation.

Imagine a typical transmitter carrier,
Figure 1, a relatively clean carrier with no
spurious signals. Broadband noise ex-
tends out beyond 30 MHz on from both
sides of the carrier. Now imagine a
receiver placed only 10 MHz away from
the carrier. This is typical for duplex
operation such as mobile radio telephone
applications with several receivers co-
located in a single site with many high
transmitters. If the receiver and transmit-
ter share the same antenna, the level of
the noise signal present at the receiver
channel without a duplexer is simply:

Input Noise Power (dBm) =Noise Spec-
tral Density (dBm/Hz)+10 log,o(BW,e[Hz])

The total broadband noise is equal to
the noise spectral density in dBm/Hz plus
the integral of the broadband noise within
the channel or IF bandwidth. The duplex
filter (duplexer) must provide enough
noise filtering of the transmitter signal to
prevent receiver degradation. The co-
located receiver situation differs from the
duplex receiver problem only in the
substitution of antenna isolation for the
duplexer.

The measurement of the required at-
tenuation of transmitter noise for duplex
or co-location operation is shown in
Figure 2. A signal generator is coupled to
the receiver input and increased in
amplitude until a 12 dB SINAD(1) (EIA
Standard RS204) is achieved. With the
transmitter energized, the attenuator is
adjusted until the SINAD is degraded by
1dB (11 dB SINAD). The sum of the loss
of directional coupler #1 (20 dB), the

receiver frequency bandpass filter, and
the variable attenuator is the necessary
isolation to produce only 1 dB reduction
in SINAD. Shielding is very important in
the measurement to prevent alternate
paths of the transmitter noise from

reaching the receiver. Attenuation values
of 80 to 50 dB are required for frequency
separations of 3 to 15 MHz for 100 watt
transmitters. Typical required attenuation
as a function of TX-RX frequency separa-
tion is shown in Figure 3. Exact curves are

%

R

Figure 4. Power amplifier noise level block diagram.
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Figure 5. Broadband noise measurement of power amplifier.
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Figure 6. Alternate broadband noise measurement equipment layout.
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constructed using the exact transmitter
and receiver pair under construction.
Two methods are available for control
of transmitter broadband noise inter-
ference. The first method is to provide suf-
ficient isolation between the transmitter
output and input to any receiver. This may
be accomplished by physical separation
of antennas or by increasing directivity.
Transmitter filtering provides the second
method of controlling interference from
broadband noise. Filters may be added

between amplifier stages or optimally
placed at the transmitter output. A broad-
band noise power level diagram should
be constructed (Figure 4), of the entire
amplifier chain to determine the optimal
effect of filtering. The maximum benefit
gained from a filter occurs when the filter
is placed as close to the output as possi-
ble. The noise figure is different at various
offsets from the carrier frequency.
Frequency management (other than
ensuring a wide spacing between the
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BASE LOADING ONLY

125 p—

COLLECTOR AND BASE tOADING
-130 p—
.1354— BASE
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IMPROVEMENT
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155 b— CARRIER FREQUENCY LOADING
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Figure 7. Broadband noise improvement with low-frequency loading.
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Figure 8. Gain slope for RF power transistors.
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transmitter frequency and any receiver
frequency) is only effective for narrow
band predictable interference such as
spurs and intermod products and not for
broadband transmitter noise. Filters
placed at the receivers will help to prevent
receiver de-sensitization due to the pres-
ence of a large carrier signal but will not
help the problem of broadband transmit-
ter noise interference. The desired receive
signal and the transmitter sideband noise
are both at the same frequency.

Broadband Noise Measurement
The sensitive measurement of broad-
band noise emissions from a power amp-
lifier (Figure 5) requires nulling of the high
level transmitter carrier to prevent over-
loading the spectrum analyzer. High quali-
ty spectrum analyzers have an average
displayed noise level at approximately the
—142 to —148 dBm/Hz level (Noise figure
of 32 to 26 dB). This measurement floor
is achieved only if the input RF attenuator
of the analyzer is positioned at 0 dB. A fow
noise amplifier, LNA, (NF<3 dB) with suf-
ficient gain (=25 dB) will set the overall
noise figure (NF) of the measurement
system according to Friis’ noise equation:

Foml Fymt
NF=10 log,y Fi# ———+— +
G, GG,
Fy—T1
G,G, .. Gy

where Fy=Noise factor of the Nth Stage

Gy = Absolute gain of the Nth
Stage

This equation shows that the noise figure
(10 log (noise factor)) of the measurement
system (LNA/Spectrum Analyzer) is set by
the low noise amplifier, if the gain is suf-
ficiently high.

10NF210 —1 |
1060 |

1026/10—1
NF=10 log,, [10%10 + =5.1dB

102510 J

NF = 10 logso Eowwo +

The equivalent noise power at the input
to the LNA must be subtracted from the
measured noise power on the spectrum
analyzer display. Thus the equivalent input
noise at the LNA is —169 dBm/Hz
(KTB+NF). A narrow band “clean-up” filter
was placed at the power amplifier input to
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reduce the sideband noise to KT B in order
to measure the amplifier chain’s contribu-
tion to broadband noise.

The broadband noise measurement set-
up uses a 10 dB directional coupler in order
to minimize insertion loss while still pro-
viding an acceptable return loss at the car-
rier frequency. A low pass filter should be
included to avoid overloading of the LNA
by second and third harmonic energy. A
band-reject (notch) filter is also required to
avoid overloading the LNA at the carrier fre-
quency. A minimum notch depth of 50 dB
is typically required to avoid compression
of the LNA. The 3 dB bandwidth of this filter
must be less than the offset noise being
measured. Calibration of the measurement
system is accomplished using a network
analyzer placed between the through line
of the 10 dB directional coupler input and
the LNA output.

An alternate equipment (2) layout for
measuring broadband noise is shown in
Figure 6. The output power from the power
amplifier under test is equally divided by the
90° equal-split directional coupler. Each out-
put of the hybrid is terminated by a short
at the carrier frequency. The reflected
power adds 180° out-of-phase at the hybrid
input, to provide a good return loss at the
carrier frequency, and in-phase at the
power meter terminal, to provide a
measurement of carrier power. Broadband
noise offset from the carrier frequency
undergoes 3 dB loss before passing
through the notch filter. The broadband
noise, offset from the carrier frequency, will
be reflected and suffer a total of only 6 dB
loss before appearing at the low pass filter.

It must be mentioned that the noise
figure of a power amplifier stage should not
be measured in the same manner as that
of small signal amplifiers. The output broad-
band noise of a power transistor biased
Class A is much lower than the value
measured in the presence of a large RF
voltage swing with the same collector cur-
rent. “Class A" small-signal values of 15 dB
noise figure, measured at an equivalent
bias current, turn out to be on the order of
25 dB when operated Class C at rated out-
put power.

Noise Improvement

The broadband noise performance of a
bipolar transistor power amplifier is im-
proved by the use of low frequency resistive
loading. The measured results of this
broadband noise improvement technique
are shown in Figure 7, with a graph of
broadband spectral noise density plotted on
both sides of a carrier frequency. The
presence of this close-in broadband noise
power is not unexpected after considering
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Figure 12. Broadband noise performance as function of output power.
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the gain shaping present in bipolar RF
power transistors (Figure 8). The device
exhibits greater gain at frequencies lower
than the normal operating region. The
maximum available gain rolls off at 6 dB/
octave due to collector capacitance. The
technique of loading the input and output
of the transistor with a low value resistor
has been shown to lower the low frequen-
cy (<50 MHz) gain with no sacrifice in
high frequency (2200 MHz) gain. This
broadband noise power is predominantly

low frequency noise amplified by the low
frequency gain and modulated onto the
carrier.

This technique of resistive low frequen-
cy loading is shown in Figure 9. The base
bias current return circuit (Figure 10A)
consists of two chokes — L1, which is a
small inductor in the range of 100 nano-
henries, chosen to function as an RF
choke at the lowest operating carrier fre-
quency, and L2 which presents a high im-
pedance down to very low frequencies. At
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Figure 13. Broadband noise performance at elevated temperatures.
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normal operating frequencies the base is
effectively isolated by inductor L1 from
resistor R1, forming a low Q arrangement
(Figure 10B). The Q of the network is
given as Q = 2rF L1/R1, which is low. The
resistor R1 is chosen to be in the range
of § to 10 ohms. At low frequencies, where
the power gain is much greater, the shunt-
ing effect of R1 increases, due to the low
inductive reactance of L1. The larger value
inductor L2, consisting of a few turns of
wire through a ferrite bead, is added to
provide high impedance at low frequen-
cies. Thus the base is effectively resistive-
ly loaded by R1 at low frequencies where
the power gain is greater.

The collector feed network (Figure 11A)
accomplishes a similar feat by resistively
loading the collector at frequencies below
the operating band. Within the mid-fre-
quency range between the normal oper-
ating frequencies and the low frequency
region, the small inductor L3 and the small
shunt capacitor C1 act as an L-network to
transform the resistance of R2 to a value
that tends to resistively load the collector.
At the operating frequency, the ferrite
loaded inductor L4 appears as an open,
while the capacitor C2 acts as a very low
impedance to yield the collector feed net-
work model of Figure 11B. Below the nor-
mal operating range, the input impedance
to the network looks resistive, asymptotically
approaching the value of R2, typically 10
to 20 ohms. The wattage of this loading
resistance need only be 2 to 1 watt
because it is designed to absorb less than
Ya watt of signal power at the operating fre-
quency. The bypass capacitors, C2 and C3,
placed at the supply voltage, consist of a
disc ceramic for bypassing at RF and an
electrolytic for bypassing at audio
frequencies.

Variations in Broadband Noise
Variations in broadband noise power as
a function of RF output power, flange or
junction temperature, frequency offset, and
circuit element values have all been con-
sidered. Broadband noise power is shown
as a function of output power from a 150
watt UHF power amplifier in Figure 12. As
the RF output power increased from 50
watts to 160 watts (5 dB increase), the
broadband noise power increased by only
1 dB. Thus, broadband noise is not a
strong function of the actual level of out-
put power and appears to be a collector-
base breakdown phenomenon starting at
a power level of about 1/10 rated output.
Broadband noise was also examined as
a function of flange temperature (Figure
13). Broadband noise power remained re-
latively constant when the flange
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temperature of the RF power transistor in-
creased from 52°C to over 100°C (junc-
tion temperature = 150°C). Next, the level
of broadband noise was examined as a
function of frequency offset from the car-
rier frequency. The shape of the noise
(Figure 14) is quite smooth and monoton-
ically decreases beyond the +30 MHz
offset.

Finally the effects of variations of the
resistive-loading circuit element values were
considered. Variations in the value of the
base loading resistor are shown in Figure

15, and the collector loading resistor, Figure
16. Expected variations in the chosen value
of the base or collector resistor result in less
than 1 dB uncertainty in broadband noise
power at +30 MHz offset from the carrier.
Low frequency resistive-loading also im-
proves amplifier (3,4) stability for operation
into various mismatched load impedances.

FET

The Field Effect Transistor has been
shown to produce (5-8) typically 10 to 15 dB
lower broadband noise than a comparable
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bipolar power transistor. The voltage avalan-
che breakdown characteristic of the bipolar
is not present in the FET. Care must be ex-
ercised, however, to avoid electro-static
discharge of the gate which may ruin the
noise performance of the device. Devices
are presently capable of producing RF out-
put power in excess of 50 watts for opera-
tion both in the VHF and UHF frequency
range. It is anticipated that within the next
few years that FETs will have fully matured
to the 150 watt power level through the UHF
frequency band. (rf]
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»rF designer’s notebook

PIN Diode Switches — Part |

Some Notes on the Characteristics and
Performance of Shunt Reflective Type PIN Diode Switches.

By Andrzej B. Przedpelski
A.R.F. Products, Inc.

In this application a PIN diode behaves
like a simple mechanical SPST switch. To
stop the flow of RF energy it provides a
short-circuit across the RF path. Thus,
most of the RF energy is reflected rather
than absorbed by the switch. However, a
PIN diode is an imperfect switch, and its
imperfections have to be taken into
consideration.

In this switch’'s “off” condition (diode

conducting), the most important diode
characteristic to consider is the series
diode resistance (R,), Figure 1(b). The
isolation (switch OFF-diode ON) increases
with a decrease in Ry, as shown in
Figure 2. Putting diodes in parallel im-
proves isolation by decreasing the total
Ry. The effect is the same as using a

single diode with an effective Ry
equivalent to all the diode resistances in
parallel. Thus, the isolation improvement
is 6 dB each time the number of diodes
is doubled, a somewhat inefficient
method. Fortunately, performance can be
considerably improved using compara-
tively simple methods.

A section of a transmission line placed
between any two diodes produces a large
improvement. If the line impedance is the
same as the load impedance, its presence
will not affect the switch performance in
the ON condition. A two diode switch, as
shown in Figure 3, will be used to illustrate
this effect. However, this analysis can be
extended to multi-diode arrangements.
The effect of the transmission line is

shown in Figure 4. The transmission line
transforms the second diode ON resis-
tance, Ry, to a high equivalent series
value at the location of the first diode, thus
increasing the effect of the first diode. Or,
conversely, it increases the effective
source impedance, seen at the second
diode location, as shown in Figure 3(b).
As in all cases when transmission lines
are used for transforming impedances,
the effect is frequency sensitive. For-
tunately, in this case, this effect is quite
broadband, as shown in Figure 4. The ef-
fect is maximum when the line is 90
degrees at the operating frequency. When
line length is 0 or 180 degrees, the effect
is the same as placing the diodes in
parailel.

h Configuration

Switch

3w (c> Diod

2«

s

OFF ([(Switch ONJ]

Figure 1. Shunt PIN diode switch

Figure 3. 2-PIN diode switch.

Isotation, 4B

Aftenustion dB

OIODE "ON~ RESISTANCE. R, OHMS

40

Line Langih, Degrees

Figure 2. Switch isolation

112

Figure 4. Isolation of 2 diode switch.
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SAW Filter Bank for
Signal Channelizing Applications

SAW filter banks are available to custom
design specifications in the frequency range
100 MHz to 700 MHz with fractional band-
widths as small as 0.1% or as high as 50%.
The filter bank can be configured either as
1 input with n outputs or as n inputs with

n outputs.

Crystal Technology

1035 East Meadow Circle
Palo Alto, CA 94303 USA
(415) 856-7911 « TWX 910-379-6625

@ Small size

| Lar?e dynamic range

@ Well defined channel crossover
= Accurate phase tracking
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Thus, to obtain maximum benefit from
multiple shunt-configured PIN diode
switches, the line sections between
diodes should be about 90 degrees long
at the operating frequency.

It should be noted that, so far, a 50 ohm
source was assumed. An impedance
source lower than 50 ohms will deteriorate
the isolation. This can be remedied,
however, by placing another 90 degree
line between the source and the first PIN
diode, as shown in Figure 5. Figure 6
shows the effect of the source impedance
on isolation and Figure 7 shows the effect

of the source impedance on isolation
when the input transmission line is
introduced.

Shunt Switch — “ON” Condition

In the switch ON condition, the PIN
diode is back-biased and presents a high
resistance across the transmission line,
which usually can be neglected. The im-
portant diode parameter becomes the
diode capacitance, Cq4, shown in Figure
1(c). This spurious reactance introduces
some additional losses. This unwanted in-
sertion loss, in the ON condition, can be

Rs

COMPENSATING LINE

S0

“tuned out” using inductors in parallel
with the diodes. This compensation is fre-
quency dependent, but, since the Q of the
tuned circuit is very low, the compensa-
tion is effective over a large bandwidth.
It is also possible to compensate for this
reactance by changing the line length be-
tween the diodes. This effect, using Figure
3(a) circuit (C4 = 1 pF and an operating
frequency of 2000 MHz), is shown in Fig-
ure 8. As usual, therefore, some compro-
mises exist and have to be considered. [

Part Il of these PIN diode notes will
review the series configuration of
switches. Look for it in an upcoming issue.

About the Author
Andrzej Przedpelski is vice presi-
dent, development of A.R.F. Products,
Inc., 2559 75th St., Boulder, CO 80301.
Andy serves as Consulting Editor to
RF Design.
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Figure 6. Effect of source
impedance (Ry, = Ry, = 1 ohm).

14

Figure 7. Effect of input transmission
line.

Figure 8. Compensation with line
length.
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Broadband GaAs Microwave
Interface Chips

TriQuint Semiconductor announces a
new line of GaAs integrated circuits de-
signed to simplify the construction of
microwave systems operating in the 1 to
8 GHz frequency range. The MICRO-S
series includes the TQ9111 7 dB amplifier,
the TQ9141 two-way power splitter, the
TQ9151 SPDT switch, and the TQ9161
electronically variable attenuator. They
cover 1 to 8 GHz with uniform amplitude

EEEELE

characteristics (variation less than +1 dB,
typically). Prices for the MICRO-S micro-
wave component series are as follows. In
die form for quantity 100, the TQ9111 is
$60, the TQ9141 is $70, the TQI151 is $51,
and the TQ9161 is $70. Corresponding
prices for the 18 GHz surface mount
package are: TQ9111 ($114), TQAHH
($155), TQ9151 ($143) and TQ9161 ($155).
TriQuint Semiconductor, Inc., Beaver-
ton, Ore. INFO/CARD #130.

EMI! Analyzer/Receiver
Covers 0.5-40 GHz

Electro-Metrics announces the latest
addition to its line of microprocessor-
controlled electromagnetic interference
(EMI) analyzer/receivers, the EMC-60 MK
IV. The new unit performs emission and
susceptibility testing to strict military,
government and commercial specifica-
tions, including MIL-STD-461/462 and
FCC Part 18, from 0.5 to 40 GHz. In addi-
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tion, the unit’s front end can be remotely
operated and controlled to reduce input
cabie losses and increase flexibility. Ad-
vanced detector circuits provide true
average, direct peak and slideback peak
analysis. Electro-Metrics, Amsterdam,
N.Y. INFO/CARD #129.

Crystal Oscillator is
Drop-in Packaged

TRAK Microwave introduces a new
drop-in crystal controlled oscillator in-
tended for use in surface mount/micro-
strip designs. The unit is only 1.33 x 1.25
x .28 inches and weighs only .44 ounces.

Frequency range is 60-1200 MHz, with a
power output of 10 mW or 100 mW. One
watt versions are available over limited
temperature range. TRAK Microwave
Corporation, Tampa, Fla. Please circle
INFO/CARD #128.

Logarithmic Video Amplifier
Operates up to 30 MHz

A universal logarithmic amplifier in-
tegrated circuit, the M-7000, is designed
to work over a 30 MHz wide bandwidth.
The M-7000 is designed as seven preci-
sion modular logging stages. The logging

stages are independent of one another
and the designer may use each stage
separately or cascade any number to-
gether. Each stage has a user defined
dynamic range of 6 to 17 dB. The typical
RMS conformity of the output is .5 dB for
a 105 dB dynamic range. The user may

customize the transfer response. The IC
contains a differential video summing
amplifier, a band gap reference, a preci-
sion die temperature sensor and a dual
tracking voltage regulator. Price is $27 for
quantity 1 to 100 commercial, plastic 40
pin dip and $126 up to quantity 100, Mil
grade. Megadyne Corporation, Fairfax,
Va. INFO/CARD #126.

Miniature Quartz Crystals
Chemically milled miniature AT quartz
crystals for Pierce, Colpitts and Series
oscillators are available in rugged, her-
metically-sealed miniature ceramic pack-
ages (CX) with standard leads or with
leadless contacts for surface mounting by
reflow solder, conductive epoxy or other
techniques. These CX-AT quartz crystals

are available in the 10 to 24 MHz fre-
quency range. Dimensions of the CX
leadless package are: 8.38 mm (.33") x
394 mm (.155"") x 2.03 mm (.08"). ETA In-
dustries, Inc., New York, N.Y. Please cir-
cle INFO/CARD #127.

Switched RF Filter
Has Five Sections

Interad Ltd. announces a switched RF
filter bank Model 2425A, a single module
consisting of five filters of five poles each
under the control of a three-bit code. The
passband frequency range of this model
is 56 to 74 MHz, but is is available in
center frequencies of 1-100 MHz and
bandwidths of 3 percent to 20 percent
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F.. The Model 2425A has the following
major frequencies: passband center fre-
quency range of 56 to 74 MHz, 3 percent
to 10 percent bandwidth, 5 dB max. inser-
tion loss, and VSWR input of 1.5:1 max.
Price of the unit is $675. Interad Ltd.,
Gaithersburg, Md. INFO/CARD #125.

Vacuum Relays Switch from
DC to 50 MHz

Three series of vacuum relays are now
available from Siemens Components, Inc.
Designated the “Series 100,” “Series
300,” and “Series 400,” all units offer high-
voltage, high current switching capability,
as well as the ability to switch extremely
small signals from DC to 50 MHz. Applica-

tions include RF transmission, to control
RF circuits without load switching, where
extremely low transfer resistance and high
insulation resistance are important; and
load switching, to control loads of several
kilowatts at DC or 60 Hz voltages, with the
ability to keep the discharge low. Siemens
Components, Inc., Iselin, N.J. Please
circle INFO/CARD #124.

900 MHz RF Link
Transfers Voice or Data

Neulink introduces a 928-960 MHz RF
link for speech communications applica-
tions. The model RFL-TYS transmitter and
RFL-RSS receiver are designed to trans-
fer voice and tone communications data.
Applications include control linking of
repeaters and base stations operating on

various frequency bands. The RFL-T9S
transmitter has adjustable output power
from 1-2 watts, and is continuously rated.
Both units come housed in separate
aluminum alloy enclosures, 9” x5” x 112",
Neulink, San Diego, Calif. Please circle
INFO/CARD #123.

GaAs Digital Components
are Under $100

GigaBit Logic has announced the
availability of three new PicolLogic™
family ICs all priced below $100. The new
gallium arsenide (GaAs) ICs include an
octal register/shift register, dual 9-bit parity
generator and checker/8-bit word com-
parator, and 4-bit synchronous cascad-
able counter. All three new devices are
ECL I/0 and 10G PicoLogic™ |/O com-
patible. A V, reference input allows
threshold tracking when interfacing to
ECL logic families. The output rise and fall
times are typically 150ps. In a leadless
chip carrier, or leaded chip carrier, the
prices (100s) are: 10G022 ($79.50),
10G045 ($46.00), and 10G061 ($99.50).
Prices are lower for dice form. GigaBit
Logic, Newbury Park, Calif. Please cir-
cle INFO/CARD #121.

Filter

Relief is just
a phone call away

simulating MIL-STD-461 conditions

days or less

Captor. Relief is just a phone call away

CAPTOR

Headache?

If a tough filter problem is giving you a head-
ache, call Captor. We specialize in custom EMI
filter designs for those semi-impossibie jobs. Our
total in-house production includes sheet metal
fabrication, capacitor winding and filter assem-
bly. Full-load insertion loss capabilities are in
accordance with MIL-STD-220A or methods

With recognized experts performing EMI con-
ducted and radiated emission tests to MIL-STD-
461A/B, Captor can provide filters to insure
compliance in typical “test and fix" times of three

When that next filter headache starts, remember

CORPORATION

5040 S. County Rd.,Tipp City, Ghio 45371, Phone:(513) 667-8484

We'll run interference for you

Cost effective design engineering from 25 of the finest
experts in the field. Whether it's solving a problematic
design or managing an entire program. Radiation
Sciences is ready to serve you.

Solutions to specification. Our designs on paper
perform + 2dB of actual test results. And your solution
will meet your design criteria and your budget.

Testing on schedule with clearly documented results
which identify causes and pinpoint solutions. With
six shield rooms, cach tully equipped with certified
test apparatus. we'll have vour results sooner than
you might expect.

Professional hands on training in emission design and
control. We'll instruct you in the latest specifications
as well as techniques and procedures for detecting
and controlling radiated and conducted emissions.

TEMPEST ¢ EMI ¢ EMC o EMP o FCC

RADIATION SCIENCES, INC.

3131 Detweiler Road
Harleysville, PA 19438
Phone (215) 256-4133

116 INFO/CARD 80
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IF YOU MISSED IT AT
RF TECHNOLOGY EXPO 86...

IT’S NOT TOO LATE
TO GET ONE NOW.

The “Proceedings” of RF Technology Expo 86 are now
available. Included in this 650-page, 32 pound volume are
67 papers from the technical sessions held at RF
~——___ Technology Expo 86. These are the papers with informa-
tion vital to the RF engineering world.

1, 1986 Among the topics included are amplifiers . . . oscillators
... CAD . . . packaging . . . NMR . . . basic and
advanced techniques. These are the topics you asked for,
the techniques you need to know, the information you will
L use over and over again.

—————

; Ordering your own copy is easy. Just fill out the order form
s e g £ )/ below and mail it to RF DESIGN, 6530 So. Yosemite,
~— VI | Englewood, CO 80l11l. The price is $95, and payment

. . MUST accompany the order. You can charge it to Visa,
et — MasterCard or American Express, or send a check or
money order. (Price outside the continental U.S. is $100

plus shipping.)

— et COvn T ]

Don’t wait to order your copy, as there are only a limited
number available. It will be one of the most valuable
books in your engineering library.




VHF/UHF
SURVEILLANCE
RECEIVER

MODEL 686
VHF/UHF RECEIVER

e 20-1200 MHZ

e AM-FM-CW-PULSE-SSB

e SEARCH MODE

e MASTER/SLAVE

e COMPUTER CONTROL
e INTEGRAL S.DU.

e ACTIVITY MONITOR

e COMPACT—3%" HIGH

e TEMPEST DESIGN

GUARANTEED QUALITY

HIGH RELIABILITY

For further information, please call 471-6060

E REACTION
INSTRUMENTS

1930 Isaac Newton Square, Reston, VA 22090
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Ferrites and Wound Components
are Introduced

Iskra Electronics has announced a
complete line of ferrites, cores and wound
components for filters, transformers, RFI
suppression and other industrial and
commercial applications. Iskra will be pro-
ducing a wide variety of ferrite core types
and configurations, made of several dif-
ferent material grades. The Iskra line will
include Pot E, RM, toroid and rod bead

> :5'
w .

cores, X cores (with gaps and adjust-
ments). Iskra wound components consist
of stable ferrite cores with high tempera-
ture and time stability, permeability and
small losses. The components are not
standardized, therefore all required
characteristics are customer designed.
Iskra Electronics, Inc., Farmingdale,
N.Y. INFO/CARD #122.

Sprague-Goodman Gigaherz Trimmer Capacditors.

Nobody offers a wider selection of
single furn ceramics, multiturn sap-
phire and plastic Mimmers for appli-
cations in the UHF and lower GHz
bands. All feature high Q,

For RF applications, our line includes
sub-miniature glass and quartz Piston-
caps®, plastic Filmmims® and Ceramic
single furn, Mica compression, Aifrim®
air dielectric, miniature LC

grear stability, small size
and low cost.

SPRAGUE
600DMAN §

tuners, and Stab-L® meral-
lized inductors.

(An offiliare of the Sprague Electric Company)

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

See us at RF Expo/East, Booth #324.

INFO/CARD 84

SHORT-ORDER SPECIALISTS
0 000,00

TWX No. 910-230-3231
Cable: CONWINWCGO

RF Design

CONNOR-WINFIELD CORPORATION
West Chicago, IL 60185 USA
Phone: 1-312-231-5270

CONNOR-WINFIELD OSCILLATORS

But we can cook up a

big batch, too!

Connor-Winfield is ready to serve. Whether the oscillators you need are in
stock or custom designed or whether you need 1 or 10,000, our special of
the day—everyday—is meeting your needs with the right combination of

quality and low cost. Are you ready to order? Call or write us today for more

information.
| ECL DIP Models: ECLA, ECLB

High Frequency Frequency: 8MHz —200MHz, +.01%
Supply: 5.2Vdc *5% or - 4.5Vdc +5%
Output: 10K ECL or 100K ECL
Package: Alimetal, hermetically sealed

DIP SINEWAVE Models: DPS1 DPS2

Low Fregency Frequency:  1KHz—75KHz 100Hz--100KHz
Tolerance: +.01%, THD =5% =+.01%, THD =5%
Supply: 5vdc = 10% 8Vdc—15Vdc
Package: All metal, hermetically sealed

TTL CLOCKS Models: S10C S10D S10E

Tight Tolerance Frequency: 31KHz—25MHz
Tolerance: +.001% +.0025%  +.005%
Temp. Range: 0°--50°C  0°—70°C 25°-75°C
Package: All metal, hermetically seated 14 pin DIP

TTL CLOCK Models: S14R8 S15R8

St T;, F.Eu 9‘ S Tolerance: +.005% + 01%

Low Cost Supply: «5Vdc + 10%, 60mA max
Frequencies: 1,2,4,5,6,8,10,12,16,20,24,40,70MHz
Package: All metal, hermetically sealed 14 pin DIP

INFO/CARD 85
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120

LOWEST PRICED, HIGHEST QUALITY ATTENUATORS -BNC $11.00 1-9EA, SMA $14.40 10€A

9

'L)

AND TERMINATIONS - BNC $5.60 10 €A.. SMA $5.60 10€EA., MIL. HI-REL. NETWORKS
Moset Impedance Frequency UNIT PAICE (4) EFFECTIVE 9-15-86
Number 12 Ohme (Power Wi Range BNC UKE rc
Fired Antenustons 1 10 20 d8
AT 50(3) 30 Swi ©C 1 8GHz o0 2000 18 00
AT 81 50 5W) 0C 1 5GH1 1100 1500 1500 1400 12 00
AT 82 3011w} DC 1 5GMs 143% 20% 19 80
AT 83 50| 23w ©C 3 0GH: 1400 1700 15 00
AT S4 50 ( 25W| 0C 4 2012 18.00
7 83 80 ( 23W) 0C 4 20M: 14 4011000
AT 78 01 AT 90 7501 93 8W) OC 1 SGHz TS0MH 1} 1130 2000 2000 1600
stector Miner l-vo B1as Schomiy
cn 51,78 5 014 2GH: 84 00 44 00
DM 81 014 20H: 64 ON
Resistive Impedance Tranatormers Minimum Loas Pads
AT 5073 50ta 78 DC 1 5GHI 195 1950 1780
AT 5093 801093 OC 1 0OM2 1300 1930 1930 1780
Terminations
€1 50(3) 30 oW 0C 4 2GMz 1150 1500 1500 1780
cr s Sw OC 4 26K 9% 1200 1030 0 80
crs2 30{1W) OC 2 5GH2 1030 1500 1800 1300 1850
CTsim W) OC 4 26M1 5 80(hn S e0nose:
Cv 54 302w) ©C 2 00Nz 1400 1800 1800 V780
crs 75 25W) DC 2 3GH1 1050 1800 $00 1300 1350
crea 93¢ 23w) DC 2 5GH: 1300 1300 1500 1880
Mismetched Terminations 1 08 1103 1 Open Circuit Shon Circult
T 81 50 0C-3 0aME 4830 4530 4550 48350
"y 78 0 OC 1 00Hs 4550
Feed thru Tarminations shunt resistor
#1350 0 ©C 1 00Mz 1080 19 19 50 750
1S s S00M M1 1080 1980 1930 1780
FT 90 [} OC 1350MH7 1300 1950 1980 ?
Dirextionsi Coupter ma-
oC 800 250 300MM: 80 00 84 00
Resistiva DOcoupter sartes reisior or Capact n.t:o..pn- eries capachor
A0 or CC 1000 1000 110009F OC t 3Gm 1200 1800 1800 1700
Adscters
CAS0(NtoBMAl 50 0C-4 20M2 1300 1300 1300 1300
Inductive Decouptars series Inductor
wAas 0 v 7o 0C-S00MMz 1200 1800 1800 1700
D s o Buk OC-35MMz 1200 1800 1800 1700
Fireo Artenustor Sets 3 8 10 »nd 20 B in piaatic case
AT-S0-8£7T(3) 50 DC 1 5GH: 6000 8400 B400 7800
AT 81-SET OC 1 3GMs 4800 6400 8400 6000
Roacrive u Ricouplers 2 ang 4 output ports
TC 125 s0 15128MK1 84 00 - 8700 8700
e nu 50 1 8125mm; &7 00 150 8180
Rasinlive Pomwar Dividers 3 4 eno 9 ports
e 3 50 50 ©OC 2 0GM1 64 00 84 00
RC 4 80 50 OC S00MKI 6400 8400 84 00
AC 8 30 %0 OC S00MW1 84 50
AC 3T 4T3 s OC 500MM1 84 00 84 00
Doubts Baianced Mizers
D8M 1000 50 31000MM1 81 00 7100  8) 00 34.00
D8 M 800PC 0 2 30081 34 00
RF Fuse 1 8Amo end ) 18 AmPD
FL %0 50 DC 1 3OM: 1200 1800 4880 noc
FLTS s OC 1 8GH: 1200 1800 7 00
NOTE 1) Crilice) parameters fully lestec 8nd guarsnteed Pabncetea from Mil Bpec High-Rel resistors
R »« CHCPL oo S soo i he!, nitver. 8nd goid 2) Bee catslog for complete Mode!
Number Specity connector sexen Speciais availstie 3) Cellbrmtion marked on isbel of uait 4} Mc. subject to changs 19888
T o Shippin q 95 00 Domesuc o $28 00 Forelgn on Prepaid Orders Delivery is s10ck 10 30 days ARO

Send

é‘[com SYSTEMS INC.

s
. _'i.g

305-994-1774

932 CLINT MOORE ROAD, BOCA RATON, FL 33431

INFO/CARD 86

NAANNAENE PPN OE Tl

A furious agitation, commotion,
or tumult; uproar

IRT Corporation is a leader in TEMPEST Engineering.

Testing and System Assessment/ Development.

_J Testing Facilities
Automated Manual Testing
Certified Engineers
Lot Sample Testing

(J Engineering

J Documentation
For additional information call

or write IRT Corporation,

3030 Callan Road,

San Diego, CA 92121;

(619) 450-4343, Telex: 69-5412
INFO/CARD 87

IRT

Complete Product Support
Design/Development/|

fuction

Corporation

»rF products c..in.co

High Power Attenuator
Handles 50 Watts

RLC Electronics announces its Model
A501, a 50 watt high power fixed at-
tenuator. This attenuator features ex-
cellent power handling capabilities, low
VSWR and extreme accuracy under all
environmental conditions. This unit has a
thick film element for stability and long life
while operating over a frequency range of
DC to 5 GHz. The unit comes in values
of 3 dB, 6 dB, 10 dB, and 20 dB with an
attenuation accuracy of +.5 dB over the
specified frequency range. These units
are available with Type “N” and “SMA”
Type connectors. Prices start at $275 in
unit quantities. RLC Electronics, Inc., Mt.
Kisco, N.Y. INFO/CARD #120.

Dual Directional Coupler
Covers TACAN Band

Sage Laboratories is offering a new
TACAN band dual directional coupler. The
Model FC3364, which is currently being
delivered for use on a new FAA system,
handles 10 kW peak, 100 watt average in-
put power at 1030 MHz. Coupling is flat
over the 1010 to 1110 MHz range. The for-
ward coupling is 20 dB and the reverse
coupling is 15 dB. Directivity is 35 dB
minimum for the reverse coupler. Net
main line insertion loss is less than 0.25
dB. The couplers are also available as
phase and amplitude tracking parts. The
part number for the matched pair is
FC3364-1. Sage Laboratories, Inc.,
Natick, Mass. INFO/CARD #119.

Miniature Frequency Standard
Has High Stability

Piezo Systems announces the avail-
ability of a miniature, high stability fre-
quency standard. The Piezo Systems
Model 2810005 combines the latest tech-
niques in crystal design with a low noise
proportional oven control circuit. The
oscillator has an aging rate of 5 x 10-8
per day. The unit obtains final frequency
within 1 x 107 after five minutes at 25°C.
This model is available in 1.0 MHz to 20.0
MHz range. Frequency stability is +5
x10-8 for any 10°C increment over 0°C to
+70°C. Piezo Systems, Carlisle, Pa.
INFO/CARD #118.

RF Hybrid Amplifier for 20-400 MHz

Amplifonix has announced a new RF
hybrid amplifier, Model TM 6441 in a TO-8
hermetic package, with gain of 14.5 dB
typical over the frequency range of 20 to
400 MHz. Other specifications include:
noise figure, 3.8 dB typ.; power out @ 1
dB comp., +16 typ.; VSWR (infout) of 2:1;
current @15 V, 32 ma.; temperature range

November 1986



of =55 to +85°C. All units meet MIL-
STD-883B screening. Price for 1-9 is
$84.00. Amplifonix, Inc., West Lang-
horne, Pa. INFO/CARD #117.

Oscillator Syncs to
External Trigger

Berkeley Nucleonics Corp. has in-
troduced a compact new type frequency
source known as the Model C-1100
trigger-coherent oscillator. It is available
with one, or optionally two, selected out-
puts between 850 kHz and 115 MHz, sup-
plied in ECL pulse train form. The C-1100
acts as a fixed-frequency clock-pulse
source that repeatedly syncs its output to
unpredictable external events represented
as signals to the unit. The unit can be
steadily or randomly triggered at 0 to 20
MHz rates. Applications include any situa-
tion where clock phasing to outside
events is important. Price of the C-1100
ranges from $280 to $350. Berkeley
Nucleonics Corp., Berkeley, Calif.
INFO/CARD #116.

FET Amplifiers Have Wide
Dynamic Range

TRW Microwave has announced a new
series of 210 6 GHz FET ampilifiers. These
miniature IF amplifiers feature high in-
tercept and low noise figure, and are ideal
for wide dynamic range EW system appli-
cations. They provide +27 dBm minimum
power output at 1 dB gain compression,
and a variety of small signal gains.
Temperature compensation from —54°C to
+95°C is provided using a unique PIN cir-
cuit. Gain flatness over frequency and
temperature is +1.5 dB, maximum. Noise
figure, with a nominal gain of 40 dB, is 35
dB maximum at +25°C and 4.5 dB max-
imum at +95°C. Package size is 0.32" x
066" x 2.50". TRW Microwave, Sunny-
vale, Calif. INFO/CARD #115.

RF Signal Sampler Simplifies
Measurement and Control

RF Industries announces the introduc-
tion of its new RFA-4059 RF signal
sampler. It is made of silver plated
machined brass with gold center pins and
PTFE insulation throughout. The unit
comprises an “N” female connected to
an “N” male by a thru line section. The
vertical part of the T is terminated by a
BNC female jack, from which the sampled
RF is taken. This BNC section of the
signal sampler is movable, and can be in-
serted or withdrawn from the sampler to
either increase or decrease the amount
of signal that is sampled. Attenuation from
20 to 80 dB (depending on frequency) can
be produced by just adjusting the BNC

RF Design

**HIGH QUALITY

® OFF THE SRELF AVAILABILITY

® EXCELLENT FOR PROTOTYPING AND PRODUCTION
® CUSTOM ENCLOSURES TO YOUR SPECIFICATIONS
® SHIELDING EFFECTIVENESS — 600B @ 3GHZ

LOW COST**

® 21 STANDARD SIZES FROM 1 x 110 8 x 10 0D
® 5 STANDARD HEIGHTS

® COMPLIANCE TO MIL SPEC 45208A
® NEW FLATPACK BOARD-MOUNTABLE SERIES

1320-12 Lincoln Ave. Holbrook, NY 11741
(516) 585-3400 TWX 510-227-1064

See us at RF Expo/East, Booth #541. INFO/CARD 88

BROADBAND  EQUIPMENT
FOR  INSTRUMENTATION
AND COMMUNICATIONS

/ WBE

1971 - 1986
FIFTEENTH ANNIVERSARY YEAR

Models A56 & A57 are troadbond RF transformer type RF IN-RF OUT
impedonce bridges.

When the device to be analysed is connected to the bridge test
port, the corresponding increase in insertion loss (from RF IN to RF OUT) of
the bridge is reod directly os return loss (VSWR). Since this is not a
resistor-diode  (RF IN-DC OUT) bridge type, speciol scope graticules,
calibrated mismatches, square law corrections, etc, are not required. Also
the Dbridge con be driven with a variety of levels without affecting
accuracy.

Test systems moy be as simple as a signal generator, attenuator,
bridge, detector and meter or more sophisticated using on outomatic RF
Comparator {see A49), RF Amplifier (A52), or RF Analyser (A51) and o fixed
or varioble attenuator for automatic direct reoding. The more complex
measurements can be omplified to disploy return loss levels even below
50 dB.

RF IMPEDANCE BRIDGES

MIN, FREG. RANGE MIN, FREGQ. RANGE
40 dB Directivity 50 dB Directivity Bridge Loss Short-Open
Model* Applicotion Bridge Type with | dB max with .5 dB max RF In-RF Out Error
Open/Short Difference Open/Short Difference
ASTT 1-500 MHz 5-300 MHz
ASTTGA 1-550 Mz 5-500 MHz
VHF Fixed
ASTT/6 1-600 MHz 5-450 MHz
ASTTGA/6 [-650 MHz 5-600 MHz
ASTTU UHF Fixed 1-900 MHz
12 dB nominal | d8 maox
ASTT/30 Return Loss 30 KHz-30 MHz or
Low 6 dB per leg 28
ASITLS Frequency Direct Reading 300 KHz-100 MHz (RF IN-Test typical
Port or
ASTTLL Balun Nult .- 190 KHz-50 MHz RF OUT-Test
Port)
AS6 1-500 MHz §-300 MHz
AS6CA 1-550 MHz $-500 MHz
VHF Variable
AS6/6 1-600 MHz 5-300 MHz
AS6CA/E 1-600 MHz 5-600 MHz

* Other Models and options avallable,

0.E.M, appllications by quotation,

WIDE BAND ENGINEERING COMPANY, INC.

P.O. Rox 21652, Phoenix, AZ 85036

1838 E. University Dr., Phoenix, AZ 85034

Phone  (602) 254-1570

INFO/CARD 89
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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

HENRY KADID

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

INFOICARD 80 _

HIGH DYNAMIC RANGE

RF
AMPLIFIERS

m High Guaranteed Performance
m Competitively Priced
m Custom Designs Available

Choose from more than 20 standard models of High Dynamic Range
RF Amplifiers. Here's just a partial list:

l' ’ pl’ OdUCtS Continued

slug. The signal sampler can be used at
frequencies from 50 MHz-12 GHz, and at
powers of up to 500 watts continuous, 5
kW peak. RF Industries, Hialeah, Fla.
INFO/CARD #113.

CMOS Digital Multipliers
Reach 30 MHz

Analog Devices has introduced four
new 8-bit and 12-bit digital multipliers and
muttiplier/accumulators (MACs} in its high-
speed 1.5-micron CMOS process. These
four devices are significantly faster than
the bipolar parts they replace, yet they
consume less than 10 percent of their
power. Applications for 8- and 12-bit
multipliers and MACs include video, im-
aging, radar, and telecommunications. In
100s, plastic DIPs range from $27.00 to
$53.30. Analog Devices, Inc., Norwood,
Mass. INFO/CARD #114.

Crystal Oscillators Lockable

to 5 MHz or 10 MHz
Communications Techniques, Inc. has

announced their Series PXS, single fre-

quency crystal oscillator, phase-locked to

5 or 10 MHz standard, with 30 to 140 MHz

PF841 2-32 MH 16.0dB 6.0dB +47 dBm
PF865 20-400 16.5 80 +35
PF749-1 146-174 16.5 NS +35
PF829 406-512 16.5 45 +38
PF797A 800-960 195 50 +35
PF833 806-920 265 28 +34
PF845 890-915 18.0 20 +35
PF849F 825-851 16.0 10 +20

Design & Manufacture
of Quality Electronic Equipment
Since 1969

Also available: more than 30 models of standard power dividers.

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

. JANEL LABORATORIES, INC.
33890 Eastgate Circle « Corvallis, OR 97333

INFO/CARD 91
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frequency range and low phase-noise.
The internal crystal oscillator is phase
lockable by digital synthesis techniques
to an external frequency standard at either
5 to 10 MHz for improved close-in (< 100
Hz) phase-noise as well as improved long-
term frequency noise performance (de-
pending on the reference standard used).
The output frequency does not have to be
an integer multiple of the reference fre-
quency. The digital synthesis technique
used enables the output frequency to be
set to almost any desired frequency. Com-
munications Techniques, Inc., Whip-
pany, N.J. INFO/CARD #112.

TV Stereo Test Generator
Has 60 dB Separation

RE Instruments Corporation introduces
the Model RE540 TV Stereo Generator,
providing accurate test signals for testing
and calibrating BTSC system receivers
and transmitters. The complex, multiband
noise reduction system used in the BTSC
system is simulated mathematically. Then
test signais are digitally synthesized, pro-
viding precise amplitude and phase rela-
tionships. The RE540 is fully program-
mable over the IEEE-488 bus. RE In-

You've Shiclided It...Now

Test It With An Electro-Metrics

struments Corporation, Westlake, Ohio.
INFO/CARD #111.

Miniature Circulator High Power

A new line of miniature microwave
isolators and circulators permits transmit-
ted power handling capacity up to one
kilowatt (1 kW) peak but retains the small
size previously limited to lower power
ratings. Individual units having a center
frequency of between 380 MHz and 6.0
GHz will operate over a wide temperature
range of —40 to +70 deg. C without
degradation of performance. Typical elec-
trical characteristics include 35 dB or
greater isolation and 0.7 dB insertion loss
even at 50 watts mean power. Nore
Microwave Limited, Southend-on-Sea,
Essex, U.K. INFO/CARD #110.

RF Coils and Chokes are
Conformal Coated

West-Cap Arizona has introduced a full
line of conformally coated axial RF coils
and chokes. These new products, the
series 1AC and 20000C, were previously
available only in molded form. Automatic
insertion of these new inductor products
is available with axial tape and reeling per

MICROSTRIP
CIRCUIT DESIGN
SOFTWARE FOR PC’s

MICRO is an engineering pro-
gram with the ability to both ana-
lyze and design microstrip cir-
cuits. MICRO can design
Lowpass, Bandpass or Bandstop
filters, stepped impedance trans-
formers and hybrid rings. MICRO
will aiso analyze or synthesize
single or coupled strips and at
extreme S/H or W/H can per-
form a Bryant and Weiss analysis
using a dielectric Green’s func-
tion for better than 1% accuracy.
Most of the synthesis programs
in MICRO contain correction fac-
tors for fringing field errors and
bandwidth shrinkage to provide
a “real world” design the first
time. MICRO runs under MS-
DOS on the HP-150, IBM-PC or
XT, Compaq and the ATT
6300PC. $150

T. STANFORD ENGINEERING
454 West Blueridge Place
Escondido, CA 92026

FOR IMMEDIATE ACTION CALL:

(619) 741-7783
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' NTIZ Dieiectric Ceramics:

The Highest “Q” Factor

EMI Analyzer/Receiver. |

You won t know just how effective your shielding
techniques are until you put your equipment to ]
EMI/RFI emission tests.

For that you need the latest line of Electro-Metrics
MK IV Analyzers/Receivers. ‘

The EMC-11 MK IV — 16 Hz - 50 kHz ]
The EMC-30 MK IV — 10 kHz - 1000 MHz .
The EMC-60 MK IV — 0.5 - 18.0/40.0 GHz r

Built-in microprocessor for control of all front- Material Dielectric . ey
panel functions from computer via IEEE-488 Bus s o of (PPM o) |
GPIB) with:
( RE ~ ] A 12 +8 >18,000 @ 14 GHj
® Simplified digital commands. 7 = bkl
® Digital data outputs. i = ' .
® Easy-to-use software. F 38 +8 >6,500 @ 7 GH:
For information, please contact: K 92 *2 e 2l
e ey g TS For today's microwave designers, there is no dielectric available
® with a higher Q-factor than the NTK ceramic dielectric resonator.
Elfnna .Mn nlcs With NTK's “A" material you can expect Q-factors of more than
e e

18,000 at 14 GH,

Tel: (518) 843-2600 i

TWX: 710-446-4798 | N T

INFO/CARD 92

100 Church Street

Amsterdam, NY 12010 TECHNICAL CERAMICS

NGK SPARK PLUGS (U.S.A.). INC
1701 N. Greenville Avenue, Suite 205 Richardson, Texas 75081 « 214-235-8332

RF Design
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ElA specification RS296D. Available in-
ductance values range from 0.1 to 1,000
microhenries. West-Cap Arizona, sub-
sidiary of SFE Technologies, Tucson,
Ariz. INFO/CARD #109.

High-Precision Miniature
Oscillators

Seiko Instruments has introduced new
crystal oscillators, the MGXO-DM and

MGXO-SM Series, that combine high
precision and low power consumption
with greatly reduced size. The 2.1 MHz
models incorporate a CT cut crystal unit,
an electric charge injection variable
capacitance device and a CMOS IC.
These oscillators are capable of chang-
ing capacitance continuously and elec-
trically, rather than mechanically, and can
hold a capacitance value for an extended
period of time. As a result, they permit

RF & Microwave
Filters oo «u: to 15 a:

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

For Military, Communication
or Space Application

e Lumped Element
e Helical Resonator
e Coaxial

e Waveguide

e Low Power

e High Power

o Fixed Tuned

e Variable

Give us a call or send us your

specifications—we’ll do the rest.

LORCH ELECTRONICS CORP.

“mw . 105 CEDAR LANE, ENGLEWOOD, NJ 07631
( r (201) 569-8282 TWX: 710-991-9718

A Subsidiary of Vernitron Corporation

See us at RF Expo/East, Booth #102.
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high-precision external frequency adjust-
ment by voltage control. THe MGXO
crystals are $78.00 each (50s). Seiko In-
struments, U.S.A, Inc., Torrance, Calif.
INFO/CARD #217.

Counter Timers Measure
Up to 1 GHz

O.K. Industries has added two new
Universal Counter/Timers for 100 MHz to
1 GHz to its line of test instrumentation.
Designated Models 5010 (100 MHz) and
5110 (1 GHz), the counter/timers incor-
porate frequency, period, period average,
time interval, time interval average, fre-
quency ratio and totalize measurement
modes. There is an eight-digit 0.56" red
LED display with six additional annuncia-
tors for externatl standard, gate, overflow,
MHz/us, kHz/ms and seconds. Both
models have a high stability time base op-
tion based upon a fast warm-up ovened
crystal. List prices are $1,195 for Model
5010 (100 MHz) and $1,395 for Model 5110
(1 GHz). O.K. Electronics Division,
Yonkers, N.Y. INFO/CARD #216.

Thick Film Switch
Operates to 1 GHz

This new unit features low video feed-
through and small size. The hermetically
sealed unitis 17 x 1" x .25" and operates
at 1.1 GHz. Switching spikes are sup-
pressed to less than 1 volt peak, 2.5
nanosecond maximum width. Other
model RF switches cover from .5 MHz to
6.0 GHz. Tektron Micro Electronics, Inc.,
Hanover, Md. INFO/CARD #215.

Kit Contains 20
Coax Adapter Cables

TPI-5000 Kit includes 20 cables, each
a different combination of BNC, TNC, N,
UHF and Mini-UHF connectors. Special
RG-58 A/U cables are very soft and easy
to handle, and are colored bright yellow.
Connectors are machined brass with
silver plated contacts. The kit is furnished
with two wall racks, and priced $125 com-
plete. Test Probes, Inc., La Jolla, Calif.
INFO/CARD #108.
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rF software

Digital Signal Processing (DSP)
Course is PC-Based

Rapid Systems announces the R100
series of digital signal processing
courses. Priced at $1,299 to $3,299,
depending on included hardware, the
course includes a custom 250-page DSP
text coupled with the hardware/software
to turn a PC into a digital oscilloscope,
FFT spectrum analyzer, data logger, or
data acquisition module. Courses are
available for Apple and C-64 computers,
with chapters covering data acquisition,
sampling, digital filtering, FFT and spec-
trum analyzers, sample and holds, alias-
ing and windowing, and A to D converters.
Rapid Systems Inc., Seattle, Wash.
INFO/CARD #151.

Program Optimizes Impedance
Matching Networks

OptiMatch is a full-blown impedance
match network optimization program for
Apple and IBM computers. With it, the
user can optimize either single ended or
complex interstage networks for lowest
possible VSWR across a band, or to
create models of devices using measured
S-parameter data or impedance measure-
ments. The user can also optimize the
noise match for an LNA. It has a full
feature file editor and will allow the user
to change the optimization algorithm itself
to “fine tune” it for special designs. The
price is $149.50 for the Apple and $189.50
for the IBM fast machine code version.
Microwave Software, San Juan Capis-
trano, Calif. INFO/CARD #150.

New Version of SUPER-COMPACT
Enhances Speed

Compact Software announces an
enhanced version of SUPER-COMPACT
to be released in Revision 1.9 using a
dedicated sparse matrix technique. Stan-
dard practice has been to use the Gauss-
Jordan matrix inversion in which the ex-
ecution speed is essentially proportional
to one over the square of the number of
nodes. While SUPER-COMPACT allows
circuit execution either in two-port or
nodal analysis, the nodal analysis is a
must for three- and four-port circuits as
found in microwave circuits like couplers.
Circuits above 10 or 15 elements de-
scribed in such a way show slow execu-
tion time. By using a nodal sparse matrix
technique, the execution time is essential-
ly linearly proportional to the number of
components. This method then becomes
equally fast as the two-port analysis which
uses a special form of sparse matrix.
Compact Software, Inc., Paterson, N.J.
INFO/CARD #149.

RF Design

ACAP Analyzes AC Circuits

ACAP, from RF Engineering, is a
“stripped down” version of LCAP. It’s like
LCAP but without time domain analysis,
and library active components. It retains
features that make it a powerful circuit
analysis program. For example, ACAP can
analyze a twelve node RF circuit for at-
tenuation (S21), return loss, phase, group
delay, and impedance, at a rate of 1 fre-

quency per second, using a standard
IBM-PC without 8087 coprocessor. Fea-
tures include full screen editing, matrix
analysis for unlimited circuit topologies,
transistor models accurate to 1000 MHz,
inductors and capacitors of any Q. Circuits
can be saved on disk. ACAP is priced at
$49.00. ACAP-87 for the 8087 coprocessor
is $90.00. RF Engineering, Norwich, N Y.
INFO/CARD #148.

Simply outstanding.

generator

signa

PSC000

Outstanding features

\ A [ (9 /

\AA A A

Frequency range: 10 kHz to 1 GHz
Step frequency sweep over

entire frequency range

100 non-volatile memories

for front panel setups

Fully portable—operates on

AC or 12VDC to facilitate

bench and field use

IEEE 488 and HPIL programmable
Automatic integral SINAD meter
+13 dBm RF output level

Direct synthesis to 1 GHz
Compact, lightweight

e -
Outstanding deal
Call today to find out what
an outstanding low cost

deal the PSG1000 is.

Call us at:

(317) 545-4196

Outside Indiana, call toll free:
(800) 344-2412

Texscan

3169 North Shadeland Avenue
Indianapolis, Indiana 46226

Our time has come.

See us at RF Expo/East, Booth #220.

INFO/CARD 96
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Program Designs and Analyzes
Combline Filters

EEsof, Inc’s latest program for IBM PC
and PC-compatible computers allows
even a novice microwave engineer to
design precise combline filters. Filter IlI:
Combline Design™ (CLD) is the third in
a series of PC-based microwave filter
design programs by veteran filter design
consultants Bob Wenzel and Bill Erlinger.

The program enables the design and
realization of combline bandpass filters
with exact equal-ripple passband re-
sponse, using constant diameter rods.
CLD designs broad bandwidth (2:1) filters
with 2 to 20 resonators, configured with
the capacitive loading in either the cover
or the resonator. It creates equivalent cir-
cuits containing all line element im-
pedances as well as resonator loading

——SUPER STAR ==

plete, no questions asked, refund.

write or call—

1-800-843-8063

1750 Mountain Glen
Stone Mountain, GA 30087

(404) 923-9999
i

V|SA MasterCard..
L

SuperStar is todays best value in RF design software. I guarantee it! If,
after trying SuperStar, you don't agree, return it within 30 days for a com-

% VERSATILE—SuperStar has both two-port and nodal
capability. It has the elements needed—lumped, distributed and
coupled—to design nearly all types of RF and microwave circuits.

% OPTIMIZATION—Not just random or gradient. SuperStar uses a
pattern search with quadratic estimation and adaptive step size.

% EASY TO USE—Your circuit file is simple and easy to write, and it’s
automatically checked for errors.

% ACCURATE—SuperStar is thoroughly tested. Double precision
is used for critical variables. The output range is +179.9 dB.

% FAST—8087 inline code with IEEE. number format storage plus
assembly language routines make SuperStar super fast!

$595.00*

Requires an IBM PC/XT/AT or compatible with 384k, 8087 or
80287, color graphics adapter, Black & White or
color monitor and a parallel printer port.

For free specifications and descriptive brochure,

CIRCUIT BUSTERS, Inc.

*$69.00 additional if you don't already have SideKick, by Borland

INFO/CARD 97
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capacitor values. The program creates
design files, S-parameter files, and
analyzed response tables. Design files in-
clude output for equal diameter rod
dimensions, requires capacitive loading
elements, tap position, tap line dimen-
sions, and line element impedances. CLD
sells for $7,500; quantity discounts are
available. EEsof, Inc., Westlake Village,
Calif. INFO/CARD #147.

Software Package Features Active
Filter Design

RLM Research announces a major revi-
sion to the “Active Filter Design” software
package for the IBM family of personal
computers. This new release (version
2.00) adds an interactive graphics facility
that allows plotting the gain, phase or
group delay as well as the impulse or step
response. The response from individual
sections or different filters may be super-
imposed on the screen. Four on-screen
cursors allow real time measurement of
the value of any point on the screen or
defining an area to be expanded to the
full screen size. Finished plots can be
printed on a dot matrix printer or plotted

| on any HP compatible plotter. The “Active

Filter Design” program designs Butter-
worth, elliptic, Chebyshev and Bessel low
pass, high pass, band pass and band stop
active filters. It also allows the direct en-
try of pole and zero locations or transfer
functions and can convert low pass proto-
type poles and zeros to the desired filter
configuration. This revision is being sent
to all owners of version 1.01 at no charge.
The price of the program remains at $450.
RLM Research, Boulder, Colo. Please
circle INFO/CARD #146.

Engineering Software Catalog
Interieave, Inc. announces a new mail
order engineering software catalog. The
catalog is directed towards the electronic
design engineer, but also holds a wide
variety of engineering related software
covering eight specific application areas
— CAD, electronics, graphics, mathemat-
ics, engineering support, project manage-
ment, scientific (data acquisition),
statistics and text processing. The catalog
is designed to offer a convenient source
of software programs for managing and
design engineers. Each product is fully
described in detail. An engineer or scien-
tist would have to read the ads in more
than fifteen periodicals every month in

| order to accumulate a comparable amount

of information. This 32-page catalog has
comprehensive descriptions of over 70 im-

| portant products in one place. Interleave,
| Inc., Cleveland Heights, Ohio. Please

circle INFO/CARD #145.

November 1986



»rF literature

Catalog Features HF-to-Microwave Feedlines, Antennas

The new Andrew catalog features a systems planning section,
information on new product lines and coverage of all the addi-
tions to Andrew telecommunications products since the last
catalog was issued, including the new Andrew HF antenna pro-
ducts acquired from Granger. Catalog No. 33 also has informa-
tion on terrestrial and earth station antennas, broadcast anten-
nas, radar and navigational aid antennas, HELIAX™ cable
waveguides, RADIAX™ radiating coaxial cables, optical fiber
systems, plus GRASIS™ towers and equipment shelters.
Andrew Corp., Orland Park, lil. INFO/CARD #142.

Microwave Amplifier Brochure

A four-page color brochure detailing its microwave amplifier
capabilities is available from M/A-Com Omni Spectra, Inc. In ad-
dition to outlining typical frequency range, power output, noise
figure data and other capabilities, the brochure introduces M/A-
Com’s NO-PAK™ technology, where custom and standard GaAs
FET amplifiers are provided in packageless form for incorpora-
tion directly into microwave integrated circuit assemblies. M/A-
Com Omni Spectra, Inc., Tempe, Ariz. INFO/CARD #141.

RF, IF and Mixer Amplifier Catalog

TIW Systems announces the availability of a 12-page catalog
describing its line of RF, IF and mixer amplifiers, designed to
meet high performance specifications. The catalog features TIW
Systems’ standard fixed and variable gain RF amplifiers and
mixer amplifiers, plus new products including fixed gain high
power and voltage-controlled variable gain RF amplifiers, IF
preamplifiers, |F buffer ampilifiers, IF limiting amplifiers, and DC
through 400 MHz video amplifiers. TIW Systems, Inc., Sunny-
vale, Calif. INFO/CARD #140.

Full-Line Catalog from Narda

Catalog 24, Narda’s new full-line catalog, contains descriptions,
specifications and outline drawings for more than 700 microwave
component and instrument products, including attenuators,
couplers, power dividers, PIN switches, sources, MICs, radiation
and power monitors, microwave measurement and path align-
ment systems. Narda’s state-of-the-art operation is documented
in a new capabilities section. The Narda Microwave Corpora-
tion, Hauppauge, N.Y. INFO/CARD #139.

Brochure Notes Hi-Rel Capabilities

Merrimac Industries presents an applications book on its Hi-
Rel products, programs, and capabilities. Products described in-
clude Hi-Rel signal processing components produced over the
past 20 years, plus the latest supercomponents being used in
current Hi-Rel and Mil-Screen programs. Merrimac Industries,
Inc., West Caldwell, N.J. INFO/CARD #138.

Brochure Describes RF and EMC Services

A new brochure from Comsearch Applied Technology (CAT)
describes the capabilities of the company. CAT divisions address
problems related to radio frequencies (RF) and electromagnetic
compatibility (EMC). Services include TEMPEST applications,
secure environments, EMC design and testing, research and
development and training. Designers have the know-how to solve
RF problems at the board level or at the system level. Technical
competence ranges from field installation to testing for human
exposure to radio frequency energy hazards. Comsearch, Inc.,
Reston, Va. INFO/CARD #137.

RF Design

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 . . .
MODEL ER8003 . . .

124 db
135 db

INPUT VOLTAGE _12 VDC + 10% STANDARD

OuTPUT
SIZE

OPTIONS

SINE-WAVE 1VRMS INTO 50
ohm LOAD

MODEL ER8001 and

MODEL ER8003

2 B2 AR

MODEL ER8005

225" x 2.25” x 4.25" H

MANY OPTIONS ARE AVAIL-

ABLE TO INTERFACE WITH
YOUR REQUIREMENTS

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

CATALOGUE.

For information and prices, send your specifications to:

FREQUENCY CONTROL PRODUCTS
electronlc research company

7618 Wedd Overland Park Kansas 66204
TWX: (910) 749-6477

Telephone: (913) 631-6700

INFO/CARD 98
127




128

The best names
in the business
are sold on us.

Advanced ElectroMagnetics, Inc. has long been a
leader in the microwave absorber material industry,
setting new standards and developing new
technologies for application by the best known
names in the business: companies like Hewlett-
Packard; IBM; Texas Instruments; SRI International;
Hughes Aircraft Company; Boeing;
Tektronix and many others.

Today, companies throughout
the microwave development and m

testing industry turn to Advanced
ElectroMagnetics for proven
performance in an extensive

range of products and services. N

Through continuing research and g 2
technical expertise, Advanced rrrenres
ElectroMagnetics has emerged as e

the leading source for:
* Anechoic chamber design and installation.
* Broadband pyramid absorbers.
* Low frequency absorbers.
* Millimeter wave absorbers.

» Broadband convoluted
absorbers.

* Absorbing wall modules.

* Broadband walkway
absorbers.

N + Tuned frequency absorbers.
* Special projects and
consultation.

With a comprehensive
program of design, 'V' ARl
research and
manufacturing ?"' ‘ 44
capabilities, Advanced
ElectroMagnetics is the 444
primary source of '
absorber technology for
America’s best known
companies. For complete details on how
your company can join that list, contact
Advanced ElectroMagnetics, Inc. today.

ADVANCED M/

ELECTROMAGNETICS, INC.
PO. Box W
Santee, CA 92071-0618 e (619) 449-9492

INFO/CARD 99
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Coaxial Products Catalog

Catalog #986 features a full line of coaxial adapters, connec-
tors, attenuators, terminations, and cable assemblies. Cable
assemblies featured are both flexible and semi-rigid. Also
featured are twinax connectors, twinax adapters, and hex crimp-
ing tools. Pricing on over 1,000 standard catalog items as well
as technical specification are included. Special length assem-
blies as well as special coaxial cable assembly configurations
are available upon request. Pasternak Enterprises, Irvine, Calif.
INFO/CARD #136.

Technical Data Describes Parallel Plate Chip Caps

Tecdia, Inc. has available catalog, technical data and applica-
tions information on their line of single layer parallel plate chip
capacitors. Available in single value and binary configurations,
Tecdia capacitors are designed for thin and thick film MIC appli-
cations up to 40 GHz. The technical manual and applications
guide includes complete data for including these products in MIC
or hybrid designs. Tecdia, Inc., Mountain View, Calif.
INFO/CARD #135.

Mixer and Frequency Translation Components

A 28-page brochure describes complete double balanced
mixer specifications for .1-26 GHz applications. Units covered
include mixer modules, connectorized mixers, quadrature IF
mixers, SAFCOM TVRO mixers, miniature wideband and
biasable double-balanced mixers, plus microwave IF and
waveguide balanced mixers. Norsal Industries, Inc., Central
Islip, N.Y. INFO/CARD #134.

Fault Location System Data Sheet

A new data sheet describes Wiltron'’s second generation 5600
series option P2-FF distance-to-fault location system. The second
generation provides the same superior performance of the first
transmission line test and fault location system but in a smaller
package and in a broader frequency range. The system’s new
smaller, lighter enclosure offers a 50 Ib. weight reduction over
the previous model. With a new wider frequency range the
system can test up to 40 GHz. Wiltron Company, Morgan Hill,
Calif. INFO/CARD #133.

Microwave Substrate Selector Chart

A brochure featuring Di-Clad® low loss microwave substrate
materials for stripline and microwave circuitry application is
available from Keene Laminates. The easy-to-read selector chart
contains information on each grade of Di-clad, including dielec-
tric constant, dissipation factor, standard dimensions and physical
descriptions of each substrate. A graph illustrates the controlled
dielectric constant for each Di-Clad grade. Additional informa-
tion regarding substrate thickness, copper cladding and dielec-
tric constant is also presented in quick-reference chart form.
Keene Laminates, East Providence, R.l. INFO/CARD #132.

Inductor Guide and Cross Reference

“Fixed Inductor Selector Guide and Cross Reference” has
been published by JW. Miller Division of Bell Industries. Over
1100 inductance values with current and resistance ratings are
listed from .01, to 500,000uH. The Cross Reference section con-
tains the part numbers of seven manufacturers and Mil Spec
listings, with the corresponding JW. Miller part numbers. J.W.
Miller Division, Bell Industries, Rancho Dominguez, Calif.
INFO/CARD #131.
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Eye On The Future

“New discoveries in science will continue to create a thou-
sand new frontiers for those who would still adventure.”

—Herbert Hoover
A scientist spearheads a technological advance by treating a
challenge not as an obstacle, but as an incentive—an inspira-
tion to push beyond current technological boundaries. if you're
an engineer with the foresight and tenacity to shape tomor-
row’s breakthroughs, consider a career at Northrop DSD. Posi-
tions are available in the following areas:
Antenna Design Engineers #
BSEE or Physics or equivalent, MS desirable. Requires knowl-
edge of phased arrays, monopulse DF. systems and millimeter
wave techniques.
Sr. Project Engineer: Receiver Technology
BSEE or equivalent; advanced degree desirable. Experience (12+
years) with receivers including project management and staff
supervision. Knowledge of broadband receivers, video process-
ing, digital signal processing, high speed log amps, filters, signal A
characterization, microwave integrated circuits, hybrids, and sur-
face mount technology required.
Advanced Technology Engineers : >
MICROWAVE: Active and/or passive microwave and millimeter
wave integrated circuit design for components and integrated
subsystems. Prior computer-aided design experience required.
RECEIVERS: Conceptual design, fabrication, and test of receiver
systems for ECM/Elint applications. Familiarity with systems ar-
chitecture, signal processing, channelized, set-on, and micro-
scan techniques desirable.
Qualified candidates are invited to send resume with salary

requirements to: Supervisor staffing, Northrop Corporation,
Defense Systems Division, 600 Hicks Road, Rolling Meadows,
IL 60008. An equal opportunity employer M/FA/H. US. Citizen-
ship Required.

NORTHROP

Defense Systems Division
Electronics Systems Group

Rocky Mountain Opportunities for

RF POWER ENGINEERS

ETO is a leader in RF power for communications, science, and medicine. We supply more high
power, microprocessor-controlled RF amplifiers for Magnetic Resonance Imaging and medical MR
spectroscopy systems than all other manufacturers combined. We're small, but growing fast.

Our growth has created career opportunities for EE’s experience in design of KW-level solid
state RF linear amplifiers. Background in broadband MOS and/or 1-20 KW vacuum tube
HF/VHF amplifiers is useful, but not essential.

Outstanding compensation package includes profit sharing, life and health insurance, and a loca-
tion in the “banana belt” of the southern Colorado Rockies.

Call or send resume in confidence to Steve Christensen, ETO, Inc., Box 888, Canon City, CO 81212,
Phone (303) 275-1613.

T A AL T
AV.VAAVAAVEA
VYYD
ACRIAN
POWER TO SUCCEED

Acrian has carved a unique position in
the RF and microwave marketplace by
designing, developing and manufac-
turing state-of-the-art devices and
modules encompassing HF through up-
per S-band frequencies. Acrian offers
the successful candidate a variety of
benefits.

* To be part of a growing, quick
reacting and highly successful
technical team.

* An opportunity to make significant
contributions and be personally
and financially recognized for
them.

* To live in the beautiful San Fran-
cisco Bay Area with easy access to
sunny California beaches, skiiing
at Lake Tahoe and many other ex-
citing year-round recreational
attractions.

Aware that our continued success
depends on the quality of our technical
staff, we are currently seeking talented
engineering professionals in the follow-
ing areas:

DESIGN AND
APPLICATION DEVICE
ENGINEERS

DESIGN AND
APPLICATION
AMPLIFIER ENGINEERS

SENIOR DEVICE
PHYSICIST

PRODUCT MARKETING
ENGINEER

These positions require a minimum of
a BSEE and exposure to the approp-
riate field.

ACRIAN offers candidates a generous
compensation package commensurate
with experience and evaluated
technical expertise. To be considered
for one of these key positions, call the
Human Resources Department at (408)
294-4200 or send your resume in con-
fidence to Joe Weber, Director of
Human Resources.

AINGRIAN

490 Race Street, San Jose, CA 95126




INDIANA UNIVERSITY
CYCLOTRON FACILITY
RF ENGINEER

IUCF has an opening for an RF Engineer to participate in the ex-
pansion and support of a dynamic accelerator laboratory of interna-
tional reputation. This is a continuing full-time position in the IUCF
Professional ranks which will provide excellent opportunities for pro-
fessional growth. A BS degree in Electrical Engineering or MS degree
in Physics is required as well as some experience working in a scien-

tific laboratory.

This laboratory is engaged in a major facility upgrade consisting
of the construction of a storage ring with electron cooling which will
offer novel possibilities for performing nuclear physics experiments
with beams of unconventional and superior characteristics.

Long-term responsibilities will include design, development, installa-
tion, and troubleshooting of some of the following systems: pulsed
power supplies, high voltage power supplies, RF power amplifiers,
RF drive circuits, high power RF resonators, computer-based digital
control systems, analog control systems, and motor drivers. Direc-
ting, teaching, and leading technicians will be a significant part of
this work. Other responsibilities include general engineering support
for the present operating accelerator system and long-term research

and developmental projects.

Send resume and names of three persons as references to:

Robert Woodley, Asst. Director
Indiana University Cyclotron Facility
2401 Milo B. Sampson Lane
Bloomington, Indiana 47405 USA

(812) 335-9365

Indiana University is an Affirmative Action/Equal Opportunity Employer

lowa

RF ENGINEER
WITH BSEE

MANUFACTURING
MANAGER

Manufacturer of RF products is seeking a BSEE to
manage a medium-sized electronics assembly plantin
Burlington,
manufacturing managerial experience with in-depth
knowledge of:

lowa. Must have 5 yrs.

® Automated surface-mount equipment and

techniques
® Assembly and testing of RF/microwave products
¢ Statistical process control

Report to VP of Manufacturing.

Phone or send resume to Judy Sandell, Winegard
Company, P.O. Box 1007, Burlington, 1A 52601

(319) 753-0121

minimum

WINEGARD W

Acrian
Adams Russell-Modpak Div. .. ... ..

Advanced Electro-Magnetics . . . .. 128
AH. Systems................... 44
Amperex Slatersville .. ... .. .. ... ... 2
Amplifier Research .. ..... .. .. 70, 71
Anderson Labs ............ .. .. 136
Applied Engineering Products . . . .. 60

Aydin Vector ................ ... 69
BoontOmr R 50 b i . s ke 74
California Eastern Labs. . ... ... .. .. 4
Captor ....................... 116
CCC Compact .......... .. 42-43, 83
Cincinnati Milacron .. .. ... ... .. 64
Circuit Busters . . .. ... .......... 126

Colby Instruments .. .......... ... 38
COMPACINCH i . v ien a8 sl e s e e m. 121
COMSILON . . J5. . - | 4 05 e e bty 35
Connor-Winfield .. ........ .. .. .. 119
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Electro-Metrics . . .......... ... .. 123
Electronic Research Corp. ... .. .. 127
EMC Technology .. .............. 52

Fair-Rite Products
Fischer Custom
Frequency Sources
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G&H Technologies .............. 81
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North Hills Electronics .. ... ...... 56

NTK Technical Ceramics ..
Pawling Corp. ........

Piezo
Plessey Semiconductor. . .
Programmed Test Sources
Q-Bit
Radiation Sciences
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Reaction Instruments
RF Monolithics
RF Power Labs
Sawtek
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Techtrol Cyclonetics ... ...
Teledyne Microwave
Texscan

Time & Frequency Limited . ..

Tom Stanford Engineering .
Toko America

Voltronics Corp. . .. .......
Watkins-Johnson
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Beam Lead PIN Diodes

Discover small but rugged low
inductance, low capacitance, fast
© switching Beam Lead PINs.

Discover mechanically innovative,
flexible beam design.

Discover Frequency Sources
Semiconductor applications and
technical support.

. Discover a variety of product types
¢V available from stock.

\ s Discover useful and helptul info
.4 inour Data Sheet and Applice
on Mesa and Planar Beam Lea
NOw! :

Example of product : : ‘

PARTNO. |Gcasor* |acasoz:

Breakdown
Voltage

VBR (V) MIN
Serles Resis. |
RS (Ohma]

BVt =

Lifetime
TL (ns) TYP
witching

insight
SEMICONRUCTOR DIVISION -

i ——
A SUBSIDIARY OF LOR/AL. CORPORATION Y

16 Maple Road, Chelmsford, MA 01824
{617) 256-4113 m TWX (710) 343-6506

See us at RF Expo/East, Booth #131. INFO/CARD 100




SAWX/ Questions
and Andersens.

Oscillators:

QUESTION: I've heard a lot about
SAW hybrid oscillators. When should
| consider using one?

: »
v+ QUESTION: Where are SAW oscillators
<A being used?

ANDERSEN: Our fixed-frequency
SAW oscillators are being used in IFF
and air traffic control systems, as local
oscillators for frequency up/down
converters in radar and communica-
QUESTION: What do you mean tions systems, as master clocks for
by low noise? digital communications systems, just
to name a few of the applications.
Our SAW VCO's are used in a wide
range of Phase Locked Loops includ-
ing timing recovery circuits for fiber
optic data transmission systems where
the oscillator reestablishes the timing
of the data stream at the end of the
fiber optic lines.

ANDERSEN: Any time you need a
compact, rugged low noise source
in the 100 MHz to 1 GHz range.

ANDERSEN: \We build SAW
hybrid oscillators to phase

noise specs of —95dBc/Hz at

100 Hz offset from the carrier to
less than —160dBc/Hz at 100KHz.

QUESTION: Are there high NRE
costs associated with SAW

oscillators? z,g QUESTION: How do | get started?
N

ANDERSEN: Not with us. /3= Shg" s, ANDERSEN: Just give us a call.

We've developed designs : b &85 05 We'll do everything we can to meet
for fixed frequency and Qé‘?',’é.)«,) .fQ . your needs. If you simply want more
VCO applications which & information, send for our handbook
can cover the entire 100 %o, 7 & on SAW Hybrid Oscillators. Write to
MHz to 1 GHz range. So we ) Andersen Laboratories, 1280 Blue Hills

normally don’t charge any NRE. That'’s

. Avenue, Bioomfield, CT 06002, Phone
why we're the leaders in SAW oscillators.

(203) 242-0761/ TWX 710-4253 2390

@ ANDERSEN LABORATORES

A Subsidiary of ANDERSEN GROUP

When it’s a question of SAW/,
Andersen is the answer.

See us at RF Expo/East, Booth #418 & 420.
INFO/CARD 101





