






































RF courses

RF/Microwave Circuit Design: Linear/Nonlinear Theory and
Applications

January 27-31, 1992, Los Angeles, CA
information: UCLA Short Course Program Office. Tel: (213)
825-3344. Fax: (213) 206-2815.

Coherent Radar Performance Estimation
January 14-16, 1992, Atlanta, GA
Antenna Engineering
February 4-7, 1992, Atlanta, GA
Infared/Visible Signature Suppression
April 28-May 1, 1992, Atlanta, GA
Information: Education Extension, Georgia institute of Tech-
nology. Tel: (404) 894-2547.

introduction to Modern Radar Technology
January 22-24, 1992, Washington, DC
Modern Digital Modulation Techniques
January 27-30, 1992, Washington, DC
Specification, Testing, and Evaluation of Communications
and Data Transmission Systems
February 3-5, 1992, Washington, DC
Digital Telephony
February 3-7, 1992, Washington, DC
Digital Cellular Telephony for Mobile Applications
February 10-14, 1992, Washington, DC
Global Positioning System: Principles and Practice
February 19-21, 1992, Washington, DC
VSAT Design, Analysis, and Applications for Data, Voice,
and Video Environments
March 2-4, 1992, Washington, DC
Mobile Cellular Telecommunications Systems
March 9-11, 1992, Washington, DC
Radar Operation and Design: The Fundamentals
March 9-12, 1992, Washington, DC
Satellite Communications: System Planning, Design and
Operation at Ku and Ka Bands
March 9-13, 1992, Washington, DC
Information: The George Washington University, Continuing
Engineering Education, Merril A. Ferber. Tel: (202) 994-8522
or (800) 424-9773.

Antennas: Principles, Design and Measurement

March 11-14, 1992, St. Cloud, FL
Information: Kelly Brown, Southeastern Center for Electrical
Engineering Education. Tel: (407) 892-6146.

Pulsed EMI

March 5-6, 1992, Boston, MA

April 15-16, 1992, Washington, DC
information: Keytek. Tel: (508) 658-0880.

How to Meet EMI/TEMPEST Shielding Requirements for
Rooms & Facilities (includes an Intro to Theory and a
Review of the New NSA 89-02 and NTISSI 7000)

February 3-6, 1992, San Diego, CA
Physical Security Standards for Sensitive Compartmented
Information Facilities (SCIF)

February 7, 1992, San Diego, CA
Information: Praxis international. Tel: (215) 524-0304.

ESD Design and Testing
January 23, 1992, Novi, Ml
information: S.E. Michigan IEEE EMC Society. Tel: (313)
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597-3950 or Jastech. Tel: (313) 553-4734.

DSP Without Tears

February 12-14, 1992, Scottsdale, AZ

March 24-26, 1992, Seattle, WA
Information: Right Brain Technologies. Tel: (800) 967-5034.
Fax: (404) 975-0642.

Practical EMI Fixes
January 13-17, 1992, San Francisco, CA
March 9-13, 1992, Washington, DC
Introduction to EMI/RFI/EMC
January 28-31, 1992, Orlando, FL
March 10-13, 1992, Las Vegas, NV
Computer Room Design for Interference Control
February 4-6, 1992, Orlando, FL
Grounding and Shielding
February 11-14, 1992, Orlando, FL
EMC Design and Test
February 24-28, 1992, San Francisco, CA
Cable Design and Installation
March 24-26, 1992, San Diego, CA
information: Interference Control Technologies, Registrar. Tel:
(703) 347-0030.

Understanding Data Converter Frequency Domain
Specifications

January 20, 1992, Bellevue, WA

January 22, 1992, Sunnyvale, CA

January 23, 1992, Van Nuys, CA

January 24, 1992, Goleta, CA
Information: Datel. Tel: (508) 339-3000 ext. 240.

Introduction to Telecommunications
January 21-24, 1992, San Diego, CA
January 28-31, 1992, Vancouver, BC
February 11-14, 1992, Washington, DC
February 25-28, 1992, Toronto, Canada
March 17-20, 1992, Los Angeles, CA

Introduction to Datacomm and Networks
January 28-31, 1992, Washington, DC
February 4-7, 1992, San Francisco, CA
February 25-28, 1992, Washington, DC

Hands-On Datacomm Troubleshooting
January 21-24, 1992, Los Angeles, CA
February 11-14, 1992, Washington, DC
February 25-28, 1992, San Francisco, CA
March 17-20, 1992, Boston, MA

Digital Signal Processing: Techniques & Applications
January 21-24, 1992, Washington, DC
January 28-31, 1992, Ottawa, Canada
February 4-7, 1992, San Diego, CA

Information: Learning Tree International. Tel: (800) 421-8166,

(703) 893-3555, (203) 417-8888.

The Smith Chart and Its Applications

March 16,1992, San Diego, CA
Information: Besser Associates, Eva Koltai. Tel: (415) 949-
3300.

Digital Signal Processing Control
January 27, 1992, Dayton, OH
January 29, 1992, Minneapolis, MN
January 31, 1992, Denver, CO
Information: Texas Instruments. Tel: (800) 336-5236 ext. 700.
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RF news

RF Expo East Draws
1400 to Orlando

The activity of the RF industry was
reflected in the sixth RF Expo East, held
this past October 29-31. Despite the
sluggish economy, this trade show and
conference was attended by as many
engineers as the previous year. Along
with an increased number of exhibiting
companies and their staffs, the overall
attendance was the best ever for RF
Expo East.

Technical papers are a principal rea-
son for engineers to attend, and they
had another collection of excellent top-
ics to choose from. Support from the
RF engineering community for the tech-
nical papers remains high, with espe-
cially popular papers on receiver design,
CDMA spread-spectrum, cellular de-
sign, consumer equipment design, oscil-
lators, filters, and power amplifiers.
Three-hour tutorial sessions on CAD for
RF design (Compact Software engi-
neers, organized by Murat Eron), power
amplifiers (Nathan Sokal), and low noise
amplifier design (Richard Webb) were
presented to overflow audiences.

The formal short courses saw their
best RF Expo East attendance, as well.
An updated Filters and Matching Net-
works class, taught by Randy Rhea saw
the biggest increase, with his Oscillator
Design popular, as well. Fundamentals
of RF Circuit Design, Parts | and I,
taught by Les Besser each had 100
engineers in attendance. This also rep-
resents an increase. The demand for
this kind of formal instruction is an
indication that RF expertise is in high
demand.

Exhibiting companies brought a tre-
mendous number of new and recently-
developed products to the show. The
slow overall economy seems to have
stimulated many RF manufacturers to
speed up development time and to push
hard on new technologies and manufac-
turing methods. A few of the many new
products included the Benchmark 1175
Bench Sweep System from Wavetek,
new VCOs from VCO Communication
Corp., new celiular and consumer ICs
from Signetics, and low cost low noise
transistors from Bipolarics. Note the
special product announcements in the
November issue for more RF Expo
introductions.

Special events made this RF Expo
East more fun than ever. Trick-or-treat
food and drink was provided in the
exhibit hall on the 31st, with a special
final-day prize drawing held at the end
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of the Expo. During the three-day exhibi-
tion, at least 20 prize drawings were held
for everything from golf putters to CD
players, a special bonus for a few
attending engineers. The opening hors
d’oeuvres and cocktail party for speak-
ers and exhibitors was a good way to
begin, and a Wednesday evening Ham
Radio Reception filled a ballroom with
hams and non-hams alike for food,
drink, great door prizes, and lots of
“tech talk.”

Overall, this was the most successful
RF Expo East. its success was primarily
due to the high level of activity in the
RF industry, and the need for the kind
technical and product information engi-
neers need to keep their companies
competitive.

Frequency Control Call For Pa-
pers — The 46th Annual Symposium
on Frequency Control has issued a call
for papers. The symposium will be held
May 27-29 in Hershey, Pennsylvania.
Authors are invited to submit papers in
the following areas: fundamental prop-
erties of piezoelectric crystals, theory
and design of piezoelectric resonators,
filters, SAW devices, applications, meas-
urements and specifications, quartz crys-
tal oscillators, microwave and millimeter
wave oscillators, synthesizers, frequency
and time coordination and distribution,
noise phenomena and aging, sensors
and transducers, synthesizers, and
atomic and molecular frequency stan-
dards. A 500 word summary should be
sent by January 10 to Mr. Jack Kusters,
52U/07, Hewlett-Packard Co., 5301 Ste-
vens Creek Blvd., PO Box 58059, Santa
Clara, CA 95052-8059. Tel: (408) 553-
2041.

Lindgren Acquires Lectromag-
netics — Lindgren RF Enclosures re-
cently announced the acquisition of the
assets of LectroMagnetics. LMI’s pri-
mary market is composed of govern-
ment, defense and commercial/indus-
trial enclosure and filter sales. This is the
second West coast operation that Lind-
gren has purchased in the last six
months. Terms of the acquisition were
not announced.

IEPS Conferences Issues Call For
Papers — The International Electron-
ics Packaging Society has released a
call for papers for the International
Electronic Packaging Conference to be
held in Austin, Texas on September
27-30, 1992. Abstracts are being sought
in the following areas: device packag-

ing, chip on board, packaging for sur-
face mount, ceramic technology, inter-
connects for packaging, modeling and
simulation, design for test and more.
A eight copies of a 300 word abstract
must be submitted before February 1,
1992. They may be sent to 1992 IEPS
Program Committee, 114 N. Hale
Street, Wheaton, IL 60187. Tel: (708)
260-1044.

MCC Devices Moves — MCC De-
vices, a manufacturer of microwave
control components and assemblies,
has moved to a larger facility. Their new
address is 27 Brookfield Drive, RD 1,
Box 798, Lafayette, NJ 07848. Their
telephone is: (201) 383-5888.

RF Identification Joint Venture —
Ramtron International recently an-
nounced that they have received a
multi-million dollar payment from Racom
Systems for a worldwide license allow-
ing the use of Ramtron’s ferroelectric
RAM technology in RF based automated
electronic identification systems. Recom
is a joint venture company owned by
Racom Systems and INTAQ Interna-
tional Ltd.

Regional EMC Symposium Issues
Call For Papers — A call for papers
has been issued for the 1992 Regional
Symposium on EMC to be held in
Tel-Aviv, Israel on November 2-5, 1992.
The main topic of the symposium is
“Europe 1992 EMC Directive - lts
Applications and Implications.”’ Authors
are invited to submit papers on the
current state of EMC technology. Four
copies of a 50-75 word summary and a
500-700 word extended abstract in Eng-
lish should be sent to EMC '92 Sympo-
sium Secretariat, Ortra Ltd., PO Box
50432, Tel Aviv, 51500, Israel, by Febru-
ary 15.

HP Completes Acquisition —
Hewlett-Packard has announced com-
pletion of their $82.8 million acquisition
of Avantek Inc. The combined organiza-
tion will target the worldwide communica-
tions market, which includes telecom-
munication and data-communication
products such as cellular radios, cord-
less telephones, high-speed fiber-optic
systems and direct-broadcast satellite
receivers.

MIC Workshop Requests Papers —
A call for papers has been issued for
the 1992 MIC Workshop, scheduled
for April 26-29, 1992 in Carlsbad, Calif.
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RF' featured technology

Radial Ground Screen Design for
a Vertical Monopole

By Michael A. Rupar
Naval Research Laboratory

The characteristics of vertical monopole
antennas are generally well defined.
However, one factor that is not easily
understood is the influence of the ground
constants (the conductivity, o, and rela-
tive dielectric constant, ¢, ) on the input
impedance of a vertical monopole. Con-
sidering that the input impedance of a
monopole less than a quarter-wave-
length in height may have a resistive
part less than one ohm, the change in
the antenna’s input impedance caused
by an imperfect ground can be signifi-
cant.

To improve the antenna’s AZ (the
change in impedance of an antenna
over perfect ground to one over an
imperfect ground), one must reduce
both the resistive contribution of the
ground losses plus the change in reac-
tance, which affects the antenna match-
ing. This can be accomplished through
the use of a radial ground screen at the
base of the antenna. Using the theory
developed by Wait and Pope (1), a
program in Mathematica has been writ-
ten that predicts AZ for cases with and
without a ground screen present. One
can examine the tradeoffs in choosing
the best ground screen for an applica-
tion by generating plots in Mathematica
to illustrate how the impedance changes
with respect to various parameters.

Theory

Two factors detrimentally affect the
input impedance of a short vertical
monopole over an imperfect ground: its
limited height and the less than ideal
conductivity of the earth beneath it. The
current distribution on a short monopoie
results in a very large input capacitive
reactance.

The earth ground causes an increase
in the input resistance of a vertical
monopole due to the ground currents
induced by the radiated fields. This
contribution in resistance can be much
greater than the original radiation resis-
tance of the monopole, resulting in a
significant loss of radiated power in the
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ground and severely reducing the an-
tenna efficiency. The situation can be
improved by the use of a radial ground
screen, which provides a low-loss return
path for the antenna base current.

To develop an expression for the
input impedance of a vertical monopole
over an imperfect ground, one starts
with a simple vertical element along the
z-axis of height, h, situated above a
ground half-space, as shown in Figure 1.

The propagation constant (y) and the
characteristic impedance (n) of the im-
perfect ground are given as:

y = \I joplo + jowe) )]
joou
n= jwe + o @)

For normal soil with little inherent mag-
netization, one can assume u = u_. For
free space (and air), the above quanti-
ties are defined as:

. 2
Yo = I \fue, = jp = =F ®3)

Ko

Mo = <, (4)

The antenna’s self-impedance is sepa-
rated into two parts,

Zr=2Z,+AZ, (5)

|

h

B, i, @in

W77z /,////WWLk/%/W/ ™ P

£ U, © {ground)

where Z, is the total input impedance,
and Z, is the input impedance of the
same antenna over a perfect ground.
AZ. represents the difference be-
tween the perfect and imperfect ground
cases. One may think of the perfect
ground case as an infinite ground
screen.

Wait’s paper (1) focused on
the definition of AZ., and then ap-
plied this factor to both the lossy
ground and the imperfect ground
screen problems. A detailed de-
velopment of AZ. can be found in
Reference 2.

The expression for AZ., written in
cylindrical coordinates is:

4Z; = nf[H(0 0)|*2nede (6)

Where H (g, 0) is the tangential mag-

netic field at the surface, defined below
as:

__ e _
Hy(e0) = = 5—— [ 5~ cos(fh — a)

, . , 7)

e ihe jh e-isr
- CcoSa — e sin (@ — gh)

with
r=(2+ ) ®)
a = fith + ht) 9)

f 1 &y, o (ground)
| !
| b |

Figure 1. The representation of a
vertical monopole over an imper-
fect ground. The monopole is just
above the ground plane.

Figure 2. The representation of a
vertical monopole with a radial
ground screen over an imperfect
ground.
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RF featured technology

Simple Compensation of the
Single-Section, Quarter-Wave
Matching Section

By Ernie Franke
E-Systems, ECI Division

This article examines several methods
for improving the performance of
the simple quarter-wave transmis-
sion line matching circuit, which is
widely used in communication equip-
ment today. The techniques of using
a quarter-wave short-circuit or a half-
wave open-circuited transmission line
are compared for compensation. The
use of an LC network as a lumped
constant approximation to a transmis-
sion line compensation network is then
examined. The Wilkinson RF splitter/
combiner, which is composed of two
simple quarter-wave transmission lines,
is then compensated using these tech-
niques to achieve an improved re-
sponse.

To serve as a broadband matching
network, a transmission line must
transform a load impedance to a value
close to that of the generator imped-
ance. The input impedance (Z, ) looking
into a lossless transmission line, Figure
1a, terminated with a load impedance
(Z)) is given by:

s 7 [ZL + jZotane] .
in °LZ, + jZtand M

9 = 360° (%) @)

where Z_ is the matching transmission
line characteristic impedance in ohms,
9 is the electrical line length in degrees,
and L/A is the line length expressed as
a fractional wavelength. The input im-
pedance is a complex quantity, even for
a purely resistive ioad impedance. Solu-
tion of the above equation for a quarter-
wave, impedance-matching transmis-
sion line yields:

Z?
Z, = 5" (3
A )
and
38

Series Matching
Trans. Line

Shunt
Trans. Line

>

Figure 1. Simple quarter-wave
matching element with shunt trans-
mission line added for compensa-
tion.

Z, =\ Z2, )

A quarter-wave section of lossless
transmission line has the property of
being an inverter of impedance. Thus

0.3

SELECTIVITY (dB)

0.4

10:1
05 [ A

05 06 0.7 08 09 10 11 1.2 1.3 14 15
RELATIVE FREQUENCY (t/t)

Figure 2. Relative bandwidth of
single quarter-wave matching sec-
tion for various R; to R_ or R, to
R, ratios.

a low value load impedance is
transformed into a high value imped-
ance at the input. The input VSWR is
given as: _
1+ Zo= Ry
Z,+R
Ly R
Z +R,

VSWR = (5)

Where R_ is the source impedance,
typically 5?) ohms.
The input return loss is given as: ©)

Return _

01 ( forward power
Loss =9 )

reflected power

Series Matching Line
4 0= 35 ohms

S0chms
Generator Load
a5
i ¥ ohms

cay

S0chms

Generator L.oad

ohms

A4
Shunt

Short~Circuit

Trans. Line

b3

Figure 3. 2:1 impedance transfor-
mer with quarter-wave shunt added
for increased frequency response.

@)

VSWR + 1
VSWR — 1 ) dB

Thus the input VSWR to a matching sec-
tion will vary across the frequency band
due to the reactive component of the input
impedance of the matching transmission
line itself. Neglecting any dissipative
losses, the frequency response or selec-

Return Loss = 20 log (
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Figure 4. Simple quarter-wave,
short-circuit compensation of sin-
gle quarter-wave matching sec-
tion.

tivity is determined by the input VSWR.
Selectivity = )]
1

dB
710 log [vswa - 1] 2

! VSWR + 1
For instance, an input VSWR of 2:1 will
yield a selectivity of —0.51 dB due to
input signal reflection.

~R, 10

Selectivity = 10 log (1 — 10 )ydB  (9)

Thus frequency compensation to
broaden the response of a matching
network amounts to improving the input
match over a specific operating fre-
quency range.

The Q of a matching network is a mea-
sure of relative bandwidth and is given as:

Q= \IZ 1 (10)

Ratio

where Z__ . is the ratio of the source to
load, or load to source, resistive compo-
nent of impedance. The Q is the same
whether transforming up or down by the
same resistance ratio. The selectivity
as a function of impedance transforma-
tion for a single-section transmission
line matching section is shown in Figure
2. To broaden the response of an
impedance matching network, it is pos-
sible to increase the number of matching
sections or to use a method of adding
shunt compensation networks.

Shunt Compensation
In a simple quarter-wave transformer,

Series Matching Line
= 35 ohms

01

S0ohms

Load

a5
ohms

Generator

Ar2
Shunt
Open-Circuit

Trans. Line

Open Ckt.

Figure 5. Simple quarter-wave,
short-circuit compensation of sin-
gle quarter-wave matching sec-
tion.

the input admittance locus spread due
to the frequency dependence of the
matching transmission line length may
be compensated by a shunt (1), short-
circuited quarter-wave stub placed at
the load, Figure 1b. The input imped-
ance (Z.) to this lossless, shunt trans-
mission line is given as:

Z,, = +Z, tang (1)

where 6 = 90 degrees (f/f)) for a
quarter-wave transmission line and f is
the actual frequency of operation and f,
is the frequency at which the line is
quarter-wave length.

Thus a lossless, short-circuited, trans-
mission line looks like a pure reactance
with a value dependent on both the line
length and line impedance and with the
polarity dependent on line length. For
frequencies less than a quarter-wave-
iength, the transmission line appears
as an inductor. For frequencies greater
than A/4, the input impedance looks
capacitive. Thus, the designer has the
choice of characteristic impedance and
line length to control the reactance value
and slope with respect to frequency.

A short-circuited transmission line,
Z,,, placed in shunt with the load, may
be used as a simple compensation
network as it adds the required compen-
sating reactance, Figure tb. A specific
example of the simple quarter-wave,
transmission matching line is shown in

HMSA iNdNt

INPUT RETURN LOSS {dB)
»
S

/4 Shunt
Short-Circuit Z
Aol { 1 i
05 06 07 08 09 16 11 12 13 14 15
RELATIVE FREQUENCY (1/1,)

Figure 6. Simple quarter-wave,
short-circuit compensation of sin-
gle quarter-wave matching sec-
tion.

Figure 3a. If it is desired to transform a
load resistance of 25 ohms to match the
generator source resistance of 50 ohms,
a quarter-wavelength of 35 ohm trans-
mission line is used. The response of the
simple quarter-wave 2:1 impedance trans-
former is shown in Figure 4 (No Com-
pensation Curve) over a relative frequen-
cyrange of 0.5f to 1.5f , where f.is the
center design frequency. It is desirable to
broaden the response over the expected
operating frequency range. A matching
network is typically useable with a rela-
tive selectivity less than 0.2 dB, as op-
posed to the commonly specified 3 dB
bandwidth. This same amplitude re-
sponse of the matching network is ex-
panded in Figure 5 for easier examination.
The use of a 50 ohm shunt transmission
line for example improved the matching
network response at the 0.1 dB response
from 54 percent relative response (No
Compensation Curve) to 76 percent (50
ohm Compensation Curve). The corre-
sponding input match presented to the
source generator using each of these
matching networks is shown in Figure
6. An input return loss of better than 15
dB is typically needed to ensure a stable
match. Increased frequency response
may be achieved with the higher imped-
ance transmission lines.

Half-Wave, Open-Circuit Stub
Compensation

An aiternative to using a quarter-
wave, short-circuit transmission line

~0.3

SELECTIVITY (dB)

-0.4

0.5
o5 66 07 08 09 1o 11 1.2 13 1.4 15
RELATIVE FREQUENCY (1)

-0.02,

-0.04

-0.08:

No Compensation
-0.08—

~0.10

—0.12~— 00

SELECTIVITY (dB)

~0.141— 500

018 42 Open-Cireuit 2

—0.18}—

-0.20'
65 0.6 0.7 08 0.9 1.0 1.1 12 13 14 15

RELATIVE FREQUENCY (f/t)

Figure 7. A half-wave open-cir-
cuited transmission may laso be
used for compensation.
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Figure 8. Simple half-wave, open
circuit compensation of single quar-
ter-wave matching section.

Figure 9. Simple half-wave, open
circuit compensation of single quar-

ter-wave matching section.

39



































































RF tutorial

Intermodulation Distortion

By Gary A. Breed
Editor

This is the first edition of our new
monthly column featuring “‘nuts and
bolts’’ tutorials on key RF topics. These
lessons will be very basic, intended for
engineers without extensive experience
in RF. Future topics include a variety of
basic RF circuits, components, meas-
urements and design methods.

ntermodulation distortion (IMD) can be

defined as: ““The presence of un-
wanted signals which are caused by in-
teractions among two or more desired
signals.” The results of excessive IMD
in a transmitting system are unwanted
signals which may cause interference. In
a receiver, internally-generated IMD can
hinder reception of the desired signals.

The term distortion means that this is
a deviation from ideal performance.
Therefore, IMD measurements are a
useful figure of merit for the linearity of
an RF system or subsystem; equally
important for both transmitting and re-
ceiving equipment.

Intermodulation Mechanism
Nonlinearities in a circuit can cause
it to act like a mixer, generating the sum
and difference frequencies of any two
signals which are present. These same
imperfections generate harmonics of the
signals, which can then be mixed with
other fundamental or harmonic frequen-
cies. Figure 1 shows these relationships
in the frequency domain, as they would
be displayed on a spectrum analyzer.
The order of a particular product of
IMD is defined as the number of *‘steps”’
between it and a single fundamental
signal. Harmonics add steps. For exam-
ple, the second harmonic = 2f, = f +f,,
which is two steps, making it a second-
order product. The product resulting
from 2f,—f, is then a third-order product.
Some of the IMD products resulting from
two fundamental frequencies are:
Second Order = 2f,
=2f,
=1+,
=f ~f,
Third Order = 2f +f,
= 2f ~1,
= 2f,+f,
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= 2f,—f,
...etc.

The order is important because, in
general, the amplitude of IMD products
falls off as order increases. Therefore,
low-order IMD products have the great-
est potential to cause problems if they
fall within the band of interest, or on
frequencies used by nearby equipment.
Odd-order IMD products are particularly
troublesome, since they fall closest to
the signals which cause them, usually
within the operating frequency band.

IMD Measurements

The worst-case situation for IMD oc-
curs when strong signals are very close
together in frequency, since many dis-
tortion products fall within the band of
operation. Widely separated signais will
still generate distortion, but the products
are more likely to be eliminated by
filtering aiready in place in the system.

With this in mind, most IMD testing
uses closely-spaced test signals, per-
haps 1 kHz, 20 kHz, 100 kHz, or 1 MHz
apart, depending on the frequency of
operation and the particular application.

Receiver Dynamic Range: The meas-
urement format most commonly used
compares the level of a specific IMD
product (3rd order, 5th order, etc.) to the
level of the test signals. A two-tone test
of a mixer might look like Figure 2. This
hypothetical display shows a mixer with
third order IMD products 80 dB below

the level of the test signals.

A rule of thumb is to use test signals
separated by five to ten times the IF
bandwidth, .to ensure that they are
completely outside the fiiter passband.
Either the receiver or the test signal
generators are tuned to place the target
IMD product (e.g. third order product
2f,—f,) in the receiver passband. The
conventional test method will have first
determined the noise floor of the re-
ceiver, the minimum discernible signal
(MDS) level. The test signals are then
adjusted in amplitude until the IMD
product being measured is equal to the
MDS. The difference between the ampli-
tude of the test signals and the MDS is
the dynamic range. Third-order IMD
dynamic range is often referred to as the
Spurious-Free Dynamic Range (SFDR).

SFDR specifications indicate the abil-
ity of a receiver to handle weak signals
in the presence of nearby strong signals.
The acceptable SFDR number will vary
with system bandwidth and test signal
separation. Modern narrowband receiv-
ing equipment for SSB, NBFM, or FSK
communications can achieve SFDR bet-
ter than 100 dB, as measured with test
signals spaced ten times the bandwidth.

In virtually all mixers and amplifiers,
square-law relationships determine the
IMD levels as the test signals (or real-
world signals) increase above the thresh-
old which causes detectable IMD prod-
ucts. This means that dynamic range

A
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.r (1] - - ‘: 1]
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g - ] I (1] - [41]
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Figure 1. Frequency-domain relationships of the desired signals and

low-order IMD products.
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RF design awards

High Performance Active Double

Balanced Mixer

By Bruce Hubbard
British Aerospace (Australia) Ltd.

This entry in the 1991 RF Design Awards
contest was the result of the author’s

personal interest in an amplifier design
by Dr. David Norton using advanced
negative feedback techniques.

he performance of a superheterodyne
receiver is largely determined by the

characteristics of its RF amplifier and
mixer. Presented here is a high perform-
ance double balanced mixer, which
offers low noise figure, high dynamic

range, good isolation and excellent v =nv,
impedance matching properties.

It has been shown (1,2) that by using _
transformers to provide negative feed- Vo = MVa
back an amplifier can be produced with
a noise figure and dynamic range which ~ Therefore:

is substantially that of the active device,
and an input impedance which is that A =m
of the load.

it has aiso been shown (3) that the

Figure 2. Equivalent circuit.
the following relationships now apply.

&)

For a common base amplifier i, = ic,
therefore i, flows through the single
primary turn and n secondary turns. By
auto-transformer theory:

i, + ni, = mi_ 4)
And:

iy = (i, + 1) (5)
Therefore:

. . + 1

i = Iy ( L m ) ®
And: )

noise figure of a common base transistor
mixer with RF feedback is equal to the
noise figure of the corresponding ampli-
fier. The circuit presented here is an .
active double balanced mixer employing
these principles.

The Noiseless Feedback Amplifier =

Referring to Figure 1, a transistor 1 n=1
operating as a common base amplifier
has a broadband transformer connected
between its output and input as shown.
Figure 2 shows the equivalent circuit.
The transistor is biased for an emitter
current of several milliamps and has an T1 T2
input impedance R, = 26/l, (mA) which
is of the order of a few ohms and may be
ignored. The input voitage V, therefore
appears across the input winding and

(c) 12 dB

T1 only

n=11¢3)
mn=4<1>

T1 T2
: n=5¢2>
: m=3¢1)
(e
1 3
b)) 95 dB
T1 T2
: n=19¢4)
: m=5¢1)
(e)
1 S
(d> 14 dB

Figure 1. Common base amplifier

with transformer feedback. (d) 14 dB.

RF Design

Figure 3. Transmission line transformers (a) 6 dB, (b) 9.5 dB, (c) 12 dB,
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A VCO Tuning Range
Calculation Program

By Marshall H. Hollimon
Hollimon, Inc.

VCOCALC is a utility program which was
entered in the 1991 RF Design Awards
Software Contest. It will calculate the
tuning characteristics and the necessary
tuned circuit inductance for voltage-
controlled oscillators using certain popu-
lar tuning varactors which are chosen
from a menu presented by the program.
The following notes should help the user
to maximize the utility of the program in
simplifying VCO design and in greatly
reducing bench iteration time in realiz-
ing the actual circuit.

he circuit analyzed by VCOCALC

consists of two nodes coupled by a
fixed capacitor. One node contains the
tuning varactor plus any stray (or delib-
erate) parallel capacitance. The other
node contains the circuit fixed induc-
tance plus any stray (or deliberate)
parallel capacitance. A schematic of the
circuit is presented in Figure 1.

The program prompts the user for
values of the varactor paralle! capacitor
(CP), the coupling capacitor (CS), and
the inductor parallel capacitor (CT); it
also asks for a value for maximum or
highest tuned frequency, and finally for
the necessary tuning voltage informa-
tion: minimum voltage, maximum volt-
age, and voltage step size.

There is no restriction on any of the

_L _l_CPj\ CT_j_ }

L

Figure 1. Circuit example to be
analyzed by VCOCALC.

values entered except for tuning voltage.
In this latter case, the program is de-
signed around several popular hyper-
abrupt tuning varactors for which con-
siderable experience indicates that the
useful range of the tuning voltage is be-
tween 3 volts and 25 volts. Accordingly,
any attempt to enter a voltage below 3 or
above 25 will result in an error message
and a request for new voltage information.

When all requested data has been
entered, the program runs several sub-
routines which calculate a matrix of
result data including, for each step:
varactor junction capacitance, total ef-
fective capacitance across the inductor,
and tuned frequency. It does this by first

calculating the varactor capacitances for
ail tuning voltages, as well as the total
effective circuit capacitance for each
step. It then adds 0.01 volt to each
tuning voltage step, and calculates the
corresponding pair of delta-C capaci-
tances. When this step is complete, a
matrix of capacitance information is
available for frequency caiculation.

The next step is to calculate the circuit
inductance, which is done using the total
effective circuit capacitance at the high-
est tuning voltage.

The program then steps through the
matrix, calculating a frequency for each
total effective circuit capacitance and for
each such capacitance in the delta-C
column. Those frequencies correspond-
ing to non-incremented capacitances
are the tuned frequencies of the VCO;
the incremented values are used to
obtain tuning slopes for each step from
the formula 100(F_~F_ ). Finally, the
slope matrix is then searched for its
maximum and minimum values, and the
ratio of these is calculated.

When caiculations are complete, an
options menu is presented for the user
to choose several methods of presenta-
tion of the results, including screen or
printer output and a simple graph of fre-
quency versus tuning voltage so that gross
linearity may be visually estimated. A

MY1@4 TUNING VARACTOR
BACK-TO~BACK
T cd CE
VOLTS B BF
4 7.81678 5.6594
4.5 7.92997 5151538
5 6132628 5138276
5.5 5.69563 5126071
8 512885 £.14836
6.5 16178 510448
7 4.15493 4:94911
7.5 3.73365 4.8604
8 3134805 4.77783
8.5 2.99307 4.70061
9 2.8641 42628
9.5 2.38728 455935
s 26932 4149495
10.5 179746 4243173
11 153941 4237184
1.5 1:28337 4:31411
12 1:65753 425857
2.5 2.83203 4220415
13 ©.61498 4215162
13.5 10. 40829 14.10064
14 10.20579 14165121
VARACTOR PARALLEL CAPACITY = 12 PF
VARACTOR COUPLING GAPACITY = 22 PF
INDUCTOR BARALLEL CAPACITY = 35°PF
INDUCTANCE = 89113819 uHY
SLOPE RATIO = "2 617949

Pt S Y AN O Y
Onb Db BB G LI OITONIN

T
|
TUNING CURVE

.~ BEST STRAIGHT.LINE FIT

| ?

i
i

FREQ SLOPE !
MHZ /Y |
|
.82671 . 4084 i
82409 13816
00829 13856 I
17993 3308
33976 368
48867 12872
62764 12684
75766 12516
87973 12368 -
99483 .2236
16389 12128
20774 12028
30715 11948
40278 11876
49519 1182
584684 11764
67205 1172 .
75708 1168 L
84007 1184 -~
92105 .18 .
1186
1

Figure 2. Tabular output data of a sample 45 MHz

VCO.
RF Design

straight-line fit.

Figure 3. Plot of frequency vs. voltage with best
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The Miniloop Antenna

Essentially, a tuned antenna consists
of a tunable and a non-tunable single
turn loop {Figure 1). The two loops are
inductively coupled and maintain a co-
planar relationship. The larger loop is
considered to be the radiating element
because the radiation resistance of the
antenna is almost entirely associated
with it. The smaller loop is called the
feed loop. The latter, serves as the
impedance matching coupler between
the transmission line and the radiating
element.

Both loops are constructed to provide
symmetry about the centerline of the
system, and each has its electrically-
neutral point exactly opposite the gap.
Although, the loops share a common
side they are electrically separate parts
as far as the antenna function is con-
cerned. Miniloop design results in a very
high degree of electrical balance with
respect to ground, and to the support
structure, which are both crucial to
minimize interference between co-
located antennas, especially nearby
monopoles.

Antenna Size

The largest loop that can be used in
the Miniloop scheme is approximately
one-tenth of a wavelength in diameter.
Self-resonance is approached as the
size begins to exceed this value and the
basic qualities of simple tunability for
impedance match are lost.

In order to achieve maximum effi-
ciency, the loop is designed approxi-
mately circular with as large an area as
possible. The loop approaches one-
tenth wavelength diameter at the upper
limit of the frequency range, with the
specified capacitor set at its minimum
capacitance. The range of the variable
capacitor then determines the tunable
frequency range. The loop size can be
varied slightly without changing its in-
ductance by varying the diameter of the
tubing from which it is formed. With a
larger diameter tubing, the efficiency
increases. Trade-offs must be made
among size, weight, efficiency, band-
width and cost. All things considered,
the Miniloop is an optimal choice.

Frequency bands of about three oc-
taves (8:1) are regularly achieved with
an SWR less than 1.5:1 at resonance,
using commercially available high-
voltage vacuum variable capacitors. Al-
though, the range over which a low SWR
can be obtained is slightly greater than
three octaves, capacitors of sufficiently
high voltage ratings required to take
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|E| = [cos?Ocos? + sin24]*cos(phcoss)
where

h = height above ground plane

B = 2nik

A = wavelength = 300/f MHz meters
= 984/t MHz feet

Smatl arrows show direction of E — field

Figure 2. Three-dimensional rep-
resentation of radiation pattern of
a Miniloop.

advantage of this are not currently
available. A significant downward exten-
sion of the tuning range would result in
exceedingly narrow resonant band-
widths and greatly reduce efficiencies
to such a degree as to render the
usefulness of the system questionable.

The Feed Loop is sized so that the
mutual inductance, M, between the feed
and the main loop (i.e., the coupling co-
efficient) renders the couple resistance
equal to the characteristic impedance
of the coaxial feeder. Since, R = QL/Q,
one finds for a given main loop size, the
coupled resistance at the input is pro-
portional to both the area of the feed loop
and the Q of the antenna. Virtually ideal
impedance matching across the band
could be achieved by controlling the
feed loop in such a way as to optimize
the mutual inductance, M, between the
main loop and the feed loop. However,
the high cost due to increased complex-
ity far outweighs the small improvement
in performance achieved.

The maximum current, and hence the
most intense magnetic field, occurs on
the main loop at a point diametrically
opposite the tuning capacitor. By cou-
pling at this point, the size of the feed
loop is minimized. This also provides a
very convenient and practical location
for the balanced feed loop because its
neutral point corresponds to the neutral
point of the balanced main loop.

Bandwidth
The narrowness of the resonant band-

width of the Miniloop is a natural
consequence of its small electrical size
(compared to a wavelength) and its
relatively high efficiency. It is inherent
in such antennas that the bandwidth,
electrical size, and efficiency are closely
related. For a given size, the bandwidth
tends to vary inversely with the effi-
ciency.

The 3 dB bandwidth at the low end of
HF band is only a few kilohertz. Since,
the total resistance of the loop increases
more rapidly than the inductive reac-
tance, because of the radiation resis-
tance component, the bandwidth broad-
ens toward the high-frequency end of
the tuning range. The bandwidth/
frequency characteristic is essentially a
straight line on logarithmic coordinate
chart paper.

The 3 dB bandwidth is commonly
used as a guide for receiving. How-
ever, for transmitting at kilowatt power
levels, a more stringent guide is the 2:1
SWR bandwidth. The 2:1 SWR band-
width is defined as the frequency range,
centered at resonance, where the SWR
is less than 2:1. During modulation it is
not necessary that the modulation fre-
quency be strictly less than this 2:1
bandwidth. But most of the transmitted
power must be contained within this
bandwidth.

Power Gain

Gain is understood to mean actual
power gain relative to an ideal isotrope.
It is stated for the direction of maximum
signal, which is in the plane of the loop
at zero elevation. An ideal isotrope is a
fictitious lossless reference antenna that
has a spherical pattern, and a gain of
unity (0 dBi) in all directions.

The gain, G, is the product of per-unit
radiation efficiency, n, and the direc-
tivity, D. That is,

G=nD (1)

The directivity is a pattern charac-
teristic, determined by reckoning the
ratio of the maximum to the average
relative powerflow density, measured
over the surface of a large sphere
centered on the antenna. The free-
space, or intrinsic directivity of the
Miniloop is the same as that of an
infinitesimal loop, namely 1.50 (1.76
dBi), because the patterns are virtually
identical. In any practical installation,
reflections coming off the ground cause
the pattern to be very different function-
ally from what it is in free-space. Since
the pattern varies with the frequency
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and the antenna height, the gain is also
a function of these parameters. As a
matter of fact, a ground of good conduc-
tivity causes the gain to be anywhere
from three to seven decibels higher than
the free-space value, depending upon
the height of the antenna and the
characteristics of the ground. The maxi-
mum gain is reached when the loop is
approximately 0.35 wavelength above
ground, but coverage at the high eleva-
tion angles is sacrificed for gain in the
horizontal direction, when these condi-
tions prevail.

The efficiency is defined as the ratio
of the radiation resistance, R, to the
total resistance, R,, which also includes
the loss resistance, R,. Specifically,

n=R/R, @
R =R, +R 3)

To accuracy within a few percent, the
free-space radiation resistance of an
electrically small single-turn loop, either
circular or square, is

R, = 20 (2n/) “A2 (4)

where A is the area of the loop inside
the centerline of the conductor from
which it is formed, and 1 is the wave-
length measured in the same units
of length as the area. Interaction with
surroundings, such as the ground,
causes the actual radiation resistance
of a Miniloop to be somewhat dif-
ferent from the free-space value by an
amount depending on the frequency,
distance from the ground and other
objects, and the nature of the surround-
ings.

One might think of this as reflection
effects, induction effects, mutual-
coupling effects, or reaction effects.
Whatever the cause, one result is a
contribution to the overall radiation re-
sistance which may or may not be
negligible, depending largely on the
circumstances. Another factor affecting
the radiation resistance is the non-
uniformity of the current around the
joop, especially at the higher frequen-
cies where the loop is tending toward
self resonance and a standing wave of
current exists. Since these variations
are both relatively smali, it can be
concluded that the total radiation resis-
tance varies principally as the inverse
fourth power of the wavelength, A, or
directly as the fourth power of the
frequency.

The loss resistance consists of the
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90° (ZENITH)
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. 45°

Figure 3. Calculated relative amplitude patterns at fixed elevation angles
of Miniloop centered above a good ground plane.

RF skin resistance R_, and miscellane-
ous resistance, R_, of contacts between
sections of the loop, capacitor resis-
tance, and whatever absorption-loss
resistance exists due to the presence of
the ground in the induction field of the
antenna. All of these resistance compo-
nents work to decrease the efficiency.
The ground induction losses are kept
low by providing a mast for installing the
antenna well away from ground. No
estimate is available for the relative
magnitudes of the contact, capacitor
and ground-absorption resistances in
calculating the total loss resistance, or
even of their dependence upon fre-
quency. The contact resistance prob-
ably varies inversely with the frequency
because of capacitance bypass phe-
nomena, while the ground absorption
loss probably varies as the square root
of the frequency and is a function of the
electrical distance of the antenna above
the ground.

The radiation resistance of the loop
rises quickly to over-ride the loss resis-
tance, causing the efficiency to increase
rapidly to a high value with a corre-
spondingly steep rise in the gain to
around mid-band. The efficiency in the

high end of the operating band may
exceed 90 percent. The fast rise in
efficiency, combined with the increase
in directivity due to the array effect with
the in-phase image in the ground, is the
reason for the increase in gain charac-
teristic.

Pattern

The intrinsic pattern of the Miniloop
is a closed surface having essentially
the shape of a torus generated by
swinging a circle about the loop axis,
with the circle being tangent to the
axis at the point where the loop is
centered. In a typical installation,
the axis of the loop is horizontal, and
the pattern has a null on the horizon
in each direction of the axis. The ground
gives rise to reflection effects which
cause the pattern to vary in complex-
ity with the frequency, height of the
antenna above ground, ground char-
acteristics, and site conditions. The
mast height above ground may be
optimized for uniform coverage in the
half space. For such an installation, the
pattern resembles half a doughnut (with
a zero diameter hole) standing on its cut
ends.

January 1992



The mathematical expression for the
pattern of a Miniloop at any height
over a perfectly conducting ground
plane is given in Figure 2, where the
plane of the loop is coincident with the
YZ-plane of the coordinate system
shown, and the loop axis coincides with
the X-axis. The figure shows the pattern
in three dimensions that would result
from a Miniloop mounted on a mast
above a large perfectly-conducting
ground plane. The small arrows of the
figure indicate the direction of the elec-
tric field force (polarization), which is
everywhere along circles parallel to the
YZ-plane and centered on the X-axis
regardiess of antenna height. The rela-
tive amplitude of the pattern is repre-
sented by the length of the radius vector
drawn from the origin to the point on the
pattern.

The patterns shown in Figure 3 are
calculated from the same mathemat-
ical expression to show the azimuthal
variation at various fixed elevation an-
gles for the same conditions as for
Figure 2.

Interference Rejection

A standing problem of major pro-
portions in HF communications is that
of interference due to manmade noise
and spectrum overcrowding. The
Miniloop embodies a number of fea-
tures which help combat this prob-
lem. One of the unique features is
its relatively narrow resonant band-
width, especially at the lower end of
the operating band, which causes
interference adjacent to the desired
signal to be sharply rejected. A-
nother characteristic of the Miniloop
that greatly enhances reduced sen-
sitivity to. common mode interference
is its high degree of electrical balance
with respect to ground. That is, the
currents which may exist on the mast
due to common mode excitation will not
produce a voltage in the antenna.
Common mode excitation refers to cur-
rents running everywhere on a common
ground system due to switches, spark-
gaps, motors and other interference
generators.

Yet another feature which tends to
make the Miniloop less responsive to
interference is the fact that it is a
magnetic-field type of antenna. Most
man-made noise is electrostatic in na-
ture, at least in the near field. Since
loops do not couple strongly to predomi-
nantly electrostatic fields, the Miniloop
has a natural rejection to such interfer-
ence. For example, a ioop does not
receive well from a radiating whip an-

RF Design

tenna in the near field region because
the near field of a whip is primarily
electrostatic.

Furthermore, the bidirectional char-
acter of the pattern in the plane of the
earth aiso rejects interference. The loop
can be oriented with one of its pattern
nulls in the direction of an interfering
groundwave to reduce or eliminate the
interference with probably a weaker
desired skywave signal. Not much of
the skywave signal is sacrificed by
this tactic, since the Miniloop is practi-
cally omnidirectional for signals arriv-
ing at elevation angles above 20 de-
grees.

Applications

The various features of narrow band-
width, pattern, polarization, electrical
balance, and magnetic-dipole character
associated with the Miniloop make it
especially well suited for simultaneous
(duplex) skywave communications using
two co-located antennas. A combination
of either two Miniloops, or one Mini-
loop and a monopole or horizontal

electric dipole, is very effective. In the
latter configurations, the Miniloop
should be used with the receiver to
achieve maximum protection from the
strong fields generated by the nearby
broader band transmitting antenna. In
either case, it is necessary to offset
frequencies only a very small amount,
since relative orientation of the anten-
nas can be utilized to obtain large
additional isolation. The small frequency
offsets that can be permitted between
transmitter frequencies at each end of
a duplex skywave communication path
through the use of Miniloops favors the
reliability of communication in both di-
rections as path conditions vary. A
related important result is the reduced
need for spectrum space for duplex

11317 Frederick
5, MD 20705-2088.
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RF product report

RF Distributors — Filling the Gap

By Liane G. Pomfret
Associate Editor

he RF component distributor fills an

important niche within the RF mar-
ketplace. They pick up where the manu-
facturer leaves off, providing services
above and beyond what the manufac-
turer offers. The distributor fills a number
of roles — providing next day or just in
time delivery, special testing, modifying
and other value added service, providing
technical support and especially cater-
ing to the small business who doesn’t
necessarily need large OEM quantities.

The fact that the RF distributors have
been growing steadily over the last few
years suggests that they are actively
supporting a niche market requirement.
Growth rates over the last several years
have been impressive and even with the
current recession they continue to do
well. Since distributors are in the place
of supplying to several different mar-
kets, they are able to weather changes
in the economy better than single mar-
ket companies. They are also compa-
nies who have been around for years;
not fly-by-night companies without expe-
rience in the RF field. Distributors have
built their business and reputations by
serving the customer. Joel Levine, Sen-
ior Vice President at Richardson Elec-
tronics comments, ‘A niche distributor
learns from his customer and under-
stands the market, their engineering
needs, manufacturing needs and pur-
chasing needs. So they’re not just a
customer, they become partners.” The
market focus may change, perhaps from
military to the broadcast, industrial, and
medical industries, and these speciality
distributors have evolved to serve those
markets.

There is no doubt that the RF distribu-
tor serves a niche market. Several of the
distributors began supplying to the broad-
cast industry, but have since expanded
to supply to other sectors of an ever-
growing market. According to Doug
Gordon, Vice President of Marketing for
Surcom Associates, ‘‘We’re looking
more now at industrial accounts, people
who are doing vacuum deposition, sput-
tering, RF heat. We're also seeing some
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medical applications such as NMR,
which we didn't see even 6 or 7 years
ago.” Joel Levine adds, “With all the
new commercial applications, we’ve had
no problem finding customer for our
product lines.”

Many of the distributors have been in
business twenty or more years. They've
built their reputations on service which
is what keeps customers coming back.
They have more to offer a customer in

“A niche distributor learns
from his customer...”’.

the way of value-added service and
technical support than a manufacturer
might. “We make the engineer’s job a
lot easier. We not only have the product
on the shelf, so they can get it when they
need it. But we also have applications
and technical assistance available with
our outside saies force,” notes Steve
Ulett, Marcom Manager at Penstock.
Customer service includes a multiple of
things. It can be anything from providing
overnight delivery on a part to building
assemblies per a customer’s request.
Most distributors offer value-added serv-
ices of one form or another. The most
common include qualifying parts to an
engineer’s specifications with few or minor
modifications and suggesting replace-
ments for discontinued parts. Custom-
ers who order from a distributor can
virtually be assured of receiving a prod-
uct off-the-shelf rather than having to
wait as long as 26 weeks if they order
from the manufacturer.

Often, manufacturers don’t have the
time to deal with the smaller OEM’s and
don’t feel that it's worth it for them to
court the small companies. Merit Arnold,
Owner of RF Parts explains, “To buy
direct you have to have a large amount
of business, otherwise the manufacturer
prefers to sell through a distributor.
Manufacturers usually do not carry
goods in stock and lead times these
days are such that a user needs to have

a product on a short turnaround.” It can
also be very hard for an engineer to get
prototype numbers of a part from the
manufacturer, but relatively easy to get
those same parts from a distributor. This
is where a distributor has a distinct
advantage. By offering services and
quantities that are appealing to the small
company or a one man operation, they
virtually guarantee that sector of the
business for their own. Later on, when
these small companies grow or the
product goes into production, the dis-
tributor expects loyalty because of the
service previously provided. But small
companies are not the only ones to buy
from distributors. The range of compa-
nies runs the gamut ail the way up to
Fortune 500 companies.

Applications and support is a service
that sets the RF distributor apart from a
generic electronics distributor. The serv-
ice departments of RF distributors are
usually staffed with degreed engineers
who have experience in the field. As
Doug Gordon notes, “Both of us are
graduate EE’'s and the fellow who
started this business has about 35
years of experience with these products.
If someone were to call and say they
needed a replacement for a part,
chances are he would know what the
original part was.” RF engineers need
this kind of experience at the other end
of the phone when they're working with
a new product. If an engineer works with
a distributor to find a specific product, it
is also easier for him to compare the
different manufacturers and what their
versions offer.

RF distributors do have a lot to offer
the smaller company as well as the
larger customers. Their value-added
services, technical support and RF spe-
cialty parts availability make them an
excellent alternative to dealing directly
with a manufacturer. RF

For reprints of this report, contact Cardiff
Publishing Company at (303) 220-0600.
Ask for the Circulation Department.

January 1992












ADAPTERS
24 HOURS

stainiess
steel * 112 max SWR
to 18 GHz
.91 to 19.91
9.91 9.9 * Rigid high
temperature
* 1.15 max to SWR to captivation
27 GHz « Consistent
¢ Very low SWR performance
¢ Consistent ¢ Repeatable
performance performance
+ Rigid high temperature * Minimum length
captivation for system use

27 GHz Mode Free 18 GHz Mode Free

SMA J | SMAP | NJACK | N PLUG

232-00SF | 230-02SF | 2310SF | 2320SF
9.91 9.91 19.91 19.91

A P |230-02SF | 231-00SF | 2330SF | 2340SF
Pl ao 1991 | 1991 | 19.91

2310SF | 2330SF [3069-0101
19.91 19.91 19.91

23208F | 2340SF [3069-0202
19.91 19.91 19.91

SMA J

J JACK

N PLUG

Add $5.00 shipping and handling for orders less than $99.00.
Mastercard & Visa only.
Telephone 800-950-8555 for immediate shipment.

[1 APPLIED SPECIALTIES, INC.
E D 10101 F BACON DRIVE » BELTSVILLE, MARYLAND
(301) 595-5395  (800) 950-8555

INFO/CARD 60

RF literature

Precision Trimmer Capacitors
Voltronics Corporation has issued a new 32-
page catalog of its precision trimmer capacitors
and microwave tuners. In addition to descrip-
tions of their standard product lines, custom
products are also called out as well as
engineering prototype kits and tuning tools.
Voltronics Corporation
INFO/CARD #210

Radiation Test Equipment

A new catalog from Holaday Industries
profiles their line of meters, monitors and
calibration services including a new line of
low frequency instruments. The catalog de-
tails the instruments’ frequency response
and sensitivity as well as other pertinent
specifications.
Holaday Industries, Inc.
INFO/CARD #209

Industrial Applications

Components

An extensive list of new and hard-to-find
electronic components for industrial applica-
tions is featured in Richardson Electronics’
new industrial brochure. The 12-page catalog
highlights power tubes, microwave magne-
trons, SCRs, high voltage capacitors and
resistors and more. A listing of equipment

manufacturers utilizing products available
from Richardson is also included to assist
users with their replacement requirements.
Richardson Electronics, Ltd.

INFO/CARD #208

Noise Product Brochure

A 10-page brochure describes the new
Maury Noise Product Line including instru-
ments and accessories designed for the
measurement of noise performance factors
such as noise figure and effective input noise
temperature. Complete specifications and a
detailed description of the MT2075B Noise
Gain Analyzer are provided. The brochure
also describes Maury’s line of low cost
system noise monitors and solid state noise
generators.
Maury Microwave Corporation
INFO/CARD #207

Connectors and Adaptors
Astrolab Inc has released its updated

catalog which features comprehensive engi-

neering information, detailed drawings and

specifications of connectors and adaptors.

Their microwave cable for various applica-

tions and other passive components are also

described.

Astrolab, Inc.

INFO/CARD #206

SURPLUS SALES OF NEBRASKA
DIODES: PIN, MIXER, VARACTOR, SCHOTTKY « FINGER

STOCK » MICROWAVE: SOURCES, DETECTOR,
DUMMY LOADS, ATTENUATORS, CAPACITORS,
SWITCHES, RELAYS » TOROIDS o RF ¢ CONNECTORS,
ANY KIND, LTERALLY e MECHANICAL FILTERS o
RELAYS e INDUCTORS e SEMICONDUCTORS e TEST
EQUIPMENT & TWT ¢ OSCILLATORS e RESISTORS e
TRANSFORMERS * SWITCHES o POTENTIOMETERS
SHAFT HARDWARE o METERS ¢ VACUUMRELAYS e
VACUUM CAPACITORS s  TRANSMITTING
COMPONENTS ¢ POWER SUPPLY PARTS e CABLE e
WIRE: ANTENNA, MAGNET, HIGH VOLTAGE, TEFLON
HOOK-UP » TUBES e FEED-THRUS ¢ COMPUTER
PARTS e PISTON TRIMMER CAPS o ANTENNAS « EMI
FILTERS o CORDS e RFl SHIELDING MATERIALS e
COAX * SOCKETS ¢ COPPERCLAD e« WAVE GUIDE
o TECH SPRAY ¢ CONNECTOR HOODS ¢ CHOKES

all of this and much more in......

CATALOG 6

Available Now!

purchase.
instantly, at reasonable prices.

In the USA, send
$3 for your copy via First Class Mail.
Bulk mailed FREE. Payment is refund-
able with your first $25 catalog
Quality parts available

Do you have surplus parts on hand ?
We purchase most varieties of excess
parts but specialize in RF types. Fax
or mail your list for a prompt bid or

call and ask for Bob. Thanks.

SURPLUS SALES OF NEBRASKA
1315 Jones St. * Omaha, NE 68102

402-346-4750 ¢ fax: 402-346-2939
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RF Design Software Service
Programs from RF Design, provided on disk for your convenience.

This month’s programs: RFD-0192

(BASIC, compiled and source code)

A VCO Tuning Range Calculation Program’ by Marshail Hollimon. VCOCALC program has
curves for common varactors, computes and plots tuning range, handles parasitics and allows
linearity analysis. (QuickBASIC, compiled and source code)

“’A Program for Winding RF Coils” by David Raley. COILTURN program computes number
of turns, self-resonance, reactance, and other parameters for single-layer airwound inductors.

December program: RFD-1291

“Analysis Program for Coaxial Cable”” by Eric Stasik. Determines electrical parameters from
physical data, and determines physical dimensions from electrical requirements. Computes
losses, power handling, inductance, capacitance, ““waveguide” mode frequencies, and many
other parameters. {(FORTRAN, compiled version and source code)

Call or write for a listing of all available programs

VISA and MasterCard are now accepted! \¥hen ordering by mail, include card
number, correct name, and expiration date.

Order by telephonel Call (303} 770-4709 to place your credit card order. Occasionally,
you may reach an answering machine, but your call will be returned promptly.

Each month's program(s} ......... $ 15.00 ...

......................... postpaid, with article reprints.

Price includes shipping to US. or Canadian addresses. Orders from other countries must add
$8.00 per order for extra shipping and handiing. Specify 3% or 5% inch disks.

Annual subscription ... $130.00 ....... ($170 Foreign)........ get each program ASAP.

Check, money order, VISA or MasterCard accepted for all orders. Purchase orders from US.
and Canadian companies accepted for orders of $100 or more. Foreign orders must be pre-
paid, with payment via charge card, check or bank draft drawn on a bank located in the US.

RF Design Software Service
P.O. Box 3702
Littieton, Colorado 80161-3702
US.A.
(303) 770-4709
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