






































RF courses

Data, Speech, Image, and Video Compression: Principles,
Applications and Standards

January 6-10, 1992, Los Angeles, CA
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.

Radar Signal Processing: Theory, Technology and
Applications

January 7-10, 1992, Atlanta, GA
Coherent Radar Performance Estimation

January 14-16, 1992, Atlanta, GA
Antenna Engineering

February 4-7, 1992, Atlanta, GA
information: Education Extension, Georgia Institute of Tech-
nology. Tel: (404) 894-2547.

Advanced Tracking Radar: Monopulse Methods and
Applications
January 7-10, 1992, Washington, DC
Electronic Warfare Systems: Technical and Operational
Aspects
January 13-17, 1992, Washington, DC
Introduction to Modern Radar Technology
January 22-24, 1992, Washington, DC
Modern Digital Modulation Techniques
January 27-30, 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
Microwave High Power Tubes and Transmitters
February 24-28, 1992, San Diego, CA
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
Information: The George Washington University, Continuing
Engineering Education, Merril A. Ferber. Tel: (202) 994-8522
or (800) 424-9773.

Digital Signal Processing

January 8-10, 1992, Tempe, AZ
information: Center for Professional Development, Arizona
State University. Tel: (602) 965-1740.

Modern Microwave Techniques
December 10-13, 1991, Bethesda, MD
Radar Cross-Section Measurement Techniques
December 10-13, 1991, Scottsdale, AZ
Information: Technology Service Corporation. Tel: (800) 638-
2628, (301) 565-2970. Fax: (301) 565-0673.

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

EC 92, Its Effect on the American Electronics Industry
December 12, 1991, San Jose, CA

Information: Rockford Engineering Services, Julia Gbadebo.

Tel: (800) 848-3781. Fax: (510) 862-9013.

ESD Design and Testing

January 23, 1992, Novi, M!
Information: S.E. Michigan IEEE EMC Society. Tel: (313)
597-3950 or Jastech. Tel: (313) 553-4734.

Improving the Software Testing Process

December 16-17, 1991, Boston, MA

December 19-20, 1991, Detroit, Ml
Information: Data-Tech Institute. Tel: (201) 478-5400. Fax:
(201) 478-4418.

DSP Without Tears

December 16-18, 1991, San Jose, CA

February 12-14, 1992, Scottsdale, AZ
Information: Right Brain Technologies. Tel: (404) 420-3834.
Fax: (404) 967-1672.

introduction to Telecommunications
January 21-24, 1992, San Diego, CA
January 28-31, 1992, Vancouver, BC
Introduction to Datacomm and Networks
January 7-10, 1992, Washington, DC
January 14-17, 1992, Los Angeles, CA
Hands-On Datacomm Troubleshooting
December 17-20, 1991, San Diego, CA
January 21-24, 1992, Los Angeles, CA
Introduction to Fiber Optic Communications
January 7-10, 1992, Los Angeles, CA
January 21-24, 1992, Washington, DC
Digital Signal Processing: Techniques & Applications
January 21-24, 1992, Washington, DC
January 28-31, 1992, Ottawa, Canada
Information: Learning Tree International. Tel: (800) 421-8166,
(703) 893-3555, (203) 417-8888.

Practical EMI Fixes
January 13-17, 1992, San Francisco, CA
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
HIRF and the Control of Electromagnetic Terrorism
March 31-April 3, 1992, Washington, DC
Information: Interference Control Technologies, Registrar. Tel:
(703) 347-0030.

Antennas: Principles, Design and Measurement
March 11-14, 1992, St. Cloud, FL
Information: Kelly Brown, SCEEE. Tel: (407) 892-6146.
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RF featured technology

A Modular Two Band Diplexer

By J. Robert Witmer
AEL Defense Corporation

Having completed the design, construc-
tion and installation of an antenna that
provided acceptable simultaneous op-
eration in segments of the high VHF and
UHF FM bands, a technique was needed
to permit connection of the antenna to
the VHF and UHF transceivers. The
objective was to connect both transceiv-
ers to the antenna at the same time to
permit simultaneous operation.

he two band coupler or diplexer

design presented in this article is
based on two independent modular
sections, one for each desired fre-
quency band. Each section consists of
an electrical 1/4-wave length section of
coax and a discrete component series
resonant tuned circuit. The modular
nature of the design lends itself to
expansion for additional isolation depth
or bandwidth, with minimal additional
insertion loss due to the extra section.
This design has also applied to the 146
and 52 MHz frequency bands where two
versions of the diplexer have been
constructed and evaluated.

The application of 1/4-wavelength
transmission line solutions to various
antenna problems has interested me for
some time and | found it provided what
| feel is a unique solution to this problem.
See Figure 1 for the schematic of the
modular diplexer.

Each modular section, see Figure 2,
consists of a 1/4-wavelength section of
coax between the dedicated frequency
band port and the common port with a
series resonant circuit across the dedi-
cated frequency band port. The 1/4-
wavelength coax section and series

tuned circuit are resonant at the center
of the other selected frequency band.
Coax 1/4-wavelength sections provide
a relatively broad insertion loss band-
width.

The heart of the design approach is
the 1/4-wavelength transmission line
T/R switch as shown in Figure 3. It
depends on the unigue impedance trans-
forming capability of the 1/4-wavelength
transmission line. A shorted 1/4-wave-
length transmission line presents an
open circuit at the end opposite of the
line. The reverse is also true, an open
1/4-wavelength transmission line pre-
sents a short circuit at the opposite
end (Both of course at the frequency
at which the transmission line is an
electrical 1/4-wave). In the classic de-
sign the short was typically provided by
a diode.

In the modular diplexer design, the
discrete component series tuned circuits
provide frequency dependent shorts for
the end of the 1/4-wave length coax
sections which in turn provide the de-
sired open circuit - disconnecting effect
- at the common port end of the line.
Because of their off resonance high
impedance, the series tuned circuits
have minimal effect on the desired
frequency band. The series tuned cir-
cuits also provide rejection of the unde-
sired frequency band.

This design’s performance is relatively
independent of the loads presented at
the independent “‘band’’ ports. This per-
mits operation with only one transceiver
or antenna connected. The effect of a
feedline break or short on the opposite
port on the diplexer will be minimal.

Antenna Port

Transmit

Receive
Port

Port

1/4 Wavelength
Coax Section b

Transmit /Receive
Switching Line

Figure 3. T/R switch schematic.

Performance

See Figure 4 for the measured per-
formance of the 146/446 MHz diplexer
and Figure 6 for performance of the
52/146 MHz diplexers. Measurements
were made with a Hewlett Packard
Model 8640B signal generator and a
Hewlett Packard Model 8559A spectrum
analyzer.

When you consider the insertion loss
provided by the length of RG-58/U coax
(approximately 15 feet) typically sup-
plied with most commercial antennas
-approximately 0.5 dB at 52 MHz, 0.8
dB at 146 MHz and 1.5 dB at 446 MHz
-the diplexer insertion loss may not be
a major factor in the total antenna
system performance.

146/446 MHz Diplexer Description

The 146/446 MHz diplexer measured
uses single isolation sections. RG-188/U
TFE insulation coax 1/4-wavelength
sections were used to reduce the size
of the diplexer and minimize the possi-
bility of solder shorts during the assem-
bly. Air wound coils were used in
both series resonant sections. The only
significant requirements on the trim-
mer capacitors are mechanical sta-
bility and power handling capacity

Common Port

Coax 1
Band A

Port

Ct

Coax 2

Band A
Band B Port
Port
L2
c2 C

Coax Section

To
Band A - Band B
Common Port

Band A Pass
Band B Reject
Section

Figure 1. Modular diplexer schematic.
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Figure 2. Modular section schematic.
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Software Family Integrates Synthesis
and Simulation

By Randall W. Rhea
Eagleware

Eagleware has introduced a new match-
ing network synthesis program and has
added a new graphical user interface to
their products. These improvements go
hand-in-hand with the growing sophisti-
cation of RF software users. This article
presents descriptions of the Eagleware
software system and the philosophies
of that company concerning the com-
puter as an engineering design tool.

ngineers who are now at the peak of

their careers began with slide rules!
By the 1970s, scientific calculators and
time-share computers had supplanted
bamboo. Less than twenty years later,
desktop computers provide computing
power almost unimaginable.

How fast could we multiply two float-
ing point numbers on a slide rule? About
five seconds, which is 0.2 floating point
operations per second (FLOPS), with
three significant digits of precision. With
the calculator we achieved about 2
FLOPS with improved precision and
more functions. In 1981, we achieved
about 50,000 FLOPS on a 8088 CPU
and 8087 coprocessor. Today, desktop
personal computers and workstations
deliver well over 1,000,000 FLOPS.

Paradise Lost

So how did we get anything done with
a slide rule? With them, we had designed
telephones, television and radar. Amazing!

Computers crunch numbers; they
don’t think. In fact, some believe we are
relying too heavily on computers and
less on thinking.

A respected mentor once told me, “A
computer is no substitute for thinking.”
His ability to reduce a complicated
problem to a few simple defining equa-
tions was inspiring. He developed inno-
vative products using simple expres-
sions, a calculator, and finally a proto-
type on the bench.

Paradise Found

When it became available, my mentor
quickly embraced time-sharing. It was
an important lesson for me — don’t

RF Design

# Nodes Reduction Nodal
4 0.32 1.53
6 0.37 2.07
9 0.45 3.55
12 0.52 6.34
16 0.63 12.8
21 0.76 27.1

Table 1. Branch reduction and nodal
execution time (seconds) on a 16
MHz 80386 machine for filters of
increasing size (40 frequencies).

advocate only the past or only new
technologies. Embrace all available tools
and use them wisely.

What | enjoyed most about the proto-
type phase was the insight provided by
interactivity. More than achieving the
desired response, real-time tuning pro-
vided insight into circuit behavior. It
caused thinking and led to ideas for
improvement. When | began writing
programs for my own use in the 1970s,
time-sharing couldn’t support this kind

in the early 1980s with the advent of
desktop computers.

Synthesis theory finds component
values for high-order networks with such
numeric efficiency that our desktop
computers merely blink. But synthesis
is crippled by reality, such as §,,>0,
finite Q, parasitics and discontinuities.
Simulation accommodates these diffi-
culties, but because real-time tuning
and optimization are required, execution
must be fast. When integrated together,
synthesis and simulation create a pow-
erful design environment.

Simulation execution speed is crucial
for two reasons. Dealing with reality
involves optimization with many circuit
evaluations. More importantly, viewing
the response while tuning encourages
thought. Try tuning a complex circuit on
the bench with a network analyzer set
to 500 ms per sweep, then change it to
5 seconds per sweep. A factor of ten
makes a big difference!

Circuit Simulation

STAR (1982) is the genesis of =Super-
Star= (1986) and =SuperStar= Profes-
sional (1990). Both current versions

of real-time feedback. That all changed feature full graphic capability, real-
e 250 0 250
+
.
.
+
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Figure 1. Amplitude and delay response of a symmetrical bandpass
before (left) and after (right) group delay equalization.
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An Improved Tau-Dither Technique
for Spread Spectrum Code Tracking

By Harry B. Brown, Il
Smiths Industries

One of the most exciting trends in
modern communications technology is
the application of spread spectrum tech-
niques to commercial systems. Despite
the well documented advantages of
spread spectrum communications (1),
commercial use has been slow to de-
velop because of the relative complexity
of the equipment. However, as this
technology has matured in the military
sector, more efficient implementations
of the basic signal processing functions
have evolved. This paper describes the
refinement of one such function.

pread spectrum communications is

characterized by two criteria. First,
the transmitted bandwidth must be
greater than the information bandwidth.
Second, the mechanism which deter-
mines the transmitted bandwidth must
be independent of the information. This
spectrum spreading mechanism is a
pseudo-random binary sequence which
alters either the phase or frequency of
the transmitted carrier. In order for the
receiver to recover the information sig-
nal which is combined with the pseudo-
random (PR) sequence, this process
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requires that the receiver have knowl-
edge of the sequence, synchronize its
local code generator with the transmit-
ted sequence, and maintain synchroni-
zation (track the sequence) despite
changes in phase or frequency of the
transmitted code. In Direct Sequence
Spread Spectrum (the carrier is biphase
modulated by the PR sequence) preci-
sion tracking is not only important for
maximum correlation, but crucial for
accurate range estimates in navigation
systems.
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Figure 1. Delay lock loop and
timing diagram. When the early
and late codes are exactly +1/2
chip of the on-time code, the VCO
error signal (eA) averages to zero.

RF Design

Figure 2. Dithering loop and tim-
ing diagram. When the early and
late codes are exactly +1/2 chip
of the on-time code, the VCO error
signal (eA) averages to zero.

There are two basic techniques for
tracking the incoming PR code: the
delay-lock loop (2) and the dithering loop
(3), also called tau-dither. In the delay-
lock loop (see Figure 1), the incoming
code sequence is correlated in two
parallel channeis — one with an early
version of the locally generated code,
and one with a late version of the local
code. The difference between the two
detected levels is used as an error signal
to correct the timing of the local code
generator. The error signal is maximized
when the early and late code sequences
are 1/2 chip (code bit) offset from the
on-time sequence (3). The dithering loop
(Figure 2) uses only one channel to
correlate the incoming code, but applies
the early and late versions of the local
code alternately (the local code is ‘‘dith-
ered’” back and forth). The error signal
is obtained by alternately inverting the
resulting correlated signal (subtracting
the late correlation). This error signal
then corrects the timing of the local code
generator as was done in the delay-lock
loop. The disadvantage of the delay-lock
loop is that two correlating channels are
required (more components than
needed for the dithering loop), and
furthermore, these two channels must
be matched in gain and phase. The
dithering loop, on the other hand, incurs
a 3 dB worse signal-to-noise ratio be-
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WEST

Here are a few of the reasons you should make plans to attend RF Expo West:
SESSION TOPICS AND PAPERS (Subject to change)

March 18-20, 1992
San Diego Convention Center
San Diego, California

Session: RF Power Circuits * Predict Temperature Rise in Reverse Biased PIN Diodes at High
Power Levels
e The Engineering Development of Low Cost GaAs Power Moduie for
Cellular Telephones
Session: RF and Computers « Building a Network System for an Engineering/Manufacturing Com-
pany: Keeping Your Engineers Happy Without Giving Away the
Farm
* Modeling Surface Mount Components
* Power MOSFET Modeling
Session: High Performance Circuits * The Design of a Monolithic Hybrid Integrated Circuit RF Package
for Space Application
* The Photistor: An innovative, Optoelectronic RF Switch/Attenuator
Session: RF Integrated Circuits  Design of High Density, High Yield MMIC Devices for Low Cost
Applications
* Characterization of a Silicon Bipolar Process for RF
ASIC Development
* GaAs MMIC Control Devices: Theory of Operation & Fabrication
Session: Antennas * Shaped Beam Microstrip Antennas Applied to Personal
Communication Networks
* Development of Microstrip Antennas
* Miniature Narrowband Radiator for UHF Application
Session: Thermionic Power Devices ¢ High Power RF Amplifiers, TWTs, Klystrons, Magnetrons
Session: Frequency Synthesis  Dividerless Phase Locked Loops
* Design Considerations for a Low Cost Wideband RF Synthesized
Source
¢ A Monolithic 12-Bit 100MSPS Digital to Analog Converter for
Frequency Synthesis
Session: Low Cost Design ¢ Receiver Mixers and LOs
* Los Cost SMD Power Limiters
* Practical Variable Gain Ampilifiers
Session: Space-Based Radar » Space-Based Angle-Tracking Radar System Design
* RF Electronics Design for Space Flight Applications
* Spurious Noise Prediction and Reduction in Direct Digital
Synthesizers
* Electrical Performance of a GaAs DDS Syster for Space
Applications
* Signal Processing for a Space-Based Monopuise Radar
* Thermal Distortion Analysis for Space-Based Monopulse Radar
Antenna Array
Session: Special Open Session ¢ Three Contest Prize Winners — Software and Design
Session: Communications Systems * A Satellite Based Radio Tag System
* Own Jamming Excision — Changing the Way Communication
Systems Are Jammed
* One Technique for Increasing Compression Ratio for Facsimile
Picture Transmission Over Mobile Radio
Session: Transmission Systems « Analysis of Dielectric Materials in Waveguide and Feedhorn
* High Power Filter for Broadcasting
Session: Receiver Circuits * Various Mixer Types Used in Cellular Radios
+ Direct IF to Digital Conversion Using New Monolithic RF Track
and Holds
Session: RF Filters * Tunable Bandpass Filters for VHF-UHF Receivers as a Preselector
Applications
* GaAs Technology Opens New Frontiers in Electronically Tunable
Filters
Session: Power Amplifier Design » The Design of RF Modules Intended for Combining High Power

Early registration discount now available.

High Power VHF Power Dividing and Combining Techniques

Monitoring, Control and Diagnostics of an RF Amplifier Over a
Modem Link

For complete details: (800) 525-9154; (303) 220-0600; Fax (303) 770-0253.
RF Expo West 1992; 6300 S. Syracuse Way, Suite 650; Englewood, CO 80111.

The industry’s
foremost RF
technology
conference.

Sponsored by RF Design
magazine, RF Expo West will
be in San Diego March 18-20
at the San Diego Convention
Center. And special rates are
being offered for early
registration.

SEE demonstrations of the
newest equipment the industry
has to offer.

HEAR top industry profes-
sionals share their knowledge
on today’s most important
topics.

JOIN electronics engineers,
engineering managers, engi-
neering service professionals,
owners and consultants at the
Ham Radio Reception.

PROFIT by choosing from
among more than 50 technical
sessions.

MEET more than 200 industry
exhibitors with the latest and
best in electronic design
services and equipment.

LEARN new skills or reinforce
present knowledge by signing
up for one or more of the four
full-day special courses. (Funda-
mentals of RF Circuit Design:
Parts | and II; Filter and
Matching Network Design: L-C
and Distributed Circuits—HF to
Microwaves; Oscillator Design
Principles.)

DISCOVER new sources for
answering questions about your
particular needs.

WIN one of several big prizes
being awarded by sponsors of
the Ham Radio Reception.

COME to RF Expo West 92
sponsored by RF Design
magazine.

The best minds in RF Design
are yours for three days,
March 18-20, at the San Diego
Convention Center. Register
now by calling (800) 525-9154.




SPECIAL COURSES

MARCH 17, 18 AND 19

Preregistration is required for the following special courses. Please see the
registration card for fee.

Fundamentals of RF Circuit Design: Part | March 17

This highly popular course provides an introduction to RF circuit concepts
without an intimidating amount of complex mathematics. RF component models
are reviewed first, explaining parasitic effects, progressing to resonant circuits,
filters and impedance matching principles, comparing analytical and graphical
(Smith Chart) techniques. Scattering (s-) parameters, unilateral and bilateral
small-signal/low noise amplifier design methods, stability conditions, constant
gain circles are illustrated by the use of video-projected interactive CAD.
Instructor: Les Besser, president, Besser Associates Inc.

Fundamentals of RF Circuit Design: Part Ii March 18

A sequel to Part |, this newly revised course begins with microstrip transmission
line applications in RF circuits. Transmission line and transformer type power
dividers and combiners, wide-band “‘multifilar” ferrite-core autotransformers (rod
and toroid) are examined under ‘‘real life” conditions, considering balance,
isolation and impedance transformation. PIN diode switches and attenuators
are analyzed by linear circuit simulators. Broadband feedback and high-power
amplifiers are reviewed; the effects of bias, temperature, parasitics and losses
are considered, and an introduction to tolerance analysis is presented.
Instructor: Les Besser, president, Besser Associates Inc.

Filter and Matching Network Design: L-C and
Distributed Circuits—HF to Microwaves March 17

This course is designed for the practical engineer, packing a wealth of practical
and useful information on these passive RF circuits into eight hours. Engineers
with all levels of experience will benefit from the review of fundamental informa-
tion on filter response and classic topologies for filters and matching networks,
followed by design methods for implementation of L-C and distributed-element
filters and matching networks, from low radio frequencies to microwaves. key
performance parameters such as group delay and phase characteristics are
covered, as are techniques for implementing the design of these networks using
modern computer-aided synthesis, analysis and optimization. Instructor: Randy
Rhea, Eagleware/Circuit Busters.

Oscillator Design Principles March 19

Learn the fundamentals of oscillator design. Historically, oscillator design has
been obscured with pages of equations for particular configurations. In this
course, basic concepts are applied to design various oscillators using a unified
approach. Attendees learn how to evaluate oscillator designs accurately. L-C
distributed element, SAW and crystal oscillators are studied. Also considered
are output level, starting time, harmonic levels and phase noise performance.
Instructor: Randy Rhea, Eagleware/Circuit Busters.

Ham Radio Reception: March 19

Now a standing-room-only favorite at the RF Expos, the next Amateur Ham
Radio Reception will be held on Thursday night, March 19. This lively evening of
munchies, drinks and outstanding door prizes is a popular gathering place for
show participants. Food and door prizes are provided courtesy of the event’s
sponsoring companies.

RF EXPO WEST is sponsored by RF Design magazine.
Please see registration card on page 69.

Top Equipment
Interests

Components
Test Equipment
System Components

Transmission Line
Components

Systems

EMC/EMI Products
Packaging

Service

Plan Now To
Attend

RF Expo West is attended by
electronics engineers and
engineering managers working in
the RF frequencies. Engineers
new to high frequency circuits
benefit from the numerous funda-
mental and tutorial programs
offered. Senior engineers receive
valuable updates on the latest
developments in high frequency
technology. In 1991, attendance
was as follows:

Engineers 58%
Engineering Managers 16%
Engineering Service

Professionals 6%
Owners or Officers 11%
Others 9%

(including reps, buyers, consultants)

Call: 1-800-525-9154
1-303-220-0600

Fax: 1-303-770-0253

Write: RF Expo West
6300 S. Syracuse Way, #650
Englewood, CO 80111

~ REGISTER NOW +




RF design awards

Analysis Program for Coaxial Cable

By Eric L. Stasik
Consultant

This entry in the 1991 RF Design
Awards Software Contest analyzes co-
axial cable electrical parameters using
physical data. In addition, the program
synthesizes physical dimensions from
the user’s input, with tables showing
various parameters across a range of
frequencies or physical dimensions. The
program should prove invaluable for
designers of coaxial couplers, power
dividers and combiners, filters, cavities,
and transformer sections.

Ilthough the analysis and synthesis
functions for round coaxial cable

transmission lines is almost trivial, the
program presented here offers a practi-
cal, accurate, and convenient method
for these calculations. Called COAX, the
program calculates nearly every possi-
ble parameter. Electrical properties use
the dimensions and dielectric proper-
ties, with loss calculations that include
surface roughness, dielectric loss and
conductivity considerations.

Calculations Performed

The COAX program will compute the
following parameters from the user’s
data:

Characteristic impedance
Capacitance per inch
Inductance per inch
Free space wavelength
Wavelength in the coax
Conductor, dielectric and total
losses per foot
TE,, mode cutoff
Peak power handling

A sample printout of the program,
using the option of analysis versus
frequency is shown in Figure 1. The
wavelength and loss calculations may
be computed a specified intervals over
the desired frequency range. The data

¢ & & ¢ o 0

RF/Microwave Computer-Aided Engineering Software.
Program = COAX (v. 1.3) DATE = 25 OCT 1991
TIME = 9:41:21
This program performs IMPEDANCE ANALYSIS and DIMENSIONAL
SYNTHESIS for COAXIAL transmission lines.
Please Select Program FUNCTION:
x1 : ANALYSIS of Impedances from known Dimensions.
FUNCT%Q& i:?zgfiés:of Dimensions from known Impedances. CORX (v.1.3) DATE = 25 OCT 1991
T TIME = 9:41:21
Please enter the following DIMENSIONAL DATA: RF/Microwave Computer-Aided Engineering Design Data
—Outer Conductor Diameter(B), Inches = .24 For Coaxial Transmission Lines:
-1 Conductor Diameter(D), Inches = _0625 . .
—Rg?ziivenDﬁelectric Constants: B = .240000" Frequency Analysis SRB = 1.000u
Teflon = 2.022 D = .062500" COTITTIDOIDIOIImSEET SRD = 1.000u"
Fluoroly H = 2.430 Er = 2.022 (OPTION 1) DLTAN = .0002¢
Noryl EN265 PPO = 2.6990 Zo = 56.733 Ohms Vbr =1500.00 V/mil
Boron Nitride M = 3.700 CAP = 2.12 pF/Inch RESB = 1.684
Boron Nitride A = 4.080 IND =  6.84 nH/Inch RESD = 1.694
Boron Nitride HP = 4.110 . .
Enter Dielectric Constant (Er) = 2.622 Transmission Losses (d4dB/Foot)
~Dielectric Loss Tangents: Wavelength (Inches) —=~===———oorooomross s s o
Teflon = .0002 Freq. Free— Conductor Losses Dielec. Total
Fluoroly H = _0003 (GHz) Space “Guide” Inner Quter Loss Loss
Noryl EN265 PPO = 0007 0K KoK oK KK K KKK oK K oK o 3K K KKK KKK KK K 3K KK 3K 3 K K oK K KK K oK oK oK oK K KR KKK KK KK K KO
Boron Nitride M = .0075 . 200 59.014 41.502 L0171 . 0045 .90186 . 0231
Boron Nitride A = .0817 . 400 29.507 20.751 .0242 . 00863 L0032 L0337
Boron Nitride HP = .0056 . 600 19.671 13.834 .0298 L0077 . 0047 .0421
Enter Loss Tangent (DLTAN) = .0002 .Boe 14.754 10.375 .0342 . 0089 . 00863 . 0494
-Dielectric Breakdown Voltages (Volts/Mil): 1.000 11.803 8.300 .0383 .01090 .0079 . 0561
Teflon = 1500 1.200 9.836 6.917 .0419 .2109 .2085 .0623
Fluoroly H = 508 1.400 8.431 5.929 .0453 .e118 .o110 .e681
Noryl EN2685 PPO = 500 1.600 7.377 5.188 . 0484 .0126 .0126 .@736
Boron Nitride M = 8986 1.800 6.667 4.611 L0513 L0134 .0142 .8788
Boron Nitride A = 050 2.000 5.901 4.150 . 0541 .el41 .e158 . 0840
Boron Nitride HP = 790¢
Enter Dielectric Constant (Er) = 1500 TE1l Mode Cutoff = 17.488 GHz Peak Power = 883.45 kW
-Conductor Resistivities. Ohm-cmx10E-6: = ~TTTTTTmoToToow o e e e o e
~Quter Conductor (RESB) = 1.694 . X . .
—Inner Conductor (RESD) = 1.694 Coaxial Transmiasion Line calculations completed.
~RMS Surface Roughness, Inchesx10E-6: Select next OPERATION:
-Outer Conductor {SRB)Y = 1 1. Select new OPTION.
-Inner Conductor (SRD) =1 2. RECYCLE and CONTINUE.
*3. EXIT to operating system.
Select one of the following ANALYSIS OPTIONS: OPERATION selected = 3
*OPTION 1: Frequency Analysis of Coax with Loss.
OPTION 2: Sensitivity Analysis of Zo vs. Dimensions.
OPTION selected = 1
Please enter Freguency Range for Frequency ANALYSIS:
-Start Frequency. GHz = .2
~Stop Frequency, GHz = 2
~-5tep Frequency. GHz = .2
Is disk data STORAGE desired? (1zVYES) =

Figure 1. Example printout of the COAX program, analyzing performance of a coaxial transmission line over

arange of 0.2 to 2.0 GHz.
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tions Power Amplifiers, Tom Litty and
Ki Nam, February 1990, p. 27.

Designing With High Frequency Presca-
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A 1-Watt Amplifier for 20-1000 MHz, Jim
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47.
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Tunable Active Filter Reaches 25 MHz,
Bill Kulas, June 1991, p. 41.

The Winners! Results of the 1991 RF
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57.
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Software Family Integrates Synthesis and
Simulation, R. Rhea, December 1991,
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Industry Insight

Crystal Oscillators: A Market and Tech-
nology Update, Mark Gomez, January
1990, p. 24.

Low Cost Instruments in RF, Mark
Gomez, February, 1990, p. 24.

Budget Priced Software Growth Follows

PC Boom, M. Gomez, March 1990, p. 32.

The Changing Face of Consumer Elec-
tronics, Liane Pomfret and Mark
Gomez, April 1990, p. 24.

The Low Noise Transistor Market, Gary
A. Breed, May 1990, p. 31.

MMIC Makers See Growth in Communi-
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Changes in the Power Amplifier Market,
Charles Howshar and Liane Pomfret,
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Evolution of the RF Capacitor Market,
Charles Howshar and Liane Pomfret,
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A Bright Future for RF ICs,
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VXibus: A Standard for the Modular
Instruments Market, Charles Howshar
and Liane Pomfret, December 1990,
p. 24.

Mobile Radio: On a Fast Track, Liane
Pomfret and Charles Howshar, Janu-
ary 1991, p. 27.

The Rental Market — lts Success Re-
flects Hard Times, Liane Pomfret, Feb-
ruary 1991, p. 27.

SMT — The Footprint of the Future,
Liane Pomfret, March 1991, p. 24.

RF Technology in Broadcasting and
CATV, Gary A. Breed, April 1991, p.
24.

HDTV: The World is Waiting, Gary A.
Breed, May 1991, p. 24.

Liane
Sep-

imbedded Intelligence Adds Power to
RF Products, Gary A. Breed, June
1991, p. 25.

Contract Services in the RF Industry,
Liane G. Pomfret, July 1991, p. 23.

Engineering Education: Where Do They
Learn About RF?, Gary A. Breed,
August 1991, p. 28.

Science and Medicine Rely on RF
Technology, Gary A. Breed, Septem-
ber 1991, p. 26.

EMI/RFI Control Grows in Importance,
Gary A. Breed, October 1991, p. 24.

Courting the Consumer Market, Gary
A. Breed, November 1991, p. 28.

Cellular Radio Drives the RF Market,
Gary A. Breed, December 1991, p. 25.

EMC Corner

Modelling Interconnects in Spice, Char-
les Hymowitz, January 1990, p. 49.

A FORTRAN Update of the MININEC
Electromagnetics Modeling Program,
Alan Carr, February 1990, p. 59.

Shielding Basics, Thomas A. Jerse,
March 1990, p. 83.

A Human Plate Antenna, David Sullivan,
April 1990, p. 52. Errata, June 1990,
p. 10.

A Review of Common RFI Sources, Gary
A. Breed, May 1990, p. 64.

Uncertainty in Spectrum Analyzer Based
Measurements, Dave Massie, June
1990, p. 60.

EMC News Update, July 1990, p. 61.

Superimposing Low-Phase-Noise, Low-
Drift Instrumentation Techniques on
RF Design, C.M. Felton, October 1990,
p. 65.

Application of Shielded Cables, Thomas
Jerse, November 1990, p. 79.

Spread Spectrum ASIC Eases Design
of Low Cost Part 15 Systems, Ray
Simpson, December 1990, p. 56.

RFI Measurements Using a Harmonic
Comb Generator, Ken Wyatt, January
1991, p. 53.

Reduced Bandwidth FM Communica-
tions, Mark A. Kolber, February 1991,
p. 90.

EMI Signal Analysis, Roger Southwick,
March 1991, p. 57.
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