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Electro '92

Boston, MA
Information: Electro 92, 8110 Airport Boulevard, Los Angeles,
CA 90045. Tel: (800) 877-2668. Fax: (310) 641-5117.

IEEE Instrumentation and Measurement Technology Con-
ference

Meadowlands Hilton, NJ
information: Robert Myers, 3685 Motor Avenue, Ste. 240, Los
Angeles, CA 90034. Tel: (310) 287-1463. Fax: (310) 287-1851.

42nd Electronic Components and Technology Conference
San Diego, CA

Information: EIA, 2001 Pennsylvania Avenue, NW, Washing-

ton, DC 20006-1813. Tel: (202) 457-4900. Fax: (202) 457-4985,

46th Annual Symposium on Frequency Control

Hershey, Pennsylvania
Information: Mr. Michael Mirarchi or Ms. Barbara McGivney,
Synergistic Management Inc., 3100 Route 138, Wall Township,
NJ 07719. Tel: (908) 280-2024.

MTTS
Albuquerque, NM
Information: Joyce Long, Horizon House. Tel: (617) 769 -9750.

Conference of Precision Electromagnetic Measurement
CNIT Paris la Defense, Paris, France

Information: Ginette Bonami, SEE, 48, Rue de la Procession,

75724 Paris, Cedex 15, France. Tel: (33) 1 4567 0770. Fax:

(33) 1 4065 9229.

NAB/Montreux International Radio Symposium and Exhibition
Montreux, Switzerland

Information: NAB, 1771 N Street, N.W., Washington, DC

20036-2891. Tel: (202) 429-5350.

Virginia Tech Symposium on Wireless Personal Communi-
cations

Blacksburg, VA
Information: Ted Rappaport, MPRG, Bradley Department of
Electrical Engineering, Virginia Tech, Blacksburg, VA 24061-
0111. Tel: (703) 231-5182.

JEMIMA Measurement Technology Exhibition

Nagoya, Japan
Information: Japan Electric Measuring Instruments Manufactur-
ers’ Association, 1-9-10 Toranomon, Minato-ku, Tokyo, 105,
Japan. Tel: (03) 3502-0601. Fax: (03) 3502-0600.

international Broadcasting Convention

Amsterdam, Holland
Information: Secretary, IBC Convention Office, IEE, Savoy
Place, London WC2R 0BL, United Kingdom. Tel: (44) 071 240
1871. Fax: (44) 071 497-3633.
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Glass and Quartz
Pistoncaps®

* Designed to meet MIL-C-14409D

* QPL models

« Extremely stable over temperature,
frequency, voltage, etc.

* Cap ranges: 0.5-3.0 pF to 1.0-120 pF

* Zero backlash multiturn adjust
mechanism

* Operating temp: -55° to +125°C
(models to + 200°C)

* Qo 1500 at 20 MHz

* Wide variety of configurations for PC
and panel mounting

¢ Voltage ratings from 500 to 5000 V

Phone, fax or write today for
Engineering Bulletin SG-205A.

SPRAGUE
G00DMAN

134 Fulton Ave., Garden City Park, NY 11040
Phone: 516-746-1385 » Fax: 516-746-1396
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Sprague-Goodm

Multiturn Plastic
Trimmer Capacitors

* Cap ranges: 0.25-1.5 pF;
2.0-10 pF
* Multiturn resolution at low cost
* Q typically > 2000 to VHF
* Temp coefficient of capacitance:
-50 + 50 ppm/°C;
0+ 200 ppm/°C
* Operating temp: -55° to 125°C;
-40° to 100°C
Phone, fax or write today for
Engineering Bulletin SG-401B.

SPRAGUE
G0oDmAN

134 Fulton Ave., Garden City Park, NY 11040
Phone: 516-746-1385 « Fax: 516-746-1396
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RF courses

Satellite Communication Systems

July 26-31, 1992, Guildford, UK
Information: |IEE, Savoy Place, London WC2R 0BL, United
Kingdom. Tel: (44)071-240 1871.

Time and Frequency Seminar

June 23-25, 1992, Boulder, CO
Information: Patsy Tomingas, Division 847, NiST, Boulder,
CO 80303. Tel: (303) 497-3276.

Frequency Hopping Signals and Systems
May 18-20, 1992, Washington, DC
Satellite Communications Engineering Principles
May 20-22, 1992, Washington, DC
Introduction to Modern Radar Technology
May 27-29, 1992, Washington, DC
Electromagnetic interference and Control
June 1-5, 1992, Washington, DC
Grounding, Bonding Shielding and Transient Protection
June 8-11, 1992, Orlando, FL
Spread Spectrum Communications Systems
June 15-19, 1992, Washington, DC
Radio Frequency Spectrum Management
June 15-19, 1992, Washington, DC
Information: The George Washington University, Continuing
Engineering Education, Merril A. Ferber. Tel: (202) 994-8522
or (800) 424-9773.

Computational Methods in Electromagnetics

June 15-18, 1992, San Diego, CA
Numerical Techniques for RCS Computation and Scatter-
ing Center Approach to RCS Modeling

June 15-18, 1992, San Diego, CA
Finite Element and Finite Difference Time Domain Methods
for Solving Electromagnetic Engineering Problems

July 28-30, 1992, Champaign, IL
information: Kelly Brown, Southeastern Center for Electrical
Engineering Education. Tel: (407) 892-6146.

Principles of Target Tracking and Data Fusion
June 2-5, 1992, San Diego, CA
Antenna Design
June 9-12, 1992, Silver Spring, MD
Radomes
June 9-12, 1992, Bethesda, MD
Antenna Measurement Techniques
June 16-19, 1992, Rockville, MD
Near-Field Antenna Measurement Techniques
July 7-10, 1992, Boulder, CO
Modern Antennas
July 14-17, 1992, Boulder, CO
Information: Technology Service Corporation, Lynda S. Ep-
stein, Training Coordinator. Tel: (301) 565-2970. Fax: (301)
565-0673.

The EC Directive on EMC

May 15, 1992, Boston, MA

June 4, 1992, Washington, DC
Information: Technology International, Inc. Tel: (804) 644-7735
or (800) 242-8399.
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RF and Microwave Circuit Design: Linear and Non-Linear
May 18-22, 1992 Garmisch-Partenkirchen, Germany
RF and Microwave Component Modeling
May 20-22, 1992, Garmisch-Partenkirchen, Germany
Satellite Communications and Broadcasting
June 1-5, 1992, Garmisch-Partenkirchen, Germany
Modern Microwave Techniques: Measurements, Signal and
Network Analysis, Microwave Products and Systems
Characterization
July 13-17, 1992, Singapore
Aspects of Modern Military and Commercial Radar
July 13-17, 1992, Singapore
Maintaining Signal Quality in High-Speed Digital Systems
July 13-17, 1992, Singapore
Information: CEl-Europe/Elsevier, Mrs. Tina Persson. Tel: (46)
122-175-70. Fax: (46) 122-143-47.

1SO 9000 Introduction and Company Registration
June 2-3, 1992, Danbury, CT

ISO 9000 Internal Auditor Course
June 4-5, 1992, Danbury, CT

Information: TUV Rheinland. Tel: (313) 464-8881.

RF Exposure at Cellular Frequencies: Effects, Evaluation
& Guidelines

May 13, 1992, Washington, DC
Spread Spectrum Technologies

May 14-15, 1992, Washington, DC
Information: Cellular Institute, KK Arora. Tel: (703) 516-7630.
Fax: (703) 516-4950.

Pulsed EMI
June 25-26, 1992, Minneapolis, MN
Information: Keytek. Tel: (508) 658-0880.

Advanced Linear Design Seminar
May 19, 1992, Saddiebrook, NJ
May 19, 1992, Atianta, GA
May 20, 1992, Smithtown, NY
May 20, 1992, Tampa, FL
May 21, 1992, Trumbull, CT
May 21, 1992, Orlando, FL
May 27, 1992, Santa Clara, CA
May 27, 1992, Rochester, NY
May 28, 1992, Beaverton, OR
May 28, 1992, Toronto, Canada
May 29, 1992, Montreal, Canada
May 29, 1992, Bellevue, WA

Information: Analog Devices. Tel: (800) 262-5643 or (617)

937-1430.

Modern Power Conversion Design Techniques

July 13-17, 1992, Chicago, IL
Information: e/j Bloom Associates, Joy Bloom. Tel: (415)
492-8443.

RF Shield Effectiveness Test Standards/Specifications for
EMI & Tempest: An In-Depth Review
May 18-20, 1992, San Diego, CA
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RF industry insight

The RF Job Market: How to Compete

By Gary A. Breed
Editor

fter several years of intense observa-

tion and analysis of the career
opportunities for RF engineers, it can
be said with certainty that the job market
is stagnant right now. There are many
jobs open, but not enough for the many
engineers who are looking for work.

In general, military contractors are
laying off engineers of all sorts, includ-
ing those working on RF design and
communications systems. In locations
where military contractors are major
employers, this has upset the job market
for commercial RF engineering posi-
tions.

Aiso, commercial hiring is very un-
even. A few positions are open in
specialized applications like Part 15
spread spectrum, high speed data trans-
mission, and high reliability medical
equipment. A few companies are hiring
aggressively; Motorola reports openings
for entry-level engineers, Ford Motor
Company was recruiting at the recent
RF Expo West, and several cellular
operating companies are looking for
engineers to do system planning. Most
companies are either maintaining steady
levels of staffing, or reducing staff as
engineers leave for retirement or other
positions.

A good exampile is the Colorado Front
Range, a substantial high-tech region
with strong military operations, space
technology, large commercial equip-
ment companies and many small and
mid-sized entrepreneurial firms. The
Department of Labor says that Colorado
has one of the lowest unemployment
rates in the country, but those statistics
do not fit the engineering job market,
especially RF.

In the past several months, RF Design
magazine and some of its sister publica-
tions have hired technical editors, most
positions requiring a BSEE. A few
observations can be made from the
number and types of applicants for
these technical positions. First, the un-
employment situation for engineers is
substantial, despite the overall low un-
employment rate. Much of this excess
labor pool is due to layoffs at defense
contractors; these engineers are sad-
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dled with secrecy requirements and
can’t fully explain their experience or
past duties! Also, unfortunately, those
laid off engineers do not always repre-
sent the best talent, as companies
reassign their best people to other
projects.

Another observation is that the overall
economy is the main force behind
current job market difficulties. Engi-
neers of all disciplines and specialties
are looking for work. Some are willing
to explore new career paths, and are
seeking the same RF positions for which
a new or junior engineer would normally
be considered. This confuses the job
market even more.

Recommendations for
Job-Seekers

Despite the overall employment situ-
ation, there are a good number of RF
engineering jobs waiting to be filled. To
help get those jobs, we have collected
a few suggestions from engineering
managers who are either directly re-
sponsible for hiring, or who work closely
with their personnel departments.

Two factors require attention — First,
most jobs (certainly the best ones) have
specific requirements for experience
and expertise. Companies do not want
to take the time for retraining, even for
a brilliant engineer. Also, your applica-
tion will be competing with a huge
number of others, so it must stand out
in a positive way.

Often, an engineer with the right
experience is not available for an open
position. As a result, important engineer-
ing positions remain unfilled, even when
hundreds of applications are received.
Currently, companies are looking for a
fast start on designs involving digital
modulation and demodulation, for low
cost systems operating in the 800 MHz
to 2.4 GHz range requiring specific
experience with cellular, GPS, data
communications, automated assembly
or offshore manufacturing. Of course,
there are relatively few engineers with
this kind of experience, and they already
have good jobs!

When the position can no longer

remain open, someone must be se-
lected from the collection of resumes
and referrals. This is where you can help
your own cause:

Write a new resume for each job.
Managers are looking for a specific set
of qualifications. Make sure all your
relevant study and experience is brought
out; relate them to the job you are
seeking. Don’'t dwell on other skills
unless they demonstrate exceptional
ability. Don’t try to be fancy, just offer a
clear presentation of your abilities. Don’t
over-sell yourself; the person interview-
ing you will know it — guaranteed!

Learn new skills; brush up on old
ones. Although specific experience is
ideal, employers can’t always find it.
Your chances to stand out from the
crowd improve if you can demonstrate
significant knowledge of the desired
subject, even if you have little actual
experience. For example, you can ex-
periment with DSP for about $500 using
kits from major chip manufacturers.
Short courses and extension classes
can build your knowledge on current
“hot”” subjects like spread spectrum.
Read everything you can to gain knowil-
edge of the technology and marketplace
your prospective employer is in.

Be professional. No one should have
to remind you, but engineering manag-
ers say that basic grooming, profes-
sional appearance and presentation are
still problems with many engineers.
Modern RF engineers are no longer
isolated tinkerers. Interaction with cus-
tomers and suppliers, attending meet-
ings, and exchanging information within
adevelopment team require better “‘peo-
ple skills’’ than past engineers needed.

Finally, the good news is that many
new RF applications are waiting for
development. As the economy improves,
and as regulatory hurdles are cleared,
there will be new products for RF
engineers to create as companies move
from advanced development into actual
product design. RF

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

Fast Frequency Measurement
Analyzes Modulation and Oscillators

By Douglas Barker
Philips Test and Measurement Group
John Fluke Mfg. Co., Inc.

The oscilloscope and spectrum ana-
lyzer are standard equipment on any
RF designer’s bench. Oscilloscopes are
time domain instruments. Both analog
oscilloscopes and digital storage oscillo-
scopes perform the same basic function
of displaying signal voltage versus time.
Spectrum analyzers operate in the fre-
quency domain, measuring the spectral
components of signals in amplitude
versus frequency form, typically using a
swept narrow band receiver technique.
Both the oscilloscope and the spectrum
analyzer continue to serve us well for
most applications. However, another
measurement technology, based in the
modulation domain, may soon take its
place beside these two.

l n Figure 1, the axes of time, frequency,
and amplitude illustrate the close
relationship between the time domain,
frequency domain, and the modulation
domain. The signal shown is the out-
put of a 50 MHz oscillator which can
be looked at in any of the three do-
mains. The significance of choosing one
domain over another is really a matter
of choosing the best measurement tech-
nology for your task. Suppose our task
is to analyze the performance of this
50 MHz oscillator. The oscilloscope is
the ideal general purpose tool that can

Amplitude

Time

Time

Mooliation

Frequency

Figure 1. Time, frequency, and
modulation domains.

provide amplitude, frequency, and time
information for the signal. The oscillo-
scope, using cursor functions to
measure a few periods of the wave-
form, tells us the frequency is 50.0
MHz, its amplitude is 1 Vpp, and that,
visually, the wave-shape looks like a
‘“pretty good’’ sine wave. For detailed
spectral information on the signal, such
as its harmonic distortion, the spec-
trum analyzer is the right choice. The
spectrum analyzer can also tell us that
the frequency is 50.0 MHz, the ampli-
tude of the fundamental carrier is +4

dBm, and that the second harmonic
is —45 dBc, a more precise indicator of
the sine wave purity. The spectrum
analyzer may not be able to provide
a real-time picture of rapidly changing
signals because of limitations in sweep
speed and resolution bandwidth. To
more clearly understand the frequency
behavior of the oscillator, either in terms
of short-term jitter or long term sta-
bility, the frequency counter is the right
choice. What has made the frequency
counter a more powerful option is the
vastly increased measurement speed,
resolution and analysis power unavail-
able in a cost-effective product until
recently.

Frequency counters have gotten a
lot faster and more capable, creating
a whole new range of measurement
possibilities for the traditional frequency
counter. Measurement speeds in thou-
sands or even millions of readings
per second are now possible. Equally
important is improved frequency resolu-
tion, now at 10 digits of resolution
per second of measuring time. New
analysis tools, either built into the
instrument or in software, provide quick
access to frequency versus time
plots, histogram plots, and mean, stan-
dard deviation, and min/max calcula-
tions.
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Figure 2. Block diagram of a typical compact disk

player.
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oscillator.

Figure 3. Frequency versus time plot of CD player
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RF featured technology

Crystal Filters Without Inductors

By William Lurie
Consultant

This article describes a method for
designing narrow-band filters with quartz
crystals almost identical in motional pa-
rameters (spot diameter, for AT-cut crys-
tals), totally without wound inductors or
transformers, and yet having frequencies
of infinite attenuation both above and
below the passband. Such filters have
the steepest shape-factor for the number
of resonators used, yet are economical
to manufacture because of the similarity
between all resonators, and do not
suffer the cost and loss of performance
usually associated with wound coils.

A review of the various types of
narrowband crystal filters is in or-
der, leading to the new technique. First
of all, what is a crystal filter, and why is
it of value? A crystal filter is nothing
more than an L-C filter in which a quartz
(or other piezoelectric) resonator has
replaced a group of discrete electrical
components. Any filter in which an array
of three reactive components appears
(such as Figure 1) can be made with
those three components replaced by a
crystal, subject to certain limitations on
the electrical values. Why is this of
value? Because in most cases the
losses in the crystal are dramatically
less than in the L-C (higher Q), and the
frequency stability of the crystal is
orders of magnitude better.

Lattice sections, with one or more
resonators in the branches of each
section, have the most flexibility in the
design of crystal filters (1). These may
be all-pole, with no attenuation peaks at

ym I
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X
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Figure 1. Electrical schematics for
quartz crystal.

real frequencies, or they may be pole-
zero, having peaks at real frequencies
to improve the ‘shape factor.” Also
available are ali-pole ladder filters, some-
times realized as monolithic structures
with more than one resonator on a single
quartz slab or disc. in general, aithough
theoretical methods exist for creating
exact monolithic designs incorporating
attenuation peaks, these are seldom
produced in practice.

Another method is available for creat-
ing ladder-type designs using only crys-
tals and capacitors. As described and
tabulated by Humpherys (2) and Zverev
(3), attenuation peaks are forced to
appear, all at one frequency in the
stopband of the filter above the pass-
band, giving rise to a highly asymmetri-
cal response. Uses for this type of
design rarely exist in practice. The

corresponding designs, with all peaks
below the passband, appear to be
possible, but highly impractical.

It would be ideal to be able to design
such filters as a cascade of crystals,
alternately in series and shunt, in a
ladder structure, and indeed it is possi-
ble to do so, using modern synthesis
techniques (4). Reference 4, aithough
quite extensive, could use some expan-
sion which is one of the basic purposes
of this article.

Using whatever techniques are avail-
able, a transfer function is arrived at,
representing compliance with the filter’s
performance requirements. Then it is
synthesized in ladder form, using appro-
priate calculations, usually implemented
in a computer program. In an example
created, the filter is synthesized in
*‘zig-zag” form. It should be pointed out
that there is some flexibility in the order
of pole removals in synthesizing, so
there are actually four (or more) basic
schematics for this test case, all meeting
the requirements. All four can be synthe-
sized and studied to provide a choice for
the final design.

The specifications for this filter are
as follows:

Center Frequency 10 MHz

1 dB bandwidth, 4 kHz minimum

Ripple 0.1 dB

59 dB bandwidth and returns ... 12 kHz
maximum

Of the four available, the schematic of
Figure 2 was selected. As synthesized,
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L2 i€ L6
.00965H L cen 035H A ces 4 $ ca2a c6
con ? 65pF cen 5.78pF 670F 318 5k
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(a)

Figure 2. Bandpass filter as synthesized.
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Figure 3a. Figure 2 with C4 split.
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RF featured technology

HF and VHF Oscillator Basics Using
Frequency Synthesis

By David Babin and Mark Clark
Motorola

Phase-locked loop (PLL) frequency synthesizers are used in
most communication gear today. Commonly, the local oscilla-
tor (LO) in a receiver and the carrier oscillator in a transmitter
use PLL frequency synthesizers. These synthesizers are also
used in computers and other digital systems to generate
different clocks which are synchronized to a master clock. The
frequency capability of synthesizers is very broad - from a few
hertz to many gigahertz. This article describes the process of
designing a synthesizer using current integrated circuit
components.

here are two main advantages of frequency synthesizers

over L.C oscillators. The first is stability. The LC oscillator
is limited by the temperature coefficient of the components.
This manifests itself as drift. The second advantage is tuning
speed or ability to change frequencies. Frequency synthe-
sizers use digital dividers which can be placed under MCU
control. All that is required to change frequencies is to change
the divide ratio of one of the counters; this is done digitally.
Tuning to a new frequency in less than a millisecond is
achievable.

The main advantage synthesizers have over crystal oscilla-
tors is simplicity. For example, to tune 20 frequencies with a
crystal oscillator requires 20 crystals. With frequency synthe-
sis, only one reference oscillator source is required.

PLL frequency synthesizers can generate many frequencies
based on the accuracy of a single reference source. For
example, the reference can be a low-cost basic crystal
oscillator or a temperature-compensated crystal oscillator
(TCXO). Therefore, tuning accuracies down to a few PPM can
be achieved. When ‘‘synthesizing”’ the desired frequency, the
reference frequency may be boosted up to 100x or more.

Elements in the Loop

Referring to Figure 1, the components used in PLL
frequency synthesizers are the PLL chip, low-pass filter, and
voltage-controlled oscillator (VCO). Occasionally, a voltage-
controlled multivibrator (VCM) is used in place of the VCO. The

output of a VCM resembles a square wave and usually must
be integrated before being fed to other sections of the radio.
A VCM output can be used directly in computers and digital
equipment. The output of a VCO is usually buffered, as shown.

Per Figure 2, the PLL chip contains a reference counter,
VCO/VCM counter, and phase detector. The chip accepts input
from a reference oscillator source or may have the active
circuitry for the oscillator on board.

Referring to Figures 1 and 2, when the two inputs to the
phase detector are equal in frequency and phase, the output
of the phase detector is in the rest condition. For a single-ended
detector, this is usually the high-impedance state. As the phase
and frequencies differ, an error voltage appears at the detector
output. The error voltage, which is pulse-width modulated, is
integrated by the low-pass filter and fed to the VCO or VCM.
This causes an adjustment of the VCO/VCM's frequency. The
frequency is then divided down and fed back to the phase
detector where it is compared to the reference frequency, f..
This is a closed loop where any difference in fg and f, results
in a change in the error voltage. This subsequently changes
the VCO/VCM frequency until f and f,, are equal in frequency
and phase.

In Figure 2, the reference counter is provided for conven-
ience. f, is usually in the kHz range while the oscillator is in the
MHz range. Therefore, a counter is needed to divide down the
reference oscillator frequency and generate the reference
frequency at the phase detector input.

The N Counter causes f to be multiplied up to the desired
frequency, which is generated by the VCO/VCM. Therefore,
the N Counter value is changed to tune the system.

HF Synthesizer

The basic information required for designing a stable HF
PLL frequency synthesizer is the frequencies required, tuning
resolution, lock time, and overshoot. The goal is to have a
stable loop which meets the design requirements. The
techniques employed are from closed-loop design practices
in control theory.
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Figure 1. PLL frequency synthesizer.

Figure 2. Detail of PLL chip.


























































































RF tutorial

Detector Diode Types
and Specifications

Gary A. Breed
Editor

Sooner or later, virtually all design
engineers will use diodes as detectors.
Whether they are for large or small
signals; demodulation or level detection,
detector diodes require a little back-
ground and thought. This tutorial is
based primarily on manufacturers’ prod-
uct and applications data. Hopefully, it
will illuminate the performance specifi-
cations for these common components.

hen it comes to selecting a detec-

tor diode, many engineers get by
adequately with a littie knowledge, a list
of typical component choices, and not
much more. In most cases, this will
result in acceptable performance, since
only a few applications require a pre-
cisely characterized part.

Contact uire\
P-type matl —

Substrate
(N-type typicald

{a) Point—-Contact

P-type matl. \
/

¢b) PN Junction

Metal layer \

Si0 2 passivation -

N-type matl /

Schottky barrier

N-type matl.

{c) Schottky Barrier

Figure 1. Diode construction meth-
ods; (a) point-contact; (b) PN junc-
tion; (c) Schottky barrier (pas-
sivated with insulating SiO2 layer).
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The basic diode types for detector
applications are:

Point Contact — As the name implies,
these diodes have the PN junction on
the surface of the substrate and make
contact to the p-type material via a smali
wire. The junction can be very small, and
with the small diameter of the contact
wire, these types have the low capaci-
tance needed for microwave operation
to 40 GHz. Diodes such as the classic
1N21 and 1N23 are in this family. Point
contact diodes are not limited to micro-
wave devices; the venerable general-
purpose 1N34 also uses this con-
struction. There are mechanical limita-
tions to this type because the contact
wire is unsupported between the diode
die and its external connection (metal
body or wire lead).

PN Junction — The “ordinary’ diode
construction uses p- and n-type materi-
als to form the diode junction, with
pressure or bonded connections to
these materials. Except in small geome-
tries, these are generally not used for
RF detectors. However, because of the
very low cost of small silicon switching
diodes like the 1N914 and 1N4148, they
are often used in non-critical applica-
tions at LF, HF and low VHF.

Schottky Barrier — Also referred to
as hot carrier diodes, this type uses a
metal-to-epitaxial layer barrier instead
of the traditional PN junction. The ad-
vantages of this type include rugged
construction due to the bonded junction
and conventional die attachments to
external connecting points. The physics
of its operation are the same as the PN
junction diode, but Schottky barrier
types offer better high frequency per-
formance because of their lower diffu-
sion capacitance and lower series resis-
tance. Variations on the basic con-
struction include mechanical assembly
and connection methods, such as pres-
sure contact, bonded contact, beam-
lead, or Hewlett-Packard’s mesh con-
struction. Performance features are en-
hanced by processing for low voltage
drop or “‘zero bias,”’ low switching loss,
and lowest noise contribution.

Detector Diodes may be constructed
from silicon, germanium or gallium
arsenide semiconductor materials, with
the same benefits and limitations as
transistors using the same substrates.
A comparison of diode fabrication meth-
ods is shown in Figure 1. Consult
manufacturers’ data for information on
devices for your specific application.

Detector Specifications

Detector diodes have a number of key
performance characteristics that differ
from switching, mixer, or other diode
types. In order of importance, these
specifications are:

e Voltage Sensitivity (in V/ImW or mV/
uw)

¢ Tangential Signal Sensitivity or TSS
(in dBm)

» Video Impedance or Resistance (Z,
or R, in ohms)

These specifications are derived from
basic diode specifications of noise fig-
ure, excess noise and forward voltage
drop, with other operating conditions
defined, as well.

Voltage Sensitivity — This is a meas-
ure of detector output per unit of RF
power. At a specified bias current, this
is given as either voltage per unit power
(mV/uW) or in millivolts at a given fixed
power level. This measure of sensitivity
depends on diode junction capacitance
(leakage of RF past the diode) and
power level (diodes are non-linear de-
vices).

Tangential Signal Sensitivity (TSS)
— Based on a radar display that puts
the signal level at the top of the noise
level, TSS is a measure of the signal
level of an input signal that exactly
matches the noise level. This is done at
a specified video bandwidth, perhaps 2
MHz, 10 MHz or other, since noise
power is a function of bandwidth. Oper-
ating frequency is also specified, such
as 2 GHz or 10 GHz. The measurement
is input power in dBm.

Video Impedance (Z, or R, ) — This is
the diode’s dynamic resistance at the
specified bias level, specified as a
source resistance for a low-frequency
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QMIX — Mixer Analysis Program

By Kevin McClaning
Johns Hopkins University

One of the software entries in the 1991
RF Design Awards Contest, the QMix
mixer analysis program analyzes fre-
quency conversion schemes. QMix was
developed to give the user insight into
choosing intermediate frequencies by
showing the relationships between the
RF, IF, LO and image frequencies in a
graphical format. This article describes
the general capabilities of the program.

he first section of the program

addresses channelized systems
with a variable LO and a fixed narrow-
band IF filter. The user enters the
desired RF and IF frequencies and the
program calculates and graphically dis-
plays the corresponding LO and image
frequencies. When a conversion scheme
looks promising, the user can evaluate
it using a graphical spurious product
calculation routine.

The second portion of the program
addresses the fixed LO, fixed IF block
frequency conversion problem. The data
input and graphical displays are the
same as the previous option.

QMix also analyzes the spurious
output power of a given conversion

scheme to generate an error function
based upon the total spurious output
power. It uses this error function to
recommend the least-spurious IF fre-
quency, given other system constraints.

The interactive nature of the program
allows you to quickly evaluate different
conversions schemes, allowing the user
to select the best available standard IF,
or to examine other options which may
have reduced spurious products.

Program Operation

QMix requires an IBM-PC/XT/AT/etc.
or close compatible with 640K of mem-
ory. QMix aiso requires either a CGA,
EGA or VGA graphics adapter to run. A
color monitor and an 8087 numeric
coprocessor are recommended but not
required. It is also a good idea to run
QMix from a hard disk to speed things
up, however it can be run from a floppy
disk.

Function keys are used to select the
various program options. For example,
F1 is the Variable LO/Narrowband IF
option. Default values or new values
entered by the user result in the plot
shown in Figure 1. The display also

Gix (Version 3,00 Variable L0 Mixer Analysis

§

RF Input }
Floog |
Hi Side LU

HS Inage

!

Lo Side LO !

LS Inage

0.000 MHz

HS Image

LS Image

250,000 MHz/Div

RF  500.000-1000.000 MHz
IF CF 160.000 MHz
HSLO 660.000-1160.00 MHz
820.000-1320.000 MHz
LSLO 340.000-840.000 MHz
180.000-680.000 MHz

{500,000 MHz

BW 10.000 MHz

Figure 1. Display of RF, IF, LO and image frequency relationships for a

variable LO and narrowband IF.
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includes the numeric values of RF, IF,
high and low side LO and image fre-
quencies. The user has the option of
adding RF preselection with a desig-
nated bandwidth (default is 10 percent).
This allows examination of conversion
schemes with front-end filtering effects
included in the analysis.

F2 selects the Fixed LO/Wideband {F
option, with a similar display. The user
can examine a particular frequency
scheme in more detail using the spuri-
ous analysis option, which is selected
from the RF/IF/LO/image screen. At
most points in the program, a help
screen can be obtained by pressing F9.
A reminder of the function key opera-
tions is displayed.

An error function (labeled Error Fn) is
computed from the spurious analysis
data. This is the total spurious power
out of the mixer. An optimization routine
is available to select an IF with a
minimum error function. Frequency in-
crements and total span are entered,
and the program displays the frequency
at which the minimum error function
occurs. A plot of the error function
versus frequency is available for visual
analysis.

Use of the error function optimization
may result in an impracticai IF, such as
the middle of the FM broadcast band or
a TV visual carrier frequency. The error
function plot allows the user to select a
more usable IF with a reasonable total
spurious output.

Conclusion

This has been a brief introduction to
the QMix program. It has been used in
both design and teaching environments
to show how choices for IF and LO
frequencies affect spurious response.
For readers interested in the theoretical
basis for the program, references are
included below.

The program is available on disk, with
additional operating instructions, from
the RF Design Software Service. See
page 8 for ordering information. RF

References
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A Low-Frequency Crystal

Controlled Oscillator

By Ramon Patron

Instituto Nacional de Investigacion y Capacitacion de

Telecomunicaciones

The RF engineer sometimes has to
look for an instrument that will check a
low frequency quartz crystal unit reliably
and rapidly. This is a difficult piece of
equipment to find and the engineer often
has to consult an electronic circuits
handbook for the schematic of a circuit
that will perform the task.

U nfortunately, there aren’t many such
circuits in the technical literature
currently available, and when found,
they don't always work as expected. A
circuit that has been found to work at
full satisfaction in the frequency range
from 10 kHz to 500 kHz is illustrated in
Figure 1.

This 1991 contest entry is a low fre-
quency sine wave oscillator featuring low
distortion, wideband operation and crys-
tal control was developed for laboratory
use. The circuit uses low cost AF bipolar
transistors for the oscillator and ampli-
fier sections and a JFET for loop-gain

SERIES
RESONANT RESISTANCE
FREQUENCY (TYP))
10 kHz 40 kohms
50kHz 8 kohms
100kHz 5 kohms
500 kHz 2 kohms

Table 1. Typical values of series
resistance.

control. Operation of the circuit in the
10 kHz to 500 kHz frequency range has
been found to be excellent, while meas-
ured distortion is kept under 0.1 percent.

Theory of Operation

Q,, Q, and associated circuitry form
a modified astable multivibrator in which
the loop gain is automatically adjusted

to the threshold of oscillation by means
of field effect transistor Q,. Q, linearly
amplifies the signal present at the
coliector of Q, and isolates the oscillator
section of the circuit from the output.
This stage features wideband operation
and delivers a clean 2.5 Volt amplitude
sinewave into a resistive load greater
than or equal to 20 kohms. The stage
comprising Q, has a voltage gain of 1
and its sole purpose is to isolate the
non-linear effects of rectifier D, from the
output. Transistor Q, also amplifies the
minor changes in amplitude of the oscil-
lator’'s waveform due to temperature
effects and/or power supply variations,
so a magnified version of the pertur-
bance is fed back to rectifier D, produc-
ing a corresponding change in Q,’s gate
voltage. This action modifies the FET’s
drain source resistance and hence ad-
justs the loop gain to a new value slightly
above unity, just enough to maintain a
constant amplitude in the output.

+15V
~,
1.5k | output
To1 - W '
RL T : Ri f&su | 91k & 9.1k %s.m
p3 XTAL == C 1 S
N 100k 100k v 3F |
A ll S 12k & 0 .91k 5.1k
= - =4 e
1IN4148 4.7nF = - -
NTE312 :l': J, —D—1—¢
1uF :E M %391:
= = = = NPN transistors: (4> BCS48

Figure 1. Oscillator circuit.
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Measuring Electrically Long Devices
with a Network Analyzer

By Barry Brown
Hewlett-Packard Company

A device with a long electrical delay,
such as a long length of cable or a SAW
filter, presents some unusual measure-
ment problems fo a network analyzer.
Often the measured response is de-
pendent on the analyzer’s sweep time,
and incorrect data may be obtained.
At faster sweep rates the magnitude of
the response seems to drop and looks
distorted, while at slower sweeps it looks
correct. This could indicate that a cable
has more loss than it truly does, or
that a filter has some unusual ripple in
the passband which isn’t really there.
This article describes the cause of this
behavior, and how to properly measure
these electrically long devices. Two
examples are presented to illustrate
these effects.

To understand this unusual behavior,
it is first necessary to briefly consider
how a vector network analyzer (VNA)
works. Every network analyzer consists
of two parts: a source and a receiver. In
a VNA, the receiver is a tuned receiver;
it uses mixers to down-convert the
microwave signals to lower frequency
IF signals, where the magnitude and
phase information is measured (Figure
1). The source and receiver are always
tuned to the same frequency, and this
is ensured by a frequency control loop
which samples the IF signal in the

reference channel. As the VNA fre-
quency sweeps, this loop controls the
source and receiver frequencies to make
sure they are locked together.

The IF filters set the measurement
bandwidth of the receiver, typically be-
tween one and ten kilohertz. The IF
signals should be centered in the IF
filters, and this is accomplished by the
frequency control loop.

Measurement Problems

Now consider what happens when
using a VNA to measure a device that
has a long electrical delay, AT. Since the
input signal to the device is sweeping
frequency, the device’s time delay
causes a frequency shift between its
input and output signals (Figure 2). The
frequency shift, AF, equals the product
of the sweep rate and the time delay:

AF = dF/dt * AT

In the VNA receiver, the test and
reference input signais will differ in
frequency by AF. The receiver is tuned
to the reference signal frequency, be-
cause the frequency control loop locks
on to the reference channel IF, so the
test signal frequency is slightly different
than the receiver frequency. This means
that the test channel IF signal will not
be centered in the IF filter, which causes

the VNA to err in measuring its magni-
tude or phase (Figure 3). The faster the
analyzer's sweep rate, the larger AF
becomes, and the larger the error in the
test channel.

Some network analyzers do not
sweep at a constant rate. The frequency
range is covered in several bands, and
the sweeprate may be different in each
band. So if the operator sets up a
broadband sweep with the minimum
sweep time, the error in measuring a
long device will be different in each
band, and the data will be discontinuous
at each band edge. This can produce
some very confusing results, and it is
difficult to determine the true response,
as in Figure 5.

This IF error can occur in other tuned
receiver measurement systems, such
as a spectrum analyzer and tracking
generator combination. However, it does
not occur in a scalar network analyzer,
because the scalar analyzer uses broad-
band diode detectors instead of a tuned
receiver.

Improving Measurement Results
To reduce the error in these measure-
ments, the frequency shift, AF, must be
reduced. AF can be reduced by decreas-
ing the sweep rate, or by decreasing the
time delay, AT. The sweep rate can be
decreased, of course, by increasing the
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Figure 1. Block diagram of a VNA
showing the source and tuned
receiver, with their frequencies
locked together by the frequency
control loop.
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Figure 2. Since frequency is chang-
ing with time as the VNA sweeps,
the time delay of the DUT causes
a frequency offset between its
input and output.

Figure 3. The IF signal in the test
channel of the VNA receiver is
offset from the center frequency
of the IF filter, causing an error in
the measurement.

May 1992


















RF product report

Growing Demand for EMC Control

By Liane G. Pomfret
Associate Editor

lectronics manufacturers are faced

with a problem that virtually didn’t
exist twenty years ago. Noise from
other sources — power lines, comput-
ers and appliances, combined with
stricter regulations, have made it difficult
to design noise-free electronic equip-
ment. What was once considered the
unusual is now the standard when it
comes to EMC control products and
applications.

Today, the list of equipment and
products that use EMC control compo-
nents is quite extensive. Computers are
a well known source of noise and are
susceptible to it as well. Today’s ’386
and '486 16, 25 or 33 MHz computers
operate well within the RF range, conse-
quently, computer designers are run-
ning into electromagnetic interference
problems that they've never experi-
enced before. John Woody, Director of
Marketing at Steward, noted that de-
signers are having to address noise
problems internally, at the board level.
Local-area-networks, even when prop-
erly installed, are notorious for EMI/RFI
problems. Just the sheer amount of
cable used to connect the system can
act as a good antenna. As a result,
EMC control is a critical part of the
design procedure. Ferrites, filters
and capacitors, as well as proper shield-
ing, can provide the necessary protec-
tion.

Automotive manufacturers are having
to deal with EMC problems as more of
the cars they build contain a greater
number of electronic components. Auto-
motive use has shot up according to
Paul Liebman, Marketing Manager for
Coilcraft, because of the incredible
amount of noise present. An automobile
radio is the least of their problems these
days. Virtually every system within a car
is controlled by a computer. Interference
from the other systems in the car as
well as from outside sources is unac-
ceptable and manufacturers are having
to design-in EMC control at the board
level.

The medical industry is also finding
more uses for EMC control components.

88

Both external medical equipment and
implantable devices are susceptible to
EMI/RFI. Because of the critical nature
of this equipment, EMC is an especially
important issue. This is an area where
design-in EMC control becomes critical.
It is not easy to retrofit a pacemaker
for EMC control once it has been
implanted.

Communications equipment suffers
from EMI/RFI problems. But because
manufacturers have had to deal with the
problem longer than other industries,
they realized early on that designing
EMC filters, ferrites and connectors into
their products would save them time and
money. Virtually all types of equipment,
i.e. cellular base stations and mobile
phones are susceptible to power line
interference, surges and lightning
strikes.

Perhaps one of the most overlooked
areas of EMC control is consumer
appliances. Everyone is aware of what
happens when a blender is turned on
while the television is on; there is
interference. Manufacturers are being
pressured to stop the interference prob-
lems caused by dishwashers, washing
machines, blenders, sewing machines,
power tools, vacuums and virtually
any other appliance with an electric
motor.

A Growing Need

Changing regulations and an increase
in electronic noise over the past decade
have led to a broader awareness of EMC
problems. Engineers now realize that
they need to design-in EMC controf at
the board level if their product is to be
successful. Not only is it less expensive
for them in the long run, but it is also
faster, because they won’t need to
retrofit a product because it failed the
approvals process. Regulations for test-
ing and approval of electronic equip-
ment have gotten far stricter but as of
yet there is no worldwide compatibility
standard. While Europe will see confor-
mity under EC92 the lack of a common
standard in other parts of the world will
continue to hurt manufacturers. As one

manufacturer noted, there is no true
clearinghouse of information regarding
international regulations and this has
left many people confused as to which
regulations to follow. Kenneth Such,
Vice President of KCK America com-
ments, ‘“With so many different specifi-
cations, it is extremely difficult to bring
to market designs which will satisfy all
areas of concern. It remains an on-going
problem.”’

Because of an increase in business
there have been changes in perform-
ance characteristics and product offer-
ings for the EMC control market. Manu-
facturers of ferrites and iron powder
cores are seeing requests for unusually
shaped parts to include in new designs.
Another example of the changing mar-
ket is the market for electromagnetic
puise protectors. Originally some of
these products were designed to with-
stand a nuclear threat, but because of
recent changes in world politics, nuclear
threat is no longer the prob-
lem it was once thought to be. While
EMP protectors may originally have
been designed primarily as protection
from nuclear threat, they are excep-
tionally well suited for lightning pro-
tection as well. More requests are
being made for surface mount compo-
nents, lower cost and high power de-
vices.

For most manufacturers of EMC
control components, sales were good
last year. The need for EMC control
components in everything from com-
puters to vacuum cleaners is obvious
based on the amount of business
being generated. EMC control is no
longer an option for designers. Tighter
regulations and increased ambient
noise have made control of EMC a
must, wheth er it be shielding a product
from outside noise or preventing a
product from interfering with other equip-
ment. RF

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