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The recently introduced Stanford Telecom ASIC & Custom Products short form catalog provides a brief single page
description of each product for quick reference to each of the devices in our Frequency Synthesis, Forward Error
Correction, Coding and Demodulation product families. An outline of our Custom Design Service is also included.

Stanford Telecom is now pleased to announce the availability of the following series of new handbooks:

The DDS Handbook

Includes a selection guide for Numerically Controlled Oscillator and Direct Digital Synthesis products, a complete
data sheet for each ASIC, Board Level and Chassis Level product plus a series of application notes on topics related
to Direct Digital Synthesis — 216 pages.

The Spread Spectrum Handbook

A compilation of detailed data sheets covering a wide range of products related to spread spectrum applications in-
cluding Modulation, PN Coding, Demodulation and Error Correction. Application notes regarding topics such as Digital
Matched Filters, Direct Sequence Receivers, and Digital ASIC’s for Spread Spectrum are also included — 189 pages.

The Forward Error Correction Handbook

Includes application information on FEC encoding and decoding, a product selection guide and detailed data sheets
on each product — 56 pages.

ASIC & Custom Products Group
2421 Mission College Bivd., Santa Clara, CA 95056
Tel: (408) 980-5684 » Fax: (408) 727-1482



HIGH-PERFORMANCE DIRECT SYNTHESIZERS

I Accurate, stable, quiet frequencies on command, fast. For NMR, imaging, SATCOM,
12l surveillance, ATE. Sources adapting to your needs with options. High demonstrated
FREQUENCY SYNTHESIZERS reliability. Thousands in use.
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Range: 0.1-40 MHz Outp +3 to +13dBm; 500hm Freq. St'd: OCXO, TCXO, Ext.
Resolution: 0.1Hz-100KHz (opt) Spurious Outputs: — 75dBc Interface: BCD par. or GPiB
Switching: 1-20us Phase Noise: — 75dBc (0.5Hz-15KHz) Price: $5,125.00

Range: 90-120 MHz Output: +3 to + 10dBm,; 50ohm Freq. St'd: OCXO, TCXO, Ext.
Resolution: 0.1Hz-100KHz (opt) Spurious Outputs: — 75dBc Intertace: BCD par. or GPIB
Switching: 1-20us Phase Noise: — 75d8c (0.5Hz-15KHz2) Price: $5,125.00°

Range: 0.1-160 MHz Output: +3 to + 13dBm; 50ohm Freq. St'd: OCXO, TCXO, Ext.
Resolution: 0.1Hz-100KHz (opt) Spurious Outputs: — 75dBc Interface: BCD par. or GPIB
Switching: 1-20us Phase Noise: —63dBc (0.5Hz-15KHz2) Price: $6.245.00"

== 250

Range: 1-250 MHz Dutput. + 3 to + 13dBm; 50ohm Freq. St'd: OCXO, TCXO, Ext.
Resolution: 0.1Hz-100KHz (opt) Spurious Outputs: - 70dBc Interface: BCD par. or GPIB
Switching: 1-20us Phase Noise: —63dBc (0.5Hz-15KH2) Price: $7,155.00°

== 300

|

Range: 0.1-300 MHz Output: +3 to + 13dBm,; 500hm Freq. St'd: OCXO, TCXO, Ext.
Resolution: 1Hz Spurious Outputs:  Type 1 Type 2 Intertace: BCD par. or GPIB
Switching: 1-20us - 70/65 (typ/spec) - 65/60dBc Price: Type 1 Type 2

Phase Continuous: THz-100KHz steps Phase Noise: - 68dBc (0.5Hz- 15KHz) 63dBc $6,175.00°  $5,625.00"

—I= 9500

Range: 1-500 MHz Output: +3 to + 13dBm; 50ohm Freq. St'd: OCXO, TCXO, Ext
Resolution: 0.1Hz2-100KHz (opt) Spurious Outputs: ~ 70dBc Interface: BCD par. or GPIB
Switching: 1-20us Phase Noise: —63dBc (0.5Hz-15KHz2) Price: $8,385.00°

= 620

Range: 1-620 MHz Output: +3 to + 13dBm,; 500hm
Resolution: 0.1Hz-100KHz (opt) Spurious Outputs: — 70dBc
Switching: 1-20us Phase Noise: — 63dBc (0.5Hz-15KHz)

= 1000

Freq. St'd: OCXO, TCXO, Ext.
Interface: BCD par. or GPIB
Price: $8,675.00"

Range: 0.1-1000 MHz Output: +3 to + 13dBm; 50ohm Freq. St'd: OCXO, TCXO, Ext.
Resolution: 0.tHz-100KHz (opt) Spurious Outputs: — 70dBc (0.1-500 MH2), Interface: BCD par. or GPIB
Switching: 5-10us —65dBc (500-1000 MH2) Price: $11,275.00°

Phase Noise: —60dBc (0.5Hz — 15KHz)

= = x |10

Range: 10 MHz band, selected Output: +3 to + 13dBm; 50o0hm Freq. St'd: OCXO, TCXO, Ext.
decade 0.1-100 MHz Spurious Outputs: — 65/ — 60dBc (typ/spec) Interface: BCD par. or GPIB
Resolution: 1Hz Phase Noise: — 70dBc (0.5Hz-15KHz) Price: $2,575.00°

Switching: 1-5us
Phase Continuous: 2 MHz band, even or odd steps

OTHER OPTIONS

Programmable Attenuator 0-90dB (or 0-99dB with GPIB)
n x 10 MHz output (20-140 MHz) or any 10 MHz line

*Prices are US only, and include manual & remote
(BCD) control, 1 Hz resolution, OCXO std.

PROGRAMMED TEST SOURCES, INC.

P.O. Box 517, 9 Beaver Brook Rd., Littleton, MA 01460  Tel: 508-486-3008 FAX: 508-486-4495
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TRAK MICROWAVE

OSCILLATORS

This oscillator is small — substantially smaller than others we found on the market. This model
requires an external reference source, but we can easily modify it to include an internal reference

without a large size increase.

Output Frequencies.............. 100 to 1200 Operating Temperature ........ -55° to +85°C
MHz DC Power .....+15 VDC at 100 ma nominal
Crystal Frequencies ............. 4010 I00MHz ... -15 VDC at 10 ma nominal
Reference Frequencies ......... 5 or 10 MHz Connectors (RF Output and Reference Input)
Loop Bandwith ................... 6 KHz nominal SMA, female
Output Power........................ +10 dBm min. Size ..2.75 x 1.00 x .75 in., excluding
PHASE LOCKED Spurious Output ................... -80 dBc projections
OSCILLATOR IR IRAS Y R B A as T 2.0:1
Designed especially for low phase noise Output Power ...................... (a) 10to 14 dBm
under vibration, this new family of oscillators (b) 20 10 24 dBm
provides real improvements in both phase Second Harmonic and
noise and frequency stability, and they come to  Harmonics of
you in a small package with only a minor cost ~ Crystal Frequency ............... (a) -30dBc
difference. You may choose from I0mWor ... (b) -20 dBc
100 mW minimum output power. Vibrational Sensitivity .......... 1 x10-9/g
maximum;
Output Frequency ................ Customer- 5 x 10 '%g typical
specified between Temperature Stability .......... +2 ppm
60 and 1200 MHz Temperature Range.............. -54 to + 85°C
Crystal Frequency ................ Factory selected ~ Size .....occoorevvicinnnnnnnnn, 1.33 x 1.33 x 0.56
OVENIZED between 60 and in. (34 x 34 x 14
CRYSTAL OSCILLATOR 125 MHz mm) nominal

MULTI-OUTPUT
CRYSTAL OSCILLATOR
An example of TRAK’s ability to

combine several frequencies in a
small package.

Output Frequency (Fo) ........ S,C, X, & Ku

Bands
Output Power ....................... +10dBmto 18
dBm typical
Power Flatness ..................... +2dB
Frequency Stability .. ..10.0005% max.
Set Accuracy ..........cceeeeeenen. 12 ppm max.
(+25°C)
Aging Rate........ccccoevvinennnn. S ppm/year

Output Power Variation ....... 4 dB max.

Warm-up Time .................... 120 sec max. to
be within t 0.0005% of Fo.
Temperature Range............... -20to +71°C
Harmonics
and Spurious Output ............ -65 dBc max.
Load VSWR ........ccccovnan. 1.5 max.
Connectors
RF Output .................. SMA (Female)
Power Supply ............ Solder Terminal
Power Supply ........ccccceceie +15V DC +5%

A

VOLTAGE CONTROLLED
OSCILLATORS

This VCO is another example of a product designed to support TRAKs synthesizer activity. It
utilizes TTL logic to switch four bands to cover the specified frequency range.

Specifications

Frequency Range ............ 2-5GHz
Power Output .................. +4 dBm
Frequency Drift ............... .25 MHz°C
Modulation Sensitivity .... 100 MHz/V
Tuning Voltage ............... +2t0+10 VDC

FM Noise ...... 100 KHz Offset -105 dBc/Hz
....... 1 MHz Offset  -130 dBc/Hz

Harmonics .........c.oee..e. -15dBc

DICHPOWED .5 . . Soiobers: +15V @ 90 mA

Temperature ... w..=54 10 +71°C

SIZER T ST L K s 2.4 x 1.55 x .4 inches

Specifications subject to change without notice.

TRAK MICROWAVE CORP. Dept. RF 41, 4726 Eisenhower Blvd. - Tampa, FL 33634- 6391 « Phone 813-884-1411 » FAX 813-886-2794 « TELEX 52-827
TRAK MICROWAVE LTD. Dept. RF 41, 3/4 Lindsay Court » Dundee Technology Park « Dundee, Scotland DD21TY « Phone 44-382-561509 « FAX 44-382-582643
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DGS for FILTER DESIGN SOLUTIONS

DGS ASSOCIATES

Time-saving, cost-effective Filter Synthesis
and Analysis for Electronic Filter Design

DGS Associates offers a full line of highly
professional, fully flexible CAD tools for the
design, analysis and synthesis of analog, digital
and microwave circuits, as well as delay equalizer
and related circuit design.

Designers benefit from unsurpassed accuracy
and overall unique filter design capabilities not
available from any existing programs. The power
and general capabilities of DGS programs have
been proven for over 10 years.

DGS offers its S/FILSYN™ program in a series of
related modules to provide engineers flexibility in
the design of a variety of filter kinds:

® Passive LC
® Active RC

® Microwave
® Digital IIR
® Digital FIR

DGS SERIES OF FILTER SYNTHESIS
AND ANALYSIS PROGRAMS

S/FILSYN for Personal Computers

S/FILSYN, acclaimed worldwide, is structured in
five separate modules and comes with a number
of utilities. The modules communicate with each
other through files and are structured for these
designs:

® Passive LC—Ladder
Lattice (single section)
Ladder-Lattice combination

® Active RC— Cascaded 2nd order sections
Leapfrog feedback structure
Follow-the-leader feedback
structure

® Digital IIR— Cascaded 2nd order sections
Parallel 2nd order sections

® Digital FIR—Single structure
Cascaded structure

® Microwave—Ladder

With the full DGS set of programs, all conceivable
combinations of performance characteristics are
available—saving months of work in filter design.

COMBLINE

COMBLINE is a filter post-processor program

that works on a design prepared by S/FILSYN.
COMBLINE converts design parameters,
calculates equal-rod diameters of specified values
and prints the modified electrical equivalent
circuit as well as the mechanical dimensions.
Some Touchstone® or S/ICOMPACT® files are
compatible with COMBLINE.

SCASY FREQUENCY DOMAIN ANALYSIS

SCASY is a program for the frequency domain
analysis of linear switched-capacitor circuits
containing capacitors, clock-controlled switches
and ideal voltage-controlled voltage sources. The
program is written in FORTRAN77 and is available
for mainframes as well as the IBM-PC, -XT, -AT® or
compatible computers.

FILTER-9 PAC

FILTER-9 PAC contains nine individual programs
for designing Butterworth, Chebyshey, elliptic-
lowpass, -highpass, -bandpass, and band-reject
filters in passive LC form or their analog or digital
transfer functions. A ladder analysis program and
a graphics utility is also included.

SA-SERIES

DGS offers design engineers five separate
modules for use in solving additional design
problems. Some of the modules require operation
with the DGS S/FILSYN program.

SA-EAGLE

EAGLE is designed as a stand-alone program for
loss equalizer design. The equalizer is realized as
a cascade of constant-resistance sections.

SA-QUAIL

QUAIL is a program which calculates filter transfer
functions with Chebyshev passband and specified
delay. The resulting functions can subsequently
be realized by the S/FILSYN program.

DGS Associates 1353 Sarita Way Santa Clara CA 95051 Telephone: 408/554-1469 Telex: 6502163796
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Specialized RF Products
to Match Your Requirements

Apcom offers an extensive line of rf products
designed to provide excellent performance character-
istics at a competitive price. All products are designed
for TEMPEST applications and may be easily cus-
tomized for different operating frequencies and
bandwidths.

Tunable frequency converters cover the
range from 10 kHz to 10 MHz in 100 Hz increments.
The input and output frequencies, plus the bandwidth,
are entered with the front panel keypad or IEEE bus
and are shown on separate digital displays. Additional
features include image rejection mixers, automatic
and manual gain control, and group delay compen-
sation. Two converters may be operated in a master/
slave mode; multiple converters may be controlled
from a central point through the IEEE-488 bus.

IF to tape frequency converters feature push-
button selection of four input and seven output
frequencies, plus IEEE-488 control. Additional fea-
tures include input and output level monitoring,
selectable input attenuation, and manual or automatic
gain control. Different units in the series cover many
different frequencies. Additionally, a complete series
of tape to IF converters are available.
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Modular receivers provide a cost effective solu-
tion for extended term monitoring. Up to eight
receivers plug into a standard 8% inch shelf. Cover-
ing the range of 20 to 520 MHz in 1 kHz increments,
each receiver may be set for AM or narrow band
FM detection. The common control module provides
complete receiver control through IEEE-488, RS-422,
or other bus protocols.

TSI AR L ET A IV
PR TN T TV AARNOORR S

Analog and Digital distribution amplifiers
provide multiple outputs from a single input.
Different analog units cover the range from dc to the
VHF band and feature adjustable input and output
levels, signal detectors and loss of signal alarms.
Digital units operate with data rates up to 10 Mbps
with balanced or unbalanced inputs and outputs.
Any combination of analog and digital amplifers
may be plugged into the 15 slot enclosure.

Please contact Apcom at (301) 948-5900 for
additional information on all of our different
products and services. You will receive a copy of our
current rf products catalog.

APCOM

APCOM INC.

8-4 Metropolitan Court
Gaithersburg, Maryland 20878
Phone: (301) 948-5900

FAX: (301) 948-1631
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If modern circuit design
looks like this to you,
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call us for assistance.

New design tools can speed up project
development. However, what you learned in
school yesterday may not be sufficient in
today’s world.

New graduates soon discover that
university education provides only the
foundation of what is realistically needed to
perform well in the industry.

Experienced engineers have problems
too. Studies reveal that within each 3-5 year
period, one-half of an engineer’s technical
knowledge becomes obsolete.

Continued training is a must for
survival in today’s competitive market. With
increasing emphasis on commercial
application, modernization of the design
laboratory and production floor is critical.

Application of modern computer-aided
engineering to RF and microwave circuit and
system design is vital to manufacturing
products with high quality and yield.

A well-planned continuing education
program will enable your company to meet
these goals.

As a recognized international leader,
Besser Associates is totally dedicated to
continuing education of RF and microwave
professionals. Our instructors are top-notch
design engineers, skilled in both technology
and the art of teaching. We can customize our
courses to meet your specific needs.

For more information on how these
training programs can work for you, contact:

Besser Associates
4600 El Camino Real

Suite 210

Los Altos, CA 94022

Phone: (415) 949-3300
Fax: (415) 949-4400

INFO/CARD 22



MAXTECH, Inc.
TELECOMMUNICATIONS PRODUCTS

REDUNDANT LNA SYSTEMS LOW NOISE AMPLIFIERS

+ - ==

C-Band LNA 1:2 Waveguide Assembly MAXTECH Low Noise Amplifiers

FEATURES FEATURES and OPTIONS

+ Dual, redundant power supplies  State-of-the-art noise

« Worldwide AC input capability performance

« Manual or automatic operation + HEMT/GaAs FET design

* High performance MAXTECH » Waveguide or coaxial cable input
LNAs * Internal power supply

+ High quality waveguide switches « Fault alarm

+ Output isolator(s) « Redundant 1:1, 1:2 configurations

« Complete O&M manual « C-, Ku-, L-, S-, X-, other bands

POWER AMPLIFIERS QUAD HYBRIDS

50 W Rack-mount Power Amplifier Model QH100-6A Quadrature Hybrid

FEATURES FEATURES

* +47 dBm (50 W) typical output » 32:1 baseband bandwidth
powerat P, . » 0.1 dB typical amplitude ripple

* Minimum 55 dB gain + +0.5° typical phase ripple

+ Front panel 20 dB range gain « 20 dB isolation

adjustment * 1 dB loss above 3 dB split loss

Other products—MAXTECH, Inc. offers a complete line of RF and microwave products for worldwide
commercial and industrial telecomunications applications. Please contact us with your requirements.

MAXTECH, Inc.

2820 E. College Ave., Suite G, State College, PA 16801 « TEL: 814 238-2700 « FAX: 814 238-6589
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RF emc corner

Communications Range and
Reliability of Part 15 Devices

By Bernard Kasmir
ADEMCO

Low power communication devices
authorized under FCC Part 15 have
signficant perfomance limitations. Some
of these limitations are a result of
regulations, and others are part of the
mechanical and electrical design, cost,
and complexity requirements of the
manufacturer. The key performance con-
cerns from the user’s perspective are
range and reliability. Part 15 device
designers have the task of dealing with
the limitations while maximizing range
and reliability.

hen we speak of radio range, we

talk in terms of how far we can
have communications. The definition
becomes ambiguous unless we define
initial conditions. There are, for exam-
ple, best case, worst case, and typical
performance; or the more generalized
probability of communications under
defined conditions.

When using Part 15 low power com-
munication devices for the protection of
life and property, reliable range, how-
ever it is defined, becomes a significant
specification. The typical transmitter is
a small PC board housed in some type
of plastic case. Usually, the transmitter
does not have an external antenna.
Indeed, the antenna can often not be
completely defined since it consists of a
printed loop plus radiation from all
components including the battery, and
sometimes any external sensor wires.

The FCC specifies *‘best case’’ signal
level, which is measured by finding the
maximum level of radiation considering
all possible orientation positions. This
signal is expressed in field intensity in
microvolts per meter at some specified
distance (usually 3 or 10 meters). The
FCC is not concerned what type of
antenna is used (if any) as long as the
best case signal level is maintained.

Radio receivers are usually measured
for sensitivity in a 50 ohm system.
However, the ability of a receiver to pick
up a signal is also determined by the
receiver antenna. The true measure of
the receiver sensitivity is the ability to
intercept a given field intensity. The
actual receiver sensitivity can then be

RF Design

expressed in microvolts/meter. The an-
tenna factor of the receiving antenna
expresses the ability of the antenna to
generate a voltage into 50 ohms for a
particular field intensity. In other words:

AF = E/NV

where, E is the field intensity in uV/m
and V is voitage into 50 ohms. The lower
the antenna factor the more voltage is
delivered to the receiver for a particular
field intensity.

Since the transmitter is specified in
microvolts per meter (at some defined
distance) and the receiver sensitivity can
be defined in terms of field intensity in
uV/m, a theoretical best case range can
be defined by the use of linear interpola-
tion. Thus, the field intensity (E2) at
distance of S2 would be:

E2 = E1x(S1/S2) (1)

In this case, S1 would be the distance
where the transmitter field intensity E1
is specified, usually 3 meters. This
shown in Figure 1 as the **1/X" curve
where signal level (voltage) is halved as
the distance is doubled.
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Figure 1. Signal level vs. distance
(1/X curve).

The transmitter signal level as speci-
fied by the FCC is dependent upon
frequency and duty cycle. Part 15.202
lists signal levels as follows: from 260
to 470 MHz, 1500-5000 uV/m. The field
intensity at any operating frequency can
be found by linear interpolation of this
range. The field intensity E (in uV/m at
3 meters) at frequency F is equal to:

E = 16.67 (F-260) + 1500

Duty cycle
This is determined by the average-to-
peak value of signal level. The FCC

0
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Figure 2.

Signal level vs. orientation for a Part 15 transmitter.
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40 years
of quality

crystals

Crystals
Oscillators
VCXO TCXO

CALL TOLL FREE
1-800 426-9825

S

INTERNATIONAL CRYSTAL
MANUFACTURING CO.,INC.

P.0: Box 26330, Ok!ahoma City, OK 73126
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Figure 3. Rayleigh probability distribution model.

allows up to 20 dB (10x) peak signal
when pulse modulated and averaged
over 100 ms. In the following example
we shall calculate range based upon
some initial values. The values chosen
do not represent any specific product,
but rather typical values used in this
tutorial.

For example, at 300 MHz, the
average signal level allowed would be
2166 uV/m. Assume a duty cycle of .2
(the signal is on 20% of the time

averaged over 100 ms). This yields a
duty cycle advantage of 5, bringing the
peak signal level to 10,830 uV/m at 3
meters.

Also, for this example, assume a
receiver with a 30 dB antenna factor
(numerically 31.6) and a receiver with a
2 microvolt sensitivity into 50 ohms. The
receiver sensitivity in terms of microvolits
per meter would be;

31.6x2=63.2uV/im

————
IMAGELESS MIXER

FEATURES

« Ultra wide baseband, 100:1
bandwidth ratio

» 50 dB typ. image rejection

» Small size, 4" x 2.46" x 0.75"

* Only 0 dBm LO drive
required

MAXTECH, Inc.

2820 E. College Ave., Suite G
State College, PA 16801
TEL: 814 238-2700
FAX: 814 238-6589
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CALL FOR PAPERS

An Invitation for Proposals:
Individual Papers or Three-Paper Sessions

RF Expo East 1991
Orlando, Florida
October 29-31, 1991

Proposals are now being accepted for technical papers to be presented at RF Expo East 91.
You are invited to participate in the sixth East Coast RF Expo with an individual presentation
or by organizing a three-hour session. Papers can be on traditional RF topics, or may cover
work of current interest to the RF community. A few suggested topics are:

Mobile Radio/Cellular Applications
Tutorials on RF Components or Circuits
Analysis of RF Circuits

High Power RF Amplifiers
L-Band and S-Band Design
Low Cost Consumer Equipment

In addition to these, applications papers on oscillators, filters, amplifiers, couplers, mixers,
signal processing, and other ‘“‘universal’ RF topics are encouraged.

As a speaker at RF Expo West 91, you will receive a complimentary
full registration, allowing attendance at all technical papers and the
exhibit hall, plus a copy of the Proceedings. Attendance at the full-
day special courses is additional. Speakers are responsible for their
own hotel, travel and other expenses.

Send an outline or abstract of your proposed paper — by May 28, 1991 — to:

Gary A. Breed, Editor
RF Design magazine
6300 S. Syracuse Way, Suite 650
Englewood, Colorado 80111

FAX: (303) 773-9716
Tel: (303) 220-0600

April 1991



The ‘“‘best case’’ range would then be,
from (1):

10,820 x 3 / 63.2 = 513 meters, or 1650
feet.

A typical distance between the control
panel and a remote transmitter in a
house may be 50 feet. It certainly
appears as if we have plenty of signal
to spare. In this example, we have about
30 dB signal margin, that is, a best case
signal level 30 dB about threshold (20
Log 1650/50).

However, there is a big difference
between theoretical best case and ac-
tual operation. As we shall see, there are
many hazards that tend to reduce the
range of a system.

Orientation

Figure 2 shows relative radiated field
intensity of a transmitter as a function
of orientation or position. The ideal
antenna pattern would be omnidirec-
tional (equal signal level in all direc-
tions), but this is not practical to achieve.
As a result, the field intensity at the
receiver is dependent upon the position
of the transmitter. This field pattern is
also influenced by building materials
where the transmitter is mounted.

As with the transmitter, the receiver
antenna can also exhibit directionai
behavior, with varying sensitivity de-
pending on its orientation. In cases
where the receiver location is fixed and
the transmitter does not move over a
wide azimuth relative to the receiver,
fairly constant performance can be ex-
pected. If neither transmitter nor re-
ceiver are fixed, the variation can ex-
ceed that shown in Figure 2.

Attenuation

Building materials are translucent
(not transparent) to radio waves at the
frequencies typically used by Part 15
devices. A signal from a remote trans-
mitter to a receiver will experience some
attenuation greater than free space path
loss. Studies have been conducted, but
some controversy remains on levels of
attenuation.

Interference

More and more electronic devices are
used in homes and businesses. Devices
such as digital clocks, computers, VCRs
and even other receivers can cause
interference. Although emissions are
regulated, the close proximity of an
electronic device to a radio receiver can
cause significant interference. This re-

RF Design

sults in reduced receiver sensitivity as
well as reduced range.

We usually think in terms of determin-
istic models where performance can be
precisely calculated. In the field of
communications, there is some random-
ness of events (apparent randomness
due the complexity of the signal propa-
gation) and we cannot obtain a precise
calculation. Rather, it is more useful to
work with the probability of an event

over a defined interval. The signal
attenuation caused by the three factors
discussed above cannot be given pre-
cisely. However, unless we obtain a
probabilistic model, we can only operate
using intelligent guesses.

Saving the best for last, the most
significant specific phenomena that pro-
duces variability in received signal levei
is multiple reflections. The received
signal level is a vector of all direct and

attenuator models.

Model No Impedance

Depend on Kay In-Line Attenuators to stand-up to your
requirements on the job. Each provides: B high accuracy, B low
insertion loss, M durability, @ good VSWR, 8 broader frequency
range and M long operational life. Listed below are some typical

Freq. Range

Durable In-Line
Attenuators

Atten. Range Steps

837 500
839 500
1/839 500
847 750
849 750
1/849 75Q
860 500
870 750

DC 1500MHz 2 5dB
DC 3000MHz ] B
DC-1000MHz 0-22.1dB .1dB
DC-1000MHz 0-102.5dB .5dB
DC-1500MHz 0-101dB 1dB
DC-500MHz 0-22.1dB .1dB
DC-1500MHz 0-132dB 1dB
DC-1000MHz 0-132dB 1dB

KAY

Kay also offers a complete line of Program-
mable and Continuously Variable Attenuators.
For more information or to place an order call Kay's
Product Specialist at (201) 227-2000.

Kay Elemetrics Corp.

12 Maple Avenue

Pine Brook, NJ 07058 USA
Tel. (201) 227-2000

TWX: 710-734-4347

FAX: (201) 227-7760
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reflected signals. This has been mathe-
matically modeled and is represented
by the Rayleigh probability distribution
function. This model is comprised of an
infinite number of small reflectors. Fig-
ure 3 shows the shape of this curve,
which is called a log-normal curve. The
mean represents zero signal attenu-
ation. There is a 50 percent probability
that the signal is enhanced anywhere
up to 6 dB (left side of the curve). It

reflections are all completely in phase
the signal can be enhanced up a
maximum of 6 dB. However, complete
cancellation can theoretically result in
infinite signal attenuation.

Table 1 summarizes the probability
of additional attenuation caused by
multiple reflections.

What does this mean? First, there is
a 50 percent probability that the addi-
tional attenuation caused by multiple

ASSU
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Attenuation Probability
0 DB 50%
10 DB 90%
20 DB 99%
30 DB 99.9%
40 DB 99.99%
Table 1. 7

reflections will be 0 dB or less. There is
a 90 percent probability that the addi-
tional attenuation caused by multiple
reflections will be 10 dB or less. Simi-
larly, the chart covers 20, 30 and 40 dB
attenuation.

Take any one of the above chart, 20
dB for example. Since there is a 99
percent probability that the additional
attenuation is 20 dB or less, then, if we
have a 20 dB margin, there is a 99
percent probability that the signal will
get through. By knowing the signal
margin of a system, we can predict the
reliability.

Now, back to our example; since we
do not have a good model for items such
as attenuation, orientation and interfer-
ence, let us assign a “‘best guess’’ of
10 dB for these above items. This
reduces our previously determined sig-
nal margin from 30 dB to 20 dB.
According to the above table, we have
a 20 dB signal margin and a 99 percent
reliable system.

Conclusion

To assure maximum systems reliabil-
ity, more than basic transmitter and
receiver performance is required. It is
important to use good installation prac-
tices to minimize the added attenuation
due to the factors covered in this article.
There are many techniques used to
assure maximum received signal. Ad-
vantageous orientation, a clear signal
path, no interference sources should
be combined with predictable transmit-
ter and receiver performance, including
duty cycle and peak power, receiver
sensitivity, and antenna factor. Subse-
quent articles will address these tech-
niques. RF
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Parasitic Positive Feedback
Frequency Acquisition in a PLL

By Jonathon Y.C. Cheah
Hughes Network Systems

When the use of a double balanced
mixer as a phase comparator is neces-
sary, frequency acquisition is an inher-
ent problem. Double balanced mixers
are commonly used in PLLs with a very
high detector frequency or circuits such
as analog Costas’ loops where digital
frequency/phase comparators are not
suitable.

he parasitic positive feedback fre-

quency acquisition scheme is not
well known (1). A probable reason is
that the direct application of this concept
has the problems of achieving reliable
sweep oscillation and controlling the
sweep waveform. Therefore, its use is
limited (2). A practical implementation
that overcomes these problems is de-
scribed here. This implementation fully
demonstrates the automatic scan and
stop action quality of this concept as
well as its simplicity. As the feedback
circuit is independent of the PLL’s
parameters other than the sweep rate,
this circuit can, in many cases, be a
“boiler plate' add-on to where it is
needed. In areas such as Costas’ loop
carrier recovery circuits, where complex
frequency scanning is needed to achieve
frequency acquisition, this circuit can

7.71080

Figure 2. The sweep voltage at the output of the 2nd
op-amp when the PLL is unlocked.

RF Design

Figure 1. The box indicated by dotted lines shows the 2nd order loop

filter with added positive feedback circuitry. The component designators
are as used in the test and their values are provided.

be a good candidate.

The frequency acquisition design can
be described as a Wein-Bridge oscillator
superimposed on a 2nd order loop filter.
When the loop is unlocked, the positive

Ao REF

1@ 4B/

feedback oscillator is activated to pro-
vide frequency sweeping action. When
the PLL attains the lock condition, the
required negative gain feedback to sus-
tain a continual oscillation condition is
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Figure 3. The frequency spectrum of the VCO when
the loop is locked.
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discontinued, while the infinite DC gain
required by the phase lock loop is
maintained.

Consider the transfer function of an
active 2nd order PLL:

U h T,
Sy, . nere 7, = R/C (M

F(s) =

as shown in Figure 1.

When the frequency offset is large,
the low pass loop filter effectively re-
duces the gain of the op-amp. For
microwave VCOs, the offset frequency
will most likely be beyond the 2nd pole
of the op-amp’s frequency response.
However, at DC, the amplification gain
is essentially the open loop gain of the
op-amp. The output voltage of the
amplifier will therefore reach the positive
or negative rails of its maximum DC
voltage swing. Referring to Figure 1, C
is designed to be a high impedance at
the sweep oscillation frequency. If the
back to back Zener diodes have the
combined Zener and forward diode
biasing voltages less than the rail volt-
ages of the op-amp and series resistor,
R,. provides a negative feedback gain

of 2 or higher, the Wein-Bridge oscillator
gain condition of G(jw) > 1 is satisfied
where:

G(jw) = .
2)
4 (
1 R,
e _.1_ -
JEatC) M R ___)
1 R, c, -5 (wR3C2 G

The purpose of using the Zener diodes
is two-fold. First, they are in place to
obtain a low frequency negative feed-
back path for the oscillation condition to
be met.

Second, when the amplifier output
voltage falls below the Zener voitage,
they provide a virtual open circuit. In this
way, the PLL function is isolated from
the sweep oscillator.

The shunt small-signal diodes D, and
D, provide a means of ensuring that the
output voltage swing is clamped by the
Zener diodes at the correct level. When
an excessively large value of R, is used,
the effectiveness of the clamping func-
tion will be lost.

For the PLL to acquire lock under a
frequency sweep condition (1) with bet-
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Zener Diode Voltage A
33V 160 + 20 msec/V
36V 160 + 10 msec/V
39V 160 + 20 msec/V
43V 120 + 30 msec/V
47V 110 + 20 msec/V
51V 75 + 20 msec/V
6.2V 40 + 10 msec/V

Table 1. AV was measured at 1 to
0 Volt crossing.

ter than 90 percent successful lock
probability, the rate of change of the
output VCO frequency w,., is an ap-
proximate function of the loop band-
width w .

d(J')vco < 2 3
—dT— = O.5wn ( )
By definition, the rate of change of the
output VCO frequency can be written as,

dw,
——dt°° = AVK,,
AV = 2f5°Vpk (4)
-
n pk
where,

V., is the maximum voltage swing
potential of the sweep oscillator

w,, = 2nf  is the angular frequency
of the sweep oscillator

Kyco is the gain constant of the out-
put V80.

Thus the maximum AV, and therefore
the frequency of the sweep oscillator
can be calculated.

It is also clear that the lock condition
should occur at a point where the output
voltage V, of the loop filter is less than
|V,|, where V_ is the Zener voltage of the
back to back Zener diodes. Under the
lock condition, the negative feedback
condition required by the Wein-Bridge
oscillator is almost non-existent due to
the fact that very little or no current flows
through R,. In addition, the open-circuit
action of the Zener diodes prevent any
further positive feedback tendency.

There is a small penalty suffered in
the PLL loop dynamics. Since it is
inconvenient to limit R, = R./R;, the
op-amp output bias current will create a
small amount of DC offset. The selection
of a low input bias current op-amp will
mitigate this problem. In most cases,
this problem is not important when
compared with other sources of DC
offset phenomena such as that of a
mixer.

RF Design

It is essential to ensure that the input
of R, does not have a significant amount
of fixed DC offset. This offset would
prevent sweep oscillation from taking
place.

A test circuit was designed to illustrate
the usefulness of this method. A 1.5
GHz VCO was designed to provide +
55 MHz deviation for the control input
voltage of 0 to 10 V. The relatively wide
tuning range of this VCO is intentional,
so that the frequency acquisition action
can be more clearly demonstrated. A
second order loop is constructed as
shown in Figure 1 where w, = 2 x
10,000 radians/sec and ¢ = 2. Thus the
maximum rate of voltage change re-
quired at the DC crossing is AV < 28.6
Visec.

A heuristic estimate of the V, to V,
of about 25 is used, as Vpk is not always
immediately obvious. With this initial
value, all the circuit components can
now be determined.

Table 1 shows the measured maxi-
mum AV with respect to the choice of
Zener diodes. Obviously, the smaller the
Zener voltage, the smaller the VCO
tuning range is allowed. Figure 2 shows
the sweep voltage waveform and Figure
3 shows the quality of the lock output
spectrum of the VCO.

The requirements on all the circuit
components are not critical and are
simple to implement. In fact, itis conven-
ient to adopt a slow sweep rate configu-
ration, such as the one shown in the
example, as general framework for PLLs
of this kind which can tolerate equal or
faster AV. RF
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RF amplifiers

Biasing Solid State Amplifiers
to Linear Operation

By Helge Granberg
Motorola, Inc., SPS

All solid state devices intended for
linear operation must have a certain
amount of “‘forward bias’’ (idle current)
in order to place their operating points
in the linear region of the transfer curve.
Bipolar devices require a constant volt-
age source, whereas MOSFETSs can be
biased with simple resistor divider net-
works. Both will get more complex
however, if temperature stability is re-
quired. Examples of applications requir-
ing amplifier linearity include all ampli-
tude modulated systems for communi-
cations and broadcast, nuclear mag-
netic resonance, magnetic resonance
imaging, digital cellular telephone and
signal sources for instrumentation. Cir-
cuit examples are presented from the
most simple ones to sophisticated closed
loop systems.

ince the base current of a bipolar

transistor is equal to | (peak)/h.,
the base bias supply must be able to
supply this current without considerable
excursions in the base-emitter voltage
between the no-signal and the maximum
signal conditions. This requires a con-
stant voltage source, as variations of a
few millivolts represent a large portion
of the nominal 0.63 - 0.67 volt typical
value. Depending on the specification
of a specific application, various de-
grees of requirements are set for the
base bias voltage source. In some
instances a large value capacitor can
be seen connected across the bias
voltage supply to further reduce its AC
impedance. However, this makes the
impedance dependent on the frequency
of modulation and is a good and practi-
cal solution only in applications where
the modulating frequency is in the
medium to high audio frequency range.
One of the simplest biasing circuits for
bipolar transistors (4,5,6), is shown in
Figure 1a. It uses a clamping diode to

72

provide a low impedance voltage source.
The diode forward current must be
greater than the peak base current of
the transistor. This current is adjusted
with R2 and the resistance of RFC1 and
R1 combination is used to reduce the
actual base voltage to a slightly lower
value than the forward voltage of Di.
The diode can be mechanically con-
nected to the heat sink or the transistor
housing to perform a temperature com-
pensating function to Q1. This technique
works adequately, although for perfect
temperature tracking, Q1 and D1 should
have similar DC parameters. One disad-
vantage with the circuit shown in Figure
1ais its inefficiency especially in biasing
high power devices since (V__ -V, )l (max)
will always be dissipated in the dropping
resistors.

This deficiency of the circuit shown
in Figure 1a can be overcome by
amplifying the clamping diode current
with an emitter follower (1,2) as shown
in Figure 1b. Two series diodes (D1-D2)
are required since one has to compen-
sate for the V. (f) drop in Q1. In this
case, low current signal diodes can be
used and their forward current is equal
to I(bias)/h.(Q1). For best results, Q1
should have a linear h_ up to the peak
bias current required and in higher
power systems it must be cooled by
some means. Ideally, Q1 and one of the
series diodes should remain at ambient
temperature, whereas the other diode
(D1 or D2) can be used for temperature
compensation of the RF device. An
effective and fast responsive system is
obtained if the diode (having long leads)
is located near the RF transistor. The
leads can be suitably formed allowing
the body of the diode to be pressed
against the ceramic lid of the RF
transistor and fastened in place with
thermal conductive epoxy. R1 is used
to set the bias idle current and R2 limits

a)

Figure 1. Two simple bias sources
for bipolar transistors. (a) Uses all
passive components, but is ineffi-
cient. This drawback is not pre-
sent in (b), although it is slightly
more complex.

its range of adjustment. The value of
R2 depends on the supply voltage
employed. The function of C1 and the
RFC is simple to prevent the RF signal
from getting into Q1.

Another fairly simple bipolar bias
source (3) is shown in Figure 2. Its output
voltage equals the base-emitter junction
drop of Q1 plus the drop across R3. R1
must be selected to provide sufficient
base drive current for Q2, set by its Reg-
Normally this current is in the range of
a few milliamperes, and Q1 can be any
small signal transistor in a package
configuration that can be easily mounted
to the heat sink or RF transistor housing
for temperature compensation. The only
requirement is that its Vg (f) at that
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Figure 2. This circuit features the
lowest source impedance of the
less complex ones. Therefore it
is recommended for high power
device biasing and for demand
applications.

current must be lower than that of the
RF transistor at its bias current level.
The maximum current capability de-
pends on Q2 and R2. The power
dissipation of Q2 can be up to a few
watts and in most cases should be heat
sunk, but must be electrically isolated
from ground. The value of R2 can be
calculated as: (Vi g-Ve(sat)/l,. C1
through C3 are a precaution to suppress
high frequency oscillations, but may not
be necessary depending on the transis-
tors used and the physical circuit layout.
Output source impedances for this cir-
cuit, when used in conjunction with a
300 W amplifier, have been calculated
as low as 200-300 mOhms.

More sophisticated bias sources can
include an integrated circuit voltage
regulator (2). In most cases a pass
transistor is required for current boost
and to lower the source impedance.
There are high current regulators avail-
able today, such as the LM317, LM337,
etc., but the author has not investigated
whether they are suitable for applica-
tions such as this. The circuit in Figure
3 uses a 723 regulator, which is avail-
able from several manufacturers with a
variety of prefixes. It has been used for
bipolar bias sources since the early 70s
and more recently for MOSFET biasing
as well. The 723 is specified for a
minimum V_  of 2 volts, but with certain
circuit modifications can be lowered to
less than 0.5 V. The main advantages
of this type bias source are: 1) It provides
the lowest source impedance at a rela-
tively low cost. 2) The bias voltage
remains independent of variations in the

RF Design

power supply voltage. 3) Temperature
compensation is easy to implement. In
Figure 3 D1 performs this function and
should be in thermal contact with the
heat source. The same technique dis-
cussed with the circuit shown in Figure
1b can also be adapted here. Depending
on the current requirement and the pass
transistor used, Q1 may have to be
cooled. It has a positive temperature
coefficient to the bias voltage, but is
negligible compared to the negative
coefficient of D1. This permits Q1 to be
attached to the main heat sink. R1 and
D2 are only necessary if the RF amplifier
is operated at a supply voltage higher
than 40V, which is the maximum rating
for the regulator.

Biasing of MOSFETs

Since MOSFETs have gate threshold
voltages up to 5-6 volts, they require
some base bias voltage in most applica-
tions. They can be operated in class C,
(zero gate bias) but at a cost of low
power gain. In such cases the input

V BIAS
Y |
! -R4
| 3

a

RS
| 5
| 6

R6

\
. |
b o] !

s I I L
Figure 3. An integrated circuit
bias source. The idle current re-
mains constant regardless of the
supply voltage. The source im-
pedance mainly depends on the
h of Q1.

voltage swing must have an amplitude
sufficient to overcome the gate voltage
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from zero to over the threshold level.
The drain efficiency is usually higher
than in other classes of operation.
Especially if overdriven, the class of
operation can approach class D. Zero
bias is often used in amplifiers intended
for FM or CW; and efficiencies in excess
of 80 percent are not uncommon. In
class B the gate bias voltage is set just
below the threshold resulting in zero
drain idle current flow. The power gain
is higher than in class C, but the drain
efficiency is 10-15 percent lower. Class
B is suitable only for the FM and CW
modes. Between these two classes of

operation, one must decide whether the
system has power gain to spare and how
important is efficiency. At higher fre-
quencies, such as UHF, a good compro-
mise may be class B or even class AB.
In class AB the gate bias voltage is
somewhat higher than the device thresh-
old, resulting in drain idle current flow.
The idle current required to place the
device into the linear mode of operation
is usually given in a data sheet. In this
respect MOSFETs are much more sen-
sitive to the level of idle current than are
bipolar transistors. They also require
somewhat higher current levels com-

pared to bipolars of comparable electri-
cal size.

The temperature compensation of
MOSFETs can be most readily accom-
plished with networks consisting of ther-
mistors and resistors. The ratio of the
two must be adjusted according to the
thermistor characteristics and the g, of
the FET. The changes in the gate
threshold voltage are inversely propor-
tional to temperature and amounts to
approximately 1 mV/degree C. These
changes have a larger effect on the I,
of a FET with high g, than one with low

KVG NORTH AMERICA INC. - 7300 West Camino Real
Suite 109 - USA - Boco Raton, FL 33433 - Phone (407) 393.7548 - Telex 650-266-9708 - FAX (407) 393-7439
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Unfortunately the situation is compli-
cated by the fact that g,_ is also reduced
at elevated temperatures, making the
drain idle current dependent on two
variables. In spite of this, this method of
temperature compensation can be de-
signed to operate satisfactorily and is
repeatable for production. The thermis-
tor is thermally connected into a conven-
ient location in the heat source in a
manner similar to that described for the
compensating diodes with bipolar units
discussed earlier. An example of a
simple MOSFET biasing circuit (2) as
described here is shown in Figure 4.

Most MOSFET device data sheets
give Vq(th) versus |, data, but the
values are only typical, and in some
cases the g,  can vary as much as 100
percent from unit to unit. Thus, in
production the devices should have g,
values that are matched on the parame-
ter above to at least 20 percent. Other-
wise each amplifier must be individually
checked for temperature tracking. Some
manufacturers such as Motorola supply
RF power FETs with color coded g,
matching.

The circuit in Figure 5 shows a typical
MOSFET bias voltage source using the
723 IC regulator (2), which was earlier
presented for bipolar transistor biasing.
Since a MOSFET draws no gate bias
current, except in the form of leakage,
the pass transistor (Q1) has been omit-
ted and D1 replaced by R5-R6 combina-
tion. The values of other passive compo-
nents have also been modified to pro-
duce a maximum output of 8 volts. The
temperature slope is adjusted by the
ratio of the series resistor (R5) and the
thermistor (R6). In addition to main-
taining a constant bias voltage, this
circuit also features bias voltage regula-
tion against changes in the power
supply voltage.

Figure 6 shows a closed loop system
for MOSFET biasing. It provides an
automatic and precise temperature com-
pensation to any MOSFET regardless
of its electrical size and g,.. No tempera-
ture sensing elements need be con-
nected to the heat sink or to the device
housing. In fact, FETs with different gate
threshold voltages can be changed in
the amplifier without affecting the level
of the idle current. The gate threshold
voltage range is about + 0.5 V with a
single initial setting of the idle current.
This means that the gate threshold
voltage can vary within these limits over
short or long periods of time for what-
ever reasons. In addition to tempera-
ture, other factors affecting Vgs(th) might
be moisture, atmospheric pressure, etc.
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Figure 4. A simple MOSFET bias
circuit using a thermistor-resistor
network for temperature compen-
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Figure 5. A more sophisticated
MOSFET bias system with an inte-
grated circuit voltage regulator. It
also employs a thermistor for
temperature tracking.

The principle of operation of circuit in
Figure 6 is as follows: The idle current
of the MOSFET amplifier is initially set
to class A, AB or anywhere in between
these bias limits by R8, which also
provides a stable voltage reference to
the negative input of the operational
amplifier U1. This results in a current
flow through R1 with a consequent
voltage generated across it. This voltage
is fed to the positive input of U1, which
results in the output of U1 following it in
polarity, but not in amplitude. Due to the
voltage gain in U1, which operates in
an open loop mode, its output voltage
excursions are much higher than those
generated across R1. Thus, if the cur-
rent through R1 tends to increase for
any reason, part of the output voltage
of U1 fed to the amplifier gate bias input
will adjust to a lower level, holding the
current through R1 at its original value.
A similar self adjustment will take place
in the opposite direction as well.

The values for the resistive voltage
divider R5-R6 have been selected for a
range of + 0.5 Volts at the amplifier FET

SUBMINIATURE SURFACE MOUNT
RLC NETWORKS

The HY-9000 is a subminiature surface mount package with
a ccramic base that can housc a varicty of RLC networks.
Tuned circuits, impedance matching nctworks and
sttenuators can be designed and fabricated in this package
by HYTEK to mect your needs. Several examples are
illustrated below.

4 xswE
FEATURES: &
3 = SIDE

« Prequencics to 100MHz ]

« Inductance valucs to 10uH 7 le— 0240~ —
« NPO capacitance values to 1.5nF ¥ oy "
« Resistor values to 10MQ é BOTTOM

« Solder or PdAg termination _‘;_ 0 )

IMPEDANCE MATCHING
L —NETWORKS ¢

R1 Cll IC2 R2 Rl L IC2R2

TYPICAL APPLICATION

10MHz BAND PASS AMPLIFIER
5600 1000

-
MATCHING NETWORK =

hytek z=
nc.

400 HOT SPRINGS RD. PH (702) 883-0820
CARSON CITY,NEVADA 89706  FAX (702) 883-0827
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R1 i ™
R3

VDS

FET AMPLIFIER

kB

C1 - 0.1 uF ceramic

D1 - 1N5245B, 15V Zener
R1-0.5t0 2.0 Ohms, 2W(See text.)
R2 - 2.2 k Ohms, 1/4W

R3 - 4.7 k Ohms, 1/4W

R4 - 10 k Ohms Trimpot

RS - 10 k Ohms, 1/4W

R6 - 3.3 k Ohms, 1/4W

R7 - 22 k Ohms, 1/4W

R8 - 1.0 k Ohm Trimpot

T1 - MTH25P05 or MTH25P06
U1 - MC1741 or equivalent

Figure 6. An automatic bias tracking system for MOSFET power
amplifiers. It provides automatic temperature compensation without
sensors as well as versatility for substituting a variety of electrical sizes
of FETs operating at any supply voitage.
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gate for the full voltage swing at the
output of U1. This larger voltage swing
is required to provide negative bias to
the gate of the P-channel FET Qfi,
turning it on harder the higher the
current is through R1. The r((on) of Q1,
which can decrease as much as 50
percent with 1V increase in gate voltage,
depending on where the operating point
is set by R4, is used in parallel with R1
to function as a voltage variable resistor.
roslon)(Q1) in parallel can be less than
0.2 ohms at 10 amperes. The value of
R1 must be selected according to the
desired level of idle current and R2
through R4 combination. R4 is adjusted
only once (starting with its maximum
value) according to the V4(th) and other
parameters of Q1 to the point where the
idle current previously set starts to
increase. With correct component val-
ues, the gate bias voltage can be made
to remain constant, or even increase (if
desired) from the idle current level to the
maximum drain current drawn under
RF drive conditions. A bipolar Darlington
transistor such as MJH6085 can be also
used in place of the P-channel FET (Q1),
but its h. must be 3000-4000 minimum
in order for U1 to be able to drive it.

Summary

The circuits presented in this paper
are of a basic nature, and may require
refinement or modification according to

specific applications. Equations to cal-
culate the component values for most
circuits described herein are given in the
references and have not been dupli-
cated here. No known description exists
for the circuit shown in Figure 6. Circuit
analysis and calculation of component
values will be presented in a forthcom-
ing paper by the author.

Many of these circuits have been in
use by the industry in various forms for
years, but the designers are constantly
looking for simpler and better perform-
ing bias sources for solid state amplifi-
ers. One possibility might be an Applica-
tion Specific Integrated Circuit (ASIC) in
a form of SMART power. These inte-
grated circuits are gaining popularity
and are manufactured by several com-
panies including Motorola. Most are
intended for automotive applications.

An integrated circuit can certainly be
designed that satisfies the requirements
for bipolar transistor and MOSFET bias-
ing combining all the features presented
in this paper. It is not certain though,
that the existing market can justify such
an IC development. However, new appli-
cations requiring linear amplification,
such as digital cellular telephones, are
being created and older vacuum tube
designs are being converted to solid
state designs at an ever increasing rate.
An estimated increase in solid state
linear amplifiers for all applications com-
bined is at least a factor of 4-5 within the
past ten years and is expected to double
by the end of the decade. RF
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Reader Survey: Substrates and Laminates

Please take a few minutes to complete the following survey.
This information will help us determine what you want and
need to know about substrate and laminate products.

1)  On ascale of 1 through 10 (1=low, 10=high), please rate your knowledge of substrates and laminates
for printed or hybrid circuits

2) Using the same scale, how much do you enjoy reading articles in RF Design about using these
materials?

3) Which suppliers do you think of for substrates or laminates?

A) B) Cj
D) — B F)

4) What types of substrate and laminate products do you use?
Glass Epoxy PTFE (e.g. Teflon®)
Glass or Paper Phenolic Other laminates (specify)
Alumina Other ceramics (specify)

Other substrate materials (specify)

5) What are your primary applications?
Consumer Military
Consumer/Industrial

6) How much does your company spend annually on these products?
Less than $1k - $1k-$25k
$25k-$100k More than $100k

7) When considering substrates and laminates, do you have the authority to:
Evaluate Recommend Specify

8) Using a 1 through 10 scale (1=low, 10=high), please rate the following qualities in substrate and
laminate products for your RF applications:

Price Delivery Performance
Technical Support Other (specify)

9) What percentage of your work is in the following frequency ranges?
Below 50 MHz % 50-450 MHz %
450 MHz-1 GHz % 1-25 GHz ___ %
Above 2.5 GHz %

10) What new features would you like to see in RF substrates and laminates?

11) If you would like to be contacted by manufacturers of these products, please complete the following:

Name Company

Address MS
City State Zip
Telephone FAX

THANK YOU FOR YOUR ASSISTANCE!

PLEASE FAX THIS SURVEY TO US AT: (303) 773-9716




EPSON

THE CRYSTALMASTER™

leads new

crystal oscillator
technologies into
the 90’s with...

the most cost effective hi-temp
SMD crystals and oscillators and
low cost plastic thru-hole crystal
oscillators.

actual size

T"

CRYSTALS AND
OSCILLATORS

Epson has pioneered

the first truly heat

resistant crystal for

use in its surface mount crystals and crys-
tal oscillators. Capable of withstanding
260°C for 20 seconds...far above the
demands of standard IR and vapor phase
reflow processing systems...these labor-
saving high-temp SMD crystals have
become the accepted standard for surface
mount crystal and oscillator components.

MODEL SG-615 OSCILLATOR MODEL MA 505/506 CRYSTAL
Frequency: 1.5 10 66.7 MHz Frequency: 4.00 10 66.7 MHz
SYPQEIRS IEEa 0N MODEL MC-405 CRYSTAL
Rise/Fall Time: 5 nsec (TYP) Frequency: 32.768 KHz
Tristate: Available

Compatible

Technology: CMOS and TTL

Op. Temp. Range: -40°C to 85°C

EPSON’

EPSON THRU-HOLE
OSCILLATORS

REPLACE METAL CAN OSCILLATORS

Epson has introduced actual size
the first plastic low cost, ~
high performance auto- ’
insertable thru-hole crystal

oscillator. Its unique hermetically sealed

crystal, embedded in a plastic package, gives
the same EMI protection and higher perform-
ance than metal can oscillators...at a much
lower cost. And, the auto-insertion feature
reduces manufacturing costs associated with
hand inserting metal cans...into standard full-
size or half-size hole patterns.

MODEL SG-5USG-531 Gyravency BEOR

OSCILLATOR Rise/Fali Time: 5 nsec (TYP)
Tristate: Available

Compatible Technology: CMOS and TTL

CALL YOUR SALES REP TODAY

EPSON Sales Representatives: AL-GA-TN Concord Components 205/772-8883 - AZ-NM Fred Board Assoc. 602/994-9388 - CA-No. Costar 408/446-9339 - CA-So. Bager Electronics 714/957-334
C0-UT Wn. Regioh Mktg. 303/428-8088 - FL Dyne-A-Mark 407/831-2822 - IL-W1 LTD Technologies 708/773-2900 - IN-KY C C Electro 317/921-5000 - KS-MO-1A Microtronics 913/262-1444 - MA-NH
Rosen Assoc. 617/449-4700 - MD-VA Tech Sales Assoc. 301/461-7802 - MN Electro Mark 612/944-5850 - NC-SC WLA Assoc. 919/231-9939 -NJ JMR Sales 201/525-8000 - NY Elcom Sales 716/385-}
- Metro, NY Niktronix 516/929-4671 - OH-MI J. D. Babb Assoc. 216/934-4454 - OR-WA Matrex 503/245-8080 - PA Omega Sales 215/244-4000 - TX-OK Component Tech. 214/783-8831
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RF product report

A Stable Future for the
Oscillator Market

By Liane G. Pomfret
Associate Editor

t comes as no surprise that the SAW

and crystal oscillator business is doing
well in the face of economic uncertainty.
Their already widespread use, coupled
with emerging technologies has pro-
vided a large market for manufacturers.
SAW and crystal oscillators have not
undergone any recent technological
breakthroughs. Rather, changes con-
tinue to be small and cumulative.

The technology behind SAW and
crystal oscillators has not changed much
recently, nor is it expected to undergo
any major changes in the near future.
However, a number of small changes
are occurring. One visible area of im-
provement is that component suppliers
are improving their own quality control
processes and passing these improve-
ments on to the oscillator manufactur-
ers. “We're getting nicer crystals,”
notes Liz Ronchetti, Vice President at
Wenzel Associates, ‘‘the crystal manu-
facturers are doing better.”’ Frank Perk-
ins, Vice President of Marketing at RF
Monolithics commented on the same
trend in the MMICs and transistors that
his company buys. In both cases, the
suppliers, in trying to improve their own
product, have helped improve SAW and
crystal oscillator products.

Manufacturers are also paying closer
attention to their own design processes.
The use of computer aided design
techniques in the design of circuits has
improved reliability and performance
and reduced the time and costs associ-
ated with developing new products.
Problems such as phase noise under
vibration, stability, low power, tempera-
ture performance, and special frequen-
cies are all problems that are easier to
solve because of the versatility of CAD
programs. In the high performance area,
the advent of microprocessor controlled
oscillators has caused a bit of a stir
within the industry. The technology first
became available about four years ago
and it's only been in the last two that it
has become popular.

Another push lately has been towards
surface mount packaging and miniaturi-

RF Design

zation. While surface mount has been
in use for years within the RF industry,
it is just beginning to appear in the
oscillator industry. One example of this,
is from Wenzel Associates who recently
introduced three new products, all in
miniature packages. Marty Finklestein,
President of MF Electronics observes,
“We feel that surface mount is starting
to catch on. Not only high volume parts,
but more difficult products as well.”
Often the people who are pushing for
surface mount are not the large, com-
mercial end-users but the high-reliabil-
ity, tight specification military users. Bob
Murphy, Director of Aerospace Business
at Frequency and Time Systems indi-
cated that their switch to surface mount
for some of their products was due to
requirements for smaller sizes and lower
power for Lightest programs. Since
many of the companies in this report
manufacture military, space or high
reliability products, their attention to
specifications and standards is much
stricter than a high volume, popcorn
part manufacturer. The military appears
to be a driving force these days in
development of smaller and better oscil-

lators. Their need for small, high tech
defense systems has forced manufac-
turers develop the necessary compo-
nents on a much smaller scale than
previously required. Tom Mihalek, Con-
tract Administrator at Anderson Labs
noted that improving quality is always
an ongoing process — an idea few
people would argue with. As Brian Rose,
Vice President of Engineering at Q-Tech
observes, ‘‘There’s a responsibility to
the customer.”

These days, customers are using
oscillators in just about every imaginable
technology. With the new wave in com-
munications technology, SAW and crys-
tal oscillators are being used in every-
thing from military spread spectrum to
children’s toys. Wenzel Associates has
noticed that many of their new orders
are coming from high performance prod-
ucts using spread spectrum and fre-
quency hopping. Others have found that
digital communications is the area with
the most activity. Marty Finklestein indi-
cated that standard telecommunications,
or telephones are very strong for his
company. RF Monolithics on the other
hand, has seen their orders coming from
areas such as air traffic control, aircraft
and microwave radios. The list of prod-
ucts that use SAW and crystal oscillators
is long and includes other areas such
as radar, computers, spacecraft, satel-
lites, cellular telephone and many more.

Everything points to the fact that the
SAW and crystal oscillator business is
doing well. Comments range from
“we’re tickled to death” to ‘‘we’re
pleasantly surprised.” There were indi-
cations of a slow period at the end of
last year, but business picked up again
in January and is forging forward. With
constant refinements and fine tuning,
the oscillator industry is creating better
products — from high cost, low volume
military all the way down to high volume,
low cost commercial. RF

For reprints of this report, contact Cardiff
Publishing Company at (303) 220-0600;
ask for the Circulation Department.
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TO-8
Filters

$25.00
each

(quantity: 10 and up)

10 MHz to 2,500 MHz.

3 sections

3 dB bandwidths: 5% to 20%
Stopband rejection: 50 dBc.
Temperature: =25 to +50 °C
Shock:to 15 G

Vibration: t0 5 G

Relative humidity: to 90%

Special models are also avaliable
in the TC series, with up to 6 sections,
frequency ranges.to 6,000 MHz, 3 dB
bandwidths from 3% to 100% of the
center frequency, and increased envi-
ronmental capabilities. Other Lark En-
gineering Company TO-8 package
filter models include lowpass and
highpass configurations, and also
models that can be qualified to MIL-
SPEC environmentals.

Call, Write, or Bingo for
our new 100 page Catalog!
714-240-1233

Lark Engineering Company
A Division of Baier & Baier, Inc.
27151 Calle Delgado

San Juan Capistrano, CA 92675
FAX: 714-240-7910
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RF software

Automated Smith Chart

This software is helps the user to design,
modify, test, and optimize impedance match-
ing and other ladder type network circuits.
The menu-driven software performs all mathe-
matical computations, locus manipulations,
and graphical display interactions internal to
the program. The program prompts the user
for specifications and values, then plots a
full-size Smith Chart grid. It is available for
IBM PCs and compatibles and HP 9000s.
Artech House
INFO/CARD #210

Extended Test Manager

Wavetek recently introduced WaveTest"-
XTM which runs under Digital VMS and
ULTRIX operating systems. The XTM desig-
nation stands for *‘Extended Test Manager."’
The new software combines the current
capabilities of their PC-based WaveTest
product with new features for addressing
integrated factory requirements. The single
unit price is $7,995 with deliveries four to five
weeks after receipt of order.

Wavetek has also released their latest
version of WaveTest™. WaveTest 3.0 offers
two new icons and improvements to existing
icons such as a dispatch icon, execute icon,
graphical operator prompts, faster execution
and better program control. The Test Pro-

gram Generator module is available for
$1495 or $495 for those who wish to upgrade
from version 2.6.

Wavetek

INFO/CARD #209

Analysis-only Version of
SANA Available

T-SANA, the analysis-only version of
SANA, is now available from Webb Laborato-
ries. T-SANA offers nodal network definition,
unrestricted noise analysis, output graphics
postprocessing, complete manufacturer’s ac-
tive device libraries, PC-DOS 3.0+ and 4.0+
compatibility. The software is available from
stock for $575.

Webb Laboratories
INFO/CARD #208

Conversion Software

Units + Conversion Factors™ is a new
software that automates conversions be-
tween units of any type. If the conversion
units needed are not available, they may be
added by the user. The software is iBM PC,
XT, and AT compatible, requires DOS 2.0 or
higher, 512 K available memory, one 5 1/4"
floppy disk drive, and a CGA or EGA card or
compatible. Price is $89.95.
David F. Taylor, Jr.
INFO/CARD #207
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RF Iiterature

Conductive Coatings

Literature

Spraylat's new brochure addresses the
latest in conductive coatings technology. The
brochure discusses the benefits of their
Series 599 copper conductive coatings which
are either water or solvent based. Cost
savings, ease of application, greater shield-
ing effectiveness, and mechanical and long
term environmental properties are reviewed.
Spraylat Corporation
INFO/CARD #200

SPICE Newsletter

Intusoft's latest newsletter describes how
to use and create analog behavioral models
with any SPICE program. The newsletter
demonstrates how to solve a set of differential
equations that describe a physical spring-
mass system, how to model a mixed-mode
rotation system, and shows a complete servo
model. SPICE netlists are also provided. The
newsletter also includes information on the
company’s latest EDA tools, new op-amp
model libraries and training seminars.
Intusoft
INFO/CARD #199

ELINT/EW Catalog

The 1991 ELINT/EW catalog for courses
and software is now available from Research
Associates of Syracuse. Courses include
propagation, EW receivers, ELINT intercep-
tion, ELINT analysis, ELINT/EW data bases,
adaptive ECCM signal processing, ELINT/
EW apptications of DSP, radar vulnerability
to jamming and integrated EW. Software
includes the radar vulnerability analysis sys-
tem and PCEMPE propagation program.
Research Associates of Syracuse
INFO/CARD #198

RF & Microwave
Engineering Book and

Software Catalog

A new 72 page catalog from Artech House
describes over 200 basic and advanced
electrical engineering references, including
25 new titles to be published in 1991. Areas
covered include: RF/Microwave applications,
radar, antenna, optoelectronics, telecom-
munications, acoustics, and electronic mate-
rials.
Artech House
INFO/CARD #197

New and Used Test

Equipment

RAG Electronics’ Winter Update of avail-
able new and used electronic test equipment
is now available. The used equipment section
highlights recent arrivals, best values, and
one-of-a-kind clearance items. The new equip-
ment section includes Tektronix oscillo-
scopes, Fluke DMMs and more.
RAG Electronics
INFO/CARD #196

RF Design

Microwave and Millimeter
Wave GaAs MMICs

Alpha Industries has released its new RF,
Microwave, and Millimeter Wave GaAs MMIC
catalog. The catalog contains specifications
and application notes for control, receiving
and amplifier products. Extensive specifica-
tions are given for switches, attenuators,
amplifiers, mixers, combiners and power
dividers.

Alpha Industries, Inc.
INFO/CARD #195

Microprocessor Quartz

Crystal Catalog

BOMAR has introduced their 1991 Micro-
processor Quartz Crystal Catalog. The crys-
tals featured are the standard frequencies
most requested within the industry for micro-
processor applications. Data is also supplied
on custom cut crystals. Tofl-free phone and
fax numbers are available.
BOMAR Crystal Company
INFO/CARD #194

Tracking, Telemetry and

Control

AML's latest catalog update contains speci-
fications, outline dimensions and photos of
AML's latest additions to its line of standard
and custom integrated tracking components.
Products covered include Dual Pseudo
Monopulse Scanners, Switch Combiners,
Monoscan Converters, and Monopulse Com-
parator Networks.
AML, Inc.
INFO/CARD #193

Test Equipment Catalog

The new Test Equipment Catalog from
Lectronic Research Labs lists over 5,000 new
and pre-owned products. More than 180
manufacturers are represented including Hewl-
ett Packard, Fluke, Gen Rad, Tek, Hon-
eywell, L&N, Lambda, Kepco, Sorenson and
others. All reconditioned products are guar-
anteed to meet or exceed original manufac-
turer’s specs.
Lectronic Research Laboratories
INFO/CARD #192

Capacitor Catalogs

Murata Erie has released two new catalogs
on capacitors. Catalog No. C-06-A describes
their complete line of trimming capacitors for
HF, VHF, UHF and Microwave applications.
It includes complete technical specifications
including both electrical and mechanical
characteristics. Catalog No. 62-09 covers
their line of high voltage/high power ceramic
capacitors and high voltage resistors. The
capacitor line includes units ranging from
small disc capacitors, rated at 7.5 kV to high
power, water cooled units for RF transmitter
applications.
Murata Erie North America
INFO/CARD #191
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70MHz agile LO

SCITEQ'S VDS-1306 combines PLL with a
patented DDS to provide high resolution
and excellent spectral purity. This unique
design is a perfect choice for applications
where space and/or power are critical. Low
power consumption improves MTBF, while
custom ASICs and PLDs further enhance
reliability by lowering component count.

» Operating range 55-85MHz
- Step size 100 Hz
» Control BCD, paraltel
+ Spurious <-55dBc {<-60dBc typ}
« Power <5W
+ Size 17 cubic inches
PHASE NOISE
-80 TR SO wRe
-90 e ; e
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Semi-custom versions of this design can cover
other VHF/UHF frequency bands up to 300MHz,
and steps as fine as 1Hz are available with no
increase in size or power consumption.

SCITEQ MANUFACTURES PLL SYNTHESIZERS
UP TOC-BAND, DDS+PLL UNITS UP TO L-BAND,
AND DDS PRODUCTS

UP TO 450MHZ.

COMMERCIAL

OR MiL

SCITEQ Electronics, Inc.
8401 Aero Drive

San Diego, CA 92123
(619) 292-0500
FAX (619) 292-9120
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RF design
MARKETPLACE

WHEN YOU ARE READY TO BUY-SELL-TRADE CALL RF DESIGN MARKETPLACE

Increase your REVENUES with RF Design Marketplace advertising! Over 40,000 prospects read and
buy from this section each month. To reach this sophisticated, targeted market call today (303) 220-0600.

RF SPICE
MODELS

L
wSzede
Ny *BPOLARS, JFET, DODE
NS, * ACCURATE T0 56tz
%

WA

PNE= O . \STRS START AT $75
MOO% "« A SOECL FACT FAST

6987 N. Oracle Rd., Tucson, AZ 85704
PHONE (602) 575-5323 FAX {602) 297-5160
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For All Your RF /Microwave

3 RF & MICROWAVE
Prototyping Needs INSTRUMENTS
._—T\_) & ACCESSORIES
- RF PROTOTYPE SYSTEMS S ON ALL
QUICK BOARDS™ for: MAJOR
PLLs, synthesizers, Avantek devices MANUFACTURERS
Breadboarding e Evaluation
FrasibrachlreNCa ibn ACCUTEST INSTRUMENTS, INC.’
1-800-874-8037 (outside Calit) s A SERVICE 8RBT S o
@ (619) 689-9715 FAX (619) 689-9733 34 609-260-0480 o 800-524-0TA7 ¢ FAX 609-268-0227
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RF SYNTHESIS SOFTWARE

Smithsoft Plus by Somersoft

PC Software for Every RF Engineer

INTERACTIVE SMITH CHART
Data are entered directly onto the chart by using the mouse,
keyboard, or by loading a disk file. Component arcs,
including parasitic effects, are drawn on the chart by making
component selections from the top menu bar. A schematic
is automatically generated and displayed as componems
are selected. Once a circuit is entered, the circuit editor
allows you to randomly tune, cut, copy or paste any
component. This makes it very easy to experiment with
many different kinds of circuit topologies in order to achieve
the best design. This also makes the software very
educational for those who are just learning the Smith chan.

... PARTIAL LIST OF FEATURES ...

Network Analyzer Z-Theta Chart
H, S, Y, Z, ABCD Conversions
Common B - Common E - Common C
Simultaneous Multiple File Analysis
Operating and Available Power Gain Circles
Unilateral Power Gain Circles
Noise Circles  Stability Circles
S-Parameter Stack for Recursive Operations
Data Tables on Screen or Dump to Printer
Internal Graphic Screen Dump

$259.00, Somersoft, (107)829-0164 CIRCLE 74

—

BUY-SELL-TRADE
FOR ONLY

$175/mo.
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RF engineering opportunities

Crossing Cultures in Silicon Valley
to Cross Boundaries in Technology

Fujitsu Microelectronics is bringing a unique combination of strengths to the
latest technologies at our facility in San Jose. In this energetic environment, we
are breaking boundaries on the most exciting projects. In addition to this high
visibility, you’ll enjoy an uncommon blend of multiple cultures where we all
speak one common language.

Sr. RF Project Engineer

Responsibilities will include the design and development of miniature UHF to L-Band
amplifier modules for consumer applications and management of prototype and
small quantity production. You wirlJ also transfer designs to a high volume pro-
duction facility; respond to customer inquiries and support the sales and market-
ing staff in business promotion.

Position requires 5 or more years’ relevant experience to include 500- 1000
MHz power amplifier design with high volume consumer-related production or
similar environment. Familiarity with RF/microwave test equipment and CAD
tools essential. BSEE or the equivalent required.

Fujitsu Microelectronics offers competitive salaries and comprehensive benefits.
For immediate consideration, please send your resume to Professional Employ-
ment Dept. RF, Fujitsu Microelectronics, Inc., 3545 North First St., San Jose, CA
95134-1804. An equal opportunity employer m/f/h.

1O
FUJITSU

FUJITSU MICROELECTRONICS, INC.

A world of opportunity in a universe of technology.

INFO/CARD 75
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The Betta Better Bender

DIRECTION
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. APPUED SPECIALTHS WC

10101 G Oazem Onvw, BeWswile Md. 20705
amm/inchm

- Simple
Economical
>~ No Programming
.086 t0.250 Dia.
- 3 Day Free Trial

Distributed exclusively by:

RF & Microwave
Supermarket

Beltsville, MD 20705 (301) 595-5395

Toll Free  (800) 950-8555

Baltimore, MD (800) 950-8555

FAX 24 Hr. (301) 595-0050

=

D APPLIED SPECIALTIES INC.

Largo, FLA 33541  (813) 530-7309

Toll Free  (800) 722-4599

Campbell, CA 95008 (408) 370-2644

FAX 24 Hr. (408) 370-0380




Less Is More

ELECTRICAL SPECIFICATIONS

Model MML375

Model MML750

Model MML1000

Operating frequency (MHz)

250-500

500-1000

750-1250

Dynamic range (dB)

70

70

65

input VSWR

<1.75:1

<2.0:1

<2.0:1

Log slope, nom. (mV/dB)

20

20

20

Linearity, nom. (dB)

+1.0

+1.5

+1.75

Volts out, nom., into 93Q)@0dBm (mV)

1450

1450

1350

IF output, nom. (dBm) 0 - -4
Video rise time (nsec) <20

Overshoot and ringing, nom. (%) 10

Video output impedance (ohms) <10

DC power, typ. (mA) 140@ +5VDC;20@ -5VDC

ENVIRONMENTAL: Operating temperature —55°C to + 85°C; hermetically sealed package; meets
applicable requirements of MIL-E-5400

RHG ELECTRONICS LABORATORY, INC.

161 East Industry Court, Deer Park, NY 11729
(516) 242-1100, FAX: 516-242-1222, TWX: 510-227-6083

RHG

A M/COM COMPANY






