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We're Un Your Wavelengt

Q-bit Corporation designs and manufac-
tures high quality RF amplifiers in the 100 KHz
to 3 GHz frequency range for commercial and
military applications. Standard catalog models
are 100% tested and have guaranteed perfor-
mance. Screening to military standards and
space qualification are available.

Products created for the custom market
include amplifiers, limiters, voltage-controlled
amplifiers and attenuators, noise sources and
integrated sub-assemblies.

For premium performance at a reasonable
price, get the guaranteed Q-bit advantage.
Don't release your design without us.

Call us for a catalog available on a PC compatible data disk.

2575 PACIFIC AVENUE NE, PALM BAY, FL 32905 - TELEPHONE (407) 727-1838 - TWX (510) 959-6257 « FAX (407) 727-3729
INFO/CARD 1

Please see us at MTT-s, Booth #1320.




MICROWAVE
SPECTRUM ANALYZER

AN930

At last, a high performance microwave spectrum
analyzer that’s truly portable and affordable.

Featuring low-order, preselected mixing and a highly
stable synthesized RF system, the AN930 provides superior
amplitude and frequency measurement performance over its
entire 9 kHz to 22 GHz frequency range. Support for external
mixers extends the AN930 measurement range beyond
22 GHz. A high impedance input permits measurement of
baseband signals to 0 Hz and 40 volts peak amplitude.

Logical front panel controls on the AN930 reduce most
measurements to a few simple steps. A powerful micro-
processor provides advanced tools to simplify the solution
of many complex measurements. The large,
easy-to-read, 7-inch display speeds viewing
and interpretation of measurements.
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STANDARD FEATURES INCLUDE'

+30 dBm to — 120 dBm measurement range, 300 Hz to
30 MHz analog resolution bandwidth, 3 Hz to 100 Hz
digital resolution bandwidth, built-in 1 Hz resolution
frequency counter, high speed time-domain sweep
with pretrigger and delayed trigger, sensitive AM/FM
receiver, RS$-232 and EEE-488 interfaces, and operation
from DC power.

OPTIONAL FEATURES INCLUDE:

Rechargeable battery pack, built-in 2.9 GHz tracking
generator, internal memory expansion (up to 99 traces
and control setups plus 64 kbyte user-definable macro
storage memory), 200 Hz to 1 MHz supplemental
resolution bandwidth filters inctuding EMI bandwidth
filters, quasi-peak detector, and 0.02 ppm high stability
time base.

For more information or a demonstration, contact
your local IFR distributor or representative, or call IFR
directly at 316/522-4981.

CRAFTEO Wilil PRIDE IN

IFR SYSTEMS, INC.

10200 West York Street / Wichita, Kansas 67215-8935 US.A.
Phone 316 /522-4981 / TWX 910-741-6952 / FAX 316/524-2623
INFO/CARD 2

Please see us at MTT-s, Booth #1321.




POWER
SPLITTERS
COMBINERS

the world's largest selection
2KHz 1o 10GHz from $295

With over 300 standard models, from 2-way to 48-way, 0° 90° and 180°,

50- and 75-ohms, covering 2KHz to 10GHz, Mini-Circuits offers the world’s
largest selection of off-the-shelf power splitter/combiners. And, with rapid
turnaround time, we'll also supply “special” needs, such as wider band-
width, higher isolation, lower insertion loss and phase matched ports.

Available for use in military and commercial requirements, models
include plug-in, flat-pack, surface-mount, connectorized standard
and custom designs. New ultra-miniature surface mount units
provide excellent solutions in cellular communications, GPS
receivers, Satcom receivers, wireless communications, and
cable systems.

All units come with a one-year guarantee and unprecedented
“skinny” sigma unit-to-unit and production run-to-production run
repeatability. All catalog models guaranteed to ship in one week.
Mini-Circuits ... dedicated to exceed our customers’expectations.

finding new ways
setting higher standards

- - - - ™
WE ACCEPT AMERICAN EXPRESS AND VISA

P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661
Distribution Centers/ NORTH AMERICA 800-654-7949 ¢ 417-335-5935 Fax 417-335-5945  EUROPE 44-252-835094 Fax 44-252-837010

F134 Rev D



For detailad specs on all Mini-Circuits products refer to
e THOMAS REGISTER Vol. 23 ¢ MICROWAVES PRODUCT DIRECTORY
e EEM e MINI-CIRCUITS’ 740-pg HANDBOOK.
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We've been the leader for 26 years and keep getting better.
Whether its small quantities direct from stock or all
encompassing blanket agreements... We have creative
solutions to meet your price, quality and delivery objectives.
We're in control and we're there for you.

Stock Switches Stock Digital Attenuators
I Switch f [ #of LSB Switch | '
Con- Freq IL | Iso | Speed | Con- Package Part No. Sec- Freq Range | IL | Speed | Con- Package Part No.
fig MHz dB | dB | uSEC | trol tions | MHz dB | dB | pSEC/| trol
Max Max

SP2T 20-2000 | 0.7 | 85 3.000 | TTL SMA CDSOG& 4 10-100C | 1-15 1.9 0.030 | TTL | SMP DAQ784-1
SP2T 54000 10 | 79 | 0.035 | TTL SMA (DS0O882 6 10-1000 | 163 42| 0050 | TTL | 24PinDIP | DAO886
SPAT 202000 | 0.9 | 72 | 3.000 [ TTL SMA CDS0624 i DC-1000 | 0.5635| 7.17 0.100 | TTL | 38PinDIP | DAO897
SP2T 10-2000 | 0.60 82 | 1000 | T 14 Pin DIP D50052 | 7 10-1000 [ 0.5635| 64 ] 0.035 [ TTL | SMA | CDAO867
SPST 10-2000 |18 | 67 | 0.035| TTL 14Pin SMP | DSO790 |

SP2T_| DC2000 |07 | 50 | 0200 TIL | TOS DSO813T DAICO INDUSTRIES, INC.
SPAT | DC2000 |17 | 70 | 0075 | TTL | 14PinDIP | DSO874 2453 E. Del Amo Blvd., Rancho Dominguez, CA 90220
WE ACCEPT VISA AND MASTERCARD Telephone 310/631-1143 * FAX 310/631-8078
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Implementation of a C-QUAM
AM-Stereo Receiver Using a

General-Purpose DSP Device
This article provides an introduction to AM
stereo technology followed by description of
a method to perform this function in DSP
firmware. The derivation and implementation
of filtering, digital demodulation, a digitai
phase lock loop and stereo decoding are
covered.

—Dion Messer Funderburk and Sangil Park

Rise Time/Fall Time
Enhancement of Class C
Bipolar Common Base

Transistor Amplifiers
A technique is described whereby rise and
fall times of class C amplifiers can be
enhanced by the injection of base current
and reverse-biasing the base to emitter junc-
tion, respectively.

— Timothy P. Hulick, Ph.D.

cover story

54

New VCO Family is Created From Theory and Modeling
A new line of VCO products from Synergy Microwave features circuits
designed with the latest theoretical approaches, using extensive software
modeling. — Michael S. Vogas

tutorial

74

Transistor Biasing Fundamentals
This basic note covers the requirements for biasing transistors in small-sig-
nal and power amplifier applications. — Gary A. Breed

design awards

77

79

84

A Generic GPIB/RS-232 Controller
This software contest entry was written to perform repetitive tests under a
variety of conditions using the IEEE-488 instrumentation bus or RS-232 seri-
al commands. The program operates with common GPIB interface cards.

— Kevin Cordle

An Isolation Probe for Oscilloscopes

This entry in the 1992 contest design category describes an inexpensive,
high performance probe that uses RF concepts to provide high voitage DC
isolation between the circuit and scope. —Eugene E. Mayle

Broadcast Radio Uses Home-Made Components

The 1992 contest submission takes a historical look at radio, using a home-
made coherer and modern audio integrated circuit. A fun example of the
best of old and new technology. —Jim Escoffier
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HIGH POWER
COUPLERS

MULTI-OCTAVE
BANDWIDTH

FREQ. RANGE 1-1000 MHz
POWER TO 100 Kw

TYPICAL SPECIFICATIONS

MODEL €C2838
FREQUENCY RANGE.......30 - 100 MHz

COUPLING ......ccovvrnnininn 60 db NOM
FLATNESS ....c.orieisienesiers +0.5 db MAX
DIRECTIVITY .......cccoviunnene 20 db MIN
VSWR (ML)...oocvvviininiinnnn, 1.15:1 MAX
POWER-.......cobe b2 0l 50 Kw MAX
CONNECTOR.............ccccuueen 3-1/8 EIA

Couplers within this series
are available in three stand-
ard EIA sizes: 1-5/8, 3-1/8
and 6-1/8 in.

Bandwidths are availale in
narrow band (to an octave)
or multi-octave units to suit
customer applications.

WERLATONE INC.

DECADES AHEAD
P.O. Box 47
Brewster, NY 10509
Tel. (914) 279 6187
FAX. (914) 279 7404
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RF editorial

What is

“Wireless?”

By Gary A. Breed
Editor

veryone has a different definition of

the term wireless! The mobile com-
munications industry considers it to
mean just cellular, mobile data and
PCN/PCS. The computer industry only
acknowledges wireless LANs, radio-
linked peripherals, and perhaps cellular
hookups used with “perscnal digital
assistants.” The automotive industry
looks at wireless as vehicle locating sys-
tems, keyless entry and alarm systems.
Other parts of the transportation industry
see only vehicle tracking systems and
automatic toll collection.

With so many opinions on the mean-
ing of wireless, it's no wonder that the
general public hasn’t a clue about the
size and scope of new RF product
development. Yet, we expect these
consumers to make a decision to buy
new products using wireless technolo-
gy. Of course, | have heard the argu-
ment that the radio portions of most
new wireless products are supposed
to be invisible to the consumer; and,
theretore, the consumer does not
need to know anything about the tech-
nology. This may be true when an
application becomes a mess market
item, but the first buyers of new tech-
nology are educated and aware.
These trend-setters need to know
what’s inside, and they need some
knowledge of capabilities and limita-
tions.

| see the same lack of understanding
among business and financial analysts.
They form their opinions based on their
industry contacts — and they have
heard the same limited views of wireless
that | pointed out at the start of this col-
umn. This is not good news! We want

™

investors in new RF technology to
understand that the wireless renais-
sance represents a huge market. We
don’t want them to think in terms of
modest-sized single markets like wire-
less LANs or home security. We want
the financial community to understand
that RF is an enabling technology for
many products — a total market that is
on the same scale as the personal com-
puter boom.

What can you do to raise aware-
ness? First, you can make sure that
your own companies understand the
entire scope of new applications. If
you are at the staff level, make sure
your conversations with colleagues
and supervisors include comments
about the “big picture.” Seemingly rou-
tine conversations with your banker,
tax accountant or other friends and
colleagues can plant seeds of informa-
tion.

If you are a higher-ranking engineer
or manager, you can really make an
impact. Simple statements can pre-
sent a subtle message, like, “RF is
really exciting right now,” or, “There
are so many things happening in RF
that | can’t keep track of them all.”
Comments like this attract questions.
Be ready to respond with expianations
about RF technology and the many
products being readied for the market-
place.

Each of us will benefit from growth in
the RF marketplace. And if we all help
promote the new ideas now taking
shape, that growth will happen sooner.

June 1993



SAGE AGE INTERFACES

ASSEMBLIES ¢ COMPONENTS ¢ DROP-INS

To Switch, Divide, Filter, Control

Times are changing.
Applications demand more from
components, subassemblies and
subsystems. The age of compo-
ents is evolving to an age of
signal interfaces: Analog to Digi-
tal, RF to Microwave, Microwave
to Microwave and Microwave to
Optic. For thirty eight years, Sage
has developed technology to
meet the most difficult compo-
nent performance requirements.
Our technology spans electro-
mechanical products, connector-
ized passive components, and
patented caseless Wireline™
hybrid and coupler products.
Having such diverse interface
technology creates design flexi-
hility and permits Sage to
integrate component require-
ments into signal processing

At  Sage,
investments in new technology

functions. major
are ushering in products and
interfaces for the future, a
future era we call the Sage Age.

SPACE - INTERFACES
A class 100 clean room
and  highly reliable
proven designs contribute
to a growing demand for Sage
Space Qualified Electro-
mechanical Switches, Filters,
Couplers, Hybrids, Power *5
Dividers and
creative interface
assemblies. If you have recently
lost a Space Qualified vendor,
come to Sage. Our expanding
capability is filling many voids.
Call or Fax for a copy of our
Space  Qualified Capabilities
Profile. For Space Age products
Enter the Sage Age of Quality.

DEFENSE - INTERFACES

From high performance aircraft
rotary joints, to phase shifters for
advanced missile systems, to
hybrid / coupler / filter assemblies

INTERFACE CHART

INTERFACE FREQUENCY CUSTOM SPACE
PRODUCT RANGES CATALOG | COMMERCIAL | QUALIFIED
CAPABILITY COVERED DEFENSE
[ Electromechanical

Switches DC-18 GHz v v v
Phase Shitters DC-26 GHz v %4 v
Rotary Joints DC-40 GHz v 4 v
Passive Connectorized

Filters 100 Mtz - 26 GHz v v v
Hybrids 60 MH7 - 26 GHiz v v 4
Couplers 60 M!z-18 G iz v v v
Power Dividers 100 MHz - 18 GHz v v v4
Drop-in Caseless

Wireline Hybrids | 25MHz-18Gliz | ] 4 | v
Wirepac Hybrids | D MHz- 4aGHz | & v ] v
New Technology Products

Intertace Assemblies| DC-26 GHz | | v | v

for ground and ship based radars,
Sage products provide critical
system interfaces which improve
system performance and reduce
system costs. If you need creative
engineering to 1mprove your
system’s cost or performance,
Enter the Sage Age of Value

Engineering.

COMMERCIAL - INTERFACES
Drop-in Caseless Wireline™
couplers and
hybrids lead the
Sage thrust into the
PCN, Cellular and
Satcom markets.
Increasing demand has

)\

\ caused expansion of the

caseless product line to

include the following new
couplers and hybrids:

¢ Miniature (0.050" Dia.)
MC Series Wireline™

¢ Flange mounted FA
Series Wirepac™

* 75 Ohm 75HC
Series Wireline™

* 10 dB couplers
GC Series Wirepac™

* Easy form KA
Series Wirepac™

Caseless packaging technology
and flexible design interface
technology are targeting new
communications  systems and
radar/IFF applications. Demand-
ing, FAA Mode S performance
requirements are presently being
satisfied by rugged Diplexer /
Phase shifter / Coupler interface

subassemblies. Need creative
help? Send us your block diagram
and Enter the Sage Age of

Innovation.

To tackle the competitive de-
mands of these changing times,
you need a fresh approach from
professionals with a tradition of
integrity, success and customer
From off the shelf
products to creative ways to
switch, divide, filter or control,

service.

Sage interfaces give you more
performance and value. Get all
your signal where you want it.
Learn more about Sage technol-
ogy. Call or Fax your component

or assembly interface require-

ments today and let us send you
our 140 page product guide.
Enter the Sage Age.

jsage

LABDRATDRIES INC.

11 Huron Drive
Natick, MA 01760
Tel: (508) 653-0844
FAX: (508) 653-5671
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PROFESSIONALS YOU CAN WORK WITH
TECHNOLOGY THAT WORKS FOR YOU

Please see us at MTT-s, Booth #1101.



1,239,580

FILTERS

America’s Filter Specialist since 1956
TTE, Inc. Los Angeles, California

FAX: (800) 445-2791
TEL: (800) 776-7614

(310) 445-2791
(310) 478-8224

INFO/CARD 7

2.4GHz, LOW COST
SIGNAL GENERATORS

Wayne Kerr/Farnell offers a family of
low cost, high performance, synthesized
signal generators.

The PSG2400A covers a range of
100kHz to 2.4GHz and features com-

prehensive modulation facilities, dual
modulating oscillators, 0.1Hz to 500kHz,
wideband FM, SELCALL/DTMF/AM/oM

PSG1000B (10kHz to 1GHz)

and pulse. Sweep and sinad are standard.

The PSG1000B has a frequency range
of 10kHz to 1GHz with AM/FM/@M,

pulse optional, and much more.

Both units have IEEE-488.2 and

LabWindows drivers as standard. They

also have AC/DC/battery operation for
field applications.

=== WAYNE KERR

A Farnell Instruments Company

10

For more details,
call 800-933-9319

11 Sixth Road « Woburn, MA 01801-1744 « TEL: 617-938-8390 * FAX: 617-933-9523
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No compromise

necessary.

+10ppm

Uncompensated “AT" Cut
Crystal Osc.

(X0)

Murata Erie

ASIC-Based
DCXO

-40°C

10ppm \/—
——

Murata Erie’s new
ASIC-based DCXO

Excellent frequency stability has been a fact of life
with crystal oscillators for years. So has small size (a
relative term), low cost and flexibility. But, did you ever
try to get everything that you needed in a single oscillator/
package? No way. One, maybe two desirable charac-
teristics but certainly not all. You had to compromise.

Now, compromise no more.
Murata Erie has the solution...our new ASIC-based.

digitally compensated crystal oscillator is exceptionally

stable, truly tiny, low in cost and extremely flexible.

It is basically everything that you always wanted in a

crystal oscillator but always had to compromise to get.
Check some of these features and specifications:

B To +0.25ppm stability

B Less than 50 cubic centimeters volume

W 100 mW max power

B Built-in interface for reconfiguration
capability and software

B Single +5VDC power supply

SPECIFICATIONS
D210 AH

Frequency Range 10MHz to 25MHz
Stability over ~40°C to +85°C  405ppm

Output “HC" CMOS

Power Dissipation +5V @ 15mA

Short Term Stability 1x10E-9 @ T=1 sec.
Package Size 0.79" x 0.79" x 0.45", PC PINS

Find out more about how you can take the compro-
mise out of your crystal oscillator specifications. Write
for complete details on Murata Erie’s new ASIC-based
DCXO or call 1-800-831-9172, FAX: 1-404-684-1541.

_ ;
pern o2 1 ERIE

MURATA ERIE NORTH AMERICA
Marketing Communications

2200 Lake Park Drive

Smyrna, GA 30080

Delivering Technology Worldwide™

INFO/CARD 9
Please see us at MTT-s, Booth #835.




(GIGA-TRONICS
8540

UNIVERSAL

Powen Incredibly Fast and Accurate

Meren CW and Peak Power Measurements
At A Truly Incredible Price.

UNIVERSAL POWER an exclusive Burst Mode capturing FAST, EASY PEAK POWER
MEASUREMENT more than 2,000 readings in the same MEASUREMENT
Incredible is credible when describing tick of a clock. Now, an easy-to-use CW power meter
the 8540 Series of Universal Power And because the 8540 Series uses can also measure pulsed RF signals with
Meters. diode sensors, you can measure all the  the simple addition of a peak power
From Giga-tronics, the new power way from —70 to +20 dBm with the sensor.
in power meters. same sensor, and without range There are no time-consuming,
For the very first time, you can make changing delays. unreliable duty cycle corrections, and
CW and peak power If you're worried about you’ll get the same accuracy and speed

) having to write new code for you'd get with a much-more-

your computer controlled expensive dedicated peak power

testing, don’t be: The 8540 Series meter.

uses the same GPIB command set as View the pulsed signal’s amplitude
HP's 436A, 437B and 438A. profile on a scope and see the exact

Think about what all this will do power measurement point on the

for your ATE productivity as well pulse. Measure the overshoot.
as for your company’s bottom line. ~ Measure the droop.

The two-line display also lets you set the desired resolution
and select either Lin or Log readout for each line.

measurements quickly and accurately
with a single meter—a Universal Power
Meter.

And all for about the same price
you'd pay for the competitor’s CW

only power meter.

POWER MEASUREMENTS
INSTANTLY

Imagine seeing display updates

instantly: measurement speeds over
the GPIB exceeding 200
readings per second and

© 1993 Giga-tronics Incorporated

8540 Series features intelligent design and sophisticated soft
a simplified front panel and extensive built-in capabilities that prevent many common
operational mistakes that typically lead to inaccurate measurements.



The Secret Is The Sensors. § \‘ '

You'll be confident of your peak
power readings, and still have all the
benefits of an incredibly fast CW

power meter.

ONE OR TRUE TWO CHANNEL
OPERATION

If a single-channel meter is what you
need, the Model 8541 is the meter for
you. But if you need two-channel capa-
bility, the Model 8542 lets you see read-
ings from both channels simultaneously.
SIMPLE, INTELLIGENT
OPERATION

The 8540 Series has only half as
many controls as other power meters,

but don't let that fool you. Intelligent design

and sophisticated software give you easy

42 Power Meter
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The peak sensor adds a

A two-line back lit LCD display
provides you more data in less time.

marker on a monitor output
for setting an exact measure-
ment point on pulsed signals. incredible hands-on demonstration.

Surface Mount technology
assures greater sensor
accuracy and reliability

access to extensive built-in capabilities.

For example, you use the same key
to zero and calibrate the power
sensors. The meter automatically
determines the function you want by
detecting whether a sensor is
connected to the calibrator.

Imagine all this power and perfor-
mance. But why just imagine? Get the
truly incredible Giga-tronics 8540 Series

Universal Power Meter, and start
measuring CW and peak
power in a fraction
of the time.

Call us toll-free at
|1 800 726 GIGA.
Outside the U.S.
call your local
Giga-tronics
representative, or
call 001 408 734 5780. We'll send you
more information or arrange for an

INFO/CARD 10

Please see us at MTT-s, Booth #853.
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The Giga-tronics 8540 Series delivers
incredible performance by taking full
advantage of the speed and dynamic
range of diode sensors.

What's more, Giga-tronics has solved
the challenge that previously limited
diode sensors to the “square law”
region—below —20 dBm—by utilizing
a built-in power sweep calibration
system. So you get speed and a

full 30 dB dynamic range
without sacrificing

aceuracy.

Giga-tronics

Giga-tronics Incorporated
488 Tasman Drive
Sunnyvale, California 94089
Telefax: 408 747 1265
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Introducing The
1994 RF Design Directory
ON LABELS OR ON DISK!

Introducing the 1994 RF Design Directory. Available on labels or diskette, you'll find over 1,250 listings of manu-
facturers, vendors and consultants of rf products and services. Listings contain: Contact Name, Company Name,
Address, Telephone, Fax Number and a brief description of the product or service offered.

This format makes the Directory-On-Disk Directory-On-Disk allows you to
the perfect mailing list for your: sort by:

- Product Surveys - Alpha Order

- Promotional and Product Announcements

- Market Information and Surveys - ZIP Order

- Trade Show Mailings and Surveys

- Association Mailings and Surveys - Product Category

- User Group Mailings and Surveys

- Services and Seminars Mailing Also Available on 4-UP Cheshire

and Pressure Sensitive Labels

1994 RF Design Directory Order Form:

_ Book-$19.95 ea.
Labels or Diskette: $250
_____Pressure Sensitive Labels ____51/4” Floppy ASCII Disk
_ 4-UP Cheshire Labels ___31/2" Floppy ASCII Disk
Method of Payment:
____ Check payable to: CARDIFF PUBLISHING CO.

Bill My VISA | MC AMEX

$ Total Enclosed
Signature Date
Card# Exp.
Name Co.
Address MS
City/State AP =
Country Phone FAX
SEND TO: CARDIFF PUBLISHING CO. PH: 1-800-255-8080

6300 S. SYRACUSE WAY, #650
ENGLEWOOD, CO 80111 USA FAX: 303-267-0234




t’s this simple: you’ll find our NCO
and DDS products satisfy more of
your requirements with greater
availability, than anyone else’s.
Check us out for frequency synthesis,
or just about any kind of modulation -
AM, PM, FM, Chirp, and QAM.

Our twelve NCO chips enable you to
build your own DDS systems for high
volume applications and minimal
cost. And for fast, flexible designs, or
low production runs, choose from our
thirteen DDS boards.

This family supports all your needs,
from low cost high volume
applications, all the way to space
quality and radiation hardening.

For more information, call today.

STAN FORD

Custom
Products
Division

2421 Mission College Blvd.
Santa Clara, CA 95056-0968
Phone:  408/980-5684
Fax: 408/727-1482

Uniten KinGpon:

BRI - IBEXSA Electronics Lid
Mr. Mick Mercer

Phonc: +44 622 882467

FAX: +44 622 882469

For sales support outside the
continental United States,
please contact your
International Sales
Representatives.

Jaras:

Mr. Toshi Ishizawa

Phone +81 3 3639-982)
FAX: +81 3 36617433

Marubun Corporation

MonoLITHIC Ncolsl

ProbDUCT
STEL-1130
STEL-1172B
STEL-1173

CLOCK FREQUENCY

STEL-1173RH

STEL-1174
STEL-1175
STEL-1176
STEL-1177
STEL-1178A
STEL-1179
STEL-1180
STEL-2172
STEL-2173

60 MHz
50 MHz
50 MHz
40 MHz
50 MHz
80 MHz
80 MHz
60 MHz
80 MHz
25 MHz
60 MHz
300 MHz
{ GHz

DESCRIPTION il
Linear Quadrature Amplitude Modulat
32-bit NCO, Quadrature Outputs
48-bit NCO, Sub-MicroHz Resolution
Rad Hard with | MRad Tolerance
16-bit NCO, Low Price

32-bit NCO with Linear PM

83/4 Decade Decimal NCO with BCD Control
32-bit NCO with Linear PM and FM ports
32-bit NCO Dual with PSK

24-bit NCO, PSK and Low Price

32-bit Chirp Generating NCO

28-bit ECL NCO

GaAs NCO with PSK

Boarp LeveL DDS Probucrs

CLOCK FREQUENCY
Quadrature output

PrODUCT
STEL-1272

STEL-1273
STEL-1275
STEL-1276
STEL-1277
STEL-1375A
STEL-1376
STEL-1377
STEL-1378A
STEL-1479
STEL-2272
STEL-2273A
STEL-2373

01022 MHz
0to022 MHz
010 35 MHz
01035 MHz
01035 MHz
01035 MHz
01035 MHz
01035 MHz

Dual 010 35 MHz

0t 12 MHz
0to 130 MHz
010 400 MHz
0 to 400 MHz

DESCRIPTION
DDS

DDS with Sub- MicroHz Resolution

DDS with Linear PM

DDS with 0.1 Hz Resolution and BCD Control
DDS with Linear PM and FM

Miniature DDS Module with Linear PM
Miniature DDS Module with BCD Control
Miniature DDS Module with Linear PM and FM
Miniature DDS Module with PSK

Hybrid DDS, 1.5" by 0.8", Low price

DDS

DDS with PSK

DDS Hybrid with PSK, 2" by 1.1"

Cuassis Lever DDS Probucrs

CLOCK FREQUENCY

ProDUCT
STEL-9272
STEL-9275

GERMANY:

Alfatron GmbH

M. Christan Strercher
Phone: +49 89 45 110 250
FAX: +4989 45110129

InDIA:

Accutro) Systems, Pvt., Lid.
Mr. Viveh Raghavan
Phone: +91 812 648079
FAX: #91 22 202-9403

France:
M
M. Philippe Resmer

Phone +33 1306264 64

FAX: +33 1 306240 10

0to 130 MHz
0 to 400 MHz

ITALY (NORTH):
MicvoElt Sp.A.
Mr, Franco Cugusi

ISREAL:

FAX:

INFO/CARD 11

Regev Aviavon
Mr. Zeev Regev
Phone: +972 3 5334359

+972 3 5339302

Please see us at MTT-s, Booth #532.

Phone: +39 2 481-7900
FAX: 439 2481-3594

1TALY (SOUTH):
MicroElt S.p.A.

Dr. Massimo Marinuzn
Phane: +39 6 868-94-326
FAX: 439 6 827-5270

SwEDEN:
LEK
Mr. Bill Osterlund

Phone: +46 8 80 46 85

FAX: +468 26 22 86

DESCRIPTION
Complete DDS with Phase Lockable Clock
Complete DDS with Phase Lockable Clock

Spam:

Tekelee Espana

Mr. Moises Gracia
Phone: +34 1 3204160
FAX: 34 1 320-1018

DENMARK:

Vallentin Elcronik ApS
Mr. Lars Vallentin
Phonc: 44542 172417
FAX: 44542171518

AUsTRALIL SWITZERLAND:
Sabick Electronics Dimos AG
Mr. Grant Amor Mr Uns Oggenfuss

Phone: +61 8 3730233
PAX: +61 8 373-0206

Phone: +41 | 730-4088
FAX: +41 1 730-5133



Whenyoure
chances ate you

From cellular base stations to automotive
~ sensors, from the global positioning system
— to pen-based computers, you'll fin
' M fACOM’s components, subsystems and
systems wherever you find today’s most

< advanced RF and microwave
\ technology.
S Since we combine
proven technological
Unique expertise with innovative
HMIC high-volume, low-cost
slicon  manufacturing capabilities, M/A-COM is,
process.  increasingly, the technological partner of
choice for the world’s most competitive
companies. In fact, we are the only
independent RF and microwave company
with both the products you need to
compete successfully today and the
technology you'll need to stay in the
forefront tomorrow.

We cover the spectrum.

Our new products and our new semi-
conductor-based design, manufacturing
and packas;in technologies offer customers
unequalled advantages.

Our integrated-solutions approach begins with
predictive, physics-based, computer-integrated model-
ing and design methods that substantially reduce
development risk, time and expense. Advances such as
our unique ability to link on-wafer testing with contin-
uous flow manufacturing not only cut production costs
but also enhance performance and pregictability. The
result is hardware that meets or surpasses
market requirements, and also complies
with budget, time-to-market and
volume considerations.

M/A-COM's GaAs technology sets
the industry standard.

We speak digital.

Today, we are integrating the worlds of digital and
microwave technology and creating the
seamless communications and trans-
portation networks of tomorrow.

Microwave coaxial
surface mount connector.

As applications for wireless
technology increase, the interface
between microwave and digital tech-
nology becomes increasingly important. Our digital
signal processing capabilities transparently link



out infront,
Il get there first.

microwave technology to the digital world. And make
possible the highly integrated, multifunction solutions
which will become the standards of the wireless
industry.

We're thinking smaller.

Lower power consumftion, reduced size, lessened
noise, and increased efficiency are all critical attributes
of today’s portable, high-performance products.
Because we have expertise in areas such as high-speed
digital signal processing, voice and data compression,
miniaturization, and end-to-end systems modeling and
simulation, we can provide the portable marketplace

with the products and solutions they
require. At competitive prices.

At M/A-COM, the changing de-
mands of the marketplace don't
come as a surprise because our
R&D initiatives are structured to
encompass both near term and
longer ran}gue product develop-
ment. In this way, we can
anticipate change and ensure
reliable, predictabie transitions
from initial product concept to timely
delivery.

Choose your partner.

The most important technological choices
and decisions are made in the earliest
stages of the product development
process, and demand an understanding
and awareness of each system and its
unilue technological needs. This is when
M/A-COM'’s strengths and experience
are of greatest benefit to customers. Our
expertise, our ability to adapt to the
changing needs of both commercial and
government industries, and our commitment to our
customers make us your best choice as a technology
partner. A partner you can count on to help you get to
your destination first.

But whether you are currently looking for solutions
designed in at board level or off-tﬁe—shelf components,
Eou will benefit from calling us at 1-800-366-2266. In

urope: +44 (0344) 869 595. In Asia: +81 (03) 3226-1671.

:
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Please see us at MTT-s, Booth #1206.

Switch,
Limiter
and LNA
integrated
intoa

common
medium.



YOUR
SPECTRUM ANALYZER
Is GOOD...

, ] - IR 3 :
1"' ’ : 3

Our EM-2701 PRESELECTOR
WILL MAKE IT BETTER!

® Frequency: 9 kHz-1800 MHz e |EEE-488 Control @ Bypass Mode

ELECTRO-METRICS

A PENRIL CORPORATION®

U.S. Manufactured Products

100 Church Street ® Amsterdam, New York 12010-4299 @ TEL: 518/843-2600 ® FAX: 518/843-2812 @ TWX: 710-446-4798
INFO/CARD 13



REF letters

Letters should be addressed to: Edi-
tor, RF Design, 6300 S. Syracuse
Way, Suite 650, Englewood, CO
80111. Published letters may be
edited for length or clarity.

A Second Look at Double
Tuned Circuits
Editor:

Following the RF Tutorial, “Double
Tuned Circuits”, by Andrzej B. Przedpel-
ski, (RF Design, Nov. 1992), | want to
make several additional remarks.

Regardless of the circuit topology, the
coupling coeffcient can be computed
starting from the two possible coupling
configurations presented in Figure 1a
and 1b, where all the reactances are of
the same type (capacitive or inductive).

For the circuit of Figure 1a, the cou-
pling coefficient has the expression:

ke = Xe/{(Xor +Xo) (Xoa +Xo) (1)

while for the circuit of Figure 1b, the
coupling coefficient is:

| Xo1- X2 )
Y \(Xo1+Xc)~(X02+Xc)

The employment of equations 1 and 2
for different double tuned circuit configu-
rations leads to well known formulas.
Even “strange” topologies, as that of
Figure 1c, can be handled with equation
1 considering that Ly, is in series with
Cy2 = = F. The coupling coefficient is

KE=" Co/Cc

| also consider it interesting to notice
that if the tuned circuits are mutally
coupled as in Figure 2b, then increas-
ing or decreasing k¢ has no effect on
the resonant frequency of the two sep-
arate circuits, (and hence on the cen-
tral frequency of the double-tuned cir-
cuit characteristic), and the frequency

ol | e T T fir¥i . —y
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Figure 2.
RF Design

Figure 4.

characteristic for different coupling
coefficients has the same shape as in
Figure 3.

If capacitive or irductive (not mutual!)
coupling is employed, then the situation
changes. For example, in the double-
tuned circuit from Figure 2a, as C¢ is
increased (and consequently the cou-
pling is increased), the resonant fre-
quency of both circuits decreases
(which is absolutely normal, because
C,, and C are somehow in parallel).
The global effect is that the selective
characteristic tends to leave almost
unchanged its right peak position and
shifts to the left its left peak, as present-
ed in Figure 4.

lon-Constantin Tesu
lasi Poltechnic Institute, Romania

DECT IC Info

In the April Cover Story, “Radios for
the Future: Designing for DECT,” we
somehow included an INFO/CARD
number that was not on our reply
card. We apologize for the mistake.
Readers interested in the National
Semiconductor DECT chipset
described in that article can get more
information by caling National's Cus-
tomer Service Center at (800) 272-
9959.

Snague-Goodman

i e

;G'I:in}g

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)

* Qto 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.

[spnncué'
600DMAN

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

INFO/CARD 14
See us at MTT-s, Booth #1336.

Sprague-Goodman

i

oY

Surfcoil”
SMT Inductors

¢ Inductance from 10 nHto 1 mH

¢ 8 model series in 3 sizes:
2.5x2.0x 1.6 mm (0.098" x 0.079" x 0.063")
3.2x2.5x2.2mm (0.126" x 0.098° x 0.087")
45x3.2x3.2mm (0.177" x 0.126" x 0.126")

» Shielded, unshielded, ferrite core and

nonmagnetic models

« Operating temp: -20° to +85°C

» Carrier and reel standard

¢ Fully encapsulated

Phone, fax or write today for

Engineering Bulletin SG-800B.

SPRAGUE
goooman |

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

INFO/CARD 15
See us at MTT-s, Booth #1336.



NEW!

Surface Mount

Filters

for the same low price

$25~

each in quantities of 100

10 to 1600 MHz

* Three Sections

3dBBW:5% to 20%

50 dBc Stopband Rejection

-25° to +50°C Operation

Special models are also available
with as many as eight sections,
3-dB bandwidths from 3 to
100%, and increased lowpass
and highpass configurations.

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

INFO/CARD 16
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RF calendar

June
14-18

15-17

18

24-30

27-2

28-30

August

9-13

18-21

IEEE MTT-S International Microwave Symposium

Atlanta, GA
Information: John C. Hoover, Electromagnetic Sciences, Inc.,
Tel: (404) 263-9200 ext. 4245. Fax: (404) 263-9207.

Electric 93

Atlanta, GA
Information: Continental Exhibitions, Inc., 370 Lexington
Avenue, Suite 902, New York, NY 10017-6578. Tel: (800) 222-
2596. Fax: (212) 370-5699.

Automatic RF Techniques Group Conference

Atlanta, GA
Information: Conference Chairman, Jonathan Schepps, David
Sarnoft Research Center, MS 3-074, 201 Washington Road,
Princeton, NJ 08540. Tel: (609) 734-2185. Fax: (609) 734-
2034.

Symposium on the Air-Sea Interface: Radio and Acoustic
Sensing, Turbulence and Wave Dynamics

Marseilles, France
Information: Dr. Michael Skafel, NWRI, CCIW, Box 5050
Burling:on, Ontario, L7R 4A6, Canada. Fax: (416) 336-4989.

1993 IEEE AP-S International Symposium and URSI Radio
Science Meeting

Ann Arbor, M|
Information: University of Michigan Conferences and Semi-
nars, Ms. Ann Pendleton. Tel: (313) 936-0379. Fax: (313) 764-
2990.

Spread-Spectrum Communication Systems & Applications
Ann Arbor, M|

Information: Engineering Conferences, 400 Chrysler Center,

North Campus, The University of Michigan, Ann Arbor, Ml

48109-2092. Tel: (313) 764-8490. Fax: (313) 936-0253.

International Microwave Conference

Sao Paulo, Brazil
Information: Paulina Cardoso, IMT-Escola de Engenharia
Maus, Estrada das Lagrimas, 2035, 09580 S. Caetano do Sul -
SP, Brazil.

IEEE International Symposium on Electromagnetic
Compatibility

Dallas, TX
Information: Dr. Frederich M. Tesche, c/o International Compli-
ance Corporation, 1911 E. Jeter Rd., Argyle, TX 76226. Tel:
(817) 491- 3696. Fax: (817) 491-3699.

IEEE 1993 International Geoscience and Remote Sensing
Symposium (IGARSS ’'93)

Tokyo, Japan
Information: Mr. Natsuhiko Motomura, Remote Sensing Tech-
nology Center of Japan, 7-15-17 Roppongi, Minato-ku, Tokyo
106, Japan. Tel: (81) 3-3403-1761. Fax: (81) 3-3403-1766.

June 1993



othing is more important in business
today than reliability. Your product...
and your reputation...depend on it.

So do ours. That's why we take
every step we can to ensure that when you
put our RF and microwave connectors and
cable assemblies in your products, you can
trust them as if you had built them yourself.

We'll work with you from Day One to
design, develop and manufacture products to
meet the most demanding specs. We have a
state-of-the-art RF test lab as well as on-site
plating facilities. We use performance testing
to ensure that our connectors work in your
environment. We provide superior quality
control. And MRP manufacturing helps keep
your inventory and costs in check.

What does that get you? An extensive line
of RF connectors and cable assemblies
including standard SMA, SMB. SMC.
SSMB. SSMC, K, TNC, N, Slide-on, QPL
and Between-Series adapters as well as cus-
tom designs built to meet the most exacting
standards. All delivered on time. Every time.

Take. for example, our MCX connectors.
Lighter and more compact than SMBs.
they re an ideal choice for small, portable
50 ohm applications ranging to 3 GHz. And
for a low-cost, easy assembly cable junction
to printed circuits, take a look at our two-
piece coaxial terminators. They come in a
variety of styles for popular RG series and
similar cable types and allow pre-assembly
to simplify wave soldering.

And we'll keep adding smart designs like
these so that, whether you need RF connec-
tors and assemblies to meet industry, commu-
nication-grade, aerospace or military stan-
dards, ITT Cannon Sealectro is ready.

Rely on it.

For more information, call or write us
with your specifications:
ITT/Cannon/Sealectro

585 East Main Street
Mraapy ITTCannon
800-532-3750 ¢ 203-223-2700 SEALECTRO

A company committed to continuous improvement and customer satisfaction.
INFO/CARD 17

See us at MTT-s, Booth #1014,




RF courses

Basic Radar
July 13-15, 1993, Atlanta, GA
Radar Design Workshop
August 17-19, 1993, Atlanta, GA
Information: Georgia Institute of Technology, Continuing
Education. Tel: (404) 894-2547.

Wavelet Transform: Techniques and Applications

August 9-11, 1993, Los Angeles, CA
Active and Passive RF Components: Measurements,
Models, and Data Extraction

August 16-20, 1993, Los Angeles, CA
Information: UCLA Short Course Program Office. Tel: (310)
825-1047. Fax: (310) 206-2815.

Navstar/GPS

September 22-24, 1993, Boston, MA
Information: University Consortium for Continuing Education.
Tel: (818) 395-6335. Fax: (818) 995-2932.

Eighth Vacation School on Data Communication and
Networks

July 12-16, 1993, Birmingham, UK
Ninth Vacation School on Satellite Communication
Systems

July 18-23, 1993, Guildford, UK
Information: The Institution of Electrical Engineers, Savoy
Place, London WC2R 0BL, United Kingdom. Tel: (44) 071-240
1871. Fax: (44) 071-497 3633.

High-Speed Communication Networks
August 16-18, 1993, Santa Cruz, CA
Compression Technologies: Image, Video & Associated
Standards for Computers, Communications & Consumers
August 19-20, 1993, Santa Cruz, CA
Information: University of California Extension. Tel: (408) 427-
6600. Fax: (408) 427-6608.

Analyzing Communication System Performance

July 14-16, 1993, Washington, DC

September 13-15, 1993, San Diego, CA
Digital Cellular Radio

July 27-30, 1993, Washington, DC
Nonlinear Microwave Circuits

August 9-11, 1993, Washington, DC
Telecommunication Traffic Engineering

August 16-18, 1993, Washington, DC
Modern Receiver Design

August 23-27, 1993, Washington, DC
Microwave Radio Systems

August 25-27, 1993, Washington, DC
Introduction to Wireless Telecommunications:
Technologies, Applications, Regulatory Issues,
and Market Dynamics

August 30-September 1, 1993, Washington, DC
Mobile Satellite Communication Systems

August 30-September 1, 1993, Washington, DC
Principles and Applications of High-Frequency Radio
Communications

August 30-September 2, 1993, Washington, DC
Lightning Protection

September 9-10, 1993, Washington, DC
Global Positioning System: Principles and Practice

September 15-17, 1993, San Diego, CA
Future Telecommunications for Providers, Suppliers,
Users, and Regulators

September 20-22, 1993, Washington, DC
Information: The George Washington University, Continuing
Engineering Education, Merril A. Ferber. Tel: (202) 994-8522
or (800) 424-9773.

Electromagnetic Compatibility and Interference

September 14-17. 1993, San Diego, CA
Finite Element and Finite Difference Time Domain Methods
for Solving Electromagnetic Engineering Problems

July 19-21, 1993, Worchester, MA
Information: Southeastern Center for Electrical Engineering
Education, Kelly Brown - Registrar. Tel: (407) 892-6146. Fax:
(407) 957-4535.

Linear Design Seminar
July 14, 1993, Raleigh, NC
July 15, 1993, Atlanta, GA
July 27, 1993, Dayton, OH
July 28, 1993, Cleveland, OH
July 29, 1993, Philadelphia, PA
August 11, 1993, Detroit, M|
August 12, 19983, Chicago, IL
August 17, 1993, Iselin, NJ
August 19, 1993, Orlando, FL
Information: Texas Instruments. Tel: (800) 477-8924 x3443.

RF/MW Small Signal/Low Noise Amplifier Design
June 13-14, 1993, Atlanta, GA
RF/MW Large Signal Amplifier Design
June 13-14, 1993, Atlanta, GA
Applied RF Design Techniques |
June 21-25, 1993, Burlington, MA
RF/MW Circuit Design
July 5-9, 1993, Oxford, UK
RF Circuit Components: Measurements, Models and Data
Extraction
July 12-16, 1993, Okford, UK
August 16-20, 1993, Los Angeles, CA
RF Circuit Design: Passive and Active Linear Networks
August 24-27, 1993, Los Altos, CA
RF Design: Nonlinear Circuits and Devices
August 30-Sept 2, 1993, Los Altos, CA
Information: Besser Associates. Tel: (415) 949-3300. Fax:
(415) 949-4400.

Workshop in Finite Elements in Electromagnetics

June 21-25, 1993, Troy, NY
Information: Rensselaer Polytechnic Institute, Office of Contin-
uing Education. Tel: (518) 276-8351.

22

Inherently Conductive Polymers: An Emerging Technology
September 8-10, 1993, Boston, MA

Informetion: Advanced Polymer Courses, Dr. M. Aldissi. Tel:

(802) 655-2121. Fax: (802) 655-2025.

June 1993



ULTRA-BROADBAND
RF POWER AMPLIFi

From KALMUS ENGINEERING, Of Course!

ALL SOLID-STATE MOS-FET RF AMPLIFIER SYSTEMS

MODEL  RFOUTPUT _ FREQUENCY RANGE GAIN  USA PRICE

700LC  1.5WCW 003-1000MHz ~ 33dB § 1,695

704FC 4WCW 5-1000MHz  33dB § 2,195

210LC  10WCW 008-225MHz ~ 40dB S 2,495

710FC  10WCW 1-1000MHz  40dB $ 6,695

727LC 10WCW .006-1000MHz ~ 44dB § 7,750

NEW 713FC  15WCW 10-1000MHz ~ 42dB  § 4,250
225lC  25WCW 01-225MHz ~ 40dB § 3,295

‘737LC  25W CW 01-1000MHz  45dB § 9,995

712FC =~ 25WCW 200-1000MHz ~ 45dB  § 6,950

NEW 714FC  30WCW 10-1000MHz ~ 450B  § 9,950
250LC  50WCW 01-225MHz  47dB  $ 5,250

‘ 715FC  50W CW 200-1000MHz ~ 47dB  $ 16,990
" 707FC  50WCW 400-1000MHz ~ 50dB  $ 9,990
| NEW T716FC  50WCW 10-1000MHz ~ 47dB  $17,950
‘ ‘747LC  50WCW 01-1000 MHz ~ 47dB  $ 19,500
116FC  100W CW 01-225MHz  50dB  $ 8,800

709FC  100W CW 500-1000 MHz ~ 50dB  $ 16,990
717FC  100W CW 200-1000MHz ~ 50dB  $ 19,500

NEW 718FC  100W CW 10-1000MHz ~ 50dB  $ 26,950
*757LC  100W CW 01-1000MHz  50dB  $29,950
122FC  250W CW 01-225MHz  55dB  $ 14,650

723FC  300W CW 500-1000 MHz ~ 55dB  $ 29,295
LAS00G  500W CW 500-1000 MHz  57dB  $ 53,500

RUGGED VAGCUUM TUBE DISTRIBUTED AMPLIFIERS

EMI-EMC-RFI

116C  100W CW 01-220MHz  50dB $§ 9,295
122C  200W CW 01-220MHz  53dB  $ 11,750
134C  500W CW 01-220MHz ~ 57dB  $19,800
137C  1000W CW 01-220MHz  60dB  $27,550
140C  2000W CW 01-220MHz  64dB  $44,990

AC Operation
Warranty: Full 18 months all parts. Vacuum tubes 90 days
I:uny Prntected * Indicates Dual-Band Systam (coaxial band switching)

Drive Mismatched Loads
No VSWR Shutdown

ALC Flat Gain Response
Remote Functions
Lowest Prices

1-800-344-3341 Mare Than 200 Standsrd Models
(206) 485-9000 1(206) 486-9657 t9-Chbose Frati

21820-87h S.£. Woodinville, WA 38072 USA
INFO/CARD 18




RF news

ITU Streamlines
Telecommunications

Sector

The World Telecommunication Standard-
ization Conference recently completed a
meeting to streamline the Telecommuni-
cation Standardization Sector to increase
its competitiveness in the global standard-
ization arena. An advisory group was set

up to review priorities and strategies for
activities of the Telecommunication Stan-
dardization Sector, to review progress in
the implementation of its work program
and to recommend measures to foster
cooperation and coordination with other
standards bodies and with other organiza-
tions having interests in teleccmmunica-
tion standardization. In addition, the Con-
ference officially launched the ITUDOC —

Surface Mount

* ATTENUATORS

* SPLITTERS
* DOUBLERS
* BALUNS

... custom engineered Your Way!

LORCH ELECTRONICS now offers the broadest line of custom
engineered surface mount RF/IF signal processing components in
the industry! They're available in a wide variety of space-saving
packages including low-cost commercial, gull wing, flat pack, open
substrate, and MIL hermetic styles.

* PHASE SHIFTERS
* HYBRIDS
* TRANSFORMERS
* PHASE DETECTORS

Take advantage of over 25 years experience in the design of
precision signal processing components for commercial,
aerospace, and military applications. Challenge our design team
with your most difficult surface mount requirements. You'll get an
immediate response offering the optimum product solution to meet
your particular requirements. Call, write, or FAX today!

* COUPLERS
* MIXERS ° FILTERS
* QPSK MODULATORS

LORCH ELECTRONICS

2801 72nd Street North ¢ St. Petersburg. FL 33710 * (813) 347-2181 - FAX (813) 347-3881
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the ITU’s electronic document exchange
service. The service includes administra-
tive, general information documents, and
ITU standards. The Conference also
announced the availability of all ITU
telecommunication standards on CD-
ROM.

NIST Budget Increased — Presi-
dent Clinton’s fiscal year 1994 budget
request of $535.2 million for the Com-
merce Department’s National Institute of
Standards and Technology is a $151.2
million, or 39 percent, increase over the
current appropriation of $384 million.
$241 million will be spent to fund
research and supporting services includ-
ing initiatives in high performance com-
puting, advanced manufacturing,
advanced materials, electronics,
biotechnology and chemical processing
and international trade and standards.
$232.5 million has been appropriated for
technology development and technology
transfer and $61.7 million will fund
design work for a 10-year project to
replace scientifically obsolete laboratory
space at NIST’s 25- to 35-year-old facili-
ties in both Maryland and Colorado.

U.S. and Russia to Harmonize
Standards — A memorandum of
understanding on scientific and techni-
cal cooperation was recently signed by
the Department of Commerce's National
Institute of Standards and Technology
and the State Committee of the Russian
Federation for Standardization, Metrolo-
gy and Certification. Both parties will
work together to promote international
standards and product acceptance crite-
ria; develop new methods and reference
standards/materials for different types of
measurements; harmonize standards for
legal metrology; research precise mea-
surements of physical quantities and
comparisons of standards of basic phys-
ical units; perform fundamental research
in chemical, physical and engineering
metrology; and other activities related to
standards and/or metrology.

New Passivating Process for Gal-
lium Arsenide — Researchers at the
Georgia Institute of Technology have
developed a new process for stabilizing
gallium arsenide semiconductors. The
process protects the gallium arsenide
device from corrosion, mechanical dam-
age and electrical deterioration. The
new technique produces a stable nitride
film at low temperatures and does not
damage the fragile crystalline structure
of the material. The technique can be
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m' n eWS continued

used with other 1lI-V compound semi-
conductors as well. Georgia Tech scien-
tists believe the nitriding process could
be used to insulate and seal the junc-
tions of capacitors, to insulate areas
between transistors, and to provide the
dielectric layer for making capacitors.
Because it uses low temperatures, the
process could be used to passivate a
fully-fabricated electronic device.

Multi-GHz Bandwidth Supercon-
ducting ADC — Hypres, Inc. recently
developed and tested a 10-GHz band-
width superconducting flash anaiog-to-
digital converter (ADC) that achieves 4.4
effective number of bits (ENOB) at a 4-
GHz signal bandwidth. An 8-bit device
was tested in liquid helium at a tempera-
ture of 4.2K. Tests includec sampling
low-bandwidth (100 kHz) and high-band-

and I make sure they’re built right. If anything goes wrong I
take it very personally. A while back I decided that we were
having more long term failures than we should. No more than
anybody else in the business, but still... it wasn't right. So, I
developed a new test that gets us fewer long-term failures than
anyone around, under four per million device hours.

P’m convinced we're the better supplier for your porce-
lain chips, so I've put together a package with our new test
data that will convince you too. Don’t take my word, call and

check it out for yourself.

You need more information, or have a problem -
talk to me! I'm sitting right next to the production

9
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K

line so I can get you the answer you need, fast. Like I
said, I take this very personally.

Ask for me, Mark, 315-655-8710, and I'll send

you our test data and sample kit.
W The best quality control is the right attitude.

dielectric

Al

Cazenovia, NY 13035
Tel: 315-655-8710
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width (2 to 12 GHz) signals at a 1-Gsam-
ple/s rate. At 100 kHz, the ENOB was
measured to be 7.5; at the higher signal
range it was 7.25. The ADC was fabri-
cated with 2-um junctions at 5000A/cm?
using Hypre’s standard eight-layer niobi-
um process. Characteristics include low
circuit complexity, less than 1 mW power
consumption, and a full scale sensitivity
of 10 mA into 25 ohms.

Commercial Satellite Equipment
Market to Grow — According to a
recent report from Market Intelligence
entitled, “Satellite Communications
Equipment Markets: VSAT and Mobile
Applications Unleash Satcom,” the com-
mercial satellite equipment market is
expected to expand from $1.3 billion
worldwide in 1992 to $2 billion in 1998
at a 7 percent compound annual rate.
Major end-user growth in demand will
come from retail, automotive and media
businesses. Along with private business
networks, demand for distance learning
and public sector applications — espe-
cially in less developed parts of the
world — will fuel earth station growth.
According to the report, most growth will
take place outside North America.

Siemens Division Relocates —
The Siemens Integrated Circuit Division
recently relocated. Their new address is:
01950 North Tantau Avenue, Cupertino,
CA 95014. Tel: (408) 777-4500, Fax:
(408) 777-4957.

Samsung Acquires Interest in
array Microsystems — array
Microsystems has announced that Sam-
sung Electronics Company has acquired
a 20 percent interest in array Microsys-
tems through an equity investment.
Samsung and array have been working
together since January 1991 on a family
of video compression ICs targeted at the
multimedia market.

Oscillator Markets, Applications
and Competitors — A new market
survey is available from Allied Business
Intelligence entitled, “Oscillators: North
American Markets, Applications & Com-
petitors: 1993 to 1996 Analysis.” The
report looks at production, market
shares, trends, competition, technology,
forecasts and applications. For example,
according to the report 55 percent of
oscillators sold to the merchant market
in North America in 1992 were for nar-
rowband applications. Growth is expect-
ed to be around 7.25 percent annually
through 1996 for these products.
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Teamwork:
total satisfaction

In March of this year, Cougar
Components received Northrop’s
Outstanding  Team  Member
award.

With  this award, Northrop
recognizes that Cougar
Components’ performance in
1992 "best exemplifies those
achievements expected from a
World Class Supplier.” We are
proud to be honored in this way
and would like to thank all of the
employees, representatives and
suppliers of Cougar Components
for their continuous support in
our quest for World Class
performance.

Cougar manufactures amplifiers,
AGC amplifiers, attenuators,
limiters and limiting amplifiers
in various package styles to best
meet our customers’ needs.
Cougar is made up of people
who believe in continuous
quality  improvement; weTe
always open to new ideas and
possibilities. Quality and service
is Cougar’s concern from the
time we pick up the phone to the
time our customer ships their
final product and everyone is
satisfied.

Cougar Components takes pride
in providing superior perform-
ance, on-ume delivery and
exceptional support to all of its
customers.

To request more information
about Cougar and receive a free

COUGAR COMPONENTS catalog, please contact us at:

1992 PH: 408-492-1400
FX: 408-492-1500
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Broadcast Symposium Call for
Papers — The 43rd Annual Broadcast
Engineering Symposium sponsored by
the Broadcast Technology Society of the
IEEE has issued a call for papers. The
symposium will be held September 22-
23, 1993 in Washington, DC. Technical
papers should focus on AM, FM and
Television digital transmission tech-
niques; antenna design and testing,
transmitter development and other relat-
ed topics. Send abstracts by June 15 to
Philip A. Rubin, Rubin Bednarek &
Associates, 1350 Connecticut Avenue,
NW #610, Washington, DC 20036. Fax:
(202) 296-9383.

Disaster Relief Aided by New Cel-
tular Technology — In December,
1992, the Indonesian Island of Flores was
devastated by an earthquake and tidal
wave that caused the deaths of more than
2000 people and destroyed much of the
island’s infrastructure. To aid relief efforts,
Motorola implemented their new Wireless
Local Loop product, WILL". The system
was developed to serve the basic telepho-
ny needs of people in urban and difficult to

reach rural areas and is intended to pro-
vide fixed telephony services in areas with
little or no existing wireline telephone ser-
vice or as a supplement to the existing
wireline service. From order placement to
system optimization, the WILL" project
took three weeks; installation of the opera-
tional system was completed in five days.

Microwave Hybrid Circuits Call
for Papers — Rogers Corporation has
issued a call for papers for the 1993
Microwave Hybrid Circuits Conference.
The conference, to be held October 17-
20 in Apache Junction, AZ, will address
the theme: “Microwave Pac<aging for
the 90’s.” New MIC/MMIC papers on
microwave or millimeter work will be
considered. Suggested subjects include:
new applications for microwave; innova-
tive design, processing and quality
issues; advancement in materials; mate-
rials testing; packaging techniques,
unsolved problems in design or imple-
mentation; software tools; and high vol-
ume manufacturing methods. Papers
which address the theme of this year’s
conference will be given special consid-

eration. Send abstracts as soon as pos-
sible to: General Chairman, Rogers
Corp., 100 S. Roosevelt Ave., Chandler,
AZ 85226. Tel: (602) 961-1382. Fax:
(602) 961-4533.

Compression Labs to Help Devel-
op Digital Simulcast HDTV Sys-
tem — Compression Labs recently
announced that they will participate in
the development of the Advanced Tele-
vision Research Consortium’s (ATRC)
digital simulcast HDTV system. Their
partners will include the David Sarnoff
Research Center, Philips Consumer
Electronics, Thomson Consumer Elec-
tronics and NBC. The system will under-
go testing from the Federal Communica-
tions Commission’s Advisory Committee
System Test Program at the Advanced
Television Test Center early next year.

RFID Open Protocol Released —
Micron Communications, Inc. recently
announced the publication of the
“Micron RFID Protocol.” The radio fre-
quency identification protocol is open so
that other companies can license it to
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make compatible RFI components and
systems. Persons interested in receiving
a copy of the protocol may contact Kae
Wiemer at (208) 368-4000.

Dynascan Changes Name — Dyna-
scan Corporation has announced a name
change to Cobra Electronics Corporation.
The change comes in response to the
recognition the company has received for
their Cobra brands which include cordless
telephones, answering systems, CB
radios, radar and laser detection systems
and scanners.

Rapid Systems Moves to New
Location — Rapid Systems, Inc. has
announced the relocation of their offices
to: 4307 Leary Way NW, Seattle, WA
98107. Tel: (206) 784-4311. Fax: (206)
784-0333.

Scientific-Atlanta Ships Inmarsat-
M Terminals — Scientific-Atlanta has
announced that its Model 9821 MariS-
tar-M® is the first terminal to be
approved by Inmarsat for connection to
its new Inmarsat-M digital service net-

work. Two yachts, the 92-foot Ampro
Viking and the 46-foot Jackerel are now
equipped with the capability to transmit
and receive voice transmissions any-
where in the world, including the middle
of the ocean. The unit consists of a light-
weight above-deck antenna and a small
below-deck electronics unit which is
about the size of a VCR. Digital voice
telephone service is provided at a com-
pressed rate of 4.8 kilobits per second.

New EMC Company — Euro EMC
Service recently announced their start-
up. The new firm offers EMC testhouse
capabilities, consulting, training, and
R&D. Their address is: Euro EMC Ser-
vice (EES), Dr. Hansen GmbH, Pots-
damer Str. 10 (TZT), D-O-1530 (14513)
Teitow, Germany. Tel: (49) 3328
477141, Fax: (49) 3328 477142.

Consortium Formed to Advance
Synthesizing, Processing of Elec-
tronic Materials — A team comprising
five high-technology industrial firms, four
universities and a national laboratory has
undertaken a two-year program that

promises to significantly advance the
nation’s capabilities in high-performance
electronic and optical devices. The
alliance, headed by Hughes Research
Laboratories and Texas Instruments’ Cen-
tral Research Laboratory as principal part-
ners, has been funded by the Advanced
Research Projects Agency to study ways
to advance the synthesis and processing
of new electronic materials. The major
goal of the program is to enhance molecu-
lar beam epitaxy technology, thus improv-
ing the U.S. competitive position in semi-
conductor structures. The program is val-
ued at approximately $10 million with
more than half the funding provided by the
industrial partners.

Pineapple Technology Acquires
Amplifier Product Line — Pineapple
Technology Inc. has announced the acqui-
sition of the amplifier product line devel-
oped for the TV broadcast industry from
Spectrian (formerly MMD). The product
line consists of solid-state amplifiers and
subassemblies designed and manufac-
tured for OEM’s in the domestic and
international TV broadcast markets.
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RF industry insight

Military RF Systems —
Selecting the Right Targets

By Gary A. Breed
Editor

here is no question that the contin-

uing reduction in military spending
is wreaking havoc in many parts of the
RF community. The threat of the Sovi-
et superpower is probably gone for
good, and although there remain other
threats to U.S. interests worldwide,
there is no more arms race. The cuts
are deep enough to keep the most
prominent Senators and Representa-
tives from bringing lucrative military
contracts to companies in their dis-
tricts, and many bases are slated for
closure.

Even with a smaller budget, howev-
er, the U.S. military is still a very large
market for RF products. This report
will highlight a few areas where signifi-
cant military development and manu-
facturing is being funded.

Superconductivity

The increased performance and
smaller size afforded by superconduct-
ing circuits has the attention of per-
sonnel directing military development
funding. James Long, Vice President
of Superconductor Technologies
notes, “We should thank DARPA,
which is now ARPA, for maintaining
support for several key technologies.”
Recent projects at Superconductor
Technologies include a notch filter
bank for a program administered by
Wright-Patterson AFB, a 35 GHz to 1
GHz downconverter, a 2 GHz minia-
ture lumped-element filter, and several
delay lines.

The military sees a benefit from
superconductors in high performance
microwave and high frequency circuit-
ry. Low-loss printed delay lines can
replace large, lossy coaxial cable
assemblies without the high dispersion
and radiation of ordinary micro-
stripline. High performance filters can
be constructed as loaded cavities or
stripline instead of full-size cavities.
The size and weight savings can be
critical in airborne surveillance or EW
systems.

The major problem area is in cooling
the superconductors to liquid nitrogen
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A soldier uses the AN/PRC-119 SINC-
GARS manpack radio.

temperatures. Fortunately, some high
performance systems are already using
cooled low-noise amplifiers, and can
support additional system components.
Superconductor Technologies is work-
ing closely with cryogenic cooler manu-
facturers to develop small, inexpensive
and reliable coolers.

An additional benefit in the eyes of the
funding authorities is transfer of technoi-
ogy to commercial markets. Supercon-
ductors are already in use as interfer-
ence filters for radio astronomy, and in
spacecraft communications and sensing
equipment. Research is underway into
low-loss MRI (magnetic resonance
imaging) coils and cellular base station
channel filters.

Military Programs

“Communications systems are
among the most active military pro-
grams right now,” notes Roger Lesser,
Editor of Defense Electronics. The
SINCGARS manpack radio program
(ITT Aerospace, prime contractor) and
the MILSTAR satellite communications
program (Lockheed, prime contractor)
are both in full production. Although
they have seen a slight slcwdown in
the delivery schedule, these programs
have seen no cuts.

A more recent program noted by

Lesser that offers a new opportunity is
Combat Talon, a Special Operations
support aircraft carrying communica-
tions, surveillance and countermea-
sures equipment. Loral, Hughes and
Texas Instruments are mentioned as
military contractors involved in this
program. This type of program is an
example of the military’s interest in C4l
systems, which provide information
that can make more efficient use of
manpower and hardware. Also in this
category are threat simulators, which
allow training in a realistic environ-
ment, and which are also used for EW
system evaluation. There is also con-
tinued work on smart munitions, which
minimize pilot risk and improve com-
bat effectiveness.

Even program cancellations can
have a bright side. Recently, the Air-
borne Self-Protection Jammer (ASPJ)
program was canceled, leaving the
Navy without a replacement for older
countermeasures systems. Numerous
defense contractors (Loral, Lockheed
Sanders, Litton, Raytheon, Tracor and
Martin Marietta) are offering versions
of existing systems that can update
the Navy’s F-18 and F-14 fighters at a
lower cost than ASPJ, while keeping
production and support personnel
busy.

Of course, the NAVSTAR/GPS pro-
gram must be noted. This military nav-
igation system is rapidly becoming a
significant civilian market, with exten-
sive use in land surveying and com-
mercial transportation. Hand-held GPS
receivers are approaching the $500
price range. NAVSTAR/GPS is an out-
standing example of a military pro-
gram with a major spinoff into com-
mercial and consumer markets. With
budget cuts and careful spending,
such multiple-use systems may have
the edge in receiving funding for
development. RF

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

Implementation of a C-QUAM
AM-Stereo Receiver Using a
General Purpose DSP Device

By Dion Messer Funderburk and Sangil Park

Motorola Inc., Digital Signal Processing Operations

The audio consumer market has
embraced digital audio systems with
DSP (digital signal processing) as the
latest and best technology for audio
electronics. DSP is used in these sys-
tems to create concert hall effects,
reverberation and noise cancellation as
well as CD quality sound. Since these
are all firmware solutions, the DSP’s use
can be extended to that of digitally
receiving radio signals as well, which
reduces analog circuitry in audio sys-
tems while providing superior quality
sound.

he authors derived and implemented

an algorithm to perform AM radio
reception with and without the C-QUAM
(C-QUAM is a registered trade mark ot
Motorola, Inc.) (Compatible Quadrature
Amplitude Modulation) stereo signal.
This paper outlines this derivation,
analysis and implementation of the digi-
tal radio using digital signal processing
techniques.

Background

The FCC approved a stereo system
for FM broadcast at the peak of AM
radio popularity. When this occurred in
1961, AM radio had the biggest share of
the radio market (1). The stereo sound
that FM provided quickly eroded the AM
radio market and efforts were made to
create a stereo broadcast system for
AM. Many techniques were developed
to perform AM stereo transmission to
recover a larger share of the radio audi-
ence lost to FM.

To this day the FCC has not specified
one particular AM stereo technique as a
standard as they did with FM, but did
complicate the design by specifying that
every AM stereo broadcast technique
must allow installed monaural AM
receivers to receive an undistorted sig-
nal when tuned to a stereo channel. As
much as this complicated the design of
AM stereo techniques, the FCC tested
and approved (approved, not specified)
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Figure 1. C-QUAM AM stereo
transmitter.

several standards including the C-
QUAM technique in 1981 (2). There are
more C-QUAM stations than any other
AM stereo technique with approximately
574 stations throughout tne United
States and 206 stations internationally
for a total of 780 C-QUAM stations world
wide using the C-QUAM stereo trans-
mission technique (3).

The compatibility issue of receiving a
sterec signal undistorted on a non-
stereo receiver has made the most obvi-
ous mathod of providing an AM stereo
signal impossible to use. The most obvi-
ous technique is that of mcdulating a
carrier with the L + R signal and a 90
degrees shifted carrier with the L - R

_”i nvelope)

Detector

RF Inpu
-

Left Out
-

SRS
Right Out

Figure 2. Analog C-QUAM AM
stereo receiver.

signal, generally referred to as Quadra-
ture Amplitude Modulation (QAM).
Envelope detectors are the most popu-
lar method of detecting the AM radio
signals and they would not be able to
detect this signal if a large modulation
index existed in a stereo signal in which
L only or R only was transmitted. Thus,
it would not be compatible with existing
receivers which use envelope detectors.

A unique and patented method is
used to create the C-QUAM stereo sig-
nal. This technique transmits L (left
channel) and R (right channel) informa-
tion by encoding L + R and L — R chan-
nel information into the phase of the
transmitter carrier. Finally, the “modified”
carrier is then amplitude modulated by
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Figure 3. Detailed system diagram for the digital AM stereo receiver.
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You don’t always get
what you pay for.

With PTS synthesizers, you get more.

Because we're synthesizer specialists, we give
you more for your money in more ways than one.

From our economy PTS x10, to our space-

saving PTS 310, to our top-of-the-line PTS 1000,
we have more models to cover your source needs

from 100 KHz to 1 GHz.

* OCXO, TCXO or external standard,
¢ choice of resolution from
100 KHz to 0.1 Hz,
¢ DDS with phase-
continuous switching,
e digital phase rotation,
¢ BCD or GPIB
remote control,
and almost a hundred
others to let you specify a
synthesizer so well-tailored
to your requirements that
it's like having one custom made for you.

Our priority in design and manufacturing is to
make our synthesizers more reliable, and this
has led to a demonstrated MTBF of 25,000
hours. That’s why we can back them with our
all-inclusive 2-year warranty, along with a flat-
rate service charge for eight years following the
warranty period.

All of our synthesizers feature low power
consumption, low spurious output (as low as
-75 dBc), low phase noise, and fast frequency
switching (as fast as 1 usecond).

And all of our models are available, at a lower
price, in a remote-only OEM configuration for
easy integration into your OEM system.

Our full catalog has all the information you
need to specify the
most synthesizer for
your money.

Call or FAX us for your
copy, or for immediate
engineering assistance.

P.O. Box 517 Littleton, MA 01460

508/486-3008 FAX 508/486-4495
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the L + R signal (4). The output of the |
and Q modulators, of Figure 1 respec-
tively are:

1= [L(t) + R(t)] cos () M)
and

()

These signals are summed and added
to the carrier signal to result in

I+ Q+cos (wt) = [L(t) + R(t)] cos (w,t)

Q =[L(t) - R(1)]sin(w,t)

+[L(t) - R(t)] sin(w,t) + cos(w,t) @)
which can be expressed as

B(t)cos [t +(t)] (4)
where

B(t) = y[1+L(t) + RE)]" +[L(t) - R(1)]5)
and
([ L(t)-R(t) |
t)=tan?| ——— -
Y=t R (©).
The limiter then serves the purpose of
creating a constant amplitude signal

while maintaining the unique phase
information.
A cosfw.t +¥(t)] @)

This signal essentially becomes the
carrier which is modulated by the L(t) +
R(t) signal. The resulting signal from the
transmitter is:

(8)

T, (t)= A[1 +L(t)+ R(t)]cos[wct + y(t)]
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It is possible to receive this signal
undistorted on a non-stereo system with
an envelope detector. Because an enve-
lope delector ignores the phase informa-
tion contained in the signal (5), the
result wil be

©

which is the standard signal which
would be seen by the receiver if the
transmitter was monaural.

A block diagram of the analog receiver
is shown in Figure 2. The output of the
envelope detector is simply the L + R +
C(carrier) signal normally expected from
a monaural system. Using this output
and comparing it to the QAM output, the
input to the QAM portion of the block
diagram shown in Figure 2 can be gain
modulated to remove the cosy term (the
input signal is divided by the cosy term),
with the resulting output of the | and Q
demodulators being the required signals

(3):
[1+L(t)+ R(t)]

A[1+L(t) + R(t)] cos (1)

(10)
and

[L(t)-R(1)] (11)

The output of the QAM detector with-
out gain modulation contains the L + R
and the L — R encoded signals in the
form given below:

I(t) = A[1+L(1) +R(1)] cos v(t) (12)
Q(t) = A[1+L(t)+R(t)]siny(t)

= AlL()-R(t)]cos (1)

(13)

The resulting signals after gain modu-
lation are added together to produce the
left only signal and subtracted to pro-
duce the right only signal.

implementation Considerations

Figure 3 is a detailed diagram of the
DSP based system. The input to the sys-
tem comes from the AM receiver front end
tuning circuitry and has been downcon-
verted to the 450 kHz IF frequency. The
sampling rate at the IF frequency would
have to be at least 900 kHz to meet the
Nyquist criteria (6). The AM signal is con-
fined to a 10 kHz channel, however, so if
the signal is further downconverted, a
smaller sampling rate could be used to
reconstruct the signal. As shown in Figure
3, the IF signal is downconverted to
approximately 25 kHz and a sampling rate
of four times that is employed in the
sigma-delta A/D convertor (7). The analog
multiplier shown in Figure 3 creates all
ranges of harmonic frequency contents
above the fundamental carrier frequency,
However, sigma-defta A/D converter tech-
nology is based on oversampling and dec-
imation processing technology, it elimi-
nates the need to use an anti-aliasing fitter
(8.9).

The resulting digital signal now
becomes the input to a general purpose
digital signal processor. All functions to the
right of the gray line are firmware solu-
tions. The first function necessary is to
separate the signal to retrieve the | and Q
channels by demodulation to baseband.
The digital input samples are multiplied by
the current sine and cosine values of the
numerically controlled oscillator (NCO).
This operation is performed at the input
sample rate of approximately 100 kHz.
This is at a sample rate that is over four
times the needed rate for reconstruction of
the 10 kHz signal, therefore, the results of
the last operation are low pass filtered and
decimated to a sampling rate of approxi-
mately 25 kHz.

DSP Architecture
The Motorola DSP56002 was used for
the digital radio firmware implementa-

148, w, = Passband
% w, = Stopband
H :
€ 5 ripple
: By o ey VOR
3 .
@ oo ®

frequency

Figure 5. Design criteria for each
stage half-band filter.
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Figure 6. Two-stage cascaded
half-band filter structure.

tion. The DSP56002, shown in Figure
4, is a fixed point processor with a
dual Harvard architecture and a 56-bit
accumulator for full 24-bit by 24-bit
multiplies. The 56-bit accumulator is
particularly well suited for audio appli-
cations due to the additional accuracy
offered by the extended accumulator
length. The DSP56002 has an on-chip
PLL so that it can be operated at the
fully specified processor speed by
locking to, and multiplying up, a low
speed external clock source. The abili-
ty to operate external to the
DSP56002 at a lower speed reduces
the signal interference problems in a
design.

Halfband FIR Filter Design

Since the phase response is very
important to decode the stereo signal
and for the DPLL, a linear phase FIR fil-
ter is used which utilizes 4:1 decimation
and LPF. Consider a special FIR filter
called the half-band filter, which gives
the required filter response and is com-
putationally much simpler than conven-
tional FIR filters. The half-band filter fre-
quency response is symmetric about
half the Nyquist frequency. This con-
straint results in half of the filter coeffi-
cients being exactly zero. Clearly if this
symmetry can be tolerated in a design,
considerable computational complexity
can be avoided.

Let H,(z) be a linear-phase FIR filter
transfer function with an odd number of
coefficients, N. Since the linear-phase
FIR filter has symmetric coefficient val-
ues, the frequency response Hy(eiv) is
real-valued function as

M
Hy(e*)= Y b, cos(nw) (14)
n=90
where M = (N-1)/2. Assuming the cut-

off frequency of the half-band filter is o,
=n/2, we have

+0, =1 (15)
where ), and o, denote the passband
and stopband edges, respectively.

Moreover, assume that the passband
ripple and the stopband ripple are the

RF Design

same (i.e., 8, = 8; = 8 ). Thus, the
response exhibits symmetry around n/2.
Figure 5 shows a plot of such a symmet-
ric halfband FIR filter response. In view
of the symmetry, it is straightforward to
show that

Hy[eie] = 1-H, [etro)] (16)
Also, in terms of H(z),
Hn(2) +Hy(-2) =1 (17)

Substituting equation 14 in equation
17, it can be shown that the coefficients,
b,, have the following constraints:
by, =0, nxM
by =h(M)=0.5

As a result, the impulse response
sequence has every odd-number sam-
ple equal to zero for M odd (except the
coefficient h(M) = by, = 0.5). Since the
half-band filter is based on a symmetri-
cal FIR design, the number of multiplica-
tions in implementing such a filter is
one-fourth of that needed for arbitrary
FIR filter designs.

The halfband filter coefficients can be
obtained via the Fourier series method
using a Kaiser wingow (10). By choos-
ing proper parameters in the Kaiser win-
dow, more than -120 dB of stopband
attenuation with specified transition
bandwidth can be realized. Perhaps the
only real drawback of the filter design is
the requirement that &, = 8; shown in
Figure 5. For most practical systems we
have 8; << §,. However, since the
design curves are relatively insensitive
to §, the computational price paid for
designing a filter with 8, much less than
required is generally small, and almost
always much less than the 2:1 speedup
achieved by these filters.

The halfband symmetric filter has a
natural application in decimators with
sampling rate changes of 2. However,
since a halfband filter can only achieve
a 2:1 decimation, a series of such fil-
ters should be cascaded to perform a
higher decimation filter process. To
obtain 4:1 decimation LPF with linear-
phase response, a cascaded structure
of two half-band filters has been imple-
mented. Figure 6 shows the block dia-
gram of a 2-stage decimation struc-
ture.

F, in Figure 6 denotes the sampling
rate of the input signal to the decimation
filter. Note that the decimation of 4:1 can
be achieved by two 2:1 decimators in
cascade. For this imolementation, an
11-tap FIR filter is used for the first

(18)

»n

Comparastion Fiter Remomnse

Combinad Fiter Response

IF Stege Frequency Response

7 N . []
Fraqumnay 1o M1

Figure 7. Frequency responses of
the IF stage and compensated fil-
ter.

stage filter, while the second is done
with 31 taps. This is efficient in reducing
the number of operations performed per
input since the signal is downsampled to
approximately 50 kHz in the first filter
using only 11 taps. The second filter,
which takes 31 taps, is performed at the
lower sampling rate.

For decimation, this cascaded half-
band filter structure has the following
advantages: significantly reduced num-
ber of computations; reduced memory
requirement; simplified filter design
problem; and reduced finite-word-length
effects (11).

Let's examine the lowpass filter fre-
quency regions for the individual stages.
For the kth stage decimator, when k = 1,
2, the lowpass filter’'s passband, transi-
tion band and stopband regions are

0<f<F, :kth stage passband
F, <f<F, -F, :kthstagetransition (s
F, —F, <f<F, :kthstagestopband

where F_ and F, are the passband fre-
quency and the sampling frequency of
the kth stage output, respectively. Signal
energy in the transition band will alias
back upon itself (after decimation by
2:1) only from F, up to F,_,/2; hence the
baseband, 0<i<F, is protected against
aliasing. The output of this decimation
(D) filtering is

lo(k) = A[1+L(k) + R(k)}cos(v(k)) (20)

Qp (k) = A[1+L(k) +R(k)]sin(y(k)) (1)

where

[ L()-R(K) (22)

v(k) = tan ’FWF)

which is the discrete form of the con-
tinuous time equations 1, 2 and 6.
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Figure 8. Block diagram of demo
board.

Compensation Filter Design

Following the decimation filters are the
filters which compensate the signal for
the poor frequency response of the typi-
cal AM receiver front-end. A typical AM
receiver front-end is analog and cuts the
bandwidth to about 3.5 kHz as shown in
Figure 7. This performance can be
improved by applying a linear phase fre-
quency compensation filter to the signal
at the output of the 4:1 decimation filter
stage.

Consider a filter which can compen-
sate the frequency distortion by the
front-end analog band-limiting filter. The
objective is to design a compensation
FIR filter whose transfer function H.(m)
is such that its magnitude response
approximates the inverse transfer func-
tion of the front end and has the linear
phase property. Since the resulting FIR
coefficients are real numbers, H (o) is
an even function in the interval —< < <
. It is convenient to define the normal-
ized frequency 0 <v < 1 where v = f/f,
so that the normalized Nyquist frequen-
cy fy = 1. Using the Fourier series repre-
sentation the transfer function can be
expressed as (12)

Ho(v)= Zhe(ner™ (23)

where the Fourier series coefficients
h.(n) are obtained by

ne(6)= 3 (v (29

Since H.(v) is an even function in the
interval of -1 < v < 1, equation 24 can
be modified by

) , (25)
he(n) = [H,(v)e™™ cos(nrv)dv n >0
0

and h.(-n) = h,(n). Since the transfer
function H.(v) is an unknown arbitrary
function, it is extremely hard to find a
closed form solution of the integration in
equation 25. A numerical integration
technique is used to find a set of coeffi-
cients for any shape of transfer function
(13). It is important to divide the given
interval into N smaller intervals (A), so
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that the discontinuity between subdivi-
sions becomes minimum. The numerical
approximation of equation 25 can be
expressed as
NOY (26)
he(n)= Y, [Hc(v)e"™ cos(nnv)
i=1 y-1
Hence, approximating equation 25 by
equation 26 amounts to finding the
solution for the subinterval (v;,, v;).
There are numerous methods to find
the solution (13), however, it has been
found :hat Simpson’s method gave us
the optimum estimation on this imple-
mentation.
For convenience, let’s define

i
g = _[Hc(v)e"i""" cos(nnv)dv (27)
vi—1
Applying Simpson’s rule on equation
27, the FIR filter coefficients h.(n)
defined in equation 23 can be obtained
as (13)
(28)

A N1 N1
hc(n)=€|:gi +0y+2), g +4 zgi-‘l/z]
= i)

However, it is not practical to have an
infinite number of coefficients as shown
in equation 23. So the series summation
in equation 23 can be truncated at a
predetermined finite number as

A (v)= 3 hg(njem (29)
n=-L

The truncation in equation 29 can create
the leakage phenomena wnich can be
smoothed by a window function (10). In
this implementation the Blackman-Harris
window has been used to optimize for
maximum side-lobe attenuation. Using the
window function w(n), the FIR filter coeffi-
cients of equation 29 can be rewritten as

he(n) = w(n)h.(n) for-L<n<L  (30)

where the Blackman-Harris window
function is defined as (13)

w(n) = 0.358 +0.488 cos{%‘] 44 {ail)

0.1412 cos[%’\j—n] +0.01 1005{%]

Since the frequency response of the
compensation filter requires only monot-
onic changes with respect to frequency,
a simple (11-tap) symmetric FIR filter
can compensate the frequency drooping
to make a fiat spectral response as
shown in Figure 7. This effectively
enhances the frequency response of the
signal before further processing, and
thus improves the quality of the final
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!
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Figure 9. Test system block dia-
gram.

audio output. The typical frequency
response, the compensation filter
response and the combined filter
response are shown in Figure 7.

Detection

Following the frequency compensation
(FC) fittering, Iec(k) and Qgq(k) are the
inputs to the digital equivalent of enve-
lope detection in the first process of
recovering the left and right signals. If
the effects of phase error are ignored,
then

e = A[1+L(k) +R(k)|cos[v(k)]  (32)
and
Q¢ = A[1+L(k)+R(k)]sin[y(k)]  (33)

and H(k) is the output of the digital
envelope detection:

H(k) = |18 (K) + Q& (k) (34)
= A(1+L(k) +R(K)) ysiny2 +cos y2
= A(1+L(k)+R(x))

H(k) can then be used to estimate
1/cos(y(k)) where C(k) is this estimate.

An error signal can then be formed
since H(k) is known and since the esti-
mate C(k) multiplied by Igc(k) should
equal H(k), if the estimate has convergec.

e(k) =l (k)C(k — 1) - H(k) (35)

The error signal e(k) can then be used
to update the estimate by

C(k) = BC(k - 1) + (1~ B)e(k) (36)

B is selected based on the signal char-
acteristics and it controls the rate of con-
vergence of the estimate C(k). A value
of 0.99 is typical, and is used in this
application.
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At the time point, k, it is assumed that
the iterative equation of 36 has con-
verged and thus e(k) = 0 or, from equa-
tion 35:

1

cos(y(k))

Thus, | and Q signals can be modified
by multiplying by this value of C(k)
which results in:

lg (k) = lec ()C(k) = A(1+L(k) +R(k))
Qe (k) = Qe (K)C(K) = A(L(K) - R(K))

which, with the exception of the carrier
signal in the | channel, are the desired
signals needed to obtain the left and right
channel information. The carrier compo-
nent is removed by a highpass filter. The
same digital highpass filter is applied to
both channels for two reasons. The first
reason is that both channels need to have
the same gain and amplitude characteris-
tics to recover the right and left informa-
tion correctly. The second reason is that
the Q channel does have some phase
information at baseband which needs to
be removed so as not to distort the signal
and will be discussed in the next section
of this paper, but

luer (k) = A(L(k) +R(k)) (39)

Quer (k) = A(L(k) - R(K))

Now, by adding and subtracting the |
and Q channels, the desired left and
right channel signal can be found.

e (K) + Qupe (K) = 2AL(K) @)
hier (K) = Quer () = 2AR(K)

Digital Phase Lock Loop

All derivations to this point have
ignored the phase error present when
demodulating most real signals. A
phase lock loop (PLL) is typically used
to track and estimate the phase error. A
digital phase lock loop (DPLL) was
designed for the C-QUAM receiver and
the following derivations include the
phase error term. The input signal
before demodulation looks like

R(k) = A[1+L(k) +R(k)]-

cos( gi(k) +04(k)+ (k) ]

S

C(k) = (37)

38)

(41)

The numerically controlled oscillator
(NCO) output would be:

N, (k) = cos[&(k)+ae(k)

W

(42)

where 3)3 is the current estimate of the
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phase error. The resulting demodulator
output signatl is

Ra(k) = A[1+L{k) +R(K)]- (43)
sin(v(k) 5 {"pe -b, J)

plus double frequency terms which are
filtered out by the low pass decimation
filters previously discussed. After multi-
plying by the estimate of the inverse
cosine term

(44)

sin(y(k)+[ 00-.)

A[1+L(K) +R(k)] ~ 5
' . A

cos{ () +( 0 -4, ||
or
Qg (k) = A[1+L(k) +R(k)]- 1Y
an{ 100+ (00 -5, |

It is straightforward to show that

Og(k) 3 (46)

(L(kl—-R(k))+:1+L(k)+R(k))tan(oe -‘59)
[ A1~tanytan[tan(¢—6e]]‘ t

Singe tan(¢, — $e) is assumed small as
(9. — 0.) approaches zero

Qg(k) =

A[(L(k)—R(k))+(1+L(k)+H(k))tan(¢—¢B )}1

and using the same assumption for
additional simplification:

A

(47)

(48)
Qe(k)= A[(L(k) -R(K))+ tan{q)e -8, ]

The highpass filter discussed previously
is now used to remove the baseband
phase term and a lowpass filter is used to
isolate this phase term and remove the
left and right channel information:

1B tan{q)e - qse) (49)

The new phase error estimate would
typically be computed by:

bk =b,0)+(0. -8, G0

However, since it is very processor
inefficient on a DSP to perform inverse
trigonometric functions, ¢, — ¢, is never
calculated. The input to the loop filter is
tan(¢, — 9,) and the output is

Tie(k) =BTe(k-1)+(1-B)T (61)

which is also in the form of tan(¢, - o).
Also note that if x=tan(¢, - 0,), then

A X
sin = RS (52)
(% ¢e) \ﬁ+x2

and

( n ) 1
=0 |=

AR A T
so that the sine and cosine of the new

estimated phase error can be formed
from trigonometric manipulation:

Ccos

(53)

simf) = (54)

€new
cos{\q)e -, }sin@o,d+
. { A \ N
snn\ d. — 0, Jcos 0o
and
E0S $enew 5 (55)

n \ A
cos(cpe -0, o Oogt

\
A e
S'nk‘be — e [sind g

Since oJ/w, = 1/4, only four values of
sine and cosine need to be stored in a
modular table to compute the NCO out-
puts which are then updated with the
new phase error estimate using the
same trigonometric manipulations used
in equations 44 and 45. The final NCO
output values are

N,(k) = cos(%(k)ﬂﬁe (56)
and ;
Ng (k) = sin(%(k)ﬂﬁaJ (57)

which can be calculated using trigono-
metric identities in terms of sin §, and
cos 6)8 as shown in the previous equa-
tions. Note that finding the value of &, is
never required using this expansion.

Hardware/Test

Figure 8 is a block diagram of the
board built to test and verify the
firmware solution. A Motorola MC13023
C-QUAM AM receiver front end is used
to create the 450 kHz IF signal input to
the Motorola MC1496 modulator. The
output of the modulator is the input sig-
nal for the Motorola DSP56ADC16
sigma delta analog to digital convertor.
The resulting digital output is then
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passed to the DSP56002 for processing.
The Left and Right channel outputs of
the DSP56002 are then converted to
analog by the PCM56 and further ampli-
fied. Figure 9 shows the complete sys-
tem used to demonstrate the board and
the firmware.

Conclusion

The authors have shown that this
combination of analog front end and
firmware on a DSP can perform AM
stereo reception. Additionally, the per-
formance of this radio is much better
than the fully analog counterpart,
achieving more than 40 dB of channel
separation.
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RF featured technology

Rise Time/Fall Time Enhancement
of Class C Bipolar Common Base
Transistor Amplifiers

By Timothy P. Hulick, Ph.D.
Acrodyne Industries

Class C RF defines a class of ampli-
fiers which is non-linear, but highly
power efficient, suitable for phase, fre-
quency, or 100 percent pulse amplitude
modulation. The circuit surrounding the
amplifying device is simple compared to
the linear class A and AB amplifier since
no input bias supply is needed. At UHF
and higher, grounded or common base
is usually the preferred configuration
because it offers higher gain than the
grounded emilter case. A generic com-
mon base amplifier with shunt collector
supply voltage feed is shown in Figure

enerally speaking, for most applica-

tions the speed at which an amplifi-
er of the type shown in Figure 1
responds to the RF drive is not too
important. For example, when RF drive
is applied to a class C RF power amplifi-
er stage in a hand-held FM voice com-
munication device, it is sufficient that the
amplifier rise to its full output power
before modulation is applied. Rise time
may be as long as a microsecond,
which is of no consequence in an appli-
cation such as this. Also, when drive is
taken away such as when reverting to
the receive mode in a communicator, fall
time may also be as long as a microsec-
ond, which again, is of no consequence.
Certainly, FM broadcast transmitters are
not concerned about rise time or fall
time because they are voice transmitters
and essentially turn on or off only once
per day or are continuously on.

Users of pulse modulation of class C
amplifiers, such as that used in radar,
with a puise width as short as one
microsecond, usually don’t care about
rise or fall time. If the ON time is consid-
ered to be that time between the 90 per-
cent ON points, the RF drive pulse width
may be adjusted or stretched to accom-
modate the slow class C amplifier.

There may be applications where the
class C stage must respond to its RF
drive pulse with far less rise time/fall

44

Figure 1. A typical class C com-
mon base RF amplifier topology.

time deterioration than that required by
the applications just mentioned. As ana-
log to d gital converters gain in sampling
rate and word size, wider bandwidth
baseband signals (such as television
video) can be accurately digitized for
further use by the RF engineer.

It is possible to synthesize linear
amplitude modulation onto a carrier by
gating the RF carrier drive to a number
of non-linear, but highly efficient RF
sources. Each RF source must be of the
correct power level, representing the
weight of each digital bit, then power
combined to a single output port. (1)
The process and topology represent a
high level digital to analog RF converter
with carrier, or, a synthesizad unbal-
anced mixer. This kind of modulation
scheme requires that high level RF sig-
nal sources respond nearly instanta-
neously to the digital command to turn

1

Detected
amptitude

Lt

-+

100 ns/div

Figure 2. Rise/fall times of a typi-
cal 60 W, class C UHF bipolar
power transistor driven with a
drive pulse with 10 ns rise/fall
times.

on or turn off compared to the shortest
total on-time. The shortest total on or off
time is equal to the period of the sam-
pling frequency. In the case of digitized
video (4.2 MHz bandwidth) where the
sampling frequency must be at least 8.4
MHz, the on-time is as short as 119
nanoseconds. It is imperative that rise
and fall times be only a small portion of
this time or glitchy distortion is the result
— that is to say, at least short enough
so that the the glitches fall outside the
RF passband and can be filtered out.

Figure 2 shows the detected RF out-
put of a typical high power class C UHF
transistor amplifier when driven with an
assumed perfectly square drive pulse of
RF (10ns rise/fall time).

Rise time deteriorates from 10ns to
300ns while fall time from 10ns to
125ns. The circuit used is a specific
design derived from Figure 1 using a 60
watt device operating at 645 MHz. The
device fails to turn on quickly because
ON bias must be derived from drive.
Until drive is applied, the transistor is
biased off. Fall time suffers because
stored charge in the device must bleed
on its own since no external help is pro-
vided with circuitry. If a pulse of base-
emitter current could be provided at the
moment drive power is applied for the
duration of the slow rise time, turn on
time may be reduced to essentially that
of the drive pulse. Likewise, if reverse

@

Figure 3. An assumed perfect RF
drive pulse (a), and the detected
class C output (b).
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bias voltage is applied to the base-emit-
ter junction at the moment that drive is
removed, stored charge may be pulled
out quickly reducing the fall time to
essentially that of the drive pulse. It is
the purpose of this presentation to show
that external circuitry exists to perform
these two functions and that it is auto-
matic and self adjusting.

Slow Rise/Fall Time Analysis

If a gated RF drive envelope to a class
C common base amplifier is assumed to
be perfectly square at the leading and
trailing edges, rise and fall time
response of the class C stage will deteri-
orate. To be more specific, the output
will rise to the top at a time later than
that of the drive pulse and will return to

Reference
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Q2230: Low (ost, High Speed DDS
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RF DRIVE

l||»-®

T0 CLASS C AMPLIFIER
R2 SR1

# D1

DETECTED DRIVE PULSE -
u

REFERENCE UOL TAGE
NEAR ZERD

Figure 4. A circuit to detect the
drive pulse and provide class A
bias current to the transistor.

zero at a time later than that of the drive
pulse. Figure 3 illlustrates this point
graphically.

The rise time deterioration is t2-t1,
while the fall time deterioration is t4-t3.
The challenge is to reduce t2-t1, and t4-
13 to the smallest values possible. Fur-
thermore, this must be done without
ringing and overshoots. The only test
equipment needed to measure the
rise/fall time deterioration represented
by Figure 2 are fast diode detectors,

0 i 12" N8I NS

Va X X H £ £ X
Wlo) SR SEE W [ ¢ X X B
Vg T (A I L = H
Va5 H i T &
WVERE RS K L % L H

Table 1. A truth table is presented
showing voltage values at vari-
ous points in the circuit (see Fig-
ure 7).

minimum stray capacitance on the lines
carrying the detected signals, matching
which minimizes reflections, a pair of
directional couplers and a good dual
trace oscilloscope.

A Solution

The following amplifier base bias con-
ditions are sufficient to minimize t2-t1,
and t4-t3.

» The transistor should be biased for
class A operation during the rise time.

Ry3 LIMITS CURRéNT TO A SAFE LEVEL.

Figure 5. Scheme to bias Q1 class
A during rise time.
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DETECTED RF DRIVE PULSE
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Figure 6. Circuit to sample and hold the fall time ref-

erence level.

* The transistor should be biased for
class C operation after the rise time has
expired and before the fall time is initiat-
ed.

* The amplifier should be biased for
cut-off during the fall time.

In order for class A bias to be applied
during the rise time, it is necessary to
sense the presence of the drive pulse. A
fast diode detector can be used for this
purpose, causing a voltage comparator
to change state. A functional circuit
could be that of Figure 4.

Figure 7. Representative circuit showing the func-

tions to enhance rise/fall times.

The base of the class C amplifier
could be AC coupled to the ouiput of the
comparator of Figure 4 to cause base-
emitter current to flow during the rise
time, biasing the stage in class A. Cur-
rent DC is limited by means of a series
resistor with the DC blocking capacitor.
The capacitor is charged at the end of
the rise time, reverting amplifier bias
back to class C. A functional diagram is
shown in Figure 5.

Since RFC2 is much larger than
RFC1, the shot of base-emitter current

largely bypasses RFC2 instead finding
ground through RFC1 until the blocking
capacitor is charged.

While the drive pulse remains on after
rise time, the RF transistor is biased for
class C. At fall time, another voltage
comparator may be used to sense when
the drive pulse envelope is falling and
can change state early in the fall time.
This changing state can be used to
ground the positively charged side of the
blocking capacitor in Figure 5. This
causes an instantaneous reverse bias of

&
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=
[
&
—
B=
=

48

TEMEX ELECTRONICS

3030 W. Deer Valley Road Phoenix, AZ 85027

INFO/CARD 35

(602) 780-1995 FAX: (602) 780-2431

June 1993



COMPRARATOR LM

Figure 8. Rise time reference and
fall time reference superimposed
on detected drive pulse.

the base-emitter junction of the transis-
tor, causing it to cut-off.

The previous three step process is
easy to see when presented functional-
ly. Even the reference for the rise time
comparator is easy to establish since it
must only be arbitrarily close to ground.
The fall time reference must be self
adjusting, however, since the top of the
drive pulse envelope may be any detect-
ed voltage level depending on the RF
drive power of the amplifier. It is suffi-
cient to say that a reference for the fall
time comparator must be derived from
the detected drive pulse itself, then set
somewhat below the top of the drive
pulse envelope. The comparator wil!
change state as the detected drive pulse
falls below the reference. The reference
can be established by means of a sam-
ple and hold circuit, and charge can be
stored by a capacitive voltage divider
driving a JFET input operational amplifi-
er used as a voltage follower/buffer. Fig-
ure 6 shows the functional solution to
the fall time reference circuit. The
switch, one-fourth of a quad bi-lateral
CMOS analog switch, is closed momen-
tarily by AC coupling its gate to the rise
time comparator output. When the
switch opens, the peak detected drive
pulse amplitude is stored across the two
series capacitors. The ratio of the two
capacitors determines the reference to
peak drive voltage ratio.

For the composite circuit, it is only
necessary to combine Figures 4, 5 and
6 into a practical configuration, deciding
on component values and preventing

]
o mns SO
' o s
| o }
i i | }
voursl]
o — : S \a'z.
Je N1+ 378 :
100 ns/dlv 1)

Figure 10. Detected output of
enhanced amplifier along with
rise time reference. Compare to
Figure 2.

RF Design

logic impossibilities and short circuits
from occurring. A complete functional
diagram is shown in Figure 7.

A truth table (Table 1) describes the
logic states leading up to establishing

* class A bias during rise time

* class C bias between rise time and
fall time

» cut-off bias during fall time

Figure 8 indicates the position of the

drive pulse and reference voltages at
selected times corresponding to the
logic level states of Table 1.

A realizable circuit with proven com-
ponents is shown in Figure 9 (see page
50). Maximum economy of quad pack-
ages is used where one bilateral CMOS
switch in a package of four is left over,
so it is used as a logic inverter. Fast
switching transistors and fast voltage

4,
0 1,'
0, »

Application Specific*

/

Bipolars

Description

% Part Series
 NE46]

Medium Power. Low Noise for UHF/L-Band

Need quality, reliability and performance
for your specific application? Start here
and save yourself a search.

We offer a wide selection of NEC
Bipolar Transistors with
screening for Commercial

! NE647/648 K-Band oscillators over MIL Temp ranges through sz.lce ap ‘phcat.nons.
%.\'Ebﬁbijl Low Noise, Cost Effective for 1./$ Bands They’re avallab!e in Chlp
| ;NEb&% Low Power Consumption, Low Noise form 'and a‘vanet‘y Of paCk'
NESS6 High Gain. Low Cost,Low Noise for L-band ages including Micro-X and
NE243  630mW for high C-Band oscillators tape and reel.

e 4

CEL can also provide

the support and characterization data
you need to accurately determine your

circuit’s performance using NEC parts.

FREE DATA FOR DESIGNERS
For a Product Selection Guide, call,

NEC

write or circle the number below.

California Eastern Laboratories

4590 Patrick Henry Dr., Santa Clara, CA 95056 0964 Phone (408) 988-3500  FAX (408) 988-0279
Weslern (408) 988-7846  Eastern (410) 667-1310 Canada (613) 726-0626

©1991 California Eastern Laboratories

INFO/CARD 36



ZHBCT 23244

EIGHT SECTIONS IN PARALLEL

U3 - CA3130 JFET INPUT OP AIP

QUARTER SECTIONS OF ZMHCHO16
PIN 14 TQ +3V, PIN 7 TO GROUMD

{ WPS 2369 EXCEPT RF AMPLIFIER 01

ULLM U3 = MAX901 HIGH SPEED COMPARATOR

Figure 9. A practical rise/fall time enhancement circuit.

comparators are used throughout. JFET
input voltage follower operational ampli-
fiers are used where it is important to
have very high input impedance so as
not to discharge the hold capacitors. Cir-
cuit component values are real in a
proven circuit for a 60 watt class C ampli-
fier. RF components are not specified
since they are unique to the design, but
RFC2 must be five to ten times greater
than RFC1 for the base-emitter junction
to be pulsed properly. The fall time refer-
ence capacitors discussed and shown in

Figure 6 are C4 and C5 in Figure 9. They
are in a 10:1 ratio so that the fall time ref-
erence is set at 10/11 of the peak detect-
ed drive pulse value, or 91 percent.

Results

Figure 2 shows the typical grounded
base response time of the unmodified
class C amplifier.

Figure 10 shows the actual enhanced
rise time (steepness of leading edge
slope). The horizontal trace at the bot-
tom is the rise time reference set by
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Figure 11. Detected output of
enhanced amplifier along with fall
time reference. Compare to Fig-
ure 2.

R6R7 in Figure 9. Likewise Figure 11
shows the actual enhanced fall time with
the horizontal trace indicating the posi-
tion of the fall time reference established
across C4 and C5 in Figure 9.

Figure 12a and 12b show side by side
the unenhanced output of the class C
amplifier along with the enhanced.

It is felt that the circuit component val-
ues of Figure 9 are universal for any
class C solid-state amplifier except
those RF components unique to the
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DL-150 140MHz 155MHz 300MHz DK-150-5P 150.0MHz 5%F,
DL-200 190MHz 210MHz 390MHz DK-200-5P 200.0MHz 5%F,

Case 484 is 04" x 0.8"H x 0.4°H. Case 1212 is 1.2"x 1.2" x 05°H.
Need technical assistance? Call our engineering hot line (310) 445-2793.
TTE, Incorporated 2251 Barry Avenue West Los Angeles, CA 90064 FAX: (310) 445-2791 TEL: (310) 478-8224

INFO/CARD 39



Hot Off the Press

The “Grounds” for
Lightning and EMP
Protection

SECOND EDITION

A comprehensive hands-on guide to proper grounding
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RF cover story

New VCO Family is Created From
Theory and Modeling

By Michael S. Vogas
Synergy Microwave Corp.

Synergy Microwave Corporation intro-
duces a series of Voltage Controlled
Oscillators (VCOs) covering the 400 to
1800 MHz range. These VCOs are
extremely rugged, hermetically sealed
and are offered in Synergy’s 16 pin
metal package, plug in, and surface
mount form. These devices exhibit
extremely low phase noise and are con-
structed using a minimum number of
parts, making them a low cost design
alternative to other VCOs. In this article,
a theoretical/CAD oscillator design
approach is presented that led to the
design of this new product line.

Ithough numerous researchers in

the past have published oscillator
configurations based on some form of
small signal analysis, these approaches
require a combination of theoretical and
empirical calculations and do not always
lend themselves to the desired result as
tuning of the final device is inevitable.
Synergy’s approach involves simulation
with Compact Software’'s Harmonica
Linear/Nonlinear Harmonic Simuiator,
resulting in considerable savings in
design time as well as tuning time, yield-
ing results very close to the desired per-
formance.

Transistor selection is of primary
importance. For a frequency range of a
few hundred megahertz to several thou-
sand megahertz, VCOs are commonly
built around Bipolar Junction Transistors
(BJTs) due to their inherent low noise.
Contrary to popular belief, f,, is not the
most definitive quantity in the selection
of the device. f,, is defined as the fre-
quency at which the unilateral gain falls
to unity, and the device ceases to oscil-
fate. With a high f,,, the device is sus-
ceptible to oscillations outside the
desired frequency range, and extrane-
ous coupling between the device leads
may arise. Needless to say, if cost is to
be kept low, devices with very high f_ ..
are prohibitive.

frmax Should definitely be within the
desired range of operation, but power
dissipation is also an important criteria
in the selection of the device. Power dis-

54

Rr+iXr —Rosc+iXosc

178 o2 Lo W Ber . ! & 9

Resonalor i |Main Output :

Varatior O—t—{Tronsistor|— Matching 50 Ohm

Network i [Network Network | 3% Termino
e

Figure 1. Block diagram of a typi-
cal oscillator network as it is
used for graphical/computer
analysis.

sipation is important, as VCO active
devices operate at high power levels.
Also, czare should be taken to control the
oscillation totally through the external
circuitry with no possible spurious oscil-
lations inside the device. A preliminary
simulation/construction of a non-oscillat-

ing circuit is necessary in order to prove
that the device is free of unwanted spu-
rious oscillations. The line of BJTs
selected offers an ideal choice as they
can typically be used up to 8 GHz and
lend themselves to all forms of external
positive feedback, while producing an
average negative resistance of 50 to
400 ohms (1).

Basic Theory of Operation

Most of the available literature on
oscillators describes the operation of
oscillators using smalil signal S-parame-
ters. The main reason for this occur-
rence is that small signal S-parameters
are readily measurable and all transistor
manufacturers supply them for their

Series feedback Circuit

B
@

(©)

Common Emitter

Common Base

Parallel Feedback Circuit

Figure 2. Typical BJT configurations for the main transistor network of

Figure 1.
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2« AUTOMATIC NODE€ ELIMINATION
User-invisible node elimination reduces the number of nodes,
often down to two nodes plus datum. This plus output classes
and extensive code profiling provides tuning, optimization,
Monte Carlo and design centering as much as 10X faster than
any other program at any price!

Jc UNRESTRICTED GLOBAL NOISE ANALYSIS
No restrictions on topology or feedback. No special noise block
to write. Uses industry-standard device data.

~c MULTIPLE OUTPUT DISPLAY GROUPS
Simultaneous simulation, optimization and display of multiple
frequency ranges and networks. Arbitrary terminations allowed.

CALL or FAX TODAY
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Figure 3. Small signal models for
the configuration used.

the previous criteria.
The derivation of the equations for the
feedback loop and the forward gain of

devices. The small signal design tech- = &
P » o2l nique offers valuable insight into the Wb - i
2 WParves{ el conditions that govern oscillator starting,
rm*le o] while giving a rough prediction of the
Veb ro veb ™~ possible frequency range of operation. 1
X The disadvantage, though, is that those > S22
5 e estimates are valid only for the first few L =)
(@) cycles after the device is turned on.
a*le A proper way to describe the oscilla- e MO
~ tion process is through a thorough i Biasing NW
e ' B derivation of the feedback network of
LS re e the device, with an application of the DC block NW &
+ i Barkhausen criteria. The Barkhausen parasitics
Ty N el criteria state that the product of the for- = e
ward gain path and the feedback path
3 = for the complete oscillator network Figure 4. Transistor in CB show-
Ysource Yioad should be equal to unity, while the feed- ing biasing network and biasing
(v) back loop should add the output wave parasitics.
8 e form to the input of the comtined net-
S ble rc T work with no phase shift (i.e. positive the device can be very complex in cer-
+ r'b'\/\’_”" 4 feedback). During that condition the tain cases, and special care should be
21 (' ™1 | |m|  mMechanism that keeps the device in taken in identifying the two loops. Rohde
3 b 3 oscillation is the continuous balancing of (2) offers a very good description of that
tc these two quantities. For example, as process. In addition to the above, a
A the oscillation amplitude of the device rather simplistic method of describing
increases, its gain decreases to satisfy the oscillation criteria has been used in

the industry. That process is not favored
for its insight in the operation of the
device, but rather for its ease of applica-

WBE
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Figure 5. Block diagram at a typical oscillator network.

tion. In that latter approach, considera-
tions for the input resistance of the
device attempt to explain why the ampli-
tude of the signal starts increasing while
building up from the internal noise level.
Looking at Figure 1, it can be seen that
this happens because the resistance of
the combined active device is greater
than the resistance of the load, namely:

|—Rosc| >R, and X, =-X, (1

As the oscillation amplitude keeps
increasing, the DC operating point of the
device shifts continuously thereby
changing the g,, of the device and, of
course, its input and output impedance.
This situation produces a frequency
shift, a change in output harmonics
and/or a change in output power levels,
and the oscillator operation predictions
in general. The increase in amplitude

will cease when the real parts of the
respective impedance and the active
device become equal, or:

|-Rose| =R, and X, ==X, or

@
alternatively when T, -T . =1
Where T, and I',.. are the reflection
coefficients produced by R,+jX, and
RosctiX s respectively. When steady state
occurs, the device reaches saturation lev-
els. R, is a very important quantity and is
accurately described by the nonlinear |-V
relationship of the transistor. If we look at a
common base transistor we can see that,
due to the nonlinear current source, the
value of R varies non-linearly about a
given |-V operating point. Since that resis-
tance is related to the internal current
source, we can imagine the total current
as the sum of all the individual currents at
all harmonic frequencies. This can be sim-
ply stated as:

r =
{[| Microwave Harmonica (tm)

Version 3.0

Varactor
| Locus

yal AT T
0.3-1GHZ
s11(cki=var)
loscd.ckty |
var
llos-1onz L= ||
[ s1t(cki=var)
oscd.ckiu

var =w.T= 8|
0.3-1GHZ l——l

s11(cki=var)
oscd.ckiu

0.3-1GHZ

s11(ckt=var)
oscd.ckiu

var
0.3-1GHZ

1/S11o0sc

——

=1.00

s11(cki=var)
osc4.ckiu

AT =3l
03-16n2
1/s11(ckt=trans)
oscd.cktu

1.0

}—#—4—0—~¢~0—-4—+—+—j;—!——&——f—+—+-+44~+—+ = :]

1.0 |

L =———

Figure 7. SuperCompact linear analysis of oscillator as per Figure 3.
The varactor locus is created by cumulative varactor iterations for vari-

ous capacitances.

58

Port Port L — variable
. 2 50 Oh
m
Ir I [S] I.Tr i Termination
<_J L» <_J I.» variable
Resonator Main Cutput 1
Varactor O O—Transistor—0O O— Matching 50 —
Network Network Networlk Terr ; g :
Figure 6. Typical output matching

network showing variable line
lengths used for optimization.

lotat =lge +h +1p +lg+.....= Y, (3)

Where |y is the DC current through
the device when it does not oscillate,
and Iy, I, I3 are the currents of the first,
second and third harmonics, respective-
ly, which come into play when the
device starts oscillating. The total cur-
rent mentioned before is related to the
internal current generator of the transis-
tor, and we can thus express the total
transconductance characteristic of the
device as:

= 4
Gmtolal =9m0t9m1 + Ome + Oma+...= Z gmn( )
n=20

In the above, g, is the value of
transconductance at DC while g1, Gmas
etc. are the values at the first, second
and third harmonics respectively. It is
important to keep in mind that g4, the
transconductance attributed to the first
harmonic is approximately equal to
0.79,,0, and is the most important of all
the harmonics in equation 4. As the
oscillations increase in amplitude the
value of g.,, decreases in order to keep
the device meeting the oscillation crite-
ria, and have G, equal to a constant
value for a specific DC input current.
The latter explains why the magnitude of
R.sc is more negative while the system
commences oscillation and settles down
to a more positive number when the
system reaches equilibrium. Also, the
fact that the g, terms are a decaying
series verifies the fact that the system
can not oscillate to infinity.

There are several options (3) available
for the main transistor network, with
some presented in Figure 2. A common
base or common emitter configuration is
used, with the feedback element in
series or parallel form. The configuration
selected for Synergy’s designs is the
common base (Figure 2c) because it
lends itself more easily to oscillation and
presents an inherent isolation from out-
put (collector) to input (emitter). In this
configuration we can assume that the
internal AC base resistance r, is much
less than r., the internal AC coliector
resistance, an assumption which is true
because r, is less than 20 ohms while r,
may well be in the ten Megohm range.
Based on the above assumption, we
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Figure 8a. Magnitude of output
S11.

can safely assume that there is a factor
o such that: r,, (transfer resistance of
the BJT current generator) = o
r., where a is called the short circuit
current multiplication factor, a quantity
greater than or equal to unity. The
importance of o in the determination of
the oscillation conditions is easily seen if
we attempt to find the input impedance
of the previous circuit. It can be easily
proven that the input impedance is:

Rln_:Veb I —0=re+M (5)

l, (f3anli

=g +rp(1-a)

From 4 and 5 we can see that it is
possible for a common base configura-
tion to develop a negative input resis-

Figure 8b. Typical negative resis-
tance input for the high, mid and
low bands.

tance (since a >1) if r, (or r, in series
with another impedance) becomes suffi-
ciently large. The latter can be easily
satisfied by the addition of an external
element like the microstrip inductance L,
(Figure 3). In order to examine the sta-
bility of such a network let us assume
that the admittance matrix of the com-
bined device and base stub is Y. In that
case we have:

[Yn Y12:|=Y ©6)
Y210 8Y50

If the output por: is terminated with a
frequency varying network Y,,.q4, the
input admittance is given by equation 7.
Similarly if the input port is terminated
by a frequency varying network Y, ..,

then the output admittance will be given
by 8:

Y12¥Ya1
e ) 7
AYSR Yicad + Y22 )
Yout = Yo 4] (8)

YSource i YH

In view of equations 7 and 8, the sta-
bility of the device can be ascertained in
two ways: the Linvill stability factor (equa-
tion 9), or the condition in equation 10
which states that the Z (or Y) matrix of the
complete network should be equal to 0.0.

9
8 |Y21Y12| ©)
2Refy,,}Re{y,, } —Re{y,yqo}
where ¢ >1 for instability

or [V] = [Z] - [I] where the determinant
of [Z] is equal to 0.0 for the onset of
oscillation. We shall use the second
method which gives us a little more
insight into the operation of the circuit. If
we add the output impedance R, the

FGHZ) [S11,| IS11,,) <S11, <S11,,,

0570 0.915 1.118 +178.8 -179.0
0.740 0.925 1.993 +150.7 -153.0
0.930 0930 1.175 +156.0 -156.0

(LAY
[S11

osc l

Notice that [S11,|>

and< S11, = -< 811

osc

Table 1. Table of the elements of
Figure 3 as the varactor is tuned
across the band.

RF AMPLIFIER PERFORMANCE
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Figure 9. Typical phase noise setup.

microstrip inductance L, and the varac-
tor/inductor combination to the network
we get a network similar to the one in
Figure 3c. The following loop equations
can then be derived:

(10)
fo+Llp 1

0] [l -1/@C)+r,+1, +L,
e rc+R,+rb+Lb_

0 fm+lp+Ly

IE
i

The determinant of the above matrix
must reduce to 0, so the above equation
becomes:
(oL =1/@C)(re +R;y + 1y +L, ) +71, -
(rc+R1)+(re+R1+(1—a)~rc)- (11)
(rp+Ly)=0

By setting the reactive part to 0.0 we
can show that the resonant frequency is:

fo=(1/2r)-,/(1/LC) (12)

Similarly, by setting the real part to 0
we can show that:

L Y
a2[1+rc} [1+rb+Lb] (13)

If =1 in 13, by properly choosing R,
(i.e. the output matching network) and L,,

unit.

(4) (the length of the microstrip induc-
tor), we can ascertain that the circuit will
oscillate. Furthermore, by properly
selecting the value of the capacitance/
inductance at the emitter, we can tune
the circuit over a range.

Circuit Simulation

A proper method for simulation of
oscillating circuits is the nonlinear
approach, which can be achieved by
using Microwave Harmonica Ver. 3.0
and its harmonic balance techniques.
The approach describes the active
device with a nonlinear large signal S-
parameter model, and simulates the
network using well defined goals for
oscillation ranges, fundamental and
output harmonic power levels. The lin-
earized approach described in the fol-
lowing section (5) involves a simplistic
method for the design of the unit. It
offers a prediction of the output oscilla-
tion range but it has no insight into any
of the circuit performance parameters
associated with the nonlinear parts of
the models.

The first step in the simulation is to
determine the optimum base reactance
at the desired frequency range of oper-
ation (Figure 4). This reactance is
selected to make certain that the tran-

FOR CAPACITORS WITH:

Only TECDIA has THREE!

B Extremely smooth and uniform metallized surfaces
B Pt metallization to withstand 400°C die attach temperature up to 20 min max.
B TiW adhesion layer to prevent diffusion and provide stability at very high temperatures

2672 Bayshore Parkway, Suite 702, Mountain View, CA 94043
Tel: (415) 967-2828 Fax: (415) 967-8428
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Figure 10. Typical phase noise for the 500-1000 MHz

sistor will oscillate at one frequency in
the region of interest (preferably mid-
band). The value of that inductance can
be arrived at by a simulation of the
transistor in CB configuration with the
base stub present and including all par-
asitics, DC block capacitors and bias-
ing networks. Such a network is shown
in Figure 4. The best choice for a stub
length is one that achieves maximum
amplitude for S11 and S22. In general,
the longer the stub, the lower the fre-
quency and vice versa (4). The Opti-
mization Option in SuperCompact is
ideal for arriving at the correct value of
the base inductance. Care should be
taken to see that in the process of max-
imizing S11 and S22, S21 is kept rela-
tively constant as that quantity will now
roughly govern the linearity of the out-
put power. To establish the conditions
of oscillation in Figure 5, the following
have to be met:

I,-Sy;=1 <I,<8S,,,
andily, =S5.= 1< [y< 85

We can continue the optimization by
matching the output of the transistor,
§22, to the 50 ohm load (Figure 5). This
is usually achieved by maximizing S11
while the output is conjugately matched.
A typical output matching network is a
combination series/open stub (Figure 6).
During the optimization process in

Nominal 2nd
Range |Power |Flatness|Harmonic

Output
(MHz) (dBm) (dB) (dBc)
400-800 | 14.5 8 9
500-1000f 14 3 10
600-1200; 14 3 10
700-1400| 145 3 10
800-1600| 13.5 3 10

Table 2. Device specifications.
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Figure 11. Typical power output for the 500-1000

MHz unit.

Microwave Harmonica, the lengths of the
series and open stubs are left to vary
freely while a goal of matching a 50 ohm
load has been selected. Of course, this
particular matching network is not the sole
solution, just a simple choice out of many
(some very complex) that the designer
can use for effective matching to the load.
Once the output has been matched, the
input of the one port network, which now
looks similar to the combined network in
Figure 1, is plotted. If the matching at the
output was performed properly, the value
of its reflection coefficient should still be
much greater than one. The output can
either be plotted as 1/S11,., on the Smith
chart in order to match any loops in the
locus, or in a tabulated form in order to
match amplitude and phase to the reflec-
tion coefficient of the resonator. Loops in
the locus of the active device at this point
may indicate a possibility for injection lock-
ing or spurious oscillations (see Figure 7).

The resonator section is usually com-
posed of a network of varactors, with a
short-circuited stub to ground which
serves as a matching network to the input
of the transistor combination. Both sec-
tions of the circuit as per Figure 1 were
simulated  simultaneously using
Microwave Harmonica, with the results
shown in Figure 7. The varactor locus is
achieved by using successive sweeps
while changing the varactor capacitance.
A tabulated form of the resulits is shown in
Table 1 clearly showing the oscillation
condition for 500-1000 MHz VCO.

The output value of S11 for the com-
bined oscillator network is shown in Fig-
ure 8a for two values of the varactor
capacitances one at the low and the
other at the high end of the 500-1000
MHz VCO. Note that the output ampli-
tude variation is minimal and the output
magnitude of S11 is better than 13
showing a robust oscillation across the
range. For the same system the value of
the output impedance, approximately -
500 ohms, is very constant across the
range and is seen in Figure 8b.
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Figure 13. Typical lobe power output.

The devices exhibit excellent phase
noise characteristics as seen in the pre-
vious two figures. The phase noise was
measured using the phase discriminator
method using an HP 11804 phase noise
measurement system. A typical layout is
shown in Figure 9 and a typical phase
noise plot is shown in Figurz 10. The
noise figure is —100 dBc at 10 kHz from
the carrier and —75 dBc at 1 kHz.

The output power variation and the
tuning voltage across the range for a
500-1000 MHz VCO are shown in Fig-
ures 11 and 12 respectively. A typical
oscillator lobe is shown in Figure 13.
The VSWR is measured to be 1.85:1
across the band or better. The tuning
sensitivity is 50-70 MHz/V and the
absolute maximum tuning voltage is 25
volts. Typical frequency pulling is 17
MHz peak to peak and frequency push-
ing 3 MHz per volt.

A table of the specifications of the five
devices that cover the above mentioned
range is shown in Table 2. This represents
only the initial range to be introduced; a
complete family of devices covering all
commercial ranges is in development.

Conclusion
A concise description of a method for
the design of a VCO has been present-
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Figure 12. Tuning curve for the
500-1000 MHz VCO.

ed, and the results of applying this
method to five new VCO models have
been demonstrated.

The author would like to thank Dr.
Ulrich Rohde for his support and
insightful help on phase noise mea-
surements and theoretical considera-
tions on the oscillators, and Mr.
Shankar Joshi, Chief Engineer at Syn-
ergy Microwave, for his constant sup-
port and technical help on finalizing the
conceptualized units.

For more information on this new VCO
family, please call Synergy Microwave
at (201) 881-8800, or circle Info/Card
#250. RF
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The FS700 LORAN-C frequency standard

10 MHz cesium stability

Cesium long term stability at a fraction
of the cost

Better long-term stability than rubidium

Not dependent on ionosphere position
changes, unlike WWV

Complete northern hemisphere
coverage, unlike GPS.

Ee FS700 LORAN-C frequency standard provides the

optimum, cost-effective solution for frequency manage-
ment and calibration applications. Four 10 MHz outputs
from built-in distribution amplifiers provide cesium
standard long-term stability of 102, with short-term sta-
bility of 10~ 19 (10~ ! optional). Reception is guaranteed in
North America, Europe and Asia.

$4950

Since the FS700 receives the ground wave from the
LORAN transmitter, reception is unaffected by atmos-
pheric changes, with no possibility of missing cycles, a
common occurrence with WWYV due to discontinuous
changes in the position of the ionosphere layer. Cesium and
rubidium standards, in addition to being expensive ini-
tially, require periodic refurbishment, another costly item.

The FS700 system includes a remote active 8-foot
whip antenna, capable of driving up to 1000 feet of cable.
The receiver contains six adjustable notch filters and a fre-
quency output which may be set from 0.01 Hzto 10 MHz in
a 1-2-5 sequence. A Phase detector is used to measure the
phase shift between this output and another front panel
input, allowing quick calibration of other timebases. An
analog output with a range of %360 degrees, provides a
voltage proportional to this phase difference for driving
strip chart recorders, thus permitting continuous moni-
toring of long-term frequency stability or phase locking of
other sources.

I F8700: rhe optimum frequency

management system




RF products

Time Interval Analyzers

Guide Technology has intro-
duced a line of time interval ana-
lyzers and modulation domain
analyzers. Named the GT650
Series, these AT/386 plug-in
boards are the latest addition to
Guide Technology’s line of high
performance time and frequency
instruments. There are five mod-
els in the series — three with two
channels and two with 16 chan-
nels. The two channel models
have a frequency range from DC
to 400 MHz (2 GHz optional), with
measurement rates from 2 MS/s
to 10 MS/s, and single-shot reso-
lution from 100 ps to 2 ns. The 16
channel models have a frequency
range of DC to 25 MHz, with mea-
surement rates of 2 MS/s and 25
MS/s, and single-shot resoiution

of 20 ns. Being on a PC, these
time interval analyzers offer signif-
icant advantages in performance
and value. The software for these
instruments is far more complete
than what is customary on bench-
top IEEE-488 instruments. Pro-
grams are provided for high
speed measurement directly to
PC memory, with extensive analy-
sis capability. All models come
with a DOS-based software pack-
age providing a virtual instrument
front-panel on the PC’s monitor
for interactive benchtop use. An
MS-Windows virtual front panel is
expected by the fourth quarter
1993. The GT651 is priced at
$13,500.

Guide Technology, Inc.
INFO/CARD #249

Surface Mounted

Mixer

RMS-11 is a double balanced
mixer which spans a very wide
bandwidth, 6-1900 MHZ, in a
compact 0.25 x 0.31 x 0.2 inch
package. Newer design tech-
niques have been adapted to
widen the bandwidth to 1.9 GHz
and maintain good LO-RF and
LO-IF isolations. Average values
of LO-RF and LO-IF at 1.9 GHz
are 26 and 28 dB and at 1 GHz
are 29 and 31 dB. A single mixer
can satisfy the requirement of
both cellutlar and PCN bands.
Conversion loss is 7.2 dB in the
800-1000 MHz band and 8.5 dB
in the 1800-1900 MHz band. The

mixer has an all ceramic body,
thus matching temperature coeffi-
cient of different parts, and it
uses all-welded construction. The
part is also available in leaded
version as LRMS-11X. Both parts
can be supplied in tape and reel,
use ultra-rel diodes and carry a
five-year warranty.

Mini-Circuits

INFO/CARD #248

RF Design

High Volume,
Single Layer
Capacitors

American Technical Ceramics
is pleased to introduce its ATC
114 Parallel Plate Capacitors,
designed for high volume applica-
tions. These high quality, very
low cost, single layer capacitors

have an operating frequency
range to 50 GHz. The ATC Uni-
versal Barrier Termination’s supe-
rior bond strength ensures bond-
ability and solderability, while pro-
viding versatility in attachment
techniques. All ATC 114 capaci-
tors meet all relevant and applic-
able industry and military specifi-
cations. Three stock sizes are
offered: 25, 35 and 50 mils
square, and values from 1.0 pF to
270 pF at 100 WVDC are offered.
Kits containing five values, ten
pieces per value are available for
$29.95, and kits containing ten
values, ten pieces per value cost
$39.95. Orders are shipped with-
in 48 hours.

American Technical Ceramics
Corp.

INFO/CARD #247

Communications

Signal Processor
The ASIC and Custom Products
Division of Stanford Telecommuni-
cations announces that first-silicon
prototypes of the STEL-2000 digi-
tal, fast acquisition, spread spec-
trum communications processor
have arrived and will soon be
available for Beta-site sampling.
The STEL-2000 is a single CMOS
ASIC device which performs all
the digital processing required to
implement the baseband functions
of a fast acquisition direct
sequence, spread spectrum, radio
link. Capable of transmission in bi-
phase shift keying (BPSK) or
quadri-phase shift keying (QPSK)
modes, it operates at 10 MChips
per second in transmit and receive
modes. A proprietary acquisition
processing technology used in the
STEL-2000 permits acquisition of

bursts of data with a single symbof
preamble, making the modem
extremely efficient when operating
with short bursts. All parameters in
the device are fully programmable,
allowing it to operate over a wide
range of conditions in a large
number of applications.

Stanford Telecommunications,
Inc.

INFO/CARD #246

Load Pull
and Noise
Measurement

Focus Microwaves introduces
the Microwave Tuner System
(MTS), a fully programmable
load/source pull measurement

system for noise and high power
applications in the 800 to 3000
MHz frequency range. The basic
configuration includes two pro-
grammable tuners (max. VSWR >
10:1, RF resetability > 50 dB) with
SMA connectors (other connec-
tors optional), an IBM-PC compati-
ble tuner controller and GPIB
interface and software for tuner,
setup and test fixture calibration,
noise figure and noise parameter
measurement, load and source
pull of power, gain, efficiency,
intermod and JDC spectral perfor-
mance. Load/source pull data is
converted to 1ISO contours over
load/source impedance charts.
Options include: extended fre-
quency from 750 to 4200 MHz,
software for test fixture, PC com-
patible two channel analog inter-
face, calibration services, and two<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>