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The most choices.
The largest line.

Wavecom offers the largest line of SP2T
switches in the business. What's more you
can get exactly the specs you want - at
commercial prices and with products that
are manufactured to Wavecom standards
of space age reliability.

That's because we designed our basic
switches to accommodate an almost
infinite variety of spec combinations.

Frequency range: DC through 26.5 GHz.

RF connectors can be SMA, TNC, N, BNC,
SC or PC board mount.

Actuation can be failsafe, latching, or
normally open. Make-before-break
available for hot switching applications.

Options can include 50 ohm termina-
tions, indicator circuitry, TTL logic, BCD
TTL decoder, self de-energizing circuitry,
and manual operation.

We also offer a complete line of muiti-
position (SP3T to SP12T) and transfer
- switches - all available with the san

| variety of spec combinations
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For more information or a free catalog, call
or write Loral Microwave-Wavecom, 9036
Winnetka Avenue, Northridge, CA 91324,
Tel: (818) 882-3010. Fax: (818) 709-8204.

Specifications - Wavecom SP2T coaxial switches
Frequency Range (GHz) DC-3 3-8 8-124 12.4-18 18-265
VSWR (Max) 1.2:1 1.3:11 140 1.5:1 1.6:1
Insertion Loss (Max dB) 0.2 0.3 0.4 0.5 0.6
Isolation (Min dB) 80 70 60 60 50
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[f you're not using a spectrum analyzer...

Spectrum analyzer display of cellular telephone transmissions

1aybe it time to take a closer look.
/3

Snectrum ! ug

Analyzers !

A-7550—10kHz to 1.0 GHz A-8000—10kHzto 2.6 GHz

PP — T T g |

You can’t hear them or see them, but there are probably Optional built-in features including a rechargeable battery,
thousands of electromagnetic signals being transmitted tracking generator, sensitive AM/FM/SSB receiver, IEEE-488
through the air around you at this very moment. interface, RS-232 interface, and quasi-peak detector allow

Many of these signals originate from radio and television ~ €ither instrument to be configured to your unique testing
transmission. However, many other signals are emitted requirements at a surprisingly affordable price.
from computers, CRT display terminals, and other electrical
devices. For more information or a demonstration of the

Each of these signals can be a potential source of harmful ~ A-7550 or the A-80000, contact your local IFR representative

interference to sensitive electrical equipment or critical systems or call IFR at (316) 522- 4981
you are operating. .

The IFR A-7550 and A-8000 Spectrum Analyzer.
provideea full sezsof ertures to spggd the id(::lrt]iéflizl:gosn and e O .
! ; 10200 West York Street
measurement of signals over a wide frequency range. Wichita, Kansas 67215-8935 USA.
FAX 316/524-2623
INFO/CARD 2




Call DAICO'
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In fact, we have a total of 64 differept
maodels of GaAs switches, digital attenu-
ators and VCA's in Stock guaranteed.
to alleviate your GaAs pains.
So get rid of your GaAs pains
fast...call DAICO for technical
assistance and our 1991 Catalogat ™
(213) 631-1143.
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A Channel Sounder for
Indoor Communication
Systems

The authors describe a test transmitter and re-
ceiver for characterizing indoor radio propagation
at L-band. Path performance measurements are re-
quired if reliability of factory or other radio systems
is to be assured.

— Fernando Casadevall and Xavier Barba

High Power
Bi-Directional Coupler
for Space Applications

Control and protection of high reliability circuits such
as spaceborne power amplifiers is critical. This
article describes a high power coupler designed to
meet specific coupling and directivity requirements.

— Pascal R. Goux
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Surge and Transient Considerations

A review of the causes and nature of surges and transients on power utility and com-
mon carrier signal lines. plus notes on protection of electronic equipment from their

effects.
— Gary A. Breed
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A Simple Clock and PSK Carrier
Recovery Circuit

This month's featured contest entry is a simple circuit that simultaneously recovers

clock and data information from a PSK modulated signal.
— Francois Methot

VHF and UHF Crystal Oscillators — Part |l

Another note from AF Design’s Consulting Editor on his experiments with some
remarkably simple high frequency fundamental and overtone oscillator circuits.
— Andrzej B. Przedpelski

Design of Quadrature Detectors

A review and analysis of the quadrature detector, typically the lowest cost option
for demodulation of frequency and phase modulated information.
— Edward A. Richley

CAD of Single and Tandem Lange Couplers

The authors show how two Lange couplers connected in tandem can solve the
problem of small dimensions at microwave frequenices. They provide a computer
program for design of both single and tandem couplers.

— Timothy O’Connell and Patrick Murphy
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HIGH POWER
COMBINER

FEATURES:

e LOW LOSS

* HIGH ISOLATION

¢ EXTERNAL
TERMINATIONS

4 WAY COMBINER
MODEL

D2650 54-88 MHz
D2685 88-108 MHz
D2655 174-216 MHz

TYPICAL
SPECIFICATIONS

INS. LOSS 0.15db
ISOLATION 25db
VSWR 1.2:1
POWER 2Kw
Connectors

input N

output 1-5/8 EIA

WERLATONE has an extensive line
of 2 and 4 way combiners covering
the TV and FM bands

1965 - 1990 ‘
25 years in business

«34704,. WERLATONE, INC.
P.O. Box 47
Brewster, NY 10509
Tel: (914) 279-6187
FAX: (914) 279-7404
decades ahead
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RF editorial

Engineering
Productivity

Part [l — Test

Instruments

By Gary A. Breed
Editor

Last month, | noted some of the
organizational changes that are oc-
curring in the U.S. electronics industry.
To effectively improve efficiency, these
changes require that companies get the
maximum results from their employees’
efforts. For RF companies, this is an
especially difficult assignment, since
experienced RF designers are in rela-
tively short supply and many are already
extremely busy.

One method of improving an RF
engineer’s productivity is to provide
support that allows him more time for
creative engineering. Recent develop-
ments in the world of test and measure-
ment certainly fit this description, with
instruments that not only offer improved
performance, but have operating fea-
tures that minimize setup time.

The principal enhancement in newer
test instruments is the incorporation of
computing power This allows the user
to store standard setups, eliminating all
the knob-twisting that used to be needed.
Errors in those dial settings are elimi-
nated, too. Computations based on the
measured data can be performed as
part of the pre-programmed test proce-
dure. For example, a spectrum analyzer
can list the harmonic levels relative to
the fundamental, or identify spurious
signal levels and frequencies.

All this power can be utilized in a
multi-unit test setup. A modulated signal
generator, spectrum analyzer, power
supply and DC multimeter could be
connected into a power amplifier test
system, controlled by a host computer.
A little extra time to program the system
eliminates lengthy and tedious manually-
operated measurements. You might not
need a computer, either. The controller
might be inside one of these instru-
ments, since a few already have a
keyboard option that is all they need to

be stand-alone PCs!

Performance features improve the
accuracy and reliability of measure-
ments, especially in high performance
testing. Improved measurement confi-
dence reduces the need to repeat a test
“just tn make sure.” Lower noise syn-
thesizers in signal generators, spectrum
analyzers and network analyzers have
increased the dynamic range of these
instruments’ measurements. Direct digi-
tal synthesis and digital modulation
allows generation of complex wave-
forms that previously required combina-
tions of several sources. Baseband FFT
analysis in spectrum analyzers dramati-
cally increases the precision of their’
measurements. Internal calibration rou-
tines make sure that these powerful
functions are operating as intended
when you need them.

These advantages are not limited to
the designer’s hench — production line
testing may receive an even bigger
benefit. Faster, more accurate measure-
ments are exactly what the production
test manager wants! Pre-programmed
setup takes most of the human error out
of the instrument operation and data
collection process. To meet the needs
of manufacturing, a new generation of
instruments with ““practical’’ rather than
“ultimate’’ performance specifications
is beginning to show up.

So, the next time you find yourself
wishing for some new test equipment,
take the time to evaluate how much time
you spend preparing for tests, running
them by hand, and manually tabulating
the results. If you are under pressure to
deliver your designs on increasingly
shorter timetables, this information might
be all that is needed to justify the
investment. Your company will get more
out of your talents, and you'll get greater
satisfaction doing it.

May 1991



NOISECoM

‘““NOISE IS OUR ONLY BUSINESS”

Broad Band
Noise Sources

For Space, Military and Cormmercial Applications

/

Broad Band
Precision,
Calibrated

Waveguide

WR-22,-28,-42

TYPICAL STANDARD MODELS

NC 5100
Series up to 50 GHz
15.5 dB ENR,
noise figure
meter

compatible

NC 5200
Series up to 50 GHz
21-25 dB ENR,

high noise output

NC 5300
Series up to 50 GHz
21-25 dB ENR,

high noise output

For More
Information
And Quick

Response Call:

GARY SIMONYAN
Lat 201-261-8797

~

J

DC-50 GH=z

Broad Band

instruments
115V or 230V Standard
Bench Type or Rack Mounted
MANUALLY CONTROLLED
+ 10 dBM Output

4 N
N ol
TYPICAL STANDARD MODELS
NC 6101 up to 20 kHz
NC 6107 up to 100 MHz
NC 6108 up to 500 MHz
NC 6109 upto 1 GHz
NC 6110 up to 1.5 GHz
NC 6111 up to 2 GHz
NC 6218 up to 18 GHz

Other standard models available
MOST ARE IN STOCK

PROGRAMMABLE
IEEE-488 (GPIB), MATE (CIIL)
RS232, etc. + 10 dBM Output

/

TYPICAL STANDARD MODELS

NC 7101 up to 20 kHz

NC 7107 up to 100 MHz

NC 7108 up to 500 MHz

NC 7109 up to 1 GHz

NC 7110 upto 1.5 GHz

NC 7111 up to 2 GHz

NC 7218 up to 18 GHz

OPTIONAL: Remote variable

filters, signal input combiner,

75 ohms output, marker input.
Other standard models available

\ MOST ARE IN STOCK J
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Custom &

Hi Rel Products
HYBRID FOR SPACE QUALIFIED
AMPLIFIED MODULES

10 Hz to 10 MHz, 7 GHz, 9 GHz,
14 GHz etc. Small size and weight

DC COUPLED
AMPLIFIED MODULES
» 1 volt output into 50 ohms
» DC-100 kHz
» Low offset voltage
» Compact
» DC-4 MHz

P

- /

NOISECoM

“NOISE IS OUR ONLY BUSINESS"*

NOISE COM, INC.
E. 49 Midland Ave.
Paramus, NJ 07652
PHONE (201) 261-8797
FAX (201) 261-8339
TWX 910-380-8198
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ForMost People, It Was

Just Another Warm September Day.

For design engineers, it was
the day mixed analog/digital
design came of age.

The event was the mixed-sig-
nal design demonstration at
the IEEE Bipolar Circuits and
Technology Meeting (BCTM).
The goal was to give credence
to mixed-signal simulation and
to benchmark companies in
the marketplace. The results
were conclusive.

Viewlogic came up with the
right answer first.

But more to the point, what we
did at BCTM in September,
we can do for you now. We’re
the only company with a
proven technology and a three
year track record of success.
The only one that integrates
design capture, simulation and
analysis.

But that's just the beginning.

Performance and Flexibility
available nowhere else.

With VIEWsim/SD, you'll get
the choices you need. You’ll
be able to mix behavioral mod-
els with gates and SPICE prim-
itives. Choose from leading
analog simulators like PSPICE
and HSPICE. Include physical
hardware models for devices
when software models are not
available. Use the most popu-

Full Hierarchical

Design CAPTURE

VIEWdraw

Automatic Design
Partitioning

SIMULATE
VIEWsim/SD

ANALYZE
VIEWtrace A/D

INFO/CARD 8

Mixed-Signal
Simulation With
Behavioral, Device,
Hardware Models

Integrated
Mixed Signal
Analysis

lar platforms from SUN,
DEC and IBM.

Our white paper 4,
“Mixed-Signal )
Simulation omy
Benchmark /
Report” ey, & J
proves the -
point. Call us at
1-800-422-4660, Ext. 103.
You'’ll like the climate
we’re creating for mixed-
signal design.

O
VIEWlogic
The CAE Company

Viewlogic Systems, Inc.

293 Boston Post Road West
Marlboro, MA 01752
508-480-0881
508-480-0882 FAX

A
e &"'ﬂ/ ,
(‘0,,’#':2,’0” /

PSPICE and HSPICE are trademarks of their
respective companies.



LA Series

RF POWER
AMPLIFIERS

MODEL LA100H MODEL LA100F MODEL LA100U MODEL LA100UE MODEL LA100UF
.3 — 100MHz 100-250MHz 200-400MHZz 200-500MHz 100-500MHz
100 Watts CW 100 Watts CW 100 Watts CW 100 Watts CW 100 Watts CW

MODEL LA200H MODEL LA200F MODEL LA200U MODEL LA200UE MODEL LP300H
5 — 100MHz 100-250MHz 200- 400MHz 250-500MHz 3~ 100MHz
200 Watts CW | 200 Watts CW 200 Watts CW 200 Watts CW 300 Watts Pulse

MODEL LA400U MODEL LA500H MODEL LA500V MODEL LA500U MODEL LA1000H
10- 100MHz

200-400MHz 5-50MHz 200-400MHz 2-32MHz
400 Watts CW 500 Watts CW 500 Watts CW 500 Watts CW 1000 Watts CW

MODEL LA1000V MODEL LA2000H1 MODEL LA3000HS MODEL LP4000HV2 MODEL LP12000HV
10- 100MHz 2-30MHz 5-45MHz 2-50MHz 2-50MHz
1000 Watts CW 2000 W pk, 1000W CW | 3000 Watts CW 4000 Watts pk. pulse 12KW peak pulse

KALMUS EUROPEAN SALES AND SERVICE CENTERS

FRANCE: KMP Electronics PHONE: 1-46-45-09-45 GERMANY: Telemeter Electr GMBH PHONE: (0906) 4091
FAX: 1:46-45-24-03 FAX: {(0906) 21706

ENGLAND: EATON. Ltd. PHONE: 734-730900 ITALY: Vianello Strumentazione PHONE: 02-89200162
FAX: 734.328335 FAX: 02-89200382

WalviUs

Engineering International, Ltd., U.S.A

21820 87th SE, Woodinville, WA 98072 (206) 485-9000 FAX 206-486-9657




100W to 12KW
ALL MOS-FET RF POWER AMPLIFIERS

LA 100/200

® All MOS-FET class AB linear RF POWER
AMPLIFIERS.

@ Bicolored LED indicators.

® Automatic Limiting Control (Overdrive
protection). (1)

® Remote and Local Forward and Reflected
monitoring. (3)

® Remote and Local temperature status. (2)

® Dual Temperature Protection. (2)

® Remote and Local Overdrive and Over ALC
status. (1)

® Remote and Local VSWR status. (4)
® Remote and Local Blanking status. (6)

® Remote Automatic Levelling Control.
® Remote and Local Gain control.
® Remote and Local Blanking. (5)

® |nfinite VSWR compatibility, without shut down
in AUTO mode. (4)

® 47-440Hz AC power capability from 97 to
265VAC.

® Single AC Phase and three AC Phase, user
selectable on most models.

® Forced-air cooled.

® Functionally designed and competitively priced
high-tech RF Power equipment.

LA 3000 AND 12000HV
(12KW QUTPUT)

LA 500/600/1000
AND 4000HV

LA 2000

21820 87th SE. Woodinville, WA 98072

(206) 485-9000 « FAX 206-486-9657
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RF letters

Letters should be addressed to: Editor, RF Design, 6300
S. Syracuse Way, Suite 650, Englewood, CO 80111.

Obsolete or Absolute?

| read your editorial on obsolete technologies with much
interest and a bit of puzzlement.

| think you are way off base, 180 degrees out of phase with
reality, about personal communications making ‘‘inconvenience
obsolete.” The plain truth is that such a system would make
inconvenience complete. If you doubt this point of view, |
challenge you to make a simple test. Just give all the
secretaries around you a week off and for one week, answer
your phone yourself every time it rings. And, of course, you
will do this with no lessening of your regular work output.

Hanging one of those infernal machines around your neck
so that people could call you up and talk about a subject of
| their choosing at a time of their choosing, with absolutely no

thought for your convenience would be — well, the inner circle

of helll The phone is getting to be an invasion of privacy
already, but what would it be like if there were nowhere you
could go to get away from it?

For more than 60 years, we've been making high- Add this to your list of pet peeves, and contemplate that we
performance electronic components to meet the most now have the technology to bring all of them to pass
demanding applications. For the E.E Johnson distrib- )

utor nearest you, call 1-800-247-8256. Demand g’: .nC h;f:t'gx

the best. Specify E.E . unnyvale,

Itineas E.FJOHNSON

©1991, E.F johnson
INFO/CARD 10
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UAD GCOMPARATORS
ans, 18mW-0NLY $1.50

¢ +5V Operation Cuts Power A
Drain and Heat Dissipation 1000 MAXIM STANDS ALONE

4 Input Range Includes Ground

and Eliminates Need For " N
Negative Supply 2 0B el LMM%U Reti (shos)
¢ Four Comparators in One ) A
Package Saves Board o N =£> LM361 (Single)
Space and Reduces Cost S 10 * o £ AM686 (Single)
¢ Separate AGND and DGND " MAX900 L1076 (Singie)
Minimizes Noise, Improves N
System Performance 1 s o
4 Dual Supply +5V Capability 1 10 100 1000
Allows Bipolar Input Range Power Dissipation/Comparator (mW typ)

One Stop Shopping For High Speed/Low Power

Maxim’s new MAX900 and MAX301 quad comparators can deliver both high speed and low power at a price that com-
pares favorably to high speed single or dual equivalents. MAX900/MAX301 offer you propagation delays of only 8ns with a
5mV overdrive, power dissipation of 18mW per comparator (when powered from a +5V supply) and space saving 0.3" DIP or
small outline (SO) packages - for only $1.50 per comparator.

Maxim’s High Speed Compar?tor Family

Part Number # Comps Logic Delay (typ) Latch Package Pricet
MAX900 4 TTL 8.0ns Yes DIP, SO $7.01
MAX901 4 TTL 8.0ns No DIP, SO $5.98
MAX9685 1 ECL 1.3ns Yes DIP, SO, Can $3.38
MAX9686 1 I 6.0ns Yes DIP, SO, Can $2.31
MAX9687 2 EGIE 1.4ns Yes BDIPRSE© $5.12
MAX36390 1 ECL 1.3ns No DIp, SO $3.29 §
MAX9698 2 3 6.0ns Yes DIRSSE) $3.92

* MAX901, 1000-up F.0.B. USA price per comparator T 1000-up F.O.B. USA

Call your Maxim representative or distributor today for applications information, datasheets and samples. Or, write
Maxim Integrated Products, 120 San Gabriel Drive, Sunnyvale, CA 94086, (408) 737-7600, FAX (408) 737-7194.

ZV1AXI/VI

Distributed by Arrow, Bell/Graham, Elmo, Hall-Mark, Nu Horizons, Pioneer, and Wyle. Authorized Maxim Representatives: Alabama (205) 830-0498; Arizona,
(602) 730-8093; Californ‘a, (408) 248-5300, (619) 278-8021, (714) 261-2123, {818) 704-1655; Colorado, (303) 799-3435; Connecticut, (203) 384-1112; Delaware, (609) 778-5353;
Flonda, (305) 426-4601, (407) 830-8444; Georgia, (404) 447-6124; Idaho, (503) 292-8840; liinois, (708) 358-6622; Indiana, (317) 844-8462; lowa, (319) 393-2232: Kansas,
{816) 436-6445; Louisiana, (214) 238-7500; Maryland, (301) 644-5700; Massachusetts, (617) 329-3454; Michigan, (313) 583-1500; Minnesota, (612) 944-8545; Mississippi,
(205) 830-0498; Missour, (314) 839-0033, (816) 436-6445; Montana, (503) 292-8840; Nebraska, (816) 436-6445; Nevada, {408) 248-5300; New Hampshire, (617) 329-3454;
New Jersey, (201) 428-0600, (609) 778-5353; New Mexico, (602) 730-8093; New York, (201) 428-0600, (607) 754-2171; N. Carolina, (319) 851-0010; Ohio, (216) 659-9224
(513)278-0714, (614) 895-1447; Oklahoma, (214) 238-7500; Oregon, (503) 292-8840; E. Pennsylvania, (609) 778-5353; W. Pennsylvania, (614) 895-1447: S. Carolina
(919) 851-0010: Tennessee, (404) 447-6124; Texas, (214) 238-7500, (512) 835-5822, (713) 789-2426; Utah, (801) 561 -5099; Virgtria, (301) 644-5700; Washington,
(206) 823-9535; W. Virginia, (513) 278-0714; Canada, (416) 238-0366, (613) 225-5161, (604) 276-8735, (514) 337-7540.

Maxim is a regrstered trademark of Maxim Integrated Products. © 1991 Maxim Integrated Products
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Have a problem
with your
subscription?

We want to solve
it to your com-
plete satisfaction,
and we want to |
do it fast. Please
write to:

RF Design, 5615 '
W. Cermak Rd..
Cicero, IL 60650.

You can help us
by attaching your
magazine label
here. or copy
your name and
address as it ap- » [
pears on your | ‘
label. Send this
along with your
correspondence.

1 Zip

T Swe

Ciy

Name
Al!‘d?\‘\.\

Moving?
Simply attach the mailing label from
this magazine and write in your new
address below. (Please allow 4-8
weeks.)

Your New Address Goes Here

Name

Address Apt. #

City

State Zip

Subscription Rate:

12 issues $38. Add $14 a year for
foreign orders.

[] Renewal [] New Order

For Fast
Service...

...it s better to write us concerning
your problem and include the maga-
zine label. Also. address changes are
handled more efficiently by mail.
However, should you need to reach
us quickly the following number is
available:

1-708-656-8266

RF design

5615 W. Cermak Rd. e Cicero. IL 60650
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29-31

June

4-6

11-13

13-14

24-27

25-27

July
15-18

22-24

August
13-15

IEEE Instrumentation and Measurement Technology Con-
ference

Omni Hotel, Atlanta, GA
information: Robert Myers, 3685 Motor Avenue, Ste. 240, Los
Angeles, Ca 90034. Tel: (213)-1463. Fax (213) 287-1851.

45th Annual Symposium on Frequency Control

Los Angeles Airport Marriott, Los Angeles, CA
Information: Annual Symposium on Frequency Control, PO
Box 826, Belmar, NJ 07719.

First Virginia Tech Symposium on Wireless Personal
Communications

Virginia Tech, Blacksburg, VA
Information: Prof. Theodore S. Rappaport, Director, Mobile &
Portable Radio Research Group, Virginia Polytechnic & State
University, Blacksburg, VA 24061 -0111.

’91 International Communications Association Expo
Anaheim Convention Center, Anaheim, CA

Information: Angela Gailagher, ICA, 12750 Merit Drive, Suite

710, LB-89, Dallas, Texas, 75251. Tel: (214) 716-4124.

MTTS International Microwave Symposium and Expo
Boston, MA
Information: Tel: (617) 769-9750.

ARFTG

Boston, MA
Information: ARFTG, c/o Henry Burger, 1061 E. Frost Drive,
Tempe, AZ 85282. Tel: (602) 839-6933.

Test Engineering Conference

Georgia World Congress Center, Atlanta, GA
Information: Miller Freeman Expositions. Tel: (800) 223-7126
or (617) 232-3976.

EMC Expo '91
Walt Disney World Resort, Orlando, FL
Information: Ellen Lunsford, Registration. Tel: (703) 347-0030.

Communication Networks West '91
Moscone Center, San Francisco, CA
Information: Conference Sales, Tel: (800) 225-4698.

Fifth International Conference on HF Radio: Systems and
Techniques

Edinburgh Conference Centre, Edinburgh UK
Information: Secretariat, Conference Services, IEE, Savoy
Place, London WC2R 0BL, United Kingdom. Tel: 071 240 1871
ext. 222.

IEEE 1991 International Symposium on Electromagnetic
Compatibility

Cherry Hill, NJ
Information: IEEE International Symposium on EMC, PO Box
609, Lincroft, NJ 07738. Tel: (201) 386-2378.
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8x8 VIDEO CROSSPOINT
SWITCH WITH BUFFERS
-ONLY $2.507CHANNEL

Connects Any Input to Any Output

Maxim’s new MAX456 is the first monolithic 8x8 video crosspoint switch that routes standard video signals
(NTSC, PAL, SECAM). With a digitally controlled 8x8 switch matrix, control logic, and eight 35MHz output buffers
together in a 40-pin DIP or 44-pin PLCC, the MAX456 significantly reduces component count, board space and
cost over discrete designs. Applications include video surveillance, Imaging, visual automation, and video editing.

MAX456 Eliminates Over 20 Components

* Reduces Board Space up
« ff &
CNNRANAN =

to 5X
* Reduces Cost 5X Compared to
Inatypical application, a single MAX456 replaces 8 MUXSs,
8 butters, 6 logic ICs, and many passive components. In

Discrete Designs
other applications, may replace over 64 switch ICs

* Reduces Design and Layout
Time

* Reduces Stray Capacitances

* Improves Reliability

Build Larger Crosspoint Arrays

Each MAX456 buffer output can be disabled under logic control. With three-state outputs, multiple MAX456s
can be paralleled to form larger switch networks.

¢ Eight Internal Buffers

250V/us Slew Rate Security Station ‘%
35MHz Bandwidth ( m: g )\
: ry@

Buffer Disable Saves Power Rt ‘ r
¢ *+5V Power Supplies [ ):._.I — *Ej@
* 80dB Off Isolation at 5MHz ——%\Q

* 70dB Crosstalk at SMHz Video Recorders
* Serial or Parallel .P Interface

MAX456 and MAX457s Drive 75Q Loads

Maxim also offers the MAX457, a dual 70MHz unity gain stable video amplifier. The MAX456 teams up with the
MAX457 to drive 75Q loads efficiently. Special pricing is available for MAX456/MAX457 combination purchases.

Call your Maxim representative or distributor today for applications information, data sheets, and free
samples. Oy, contact Maxim Integrated Products, 120 San Gabriel Drive, Sunnyvale, CA 94086, (408) 737-7600,
FAX (408) 737-7194

* MAX456CPL., $1998 1000-up

T maan

Distributed by Arrow, Bell/Graham, Elmo, Hall-Mark, Nu Horizons, Pioneer, and Wyle. Authorized Maxim Representatives: Alabama, (205) 830-0498; Arizona,
{602) 730-8093; Caiifornia, (408) 248-5300, (619) 278-8021, (714) 261-2123, {818) 704-1855; Colorado, (303) 799-3435; Connecticut, (203) 384-1112; Delaware, (609) 778-5353;
Florida, (305) 426-4601, (407) 830-8444; Georgia, (404) 447-6124; Idaho, (503) 292-8840; liinois, (708) 358-6622; Indiana, (317) 844-8462; lowa, (319) 393-2232; Kansas
(816) 436-6445; Louisiana, {214) 238-7500; Maryland, (301) 644-5700; Massachusetts, (617) 329-3454; Michigan, (313) 583-1500; Minnesota, (612) 944-8545; Mississippi,
(205) 830-0498; Missouri, (314) 839-0033, (816) 436-6445; Montana, (5603) 292-8840; Nebraska, (816) 436-6445; Nevada, (408) 248-5300; New Hampshire, (61 7)329-3454;
New Jersey, (201) 428-0600, (609) 778-5353; New Mexico, (602) 730-8093; New York, (201) 428-0600, (607) 754-2171; N. Carolina, (919) 851-0010; Ohio, (216) 659-9224,
(513) 278-0714, (614) 895-1447; Oklahoma, {21 4) 238-7500; Oregon, (503) 292-8840; E. Pennsylvania, (609) 778-5353; W. Pennsylvania, (614) 895-1447; S. Carolina,
(919) 851-0010; Tennessee, (404) 447-6124; Texas, (214) 238-7500, (612) 835-5822, (713) 789-2426; Utah, (801) 561-5099; Virginia, (301) 644-5700; Washington,
(206) 823-9535; W. Virginia, (513) 278-0714; Canada, (4 16) 238-0366, (613) 225-5161, (604) 276-8735, (514) 337-7540.

Maxim is a registered trademark of Maxim Integrated Products. © 1991 Maxim Integrated Products.
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RF courses

Fundamentals of Radar Cross Section
May 20-24, 1991, San Diego, CA
Information: Kelly Brown, SCEEE, Tel: (407) 892-6146.

Microwave/Millimeter Wave Monolithic Integrated Circuits
June 4-7, 1991, Los Angeles, CA
Radiation Hardening of Electronic Systems
June 10-14, 1991, Los Angeles, CA
Information: UCLA Short Course Program Office. Tel: (213)
825-3344. Fax: (213) 206-2815.

Frequency Hopping Signals and Systems

May 20-22, 1991, Washington, DC
Principles of High Frequency Radio Communications:
Applications for Operators and Managers

May 20-23, 1991, Washington, DC
New HF Communications Technology: Advanced Tech-
niques

June 3-7, 1991, Washington, DC
Spread Spectrum Communications Systems

June 10-14, 1991, Washington, DC
Introduction to Modern Radar Technology

June 26-28, 1991, Washington, DC
lonospheric Radio Propagation for System Planners

July 8-11, 1991, Washington, DC
Radio Frequency Spectrum Management

July 8-12, 1991, Washington, DC
Synchronization in Spread-Spectrum Systems

July 15-19, 1991, Washington, DC
Information: The George Washington University, Continuing
Engineering Education, Merril A. Ferber. Tel: (202) 994-8522
or (800) 424-9773.

Fiber Optic Communications

June 10-12, 1991, Sunnyvale, CA
Information: Center for Professional Development, Arizona
State University. Tel: (602) 965-1740.

Digital Signal Processing Workshop
June 12-14, 1991, Norwood, MA
July 16-18, 1991, Campbeli, CA

Mixed Signal Design Seminar
May 15, 1991, Pleasanton, CA
May 16, 1991, Bellevue, WA
May 17, 1991, Beaverton, OR
May 20, 1991, Woburn, MA
May 21, 1991, Montreal, Canada
May 22, 1991, Bloomington, MN
May 23, 1991, Houston, TX
May 24, 1991, Dallas, TX
May 28, 1991, Phoenix, AZ
May 29, 1991, Denver, CO
May 30, 1991, Arlington, Heights, IL
May 31, 1991, Rochester, NY

Information: Analog Devices, DSP Applications Department,

Maria Butler. Tel: (617) 461-3672.

Touchstone/Academy
June 3-7, 1991, Gilching, Germany
Libra/Academy
June 17-21, 1991, Baltimore, MD
June 17-21, 1991, Gilching, Germany
Information: EEsof. Tel: (818) 991-7530. Fax: (818) 991-7109.

16

Frequency-Time and Spatial-Time Signal Processing

June 10-14, 1991, United Kingdom
Information: CEI-Europe/Elsevier, Mrs. Tina Persson, Box 910,
S-612 01 Finspong, Sweden. Tel: 46 (0) 122-17570. Fax: 46 (0)
122-14347.

Modern Power Conversion Design Techniques

May 20-21, 1991, San Rafael, CA

July 15-19, 1991, Chicago, IL
Information: ef/j Bloom Associates, Joy Bloom. Tel: (415)
492-8443. Fax: (415) 492-1239.

ELINT Interception
May 14-16, 1991, Syracuse, NY
ELINT/EW Applications of Digital Signal Processing
May 14-16, 1991, Syracuse, NY
Integrated EW
May 21-22, 1991, Syracuse, NY
ELINT/EW Data Bases
May 21-23, 1991, Syracuse, NY
Radar Vulnerability to Jamming
June 4-5, 1991, Syracuse, NY
Electromagnetic Propagation
June 4-6, 1991, Syracuse, NY
Information: Research Associates of Syracuse. Tel: (315)
455-7157.

Basic Network Measurements Using the 8510B Network
Analyzer

May 29-31, 1991, Los Angeles, CA

June 11-13, 1991, San Francisco, CA

June 18-20, 1991, Atlanta, GA

June 25-27, 1991, Los Angeles, CA

Designing for EMC

July 11-12, 1991, Atlanta, GA
Information: Hewlett-Packard Company. Tel: (714) 999-6700.

Introduction to Fiber Optic Communications
June 4-7, 1991, San Francisco, CA
Digital Signal Processing: Techniques & Applications
June 4-7, 1991, San Francisco, CA
June 18-21, 1991, Washington, DC
Hands-On Datacomm Troubleshooting
June 4-7, 1991, Washington, DC
June 25-28, 1991, San Francisco, CA
Introduction to Telecommunications
June 11-14, 1991, Los Angeles, CA
June 25-28, 1991, Washington, DC
Information: Learning Tree International. Tel: (800) 421-8166,
(703) 893-3555, (203) 417-8888.

Introduction to EMI/RFI/EMC

May 21-23, 1991, Washington, DC

June 24-25, 28, 1991, Orlando, FL
EMI Control Methodology and Procedures

May 21-24, 1991, Philadelphia, PA
Practical EMI Fixes

June 3-7, 1991, Las Vegas, NV
Grounding and Shielding

June 24, 27, 28, 1991, Orlando, FL
System Integration and Design for EMC

June 24, 25, 28, 1991, Orlando, FL
Information: Interference Control Technologies, Registrar. Tel:
(703) 347-0030.
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Fixed Sentries

Alan precision SP and MP fixed attenuators
handle 2 watts average power and up to 750
watts peak power. These accurate, quiet
components offer low VSWR and operate
over -55 to +125°C. Select from a wide
choice of attenuation values, broadband
frequency coverage, connector options and

Alan Industries, Inc.

745 Greenway Drive, P.O. Box 1203, Columbus, Indiana 47202
Phone: 812-372-8869 CALL TOLL FREE: 800-423-5190

FAX: 812-372-5909

Manufacturers of...

MIL-Qualified models. Key accessories in-
clude Z Series impedance matching pads
and F and T Series terminations.

For more information on how our products
can help guard your equipment call us today,

toll free.
Alan

Attenuators: Programmable e Rotary e Manual Switch e Fixed e Continuously Variable
Accessories: Loads e Dividers e Terminations e RF Fuses e Bridges
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ANZAC Does It Again !

ANZAC offers yet another GaAs Monolithic
alternative to pin diode switch technology.
The SW-239 SPDT
RF switch features
nanosecond speed
with only microwatts
of DC power.
Utilizing an 8-Lead
SOIC package these units come ready for full

Tomorrow’s GaAs MMIC technology can be
yours today for just a handful of quarters.
(40 to be exact.)

Contact your local ANZAC distributor or
representative today.

automatic insertion.

$10 00 o

MODEL SW-239 Performance Characteristics 5 ES:'II,?VCElle
Frequency Range DC-2000 MHz

Operating Temperature -40°C to +85°C

Insertion Loss 0.5 dB

VSWR L1l

Isolation 50 dB

I dB Compression +27 dB

Switching Speed 4 nsec TYP

Package 8 Lead SOIC (3.8mm x 4.8mm)

80 Cambridge Street

ANZAC

A MACCM COMPANY

Burlington, MA 01803
INFO/CARD 16

(617) 273-3333

FAX: (617) 273-1921



RF news

Bell Atlantic to Expand Microcell
Technology — Bell Atlantic Mobile
has announced that it will expand its use
of microcellular technology to enhance
cellular reception indoors in public loca-
tions. The first location will be Amtrak’s
Union Station in Washington, DC. Micro-
cell technology utilizes the cellular con-
cept on a smaller scale than the tradi-
tional car usage. It will use extremely
low-power cell sites in heavily trafficked
areas. A cell site, housing computer-
controlled transmitters and receivers, is
a key piece of the cellular system,
serving as a gateway to the traditional
telephone network. In Union Station, a
suitcase-sized transmitter and antenna
will be placed in the Amtrak passenger
waiting area. The initial equipment was
developed by NovAtel Communications,
Inc. Regardless of what network equip-
ment is in use at a given time, customers
will be able to make calls on their cellular
phones while within the microcell’s cov-
erage area. Initially, the microcell will
not be connected to the outside ‘‘macro-
cellular” system. Later this year, the two
will be interconnected and customers
will be able to make and receive calls,
as well as hand-off calls as they leave
the station.

Tektronix Announces Equipment
Grant — Tektronix Inc. recently pre-
sented a grant to the University of
Minnesota’s Institute of Technology
School totaling approximately $130,000
in the form of state-of-the-art engineer-
ing equipment. The contribution is com-
prised of test and measurement equip-
ment manufactured by Tektronix and
includes such instruments as digital
oscilloscopes, spectrum analyzers, digi-
tal voltmeters, function and pulse gen-
erators, and color plotters. The equip-
ment is dedicated for use at the newly-
constructed senior design lab at the
school.

USSR Air Traffic Control Moderni-
zation — AT&T, Westinghouse, IBM,
C. Itoh and Daimler-Benz have commit-
ted themselves to an approximately $10
billion modernization of the Soviet air
traffic control system. The plan is slated
for completion by the year 2005. The
plan calls for merging of Soviet national
airspace plans with air traffic control
plans of the United States, Canada,
Europe and Asia.

Researchers Develop New Class
of Antenna — Engineers at the
Georgia Tech Research Institute have

RF Design

developed a new class of microstrip
antenna that combines the broad-band
performance typical of spiral and sinu-
ous antennas with the surface mount
capabilities, efficiency and low cost of
microstrip antennas. The new antenna
design was developed through a re-
search program supported by the U.S.
Air Force's Wright Research & Develop-
ment Center. Though designed for mili-

tary use, the new antenna could have
widespread commercial applications
such as cellular telephones, identifica-
tion, satellite communications, inter and
intra-building communications and the
tracking of ground shipments. The an-
tenna uses existing technology and
therefore could be mass-produced at a
low-cost.

The antenna was developed using

Need A New Way To Tune

Your Filter?

Why Not Consider The New ATC STA-TUNE™
Adjustable Multilayer Capacitor?

STA-TUNE™ Capacitors, which brought you all the advantages of trimmers and
multilayer capacitors in one 1/8 inch surface mount package, are now available in kit
form. STA-TUNE is built with an external electrode employing a unique four-pad

design, which allows incremental capacitance increases.
accomplished by connecting one of six (6) different capacitance combinations.
includes a conductive epoxy pen for attachment.
from stock through ATC's QUIK-PICK 48 HOUR SYSTEMT™.

In-circuit value adjustment is
The Kit
Kit Number ATC ST2001 is available
ATC ST2001 contains 3

pieces each of 22 capacitance values from 1.0 to 68 pF.

Call our APPLICATIONS HOTLINE
(516) 547-5708

SEE US AT MTT-S '91, BOOTH NO. 608

american technical ceramics corr.
one norden lane, huntington station, n.y. 11746-2102 usa
phone 516-547-5700 - telex 825707 « fax 516-647-5748
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Rugged Stﬁﬁline Construction
- Small Lightweight Designs

Meet MIL-E-5400 and MIL-E-16400
Environments, Operation from
—-65° to +125°C

Power Handling to 100 Watts CW

3, 6, 10, 20 and 30 dB Couplers
In Stock

2-, 3-, 4- and 8-Way Power Dividers
in Stock

Mil-Spec Equivalents In Stock

90°, 180° Magic “‘T", Crossover,
Non-Crossover Hybrids In Stock

Octave

Phase and Amplitude Matched Units

Customized and Multi-Function Designs
Space Qualified Units

M/A-COM Control Components Division offers the industry’s
broadest line of standard and custom Couplers, Power
Dividers and Hybrids.

Find your Stripline Solution. Call or write today for our
NEW Passive Component Catalog.

M/A-COM Control Components Division
21 Continental Blvd., Merrimack, NH 03054
Tel: 603-424-4111  Fax: 603-424-6580
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M neWS continued

two different antenna technologies: the
broad-band spiral technology and the
microstrip technology. While most mi-
crostrip antennas offer a bandwidth of
just 10 percent, the new design offers
bandwidths as high as 500 to 600
percent.

Direct Conversion Technique Re-
locates — Direct Conversion Tech-
nique (DCT) recently announced the
opening of its new headquarters facility
in Des Plaines, llinois. Their new ad-
dress is 1245 Forest Avenue, #12, Des
Plaines, IL 60016. Tel: (708) 827-2282.
Fax: (708) 827-2280.

MIC Technology Acquires Thin
Film Coating and Patterning
Business — MIC Technology has
acquired the U.S. portion of the thin film
coating and patterning business of Ma-
terials Research Corporation’s Hybrid
Products Division. MIC will operate this
business as the Thin Film Division of
MIC Technology. Materials Research
Corporation will retain its European
based Hybrid Products Division and con-
tinue to service the European market.

EEsof Users’ Group to Meet
at 1991 IEEE MTT Sympo-
sium — EEsof Inc. will sponsor the
MTT-S meeting of its Users’ Group,
June 11 from 5:00 p.m. to 7:30 p.m. in
room 311 at the Hynes Convention
Center, Boston, MA. The EEsof Users’
Group invites both members and non-
members to attend the meeting. Techni-
cal papers will be presented investigat-
ing the use of CAE/CAD software appli-
cations in microwave and RF circuitry
design. Proceedings will be available at
the meeting.

Magnavox to Provide Pilot Auto-
matic Vehicle Location Sys-
tem —Magnavox/Nav-Com has won a
contract to provide the Swedish Road
Administration with a pilot Automatic
Vehicle Location System (AVLS), which
will be used to track the location and
movements of vehicles at a central
facility. The vebhicle navigation system
uses a small multi-channel GPS re-
ceiver, which determines the vehicle’'s
location from signals broadcast from the
satellite based Global Positioning Sys-
tem. The Swedish Road Administration
will provide the data link for the vehicles,
based on the established Mobitex radio
data communications network. The vehi-

cles will be equipped with Volvo VTS

RF Design

MC100 data terminals, which will be
interfaced with the Magnavox navigation
system, and will transmit AVLS mes-
sages to the central facility. There, using
Magnavox-developed software, the vehi-
cle positions are displayed on a 19 inch
color graphics monitor.

IITS Purchases Dash, Straus &
Goodhue — Inchcape Inspection and

Testing Services recently announced
the purchase of Dash, Straus & Goodhue
(DS&G). DS&G is involved with compli-
ance testing for electrical and electronic
products, particularly in the area of
electromagnetic compatibility, including
testing for electromagnetic interference
and radio frequency interference. DS&G
will become a member of IITS’s Manu-
factured Goods Testing Group.

MRS Y

Looking for a better alternative
to expensive telephone line

CANIWE

data transmission?

gTHINK ENKS

Neulink’s line of superior telemetry produds offers ‘‘quick as
a links’’ industry standard Telemetry Transmitters, Receivers,
Transceivers and Full Duplex Panels.

e Speech, Data, AFSK, and RS 232

Compatible Interfaces.

e 2-4 Wire Hybrid, Duplexers, RF

Bypassed Connectors and
Radio Control Links.

* Each piece environmentally

tested for temperature
stability.

* Adjustable RF Power
Output Control

* Low Current Drain

Unlimited Lifetime Warranty
{Notional) 800-233-1728  (FAX) 619-5687-0049 (TELEX) 499-3540 LSV 10040 Mesa Rim Road, San Diego, CA 92121

INFO/CARD 19

21




m‘—‘ neW continued

Microwave Hybrid Circuits Call
For Papers — A call for papers has
been issued for the 1991 Microwave
Hybrid Circuits Conference. The confer-
ence will be held October 13-16 in
Sedona, Arizona. The conference theme
is “‘Designing for Production — lIssues
in the Transition from the Drawing Board
to the Factory Floor.”' Papers describing
new work will be considered on the

following subjects: innovative MIC and
MMIC design; MIC processing and qual-
ity issues; advancement in MIC
materials; MIC materials testing; MMIC
packaging techniques; unsolved prob-
lems in MIC design or implementation;
and Taguchi methods and design cen-
tering techniques. Abstracts are due
June 1, 1991. Abstracts should be sent
to: MHCC, c/o Toshikazu Tsukii, Pro-

Good Sines &
Bad Signs

Looking for a low-noise, fast-switching signal source?

Good Sines VW

Whether it's automatic test equipment, satellite uplinks,
EW communications or imaging systems, Programmed
Test Sources has a frequency synthesizer to fit your
needs. GE MRI units, Teradyne Testers, Varian Spec-
trometers . . . all use PTS synthesizers.

Bad Signs $8$8
And while other manufacturers have big dollar signs, PTS
synthesizers start as low as $1,950.

PTS manufactures a complete line of preciston synthes-
izers covering the 100 KHz to 1 GHz frequency range with
switching times as fast as 14 second for our direct digital
models. And plenty of other options as well, like resolution
down to .1 hertz (millihertz available as special order),
GPIB and digital phase rotation.

Just as important, along with every PTS synthesizer

comes our “absolutely everything covered” 2-year
warranty. At the end of two years comes our flat $350
service charge for any repair up to the year 2001! PTS has
a commitment to quality you won't find anywhere else.

Find out how PTS synthesizers used the world over can
help you in for your application today. Call for our complete
catalog, or to talk to an applications engineer.

Call (508) 486-3008 Fax (508) 486-4495

o=

PROGRAMMED TEST SOURCES. Inc
9 Beaver Brook Road. P.0 Box 517. Littleton, MA 01468

INFO/CARD 20

gram Chairman Raytheon ESD, 6380
Hollister Avenue, Goleta, CA 93117.
Tel: (805) 967-5511. Fax: (805) 964-
0470.

New Report on Future of Broad-
cast Transmission Systems — A
new report issued by Elsevier Advanced
Technology discusses the future of
broadcast transmission systems to the
year 1995 and beyond. The report, “The
World Market for Broadcast Transmis-
sion Systems to 1995,” discusses the
effects of silow economic growth on the
market, the changing political climate,
increased competition and long term
trends. Areas of special interest include
the continuing expansion of alternative
broadcasting technologies such as sat-
ellite and cable used for broadcasting
transmission. The report predicts a
doubling of the number of households
who receive satellite or cable within a
few years. Direct broadcasting by satel-
lite is also expected to increase rapidly.
The falling demand for LF and HF
transmissions is also discussed and the
subsequent changes in companies who
will serve that market. On the brighter
side, the growth of FM and TV transmis-
sion systems are expected to show
significant growth especially in less
developed countries. Problems are ex-
pected though in areas such as south-
ern Europe where stricter spectrum
management policies will be put into
place.

Federal Rules on Antennas Should
Supersede Local Rules — The NAB
has called for broader federal authority
over local zoning restrictions on satellite
dishes and other types of radio and TV
antennas. The NAB made these com-
ments to the Federal Communications
Commission because many of the na-
tion’s municipal rules on radio and TV
antennas are ‘“‘undefined and unreason-
able.” These requests were made as a
result of a Deerfield, New York zoning
ordinance on satellite dishes.

Arlon Announces Plant Expansion
— Arlon, Microwave Materials Division
has announced a 75,000 square foot
building addition and equipment acqui-
sition. The new facility will contain
production, quality control, and testing
laboratories for the company’s PTFE
laminated substrate materials. The addi-
tion is expected to be completed in
February 1992 and will complement the
company’s existing 60,000 square foot
facility.
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RF Technologies Announces Open-
ing — A new company has opened
who will provide high power and super
high power waveguide and coax net-
works, as well as transmission systems
and components. The company, RF
Technologies Corporation, will also offer
a line of RF instrumentation and control
equipment. Their address is 482 Con-
gress Street, Suite 101, Portland, Maine
04101. Tel: (207) 773-7778 or (800)
634-4075.

Motorola and Northern Telecom
to Develop Open Cellular System
Standards — Motorola and Northern
Telecom recently announced an agree-
ment to develop major enhancements
to their existing cellular products for
global markets, based on new open
system standards. The two companies
intend to jointly specify, develop and
implement, in connection with the ap-
propriate standards bodies, open cellu-
lar system interface standards which
will permit operators to purchase cellular
system components from a number of
vendors. The standards will be based

on existing international switching and
cellular standards, such as CCS7, GSM,
ISO and ISDN.

New Cellular Network Anten-
na — CAL Corporation and Bell Cellular
recently introduced a new cellular an-
tenna to improve network performance
for cellular users. The low profile sector-
beam cellular antenna was developed
through a joint venture. The antenna tilt,
used to adjust antenna frequency and
scope, can be controlled remotely and
adjustments no longer need to be done
manually.

Antenna Specialists Relocates —
Antenna Specialists Company have an-
nounced the moving of its Site Manage-
ment Products Research and Develop-
ment Group to new facilities in Reno,
Nevada. The new facility, with 50 per-
cent more space, will include additional
test equipment and environmental test
chambers.

Varian Completes Restructuring
— Varian Associates recently com-

WBE

Celebrating Our 20th Anniversary Year

HYBRID POWER DIVIDER/COMBINERS

Models A66 and A67 are hybrid splitter/combiners with

exceptional bandwidth and performance for instrumentation and
communications. Applications include signal splitting, combining, mixing, and
phasing. Due to the high port-to-port isolation, effects of impedance changes,
shunts, or disconnections at one or more ports have a minimum effect on the
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pleted the initial phase of its finan-
cial turnaround with the sale of
its last remaining non-core business, a
broadcast transmitter operation in Eng-
land, to the Harris Corporation. The
sale of this unit and four other
non-core businesses and six product
lines have generated combined pro-
ceeds in excess of $60 million. The
funds will be used for various
purposes, including the second phase
of Varian's turnaround which involves
achieving operational excellence in each
of its core businesses — electron de-
vices, analytical instruments, medical
equipment and semiconductor equip-
ment.

S.T. Research Receives HPI Re-
ceiver System Contract — ST
research has been awarded a contract
for the development and product of the
High Probability of Intercept (HPI) Re-
ceiver System from the Naval Sea
Systems Command. The contract, de-
pending upon options exercised and
ancillary system and support, will ex-
ceed $50 million.

- 1991

I
wh

isolation
(with matched
input termination)
dB

Loss (max)
back-back
dB

Response
Flatness

dB

il 20

+.25

35

2.1

1-500

20

2.5-400

40

3-100

153k . 3s

1-50

1.1:1 40

$-1000

1.2:1 i 30

1-500

151 - 20

2.5-300

1.2:1 5 30

]

WIDE BAND ENGINEERING COMPANY,

TELEPHONE:

BOX 21652,

RF Design

PHOENIX,

AZ 85036

INFO/CARD 21

INC.

(602) 254-1570

23



RF industry insight

HDTV: The World is Waiting

By Gary A. Breed
Editor

High definition television (HDTV) has
clearly reached critical mass in its
development. Regular developmental
broadcasts are taking place in Europe
and Japan, studio video equipment is
readily available (although expensive),
and component manufacturers are ac-
tively developing products for HDTV
receivers and monitors.

The components industry is nearly
ready for high-volume HDTV manufac-
turing, although production will wait until
the market requires it. Thomson-ICS,
Sawtek, and other SAW device houses
have announced HDTV I|F bandpass
filters. Video amplifier and switching
components from Maxim, National Semi-
conductor, Comlinear, Elantec, Burr-
Brown and Analog Devices are capable
of handling the required bandwidths.
Direct satellite broadcast of HDTV is
attractive to GaAs front-end suppliers
such as Pacific Monolithics, Triquint and
Anadigics.

Also required are high performance
analog and digital signal processing
components. A-to-D and D-to-A convert-
ers with at least 10-bit resolution must
accurately handle greater than 25 MHz
video bandwidth. Digital signal process-
ing circuits have the same constraints.
To put the required perflormance in
perspective, current NTSC studio video
requires 6 to 10 MHz bandwidths,
depending on the ultimate quality level
desired, while HDTV requires 25 to 50
MHz.

Studio equipment is already in place,
and manufacturers are clamoring to
supply networks, stations and video
production houses with new systems.
Test equipment, cameras, recorders,
graphics and special effects, signal
routing equipment, signal processing
systems, and monitor makers are wait-
ing for the doors to open on a huge
market. However, the list of current
suppliers is @ Who's Who of Japanese
electronics. NHK, the Japanese broad-
casting agency, sponsored an HDTV
“open house’’ at the recent National
Association of Broadcasters convention,
and the list of participating companies
included 20 major firms such as Sony,
Canon, NEC, Panasonic, and Tcshiba.
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Nikon offers HDTV imaging for micro-
scopic observation.

Non-broadcast applications are help-
ing keep enthusiasm high while broad-
cast standards evolve. Medical imaging,
industrial monitoring and inspection,
photo archives, and military display
systems are but a few of the more
promising applications. For example,
Nikon is promoting high resolution imag-
ing systems for microscopy in medical,
metallurgical and microelectronic appli-
cations. Although alternative high reso-
lution display technologies are available
now, many potential applications will not
become widespread until the large quan-
tity manufacturing for consumer HDTV
receivers brings prices down.

Terrestrial Broadcast

The selection of a method to bring
HDTV to homes in the U.S. is the single
major problem area at this time. FCC
testing of the five applicants for consid-
eration as the broadcast standard has
been delayed again, this time due to
delivery problems with a standards
converter being built by Tektronix.
Final development of this complex
unit has required hand-picked A to D
converters because standard compo-
nents cause visible defects in the pic-
ture.

The goal of the FCC is to compiete
on-the-air testing by Spring 1992, in
order to have evaluation ready for

Commission consideration by Septem-
ber of that year. Selection of a standard
is currently planned for early 1993.
Many industry and government observ-
ers believe that this is the latest possible
date that is acceptable, and any further
delay will certainly jeopardize the U.S.
market position in the world HDTV
market.

One industry participant, choosing to
remain anonymous, muses, ‘“Why are
terrestrial standards holding things up
when DBS and fiber are perfectly capa-
ble of delivering HDTV?” The strength
of the broadcast lobby is one part of the
answer to his question, but the situation
is not quite that simple. First, neither
fiber nor DBS is in widespread use in
North America, and the time required to
bring those technologies to ‘‘universal’
status is unknown, perhaps longer than
that required for a changeover to a
broadcast system that at least ap-
proaches the quality available with
HDTV.

With HDTV VCRs already developed,
and given the current popularity of
rented video programming, it will be
extremely interesting to see how the
average consumer reacts to broadcast
television that has somewhat lesser
picture quality than taped programming.
Currently, the oppuosite is true.

Which leads us to the biggest ques-
tion — will the consumer accept HDTV
at all? The quality difference is analo-
gous to that of the compact audio disc
versus vinyl records, and CDs are
enormously successful. However, the
improvement offered by stereo AM broad-
casting and quadraphonic FM has been
generally ignored. Even stereo televi-
sion sound has been under-utilized.

Will reruns of Gilligan's Island be-
come more interesting on HDTV, or will
program producers react to the quality
of the medium and produce higher
quality programs? The answer to this
question is probably the key to HDTV’s
future, not the technical standards or
hardware capabilities. RF

Fo_r reprints of this report, contact Cardiff
Publishing Company at (303) 220-0600;
ask for the Circulation Department.
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"Unicoil" 7/10 mm Tuneable Inductors
.0435 pH - 1.5 uH
49 shielded, 49 unshielded (2 of each)
Kit M102 $60

"Slot Ten" 10 mm Tuneable Inductors
0.7 uH - 1143 pH
18 shielded, 18 unshielded (3 of each)
Kit M100 $60

Surface Mount Inductors
4nH-33pH
48 values (10 of each)
Kit C100 $125

Axial Lead Chokes
0.1 uH - 1000 pH
25 values (5 of each)
Kit F101 S50

Horizontal Mount Inductors
Tuneable and fixed
Inductance: 31.5 - 720nH
33 Values (6 of each)

Kit M104 $60

Common Mode Data Line Filters
Attenuation bandwidth: 15 dBm,1.5-30 mHz
DC current capacity: 100 mA
2, 3, 4 and 8 line styles (4 of each)

Kit D101 $65

Common Mode Line Chokes
Current: .25 - 9 amps RMS
Inductance: 508 pH - 10.56 mH
8 styles (2 of each)

Kit P202 $100

Current Sensors
Sensing range: 0.5-35 amps
Freq. resp.: 1- 100 kHz, 50 - 400 Hz
Transformer and sensor-only versions
8 styles (15 total pieces)
Kit P203 $50

Base/Gate Driver Transformers
Inductance: 1.5 mH Min.
Frequency: 10 - 250 kHz
2 single, 2 double section (2 of each)
Kit P204 $50

Mag Amp Toroids
Current: 1, 5 amps
Volt-time product: 42 - 372 V-usec
6 styles (2 of each)
Kit P206 $100

Power Filter Chokes
Current: 3,5, 10 amps
Inductance: 5 - 300 puH
18 styles (48 total pieces)
Kit P205 $75

Axial Lead Power Chokes
Current: .03-4.3 amps
Inductance: 3.9 uH - 100 mH

60 styles (2 of each)
Kit P209 $150

BOM/electronic EAgineers MSIEP See our catalog ia Vol. A, Section

1102 Silver Lake Rd., Cary IL 60013 800/322-COIL Fax 708/639-1469
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RF teatured technology

A Channel Sounder For Indoor
Communications Systems

By Fernando Casadevall and Xavier Barba

Department of Signal Theory and Communications

Catalunya Polytechnic University

From the beginning of the 80s the
possibility of giving total mobility to the
increasing number of communications
terminal equipment in large buildings
like factories, hospitals, warehouses,
commercial centers etc., has emerged
strongly due to the important advan-
tages it brings. Even though an infrared
optical system could be considered for
achieving such an objective, it becomes
inoperative when obstructed. For this
reason, radio systems must be consid-
ered.

n radio communication systems, the

multiple reflections of the transmitted
signal from the structure of the building
and surrounding inventory create multi-
path interference. Multipath has histori-
cally been identified as the most impor-
tant factor limiting mobile and portable
radio communication systems. For nar-
row-band systems (where the baseband
digital symbol duration is several times
greater than the extent of multipath-
induced propagation delays, that is, flat
fading conditions), multipath causes
large fluctuations (fading) In the re-
ceived signal voltage due to the chang-
ing phasor sum of the signal compo-
nents arriving at the receiver antenna
via different paths. Temporal variations
of the channel as well as changing
multipath geometry seen by a mobile
user are the mechanisms for the fading.
Therefore, an accurate characterization
of the operating channel is a mandatory
prerequisite for the development of
reliable indoor radio systems.

Usually we could distinguish between
alarge scale model, used in determining
coverage areas and co-channel interfer-
ence levels, and a small scale model
that describes the fading due to tempo-
ral variations of the received signal and
used in determining the bit error rate
and outage probability.

The expression that characterizes the
large scale model is the Path Loss (L)
given by L=Kd" where K is an appropri-
ate constant, d is the distance between
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transmitter and receiver in meters and
n is the mean path loss exponent. For
stationary transmitters and receivers,
the small scale model is usually charac-
terized by a Rician distribution. In this
case the most relevant parameter is the
ratio of the received power of the
specular radio signal to the average
power of the scattered signal.

Measurements reported in Refer-
ences 1 and 2, indicate that n usually
ranges between 2 to 6 and K between 1
to 16 dB depending on the building
structure. So, there is a great value
dispersion and it could be convenient
to characterize the operating channel in
each case.

in this paper we present a simple
channel sounder appropriate for charac-
terizing narrow-band indoor communi-
cations channels. The first part is de-
voted to analyzing the transmitter struc-
ture, the second studies the receiver
system and the last presents some
practical results and conclusions.
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Figure 1. Schematic drawing of
the CW transmitter.

Transmitter

The schematic drawing of the CW
transmitter is shown in Figure 1. We can
distinguish five parts. The synthesizer
produces a sine signal whose carrier
frequency ranges between 800-850
MHz. The frequency doubler changes
the carrier frequency up to the 1.6-1.7
GHz band. This signal is not synthesized
directly in the 1.6-1.7 GHz area because
the voltage controlled oscillator (VCO)
and counters (Prescalers) are cheaper
and more readily available in the 800
MHz band than in the 1.6 GHz band.
The high pass filter eliminates the
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Figure 2. Schematic diagram of the synthesizer.
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PRODUCTS AND PRICES

Stanford Telecom . .. continues to lead the way in providing the highest

performance at the lowest cost.

These are but a few of the many
outstanding products and prices avail-
able today and offered by Stanford
Telecom for frequency synthesis and
digital communications. For the high-
est performance and most cost
effective solutions in integrated digital
communications products, Stanford
Telecom continues to stand out as the
industry leader.

Call today to discuss how Stanford
Telecom might become a member of
your team. New prices also available
for Stanford Telecom’s entire line of
Digital Communication ASICs.

2421 Mission College Boulevard
Santa Clara, Calfornia 95056-0968
TEL: {408} 980-5684 FAX: (408) 727-1482
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Dual 50MHz NCO

(Check for compatibilityand price
savings over other dual NCO's
availablel}

750 MHz GaAs Synthesizer . . . . . Single Package

(NCO, DAC, converters, etc. all
within a single 70-pin package!)

SOTIRIENGE: ... Less Than $20*

(Cost, area, power & spurs are
all held to a minimum with this
outstanding, low cost performer)

80 MHz BCD NCO . ..

(For BCD interface & resolution
characteristics, this NCO is not
only distinguished, but unmatched
in architecture, performance &
cost effectiveness)
* 1,000 piece quantity
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Figure 3. Frequency doubler.

spurious signals around 800 MHz that
appear at the frequency doubler output.
The output amplifier increases the use-
ful signal level up to 20 dBm. Finally, the
low pass filter attenuates the level of the
harmonics present in the output signal.
In the paragraphs below we describe
the most relevant aspects of each part.

Synthesizer - The synthesizer is built
around the integrated circuit NJ8820
from Plessey. This circuit contains a
reference oscillator, an 11 bit program-
mable reference divider, two phase
comparators: one digital and one sam-
ple and hold type, two programmable
dividers: one, called A, that counts down
to zero from the programmed input, with
a 7 bit length, and the other, called M,
that counts up from zero to the pro-
grammed input and with a 10 bit length,
and finally the necessary control and
latch circuitry for accepting and latching
the input data. By means of an external
dual modulus counter (N/N+1), the syn-
thesizer is able to program a total
division ratio given by NM+A, where A
is between 0 and 127, M is always
greater than or equal to A and the
minimum division ratio is N>~N. How-
ever, the value of N must also be large
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Figure 4. Hiéh pass filter._

RF Design

enough to guarantee that the output
frequency from the dual modulus
counter not exceed the maximum input
frequency of the integrated circuit.

The frequency synthesizer is com-
pleted by an active loop filter and a
VCO, as shown in Figure 2.

For each synthesized frequency, the
NJ8820 circuit reads eight 4 bit words
from an external memory. The timing
signals needed are provided by the
same integrated circuit. With this struc-
ture the synthesizer can produce a
carrier frequency that ranges from 800
MHz to 850 MHz, with a frequency step
of 25 KHz and whose level is around -5
dBm.

Frequency Doubler - The schematic of
the frequency doubler is shown in Figure
3. It uses an HXTR3615 transistor as
active device. The input matching net-
work is composed of an open circuit
microstrip stub and a transmission line,
whereas the output matching network
uses two open circuit microstrip stubs
with two sections of transmission line
between them (3). In this case the stub
lengths are designed in order to present
a 1/4 length at the second and the third
harmonic of the output signal, respec-
tively. In this way the network not only
matches the output impedance but also
introduces a selective effect to the
undesired signals. A band stop filter,
tuned at 800 MHz, is placed behind the
output matching network. This filter is
built using two open circuit microstrip
stubs and three transmission line sec-
tions. Obviously this filter also eliminates
the undesired signals placed around the
third, fifth and seventh harmonics of the
input signal.

It is important to emphasize that this
circuit, and everything described below,
have been designed using computer
aided design (CAD) techniques. In par-
ticular, we used the SuperCompact
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Do Birds Fly?

They do at Henry Radio.
Because when we receive your
order for any Bird product it flies
out of our warehouse in just 24
hours.

And don’t expect us to say we're
out of stock on the products you
need, because Henry Radio is
one of the nation’s largest
distributors of Bird equipment.

Our large inventory includes a
vast selection of the most popular
Bird equipment, including
wattmeters, elements, loads and
accessories. So if you're looking
for a hard-to-find Bird product,
call Henry Radio.

HENRY RADIO

2050 S. Bundy Drive, Los Angeles, CA 90025;
TOLL FREE: 1-800-877-7979; FAX: 1-213-826-7790

Over a half-century of reliability in communications.
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RF Design Software Service

Computer programs from RF Design, provided on disk for your convenience
All disks are MS-DOYPC-DOS compatible, unless otherwise noted

Disk RFD-0591: May 1991

“CAD of Single and Tandem Lange Couplers.” by T. O'Connell and P Murphy
Computes design parameters of Lange couplers, with output in tabular form or
in a Touchstone® file format. (Fortran. compiled version and source code listing

Disk RFD-0391: March 1991

This disk contains “NOVA™ by Robert Stanton, a nodal circuit analysis pro-
gram for AC, urme domaitt, dnd S-paianiieter analysis. Numerous models are in-
cluded, and operating nstructions are included mn a READ ME file. Thus 1s offered
by the author as shareware; a co-processor version, additional documentation,
and future updates are provided to users who wish to pay for registration

Disk RFD-0291: February 1991
“Cable Equalizer Design,” by Frederick Radler of Trilithic. For the design of
equalizers to flatten frequency response of cable runs (Compiled, executable)

Send for a complete listing of available programs, or circle Info/Card below.

Disks are $9 00 each (5% inj or $1000 (3%2 in}. Outside US and Canada, add $8 00
per order. Foreign checks must be in US. funds, and must be payable through the US
banking system Prices include postage and handiing

Annual subscriptions are available, providing 13 disks for $90.00 (5% in} or $100.00
(32 in). Specify starting date. For subscribers outside the US and Canada add $50 00

Payment must accompany order...specify disks wanted...send check or money
order to:

RF Design Software Service
PO Box 3702
Littleton, Colorado 80161-3702

Questions and comments should be directed to RF Desigrn magazine
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program for this purpose.

High Pass Filter - In order to attenuate
the 800 MHz spurious signal present at
the output of the frequency doubler, we
have placed a high pass filter before the
amplifier. This filter has been designed
using a fifth order Butterworth structure
(4) and made using transmission lines
and short-circuit stubs as shown in
Figure 4. The 3 dB cut-off frequency is
1.56 GHz and the insertion loss is 1.34
dB. This structure has a theoretical
attenuation value of 50 dB at the 800
MHz band and it guarantees sufficient
attenuation of the spurious signals.

Amplifier - The signal level at the output
of the frequency doubler is -5 dBm.
Therefore, in order to obtain an useful
signal of 20 dBm at the transmitter
output, the amplifier gain must be
approximately 25 dB. This amplifier has
three stages with power gains of 10, 10
and 5 dB respectively. The first two
stages make use of a HXTR3102 transis-
tor as an active device whereas the
output stage uses a BFG34 transistor
able to produce the required output
level. The matching network between
stages is built by means of transmission
lines and microstrip stubs in open and
short circuit.

In Figure 5 we show the schematic
diagram the amplifier. The last two
microstrip stubs, placed at the output of
the amplifier, are designed in order to
attenuate the second and third harmonic
respectively. It is important to empha-
size that we have chosen for the second
stage a short-circuit microstrip stub to
diminish the low frequency gain of the
amplifier and consequently to increase
its stability.

Low Pass Filter - The low pass filter is
devoted to attenuation, as much as
possible, of the harmonics and other
spurious signals present at the output
of the amplifier. For this purpose we
have chosen a seventh order Butter-
worth filter, built again using transmis-
sion lines and open-circuit microstrip
stubs. In Figure 6 shows a schematic
diagram of the filter. The 3 dB cut-off
frequency is 1.9 GHz and the insertion
loss is 0.7 dB. This structure guarantees
a theoretical attenuation value of 46 dB
at 3.2 GHz (second harmonic of the
output signal) and more than 70 dB at
4.8 GHz (third harmonic). These values
are sufficient to obtain an output rejec-
tion to harmonics and spurious signals
greater than 60 dB with respect to the
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From our industry leading surface mount filters to our time-proven rotary and fixed pad attenuators,
Trilithic is your source for a complete family of RF and microwave components. Qur strict quality assurance
standards apply to all product lines, whether your application is for high reliability military or field-

tough commercial items. In addition, Trilithic’s high stock volume ensures competitive pricing and
availability, so call us toll-free at 800-344-2412, and get acquainted with our family.
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9202 East 33rd Street ® Indianapolis, IN 46236
Phone: 317-895-3600 1-800-344-2412 FAX: 317-895-3613
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NEW, ALL SOLID STATE
AMPLIFIER WORKS INTO
ANY LOAD IMPEDANCE.

The 525LA is an extraor-
dinarily versatile source of
power that will find wide ap-
plication in virtually all RF
labs. Covering the frequency
range of 1 to 500 MHz, with
a fiat 50 dB of gain, the
525LA is driven to its full
Class A linear output by any
signal or sweep generator.

Like all ENI amplifiers, the
525LA features unconditional
stability, absolute protection
from overloads, and it will
work into any load im-
pedance. So if you need a
rugged source of RF power
for RFI/EMI, RF transmission,
component testing, NMR or
transmitter design, the 525LA
amplifier could just be the
most useful tool in your
laboratory.

For more information, or a
full-line catalog, contact us at:

ENI

A Division of Astec America, Inc.
100 Highpower Road,
Rochester, NY 14623-3498
{716) 427-8300

Telefax: {(716) 427-7839
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Figure 5. RF amphfler.

useful signal.

Transmitter Performance - Once the
transmitter was made, a complete set
of measurements was taken for its
characterization. The most relevant fea-
tures are described below:

-Output level: 18.5 dBm - 0.5 dB
-Frequency Range: 1.6 GHz to 1.7
GHz, with 50 kHz steps

-Spurious and harmonic rejection:
Greater than 60 dBC

-SWR: 1.5 at 1.65 GHz, <1.85 be-
tween 1.6-1.7 GHz

Receiver

The schematic drawing of the CW
receiver is shown in Figure 7. We can
distinguish six different parts: an RF
amplifier that increases the level of the
weak signal present at the antenna
output; an RF attenuator that generates
an appropriate level at the input of the
mixer; the mentioned mixer that pro-
duces a frequency translation of the
received signal to a new carrier fre-
quency of 70 MHg; the local oscillator
associated with the mixer; an IF ampli-
fier, and finally a logarithmic amplifier
that produces an output signal propor-
tional to the received power at the

2

% o

;= 9.2mm, 115Q 1
= 10 mm, 22Q

= 8.2 mm, 115Q !
0 mm, 11Q

poxy Substrate (E = 4.75, thickness
0.76 mm)
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antenna port. This signal is delivered to
a data acquisition card, controlled by a
personal computer (PC), in order to be
processed properly.

As with the transmitter, all the above
mentioned subsets of the receiver have
been designed using CAD techniques.

RF Amplifier - The schematic of the RF
amplifier is shown in Figure 8. It is
composed of two amplifier stages and a
high pass filter. The first amplifier stage
is designed to optimize the noise figure
whereas the linearity aspects are em-
phasized in the second amplifier. Both
use common emitter structure with trans-
mission lines and open circuit microstrip
stubs for the matching circuits. The
transistor HXTR3615 from Hewlett-
Packard is used as an active device. The
power gains are 12.5 dB for the first
stage and 13.5 dB for the second, and
the 3 dB bands are 1.5-2 GHz and
1.5-1.9 GHz respectively. A high pass
filter is placed between both stages
which eliminates the noise and all the
spurious signals below 1 GHz that could
appear n the antenna port. The cut-off
frequency is 1.3 GHz and the insertion
loss is 0.3 dB. This high pass filter is
placed after the first amplifier in order
to optimize the noise figure of the
receiver.

RF Attenuator - A simple attenuator can
be made using a resistive pi structure.
If the resistor values are controlled
properly this circuit is capable of giving
variable attenuation over a wide band-
width and provide matched impedances
in both ports. On the other hand, for

s ¥ ]

Lo
oecasTon

W — - !

Figure 7. Schematlc drawmg of
the CW receiver.
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diode, when it is conducting, appears

essentially as a pure resistor whose
| value is roughly inversely proportional
to the bias current. Moreover, the quality
of this resistor, i.e. its linearity and lack
of distortion products, can be very good
if the diode is used under the right
conditions. So, for these reasons the
RF attenuator has been made using a
PIN diode attenuator, as shown in
Figure 9, where the series and parallel
bias currents are properly controlled by
means of a single control voltage (5).
The insertion losses are 1.5 dB, the
attenuation reaches up to 18 dB and the
SWR ratio is lower than 2 dB in the full
range of the attenuation values.

Mixer - This circuit is built around the
SRA-2000 double balanced mixer from
Mini-Circuits. In order to guarantee that
the RF port and the IF port have 50
ohms at any frequency, special match-
ing networks have been used (6), as
shown in Figure 10. The input network
is composed of an impedance trans-
former, made by means of a transmis-
sion line, and a short circuit microstrip
stub in series with a 50 ohm resistor. At

e S iw s
!
} o }l I la
—} K u n
:—// ; .] 7/ V V i
= W sogarar
l,= 6.4 mm, 22Q l,=37 mm, 50Q 1.=12.7 mm, 22Q | ,= 33 mm, 45Q
I,= 8 mm, 50Q I,= 12.5 mm, 50Q I,= 2.5 mm, 45Q T)= HXTR3615
=9 mm, 82Q I=122mm,50Q I =11.6mm, 742  T,=HXTR3615 ‘
époxy Substrate (E, = 4. 75 thickness 0.75 mm) ‘
Figure 8. Receiver part: RF amplifier.
small signals at RF frequencies, the PIN
CONTROL

g-12V)

| 01=02-03= 1Ns767Dioce PN
Figure 9. Receiver part: RF attenu-
ator.

the working frequency the stub appears
as an open circuit. Then, the impedance
transformer changes the output imped-
ance of the RF amplifier (50 ohms) to the
nominal mixer impedance of 200 ohms.
At lower frequencies the stub appears
as a very small inductive impedance. A
50 ohm resistor is placed at the input of
the impedance transformer regardless
of the source impedance value. Really,
at these frequencies, the 10 pF capaci-

I Figure 10. Recelver part mixer.
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Figure 11. Local oscillator chain
of the receiver part.

tor guarantees a joint impedance (source
plus capacitor) greater than 50 ohms.
The output network acts as a low pass
filter with a cut-off frequency around 400
MHz. The insertion losses of the mixer
and matching networks are approxi-
mately 9 dB.

A bandpass filter is placed at the
output of the above mentioned circuit in
order to reduce the noise bandwidth of
the receiver. This filter is a third order
Butterworth structure with 10 MHz band-
width.

Local Oscillator - The schematic drawing
of the local oscillator chain is shown in
Figure 11. We can distinguish three
parts. The synthesizer that produces a
sine signal whose carrier frequency
ranges between 765-815 MHz and has
the schematic shown in Figure 2, but
with different words recorded in the
memory; the frequency doubler that
changes the carrier frequency up to the
1530-1630 MHz band (its schematic is
shown in Figure 3) and the amplifier that
increases the useful signal level to 7
dBm and whose schematic corresponds
to the first two amplifier stages shown
in Figure 5.

IF Amplifier - The IF amplifier provides
the additional gain necessary to guaran-
tee that, even with a signal level equal

Figure 12. Receiver part: IF ampli-
fier.

to the receiver sensitivity, the IF signal
delivered to the input of the logarithmic
amplifier has an appropriate level. The
schematic is shown in Figure 12, where
we can see that the amplifier uses a
common emitter structure with an AC
feedback between the collector and the
base. This feedback permits us to
provide the appropriate 50 ohm value
to the input and output impedance. The
power gain at 70 MHz is 24 dB and the
amplifier band ranges between 20 to
140 MHz.

Logarithmic Amplifier - The logarithmic
amplifier is a device that produces a
video output which is proportional to the
logarithmic value of the IF input ampli-
tude (7). It uses a cascade of logarithmic
video amplifiers which permits almost
70 dB of the dynamic range. This
amplifier whose schematic diagram is
shown in Figure 13 is basically built
using three SL623B and one SL621B
integrated circuits from Plessey. These
integrated circuits are intended primarily
for use in successive detection logarith-
mic IF strips, operating at center fre-
quencies between 10 and 140 MHz. For
the SL621B the mid-band gain voltage

Vee=12v

33 2v
ARAAA
l oy
62v 100nF
lJ)’

10nF ==

S0x

6.8pF =

W Ics Vor
-12v

IC1=I1C3=I1C4=SL523 from Plessey
IC2 = SL521 from Plessey
IC5 = uA741

Figure 13. Receiver part: logarithmic amplifier.
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Figure 14. Photograph of the an-
tenna.

is around 12 dB whereas for the SL623B
it is 24 dB. The former provides a
logarithmic characteristic over a 10 dB
range and the later over 20 dB. As the
integrated circuits provide a current
whose level is proportional to the loga-
rithm of input signal (with maximum level
equal to 2.1 mA), the common base
transistor and the operational amplifier

act as a current-voltage transformer with
appropriate gain and DC offset.

The input signal must range between
0.2 mV,,,s and 1 V. for an accurate
behavior of the logarithmic amplifier, but
it could withstand input voltages up to
1.8 Vq,e without damage. Within the
input range, the dynamic error of the
logarithmic characteristic is lower than
0.5 dB and the DC output signal ranges
between 0 to 5 Volts.

Receiver Performance - Once the re-
ceiver was built, we obtained a complete
set of measured characteristics, whose
most relevant aspects are described
below:

- Sensitivity: =97 dBm

- Maximum input level: 0 dBm

- IF Bandwidth: 10 MHz

- Logarithmic amplifier output: 0-5
Volts
CAG: 18 dB manually controlled
- SWR: 1.9 at 1.65 GHz, <2.2

between 1.6-1.7 GHz

Antennas

In order to complete the channel
sounder, two monopole antennas with
ground planes were constructed. We
used a 1/4 monopole with four bars
inclined 45 degrees to simulate the
ground plane. The measured SWR at
the antenna port is lower than 1.2 in the

1.6-1.7 GHz working band. A photo-
graph of the antenna is shown in Figure
14.

Preliminary Measurements and
Conclusion

Using the above described channel
sounder, some preliminary measure-
ments of the propagation conditions
inside buildings were done. We re-
corded the received signal during 20
minute periods and using 20 samples/
sec. In Figure 15 a typical example of
the recorded measurements of the re-
ceived signal amplitude in two standard
cases is shown. The first case is line of
sight between the transmitter and re-
ceiver and the second when obstructed.
In both cases we can see large fluctua-
tions (fading) in the received signal
voltage. As was explained in the intro-
duction, these fluctuations are due to
the changing phasor sum of the signal
components arriving at the receiver
antenna via different paths. Presently a
complete set of measurements is in
process in order to characterize the
transition channel in different buildings
constructed using different materials.

In conclusion, a simple narrow-band
channel sounder, appropriate for char-
acterizing narrow band indoor communi-
cations channels, has been described.

=150 dB¢ Phase Noise...
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RF featured technology

High Power Bi-Directional Coupler
For Space Applications

By Pascal R. Goux
Ancom Electromagnetics Ltd.

Satellites requiring their transmitted
RF power to be amplified in a linear
fashion, such as M-SAT and INMAR-
SAT, need carefully controlled amplifi-
ers in order to maintain optimum operat-
ing conditions.

his paper describes the RF portion

of the control circuitry associated
with the L-Band High Power Amplifier
designed for such service by Spar
Aerospace of Montreal.

Each amplifier has a 27 dB bi-
directional coupler at its output to allow
measurement of transmitted and re-
flected signal power levels. The result-
ing detector signals are used to limit
output power, hence power consump-

1 -L _7
| & | . K {  Detectors
L=l L |
i &
[ i | R \
2 ; % | z % X Attenuators |
& s Tt
L =
7 P—— e, |
Bi-directional
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Figure 1. Block diagram.
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Figure 2. Artv;/ork.
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tion without degrading linearity, and to
protect the amplifier against output
mismatch. tn order to obtain sufficient
accuracy, high directivity in the coupler
is essential. A block diagram is shown
in Figure 1.

The design of the coupler is pre-
sented together with a description of the
method by which high directivity is
obtained. Artwork and measured results
are presented including results from
high power testing in vacuum. The
objective is to design, build and test a
coupler with the specifications of Table
U

Choice of Configuration

In order to be compatible with the rest
of the circuitry making up the amplifier,
the coupler must be fabricated using
microstrip techniques on metallized alu-

l Operating Frequency

1102 GHz |
Low Insertion Loss
(to minimize impact on
amplifier efficiency) <0.15dB
Low Coupling Value
(to minimize insertion
loss) <-25dB
High Directivity
(to differentiate forward
& reflected signals) 225 dB
High Isolation
(to achieve high direc-
tivity with low coupling)  >50dB
Return Loss
(to guarantee the direc-
tivity) 225 dB
Must sustain high CW 2100W
power and be tempera- —60°C
ture insensitive +120°C
NOTE: Must also be bi-directional, symmetrical and
easy to fabricate (preferably not to require tuning)

Table 1. Design specifications.
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mina substrate (0.050"" thick, £, = 9.9).

The problem of designing a high
directivity coupler in this medium, (com-
pared to an ideal TEM design), is due
to the inhomogeneity of the dielectric
structure. The isolation of the coupler is
the most difficult characteristic to con-
trol, requiring wave cancellation and
equal phase velocities for the even and
odd modes of propagation.

The quarter-wave edge coupled de-
sign approach is chosen for its symme-
try and simplicity, however the non-TEM
propagation must be compensated.

Design Details

In order to solve the problem of
non-TEM propagation, various tech-
niques have been proposed. Refer-
ences 1 and 2 describe the Wiggly
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N303 SERIES SMA
SWITCHES
=5 = —
* Excellent insertion loss
repeatability
* Epoxy sealed cases
* Low power actuator
* DC - 18 GHz operation
e Convenient packaging
e Competitive pricing
* 12 & 28 volt actuator;
6,5,4 & 3 ports are options

NEW MULTIPORT

SHRROOMITS

SHELBURNE, INC.

A L2 COMPANY
2085 SHELBURNE ROAD, SHELBURNE, VERMONT 05482
TEL 802-985-8621 FAX 802-985-2070

SWITCH

—

o

“

INFO/CARD 36

42

coupled line but the available design
information and mathematical relation-
ships are not well suited for loose
coupling. The electromagnetic field analy-
sis is quite complex and none of the
known CAD tools are helpful in this
regard. References 3-5 describe the
dielectric overlay coupler, but show poor
repeatability due to the overlay bound-
ary’s position affecting matching, cou-
pling and isolation. This solution is also
somewhat cumbersome to produce and
may be sensitive to high temperatures
and high power levels. A configuration
that is simple, repeatable and requires
no tuning would be preferable.

References 6-10 present the design
of an edge coupler with lumped capaci-
tors at each end to compensate for the
unequal phase velocities of even and
odd modes at the isolated port. In the
even mode, the capacitors have no
effect, but they increase the odd mode
phase length (transit time, ¢, odd), thus
equalizing the waves.

Due to the small value of the capaci-
tance required, it can be realized as an
interdigital structure (ICAP) formed on
the same microstrip substrate as the
coupler. From a mathematical approach,
a capacitor at each end of the coupled

ref

(CL)

20
30 Expgrimental
“ J
Predicied
50
0
1 12 t4 18 18 -
Frequency (GHa)

Figure 3. Predicted vs. experimen-
tal return loss (S,)).

IPredidied !

| £
o1 E_xper' cnlul_
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Figure 4. Predicted vs. experimen-
tal insertion loss (S,,).
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For multi-channel buffering, the
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Solutions with speed
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Fort Collins, CO 80525
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GPS STATION CLOCK

MODEL 8810

At last: A complete GPS
station clock under $10,000

Everything you want in a GPS station clock,
in one neat box:
* GPS receiver
* Disciplined standard
* Multiple output timing signal generator,
and much, much more.

What do you expect from a company with more than
30 years of production and field experience in the timing
business? You’d expect a one-unit master timing station,
capable of tracking six satellites simultaneously — even
while moving at 1,000 miles per hour — all inside a
3% inch rack-mount chassis.

That’s the Model 8810 — a mature product, value-
engineered and time-tested, just like the ones we’ve been
providing to NASA and DoD for decades. And there’s so
much built into this unit, it’s hard to describe. Just review
the features listed below:

* Automatically determines geographical coordinates
no need to enter position anywhere on earth

* Automatic multi-satellite acquisition

+ Time accuracy maintained with platform velocities to
over 1,000 mph

* Qutputs position data whether stationary or moving

* Multiple time code and rate output options

* User friendly, menu-prompted setup

* 20-key keypad and 4-line, 40 character display allows
complete operation, checkout, and status acquisition
without ancillary equipment

» Nonvolatile memory stores setup and data indefinitely

* Accurate to within 100 ns worldwide, 24 hours a day

» RS-232 remote control and time output (optional
IEEE-488 output)

» RS-232 printer port

« Displays time, position, and REF-UTC/GPS

+ Time display is keypad-selectable to UTC, GPS,
or local time

* 115/230 VAC with optional 24 VDC backup

* Antenna with 50’ coax cable included

* Built-in test routines

* Fully modularized

* GPS receiver is drop-in replaceable

» Workmanship standards to MIL-STD-454

¢ Three-year limited warranty

» Plus, a host of desirable options

That’s the Model 8810, from TRAK Systems. And at
this price, there’s nothing else like it on the market. So
why pay more, and install boxes of equipment, when you
can have it all in one neat unit?

For free literature, or more information, contact us at:

TRAK SYSTEMS DIVISION

4726 Eisenhower Blvd.

Tampa, Florida 33634-6391

Phone: (813) 884-1411, extension 248
TLX: 52-827

FAX: (813) 886-2794

% TRAK SYSTEMS

pivision of TRAK. MICROWAVE CORP
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line is used, (they must be separated by
a quarter-wave length in order not to
generate scattered waves to all ports).
As mentioned in Reference 11, the
capacitor at either end is satisfactory,
but in order to have a good return loss,
the capacitor should be located in the
middle of the coupler to preserve the
double symmetry of the circuit. The
possibility of using just one capacitor
located in the middle of the coupler was
then investigated.

With this configuration, some charac-
teristics tend to conflict and it is theoreti-
cally impossible to obtain both coupling
flatness and optimum isolation. The
selection of the capacitor requires evalu-
ating the major performance parameters
in terms of the intended service. In our
case, the slope in frequency response
of the coupled port can be conveniently
equalized with a capacitor in the middle
of the double-pi attenuator. Note that if
the ICAP varies, the slope does not
change, only the level changes. The
design therefore is made for maximum
isolation and the capacitor value is
calculated to be 0.11 pF. The model of
the ICAP was derived from Reference
12. It is important to note that the ICAP
has a significant shunt component that
can affect the even mode. In order to
reduce this undesired shunt capaci-
tance, the ground plane below the ICAP
is removed. Figure 2 details the artwork
and layout of the coupler, attenuators
and detectors. Note the ICAP and
compensating capacitors (C1) in the
attenuators (AT1 and AT2).

The coupling value was chosen for
the best tradeoff between low insertion
loss (loose coupling) and high directivity
(tight coupling because of fixed isola-
tion). Optimum power levels and slope
for the Schottky diode detectors (D2) is
then adjusted with the appropriate at-
tenuator. The computed prediction and
experimental results are shown in Fig-
ures 3-6.

Results

Due to the double symmetry of the
coupler (verified experimentally), only
four parameters are shown: the return
loss (S,,) in Figure 3, the insertion loss
(S;,) in Figure 4, the coupling (S,,) in
Figure 5 and the isolation (S,,) in Figure
6. Comparing these experimental re-
sults and computer predictions, we can
see some small explainable differences.

In Figure 3, we see that the predicted
return loss is better than the one
obtained experimentally. This is attrib-
uted to the connector-to-microstrip dis-

RF Design

continuities.

In Figure 4, we see that the experi-
mental insertion loss is more than
expected. This is due to the coax-
microstrip transition which was not in-
cluded in the simulation.

In Figure 5, we see a small difference
in the slope and level of the coupling.
The slope difference is due to the

two coupled lines in the coupled region
resufting in an incomplete confining of
the fringing field through the dielectric.
The level difference is due to the ICAP
stray capacitance to ground.

In Figure 6, we see that the isolation
is as expected, the small difference
being due to a 0.1 pF over-etching of the
ICAP. This could be fixed with a dielec-

presence of the capacitor between the tric slab to increase the serial ICAP

Kay Dependable Attenuators

Kay Elemetrics Corp. offers a complete
line of Programmable, In-Line and
Continuously Variable Attenuators. We
can supply you with the right model to fit your
application. We have both 50Q2 and 75Q
models from DC-3GHz.

Model Imped- Freq. Atten.

No. ance Range Range Steps
839 50 DC-3GHz 0-101dB  1dB
1/839 50Q2 DC-1GH:z 0-22.1dB 1dB
847 75Q DC-1GH:z 0-102.5dB 1dB
870 75Q DC-1GHz 0-132dB  1dB
4440 50 DC-1.5GHz 0-130dB  10dB
4450 502 DC-15GHz 0-127dB 1dB
1/4450 50Q DC-1GH: 0-16.5dB .1dB
4467 75Q DC-1GHz 0-31dB 1dB
0/400 50Q DC-500MHz 1-13dB —
0/410 75Q2 DC-400-MHz 2-14dB -

For more information or to place an order call Kay's
Product Specialist at (201) 227-2000.

KAY

Kay Elemetrics Corp.

12 Maple Avenue * Pine Brook, NJ 07058 USA
Tel. (201) 227-2000 » TWX: 710-734-4347
FAX: (201) 227-7760
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Figure 5. Predicted vs. experimental coupling (S,,).

value (note that all results are without
tuning). RF
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WHEN IT COMES T0
OSCILLATORS, ONLY
RALTRON HAS IT ALL.

RALTRON manufactures one of the industry's
most complete lines of high quality oscillators.
Call us for all your oscillator needs from clock to
temperature compensated, oven or voltage
controlled. Or call us for our 28 page catalogue.

WORLD'S SMALLEST OCX0 - ROXO 210A

« Frequency Range: 1.0 MHz-20.0 MHz

« Temperature Stability: +2 x 107 (—20°C to +65°C)
» Long Term Stability: +2x10 7 per year

« Phase Noise: 145 dbc (10 KHz offset)

« Power consumption (stabilized): 2.0 W

* Size: 35.3x27 x 25.4 mm (1.40" x 1.06” x 1.07)

MINIATURE TCXO - RTX0-065-X

» Frequency Range: 1.0 MHz-20.0 MHz

« Frequency Stability: +1.0 ppm (—40°C to +85°C)
* Aging: + 1.0 ppm per year

» Size: DIL 16 Pin (.980" x .520" x 0.4")

* MIL — 0-55310 if required

The Products. The Prices. The Peaple. Only RALTRON has it all.

RALTRON ELECTRONIGS GORP.
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Our low cost prescalers help you divide and conquer ~ MIL screened.

just about any design problem you face, including And the price is right.

delivery. So if frequency division has been multiplying
Need wide band-width? Low power your design costs, give us a call. We'll send you a

dissipation? Performance to 74 GHz? Product Summary and Selection Guide, and
Start here and save money. arrange for samples and applications assistance.
We have both Silicon and GaAs ICs—in chips NEC quality and CEL support. It's a

and a variety of packages from auto-insertable to combination that'tl wor# for you.

NEC California Eastern Laboratories
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RF products

20 MHz General Purpose/Arbitrary Function Generator

John Fluke Mfg. Co. introduces
the PM 5139 from Philips Test
and Measurement, a 0.1 mHz to
20 MHz function generator com-
bining ten general purpose test
waveforms with arbitrary function
capability. Sonar, mechanical test-
ing, brain and heart waves, and
baseband video or RF signals are
just a few examples of arbitrary
waveform applications. Using
WaveCAD, a waveform generator
and editing software package avail-
able from Fluke, the PM 5139’s
memory can be loaded with up
to six arbitrary waveforms. Also,
a real signal can be captured with
a Philips digital storage oscillo-
scope, edited in software, and
downloaded to the PM 5139.
Standard waveforms include
sine, triangular and square
waves, positive and negative rec-
tangular pulses, positive and nega-
tive sawtooth waves, haversine,
half-period sine, and triangular
puises. Modulation modes avail-

Six-Octave
Bandpass Filter

Optolectronics announces a
new receiver bandpass filter that
separates closely space radio
signals. The Model APS-204 has
a constant 4 MHz bandwidth,
tunable over a 20 MHz to 1000
MHz frequency range.

The unit is an active circuit with
no loss and very small sizc (4 % 1
1/2 x 7 inches). At the heart of the
circuit is a 4 MHz bandwidth,
4-pole resonant cavity filter with
a Q of 325. A unique double-
hetrodyne technique currently be-
ing patented routes the signal to
the filter and back to the operat-
ing frequency.

Noise figure is specified at 10
dB, and the third-order intercept
is 15 dBm, typical. Power require-
ments are 12 VDC with 6 watts
consumption. Price of the APS-
204 is $995.

Optoelectronics Inc.
INFO/CARD #229
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able are: AM, FM, gating, bursts,
PSK, and linear or logarithmic
sweeps. Frequency accuracy is
within +2 ppm over the entire
range, with low jitter and phase
noise, and very flat amplitude
response. In the low frequency
range, five of the standard wave-
forms can be varied in duty cycle
from 1 to 99 percent with 0.1
percent accuracy. All manual set-
tings can be performed remotely
using an IEEE-488 bus interface.
The panel has a single rotary
knob for numerical setting of
parameters, with a logical array
of parameter selection and con-
trol keys. Each key activates the
rotary knob for dialing in the
desired setting. A large central
backlit LCD display shows all
instrument settings at a glance.
The price of the PM 5139 is
$4190, or $4690 with the |EEE-
488/GPIB interface.
John Fluke Mfg. Co., Inc.
INFO/CARD #230

RF Modem for
Wireless

Networking
The RF Modem, using unli-
censed spread spectrum tech-

niques defined by FCC Part 15,
has been introduced by Proxim.
Applications include hospital bed-
side monitors, point-of-sale de-
vices, portable data recorders,
traffic management, and security
systems.

Usable for distances up to 500
feet, the RF Modem interfaces to
a computer using a standard
RS-232 or RS-485 port. Packages
and unpackaged versions are
available.

Two unpackaged version are
available for designing into OEM
products. One operates at 121
kbps, while the other operates at
242 kbps.

Proxim, Inc.
INFO/CARD #228

Farnell
Instruments Now
Available in U.S.

Wayne Kerr announces the
introduction of the Farnell line of
RF test instruments to the U.S.
and Canadian markets. Farnell
equipment has previously been
marketed in the U.K. and the rest
of Europe.

The product line includes the
following signal generator prod-
ucts: The PSG1000 Synthesized
Signal Generator (pictured below)
covering 10 kHz to 1 GHz, the
ESG Signal Generator which also
covers 10 kHz to 1 GHz, the 100
kHz to 2 GHz SSG2000 Signal
Generator. Other current product
models include the 352C Spec-
trum Analyzer, covering 300 kHz
to 1 GHz, and the AMM2000
Modulation Meter with 250 kHz
to 2.4 GHz coverage.

Wayne Kerr Inc.
INFO/CARD #227

Lightning
Protector for
Cellular Radios

Huber+Suhner has intro-
duced a 1/4-wave shorted stub
specifically designed for cellular
radio base stations, with an oper-
ating frequency range of 797-
1016 MHz. Features include
lower residual pulse than other
protection methods and no inter-
modulation effects. The unit is
offered with either type N or 7/16
connectors.

Mechanically, the lightning pro-
tector features zinc diecast con-
struction, waterproof design for
outdoor installation, and easy
mounting with standard plumbing
brackets or clamps.
Huber+Suhner AG
INFO/CARD #224
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Common Problem:
SPECS CALL FOR CUSTOM DESIGN -
DEADLINES CALL FOR OFF-THE-SHELF

Simple Solution:

CALL MERRIMAC
(201)575-1300

Our Stock is Anything but Common!

Double Balanced Mixers
Image Reject Mixers
Biphase Modulators
Frequency Doublers
Quadraphase Modulators
Vector Modulators

Single Sideband Modulators
Phase Modulators

I & Q Phase Detectors
Frequency Discriminators
Phase Comparators

Analog Phase Shifters
Digital Phase Shifters
Precision Phase Resolvers

0° Power Dividers
2,3,4,5, 6,8&12ways

90° Power Dividers
Quadrature Hybrids

hd Merrimac

41 Fairfield Place, West Caldwell, NJ 07006
Tel: (201) 575-1300 / Fax: (201) 575-0531
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180° Power Dividers
Hybrid Junctions
Quadrature Couplers
Filmbrid Couplers
Directional Couplers
Bidirectional Couplers
Complex Phasing Networks
Digital Attenuators
Analog Attenuators
Balanced Switches
Amplifiers & Isolators



Eagleware

O ft ‘ ; a r e Formerly Circuit Busters

YOUR MANUAL

YOUR SYNTHESIS DESIGNS
PROGRAMS

I\

FREE

=TLINE= -
AUTOMATIC

Detailed information INTERFACE
on transmission lines

$395/$595

Eagleware software integrates network synthesis
for the initial design with the flexibility and power
of high-speed simulation, tuning and optimization.

=FILTER=
-EQUALIZE=

Synthesize L-C filters

and delay equalizers = L 2
$495/$795 =0OSCILLATOR=

Synthesize L-C, SAW, T-LINE
and crystal oscillators

$495/$795

3 =SuperStar= CHOOSE EITHER

Circuit simulation, tuning, =Supeﬂ-Star=

and optimization

$695

REAL-TIME
USER INTERACUTION

GRAPHIC
HARDCOPY
TO PRINTERS

Professienal Extension
Adds Monte Carlo analysis
User models
Microwave line models
$995

Pizazz Plus

S-PARAMETER
DATA FOR

! ! POST-FROCESSING

DESKTOP PURLISHING
FILES

‘One easy-to-learn environment
Unmatched performance/price ratios

Quick and responsive support
No annual maintenance fees

Fast execution on standard IBM PCs/compatibles 30 day satisfaction guarantee

1750 Mountain Glen Tel (404) 939-0156

For more information or for immediate shipment, telephone Eagleware.
%Eagleware : f s

Formerly Circuit Busters Stone Mountain, GA 30087 USA FAX (404) 939-0157
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Smaller SMT DIP
Package

Signetics announces the first
two integrated circuit products in
their new SSOP small-footprint
SMT package. The package is
small enough to replace chip-and-
wire assembly in some applica-
tions. The NE/SA575DK Compan-
dor and the NE/SA605DK FM IF
System are available in the 1.5 x
4.5 x 6.75 mm SSOP. In 100s,
these device are priced at $2.04
and $3.54, respectively.
Signetics Company
INFO/CARD #226

GPS Precise

Positioning Module
Stanford Telecommunica-
tions has received National Secu-
rity Agency endorsement of its
STEL-9300 Precise Positioning
Service - Security Module (PPS-
SM), allowing authorized users
to realize the most accurate capa-
bilities of GPS. Anti-Spoof and
Selective Availability techniques
deny access to the Precise Posi-
tioning Service (PPS) to unauthor-
ized users. With this capability,
GPS equipment can provide ac-
cess to PPS for authorized users
without making the equipment
classified.
Stanford Telecommunications
INFO/CARD #225

Standard Power
Amplifier Line

Alpha Industries announces
the new CMA Series of Standard
Power Amplifiers for terrestrial
and satellite microwave commu-
nications systems. Models cover
5.9-6.4 GHz with 60 dB linear
gain (minimum) and power out-
puts ranging from 40 to 44 dBm
(minimum), utilizing +12 or +15
volt power supplies.

Alpha Industries, Inc.
INFO/CARD #224

Power Measurement
Upgrade

High speed CW power meas-
urement capabilities have been
added to the 8003 Precision Sca-
lar Analyzer from Wavetek Micro-
wave. These new measurement
modes provide power readings
at greater than 100 per second
over GPIB. The upgrade provides
a 10 to 100 times improvement
in speed over thermocouple CW
power meters. This speed is par-
ticularly attractive in automated
measurement systems.

Wavetek Microwave, Inc.
INFO/CARD #223

RF Design

1000 Watt Amplifier
Model BHE4819-1000 from
Power Systems Technology of-
fers 1000 watts CW power output
in AB linear service over 400-
1000 MHz. RF input is 0 dBm, in
CWwW, AM, Pulse, FM, or phase

modulation. Protective circuits pre- |

vent damage from excessive

VSWR, and the unit offers grace- |

ful degradation in the event of
transistor failure. Applications in-
clude EMI testing, EW and ECM,
troposcatter, television broadcast-
ing, and laboratory amplification.
Power Systems Technology

Inc.
INFO/CARD #222

Video Brickwall

Filters

Miniature filters for NTSC and
PAL video systems are available
from Allen Avionics, offering cut-

off frequencies from 2 to 8.4
MHz. P.C. board or packaged
versions are available. The typi-
cal ABW-4P20-P has passband
flatness of 0.15 dB to 4.2 MHz,
less than + 10 nsec delay distor-
tion, and 1.066 stopband ratio.
These filters reduce interference
from high frequency subcarriers
and other out-of-band signals.
Allen Avionics, Inc.

INFO/CARD #221

ECL Oscillators With
Enable/Disable

MF Electronics announces
the M1900 ECL oscillators for
graphics and other high speed
circuits requiring clocks of 10 to
225 MHz. A unique feature is a
“tristate”” enable/disable feature
which effectively disconnect the
output. System test, selectable
clock frequencies, and noise re-
duction by shutoff of unused
sources are all benefits of this
feature.

MF Electronics Corp.
INFO/CARD #220

The Leader in Quality

We offer a full array of
custom capabilities based on
extensive library of existing
designs and in-depth
subsystem experience

e Uitra-High Dynamic Range IF to

Locus
Converter Baseband Converters and Tuners
d * Single and Independent-Sideband
an Modulators
Modulator/ * FSK Modulators
Demodulator * Coherent and Non-Coherent
Subsystems Demodulators
: * Modulation Recognizers
u:;uzfe ¢ |-Q Detectors
Ssolutior
porunige A L
b g o (814) 466-6275 :
See the Locus Difference
ELOCUS,Inc.
PO. Box 740 KAMAN
State College, PA
16804 814-466-6275  FAX 814-466-3341
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Are You Designing for the
Following Applications?

e GPS

e Wireless LAN

e Spread Spectrum
¢ Wireless Key

e Wireless ID

e Wireless P.O.S.

Penstock has the largest inventory of
RF/Microwave Semiconductors &
Components. Application Assistance is
just a phone call away

e Datasheets/Technical Assistance

e Overnight Delivery/No minimums
e FREE Product Selection Guide

CALL
1-800 PENSTOCK
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Muitipath and Fading

Simulator

The new HP 117578 multi-
path-fading simulator/signature
test set features an internal
printer, firmware and error count-
ers to produce permanent re-
cords of M-curves. These signa-
tures are used in installation and
maintenance of digital radio sys-
tems. The HP 11757B is $19,000,

52

and an upgrade to the earlier HP
11757A is $4000.
Hewlett-Packard Co.
INFO/CARD #219

MIL-STD-2000
Capability

Bliley Electric announces that
it is qualified and certified to
design and manufacture soldered
electrical and electronic assem-

blies to meet all requirements of
MIL-STD-2000. This capability is
used in custom-designed crystal
oscillators, and is also available
for contract assembly

Bliley Electric Co.

INFO/CARD #218

Feedthrough

Terminations
Coaxial feedthrough termina-

tions designed to terminate in-
puts to oscilloscopes, frequency
counters, RF voltmeters, etc.,
have been introduced by Elcom
Systems. They are available in
50, 75 and 93 ohms, with BNC,
TNC, type N or SMA connectors.
Prices start at $17.50 in small
quantities.

Elcom Systems, Inc.
INFO/CARD #217

KVG NORTH AMERICA INC. - 7300 West Camino Real
Suite 109 » USA ¢ Boca Raton, FL 33433 ¢ Phone (407) 393-7548 ¢ FAX (407) 393-7439
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Hybrid Amplifiers

Two new 10 MHz - 1.2 GHz
high linearity amplifiers have
been introduced by Motorola RF
Devices. Models CA5900 and
CA5915 are designed for opera-
tion in 50 ohm linear systems,
offering 28 or 15 volt supply, 15
dB gain, and 1 watt power output
at 1 dB compression. Packaging
is in the CATV style case 714P-
01, and they are also available
with a low profile heat sink pack-
age. Pricing is $91.30 (U.S. deliv-
ery, 100s).
Motorola RF Devices
INFO/CARD #216

3-Way Divider

New three-way power dividers/
combiners are available from RLC
Electronics. Featuring 5 watt dis-
sipation and either pin or SMA
connector configurations, stan-
dard units are offered in octave
or narrow band ranges from 500
MHz to 12 GHz. Amplitude bal-
ance is 0.5 dB, phase balance
is +3 degrees, and isolation is 18
dB minimum. Prices start at $225.
RLC Electronics, Inc.
INFO/CARD #215

EMI Measuring

System

The Vianello PMM-8030 from
IBEX Group is a complete emis-
sion measuring and monitoring
system in the 30 to 1000 MHz
band, meeting CISPR, VDE, FCC
and EN specifications. External
PC control offers ease of use and

flexibility. A complete package is
available, including receiver, an-
tennas, computer and software.
IBEX Group Inc.

INFO/CARD #214

SMT RF Chokes

Vanguard Electronics is offer-
ing surface-mount RF chokes de-
signed and built to MIL-C-15305
or MIL-T-27. The chokes are fully
encapsulated; suitable for vari-
ous soldering techniques. Prod-
ucts are available for the 1 to 500
MHz frequency range with imped-
ances up to 10 kohms. 1000-

RF Design

piece pricing ranges from $3.50
to $4.50 each.

Vanguard Electronics Co.
INFO/CARD #213

EMC/TEMPEST

Antennas

Two new models from An-
tenna Research Associates are
designed for shield room testing
requirements of MIL-STD 285
and NSA 65-6. Each antenna is
a 12-inch tuned loop operating
from 1 kHz to 30 MHz. The
PLA-130/Ais atwo-band transmit/
receive antenna capable of han-
dling 1 kW input power, and the
Model ALA-130/A is a receive
antenna containing a low noise
preamplifier. Each is individually
calibrated.
Antenna Research Assoc., Inc.
INFO/CARD #212

New SMT Filters

Trilithic has introduced two
new surface mount filter pack-
ages, which extend center fre-
quencies to the 10-2000 MHz
range and increase ultimate re-
jection to 70 dB. Designs avail-
able include Chebyshev, Butter-
worth, Linear Phase, Bessell,
Gaussian and Elliptic with —3 dB
bandwidths from 2 to 150 per-
cent.

Trilithic, Inc.
INFO/CARD #211

Crystal Products

New products from KS Elec-
tronics include a 70.0 MHz VCXO
with puliability of over + 1500
ppm and +10 dBm output. Higher
frequencies are also available.
Also announced are 70.0 MHz
crystal filters with 1.0 MHz band-
width, with other frequencies avail-
able. The company has the capa-
bility of manufacturing crystal fil-
ters with third order intercept of
+30 dBm.
KS Electronics
INFO/CARD #210

Matrix Switch
Watkins-Johnson introduces
a series of Matrix Switch Distribu-
tion Systems offering high per-
formance and reliability. Technol-
ogy used varies with the fre-
quency range, and may be reed
relay, FET or PIN switching. De-
signs are available for audio (DC-
20 kHz), video (DC-20 MHz), HF
(1-30 MHz), VHF (20-500 MHz),
VIUHF (20-1000 MHz) and IF
(narrow bands 80-200 MHz). Con-
trol is via front panel, RS-232

RF SHIELD PROTOTYPE KIT!

No tooling costs [ W
with standard
shields!

27 prototype rf shields to
choose from (range: 5" x .5"
t0 2.5” x 5.0"). Selectable
side-wall heights (.25"; .50";
.75"). 54 potential combi-
nations in all. All on two flat
12" x 17" sheets. Shields fold
into boxes easily by hand.
You get 30° corners every
time. All shields are made
from .016 brass. They're
tin-plated for solderability.

Immediate Delivery!

For your production, you can order any one of the 54 sizes in our
kit by-the-sheet in large or small quantities. We supply 12" x 18"
sheets of .016 thick brass shields with tin plating.

|ntroductorv price Fotofabrication Corp.
Onlv 514500 3758 Belmont ¢ Chlcago, IL 60618

Tel.: (312) 463-6211 » Fax: (312) 463-3387
Just call, fax or mail Specify UPS or FEDX
your purchase Questions? Call Barry at (312) 463-6211
order to:

s
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interface, or IEEE-488 bus.
Watkins-Johnson Co.
INFO/CARD #210

+17 dBm Amplifier
Model TM5150 from Amplifo-
nix offers 19 dB gain, +17 dBm
power output at 1 dB compres-
sion, and 3.5 dB noise figure over
the —55C to +85C temperature
range. Package options include
4-pin TO-8, surface mount, and
connectorized housings.
Amplifonix
INFO/CARD #209

SPDT Switches

Teledyne Microwave an-
nounces type CS-53 coaxial
switches with faster switching
times; 20 msec for failsafe and
10 msec for latching designs. DC
to 6 GHz performance specifica-
tions include: 1.25:1 maximum
VSWR, 0.4 dB maximum inser-
tion loss and minimum 70 dB
isolation. To 18 GHz, these speci-
fications are 1.5:1, 0.5 dB and
60 dB, respectively, and from
18-26.5 GHz, they are 1.8:1, 0.7
dB and 50 dB.

Teledyne Microwave
INFO/CARD #208

Grounding Contacts

The Omni Grounding Series
provides a simple means of mount-
ing grounding contacts individu-
ally or in series, using pres-
sure sensitive tape or mechani-
cal fasteners. Made from beryl-

|

Tooo

lium copper, they compress to
80 percent of their height and
allow sliding contact from either
end.

Tech-Etch, Inc.

INFO/CARD #207

ESM Antenna

RF Microsystems has added

the model 216 antenna to their
line, a shaped biconical design
with a very broad bandwidth,
omnidirectional azimuth coverage
and vertical polarization. The an-
tenna operates over 0.5 to 18
GHz with a maximum VSWR of
2.5:1 in a 50 ohm system. Weight
is one pound, and the size is
approximately 5 inch diameter
by 5.25 inch height, plus mount-
ing flange.

RF Microsystems Inc.
INFO/CARD #206

2 GHz Power FETs
ST5000 and ST5001 from
Semetex provide 0.5 and 1.0
watts of class A power with 11.5
and 10 dB gain, respectively, at
2 GHz. Applications include broad-
band multi carrier, low noise, high
intercept amplifiers, medium gain
power amplifiers, high level VCOs
and high performance receiver
front ends. 1-99 unit pricing is
$45.00 for the ST5000 and $52.00
for the ST5001.
Semetex Corp.
INFO/CARD #205

SMT Connectors
Surface mount connectors in
SMA and SMB types are avail-
able from Applied Engineering
Products. Accurate solder seat-
ing with no-hole mounting short-
ens assembly time. Parts tested
withstood straight pull of 24 Ib.,
side loads to 40 Ib., and radial
torque to 16 in -Ib.
Applied Engineering Products
INFO/CARD #204

Switched Filter Mod-

ules

Integrated Microwave offers
two, three and four channel mod-
ules for frequencies up to 3 GHz.
GaAs switching offers 150 ns
speed and typical switch loss of
4 dB. Highpass, lowpass, band-
pass and band-reject responses
are available.
Integrated Microwave
INFO/CARD #203

GSM/PCN SAWs

Sawtek has applied low-loss
filter techniques for IF filtering
requirements of GSM/PCN equip-

assistance.

724

...for high power density applications

Plate, barrel and feed-through capacitors for
a wide range of applications such as solid
state RF generators, RF suppression and HF
transmitters.

Capacitance: 1.510,000 pF - Voltage: 2-30 kVp
Power: 2450 kVA - Current: 5-50 Arms.

Manufactured by Draloric GmbH. Call now
for information including special design

109 Alfred Street, Biddeford, ME 04005-2526 - Phone:(207)284-5695
A COMPANY OF

DALE,

B &

Q

Ceramic fixed value capacitors are
ideal for communication applications
requiring high quality, low values
at competitive prices.

For over 40 years Quatity Components Inc. has been a major
supplier of high quality fixed value capacitors to the OEM elec-
tronic communication industry.

Engineers prefer the broad range of low values, close toler-
ances (£ 59%) and values ranging from .1 pf to 4.7 pt with incre-
ments of .1 pf between each value.

Quality Components' capacitors are ideal for applications such
as RF filters, coupling capacitors, bypasses, wave shapers and
tuned circuits, requiring high reliability at a competitive price.

For detailed information or sample kit contact:

Quality Components Inc.
P.O. Box 113, St. Mary's, PA 15857
TEL. (814) 834-2817 « FAX (814) 834-9141
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ment. Center frequencies be-
tween 70 and 250 MHz have been
demonstrated, with insertion loss
of approx. 6 dB. Group delay
variation is an excellent 150 nsec.
A simple fabrication technique
reduces manufacturing costs.
Sawtek, Inc.

INFO/CARD #202

Multitone Generator
Systematix offers a multitone
generator for intermodulation test-
ing, with up to four carriers avail-
able, tuned as close as 100 kHz
at frequencies of 800-900 MHz
or higher. Internal intermod spurs
are better than —80 dBc at 45
dBm output. All four tones are
independent and front-panel tun-
able. Modulation and automatic
control are optional. Price of the
unit is $19,500.
Systematix
INFO/CARD #201

BNC Crimp Connec-

tors
Alpha Wire announces their
new BNC Crimp Connector, a

nickel plated connector with Del-
rin dielectric and gold-plated cen-
ter pin. Rapid assembly time and
reliable electrical and mechanical
contact are major features. The
connector is provided in standard
50 ohm impedance.

Alpha Wire Corp.

INFO/CARD #200

Cell Site Antenna

Model ASP-2892 is a 13 dB
gain log periodic array for 60-
degree sectorized cell sites. The
design covers a bandwidth of
800-960 MHz with only a 15
degree vertical beamwidth. Five
degrees of beam tilt is built in,
with additional tilt available by
adjustment of the mounting
clamp. Power rating is 500 W and
wind velocity rating is 130 MPH.
The Antenna Specialists Co.
INFO/CARD #199

Solderable Flexible

Laminates

Foil-film laminates are offered
by Chomerics, to serve as flexible
circuits in commercial and mili-

tary equipment. The laminates
can be copper or solder-coated
copper, bonded to a variety of
dielectric films in continuous rolls

or die-cut pieces. These products
are also suitable for grounding
and shielding applications.
Chomerics, Inc.

INFO/CARD #198

Package Seam
Welder

The Venus |i Paraliel Seam
Sealer from Polaris adjusts to
variations in carrier configura-
tions in electronic packages and
package placement. Square or
rectangular package sup to 6
inches are sealed by resistance
welding or solder reflow.

Polaris Electronics Corp.
INFO/CARD #197

Coaxial Resonator Os-

cillators

T and M Microwave offers the
CR 1000 series of coaxial resona-
tor oscillators covering the fre-
quency range of 300 MHz to 4.5
GHz. Nominal power output is
+13 dBm, harmonics and spuri-
ous are specified at —~20 dBc and
—80 dBc, respectively, and phase
noise at 10 kHz offset is —115
dBc. Size for a typical 840 MHz
unit is .475x 1.0 x 1.5 inches.
T and M Microwave, Inc.
INFO/CARD #196

Arbitrary Waveform

Generator

The HI-2009A by Hitronetic
has been introduced in the U.S.
by Kersaint Associates. The unit
synthesizes analog signals with
a time resolution of 2.2 nsec per
point, two megabytes of signal
memory, programming flexibility,
and a 450 Mpts/sec sample rate.
The price starts at $40,000.
Kersaint Associates
INFO/CARD #195
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RF emc corner

Surge and Transient Considerations

By Gary A. Breed
Editor

Surges and transients on power and
signal lines are major EMC problems in
electronic equipment of all types. It is
common to see these events occur at
magnitudes of thousands of volts, with
a considerable amount of total energy.
The problem is a particular nuisance at
radio frequencies, where even small
amounts of energy can interfere with the
reception of desired signals. Eliminat-
ing, or at least limiting the effects of this
unwanted energy usually requires a
combination of several standard protec-
tion components and circuits.

Surges

Surges are by common definition a
low frequency phenomenon, whether
they occur on power distribution circuits
or signal lines. Intuitively, they can be
considered as low frequency modulation
of the desired electric or electronic
energy normally found on the line. Most
signal line surges can be traced to
lightning, while power lines are also
subject to the inductive kick of machin-
ery or sudden changes in load.

Lightning surges (not direct hits) are
usually the result of the discharge path
being inductively coupled to a powcr or
telecommunications line. Rural loca-
tions are particularly susceptible, since
there are long, uninterrupted stretches
of distribution lines available for cou-
pling. This type of surge can be very
substantial, but is largely dissipated by
a combination of spark-gap discharge
units and metal-oxide varistors (MOVs).
However, equipment must be designed
to withstand surges that are below the
protection threshold of these devices.

Inductive kick and distribution circuit
load changes are somewhat more pre-
dictable. Unless they are accompanied
by switching transients, they tend to be
smooth changes in voltage, with a
damped swing of voltage on the line.
Their effects are almost always limited
to power supply variations. Linear power
supplies must be designed to have an
adequate raw DC voltage and capacitive
storage to remain above the regulator’s
dropout threshold. Switching supplies
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react much like they would to a change
in load. If the supply is near its maximum
current output capability, the voltage
swing of the surge can modulate the
regulated output.

Transients and Noise

Variations with very short time dura-
tion or with repetitive spikes are called
transients, and they come from a large
number of sources. In power distribu-
tion, they occur when circuits are
switched in and out of the power grid,
or when nearby lightning results in
energy from close coupling or by direct
contact of charged ions to the lines.
Physical damage causing arcing or
shorts contribute to the problem, as well.
On signal lines, the potential effects due
to lightning are the same as on power
lines. AC line filters will remove most of
the RF noise conducted by the lines, but

Metallic Surge (across wires):
Longitudinal Surge (common mode):
Surge Protection Devices:

Signal-to-Noise Ratio (voice grade):
Signal-to-Noise Ratio (digital loops):
Longitudinal-to-Metallic Balance:

Breakdown voltage greater than 250 V
Leakage Current (tip or ring to ground):
On-Hook Impedance (tip or ring to ground):

radiation from nearby wiring will still be
present, unless shielded by conduit.

AC or DC potentials on signal lines
can be another source of trouble. DC
and ringing voltages are present on
telephone circuits, and DC power is
present on CATV distribution coaxial
cable, as well the RF signals. If a
leakage path is present, or if balanced
lines become unbalanced with respect
to ground, the resulting currents can
cause problems with hum pickup from
longitudinal currents coupled from AC
power distribution circuits. These cur-
rents are normally suppressed by the
balanced nature of the signal lines.

Outside sources of trouble are com-
mon on signal lines. Faited distribution
equipment, faulty customer equipment
and physical damage are relatively com-
mon. The result may not be restricted
to disturbances in the desired signals

100 A, 800 V, 10 x 560 msec rise/fall
200A, 1500 V, 10 x 160 msec

10 mA, 1000 VRMS

100 kohms

greater than 30 dB, typical
depends on data rate

60 dB minimum

Table 1. Some telephone circuit performance specifications.
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and voltages. A broken shield on a
coaxial line or unbalance due to inadver-
tent grounding of one side of a tele-
phone line increases susceptibility to
RFI from nearby transmitters. lllegal
telephone and CATV connections are
notorious culprits for increased RFI
because they create mismatch, unbal-
ance or compromise shielding integrity.

Noise in the user’s equipment is the
result of all the above effects, and more.
Other sources of impairment on signal
lines include crosstalk, distortion and
excess attenuation. Line balance, its
physical condition, and the status of
transmission equipment all affect overall
signal transmission performance. Table
1 shows some key performance specifi-
cations for telephone line performance,
including surge and overvoltage protec-
tion standards, as well as signal path
performance.

Protection and Prevention
Transients and noise are insidious
problems. They often result in intermit-
tent problems that are extremely difficult
to diagnose. Methods of dealing with

voltage-current surges and transients
include filtering techniques to minimize
high-frequency components of the dis-
turbances, along with fuses, spark gap,
varistor and zener protection against
more dramatic spikes.

Standard practices in the construction
of these facilities include separation of
signal and power distribution conduc-
tors whenever possibie, metallic sheath-
ing on telephone trunk lines, periodic
grounding to minimize the accumulation
of a potential on the shield, and static
discharge wires on certain power lines.
CATV systems, with a completely
shielded system, usually include a
ground block with a spark-gap arrestor
at the entrance to the customer’s loca-
tion. Telephone lines have fuses in both
tip and ring circuits, which may be at a
distribution pedestal or at the customer
service entrance.

Noise, hum, distortion and interfer-
ence that appear along with the desired
signal require different techniques. Most
areas of noise performance are depend-
ent on the condition of the transmission
equipment and the transmission me-

dium. Designers of user equipment
must be certain that they are compatible
with the wire or coax system they utilize,
and must allow sufficient design margin
to be sure that the transmission medium
is the weakest link in the system.
Minimizing noise and distortion requires
control of signal levels to maintain
exactly what is specified for the system
used.

Above all, familiarity with system
requirements, and the nature of surges,
transients and noise helps make a good
relationship with the power, telephone
and CATV companies. The best service
always seems to be given to knowledge-
able customers. RF

See the RF Design

Awards winners in
the July issue!
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RF design awards

A Simple Clock and PSK Carrier
Recovery Circuit

By Francois Methot
RadioSysteme, Inc.

Today, analog designers have to
interface with the digital world by recov-
ering the clock from their modem (elec-
tric or optic) for high speed data trans-
mission.

he interface between analog and

digital is critical, especially when it
must be done at a low cost. | propose a
different approach to obtain PSK de-
modulator and clock recovery with the
same kind of circuit.

The circuit is based on a PLL with a
“D” flip-flop as the phase comparator,
coupled with a VCXO to avoid locking
on undesired frequencies.

The carrier and/or clock is recovered
by using the positive edge of the
incoming PSK signal or data stream to
sample the carrier or clock and create a
DC voltage to control the VCXO. Figure
1 depicts the interconnection between
the ‘D"’ flip-flop and the VCXO.

However, there is a compromise to
be made in using this design. The phase
detector does not have a linear transfer

- PN — 1
clock '

18 /“\\ |
RN Iy

data I: \/
3 integrator o ’
d flip flop {

Figure 1. Interconnectlon between
“D’’ flip-flop and VCXO.

DC Voltage

logical "1" PRz

logical "0"

-20 -10 0 +10 +20

Figure 2. Transfer function from de-
sign in Figure 1.
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function versus phase error. The gain
of the phase detector (K¢) in frequency
is low but K¢ for the phase is very high.
Figure 2 shows an example of the
transfer function of this design.

In the absence of data, the output of
the “D” flip-flop can be at a logical “‘0"
or “1” depending where the data did the
last sampling in the clock, so the VCXO
can be at the maximum or the minimum
frequency. When the PLL begins the
search for the frequency, it requires
many samples to converge on the
correct frequency, but the search for the
phase is very fast.

For a low bit rate, | recommend the
use of a CMOS “D” flip-flop because it
has the same threshold for a logical *‘1"
or logical “‘0”’. Most of the time a passive
filter will do, when it is connected on the
Q or Q output, depending if it is the
positive edge or negative edge that is
required at the center of the data bit.

For a high bit rate, an ECL “D"
flip-flop must be used because it has
only 1 nsec of propagation delay. How-
ever, an active filter (integrator) must
be implemented to increase the range
on the diode varicap in the VCXO circuit.

This circuit can be implemented to
demodulate a PSK signal with some
compromise. The carrier must be an
exact multiple of the bit rate. Moreover,
the phase transition of the carrier must
be synchronized with the data. These
requirements are cost efficient and eas-
ily implemented on the demodulator.

When feasible or when given the
choice of IF frequency, the carrier to be
modulated must be an exact multiple of

PLL

CARRIER

I

Flgure 3. A simple PSK modulator.

the data clock to be transmitted. A
simple PLL can multiply the clock syn-
chronously and form the carrier to be
modulated. Figure 3 shows an example
of a simple PSK modulator. Now the
PSK carrier can be seen as a data
stream of ““1’', 0", 1"’ ..., with one
extra ‘0" or one extra ‘1" at each
transition of the data. Refer to Figure 4
for the timing diagram.

A carrier can be regenerated at twice
the PSK carrier frequency with the same
circuit for the clock recovery and later,
by dividing the carrier by two. A simple
exclusive *‘or'’ can demodulate the PSK
signal. Because of the use of the divider,
there exists a phase ambiguity of 180
degrees. By using a differential code or
NRZI encoding, the demodulated data
will always be the same polarity.

In Figure 5, one ECL IC is used for
limiting the PSK signal, another IC has
the phase comparator and the fre-
quency divider, and a final IC to de-
modulate the PSK signal and produce
the VCXO. An NRZI to NRZ must be
added after the low pass filter. This
technique, compared to the conven-
tional approach, requires no treatment
on the signal (X?) to rebuild the carrier
information.

The component values of the integra-
tor were calculated using Communica-

= UV UL
- ol le o f 1
= STV WLy

ﬂﬂnnmuuuuuwmmmmwumnnnmmmmuﬂmuu I

Flgure 4. Timing dlagram (a) the
PSK signal can be seen as a data
stream of 1, 0, 1, ... with one extra
0 or 1 at each transition of the
data, (b) a carrier can be regener-
ated at twice the PSK carrier with
a simple clock recovery and when
it is divided by two, can demodu-
late the PSK signal.

2
1
|
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Figure 5. PSK demodulator circuit.

tions Consultion Corporation’s (now Com-
pact Software) PLL Design Kit.

Figure 6 shows my RF Design Contest
entry: clock recovery based on ‘D'
flip-flop phase detector. Figures 7 and
8 show the performance of the circuit’s
clock and data recovery.

Conclusion

The circuit shown in Figure 6 uses
only one IC to both perform the phase
comparator and sample the data. The
VCXO was made with a crystal in
fundamental at 139.264 MHz to elimi-
nate frequency multiplication and
achieve a larger range. A A F of 50 kHz
was obtained with +15 kHz of capture
range. The data stream comes from the

optical detector from a source at —25

xR 139 Re<a
hp Mar_-28.3 oe

AES | B
300 Hz

Pt

WWW Wm

CENTER 139 264

a l'nluln
uuu;-- VoW 328 hx

oz
ATTEN 18 an -20.78 opa |
TexT

Figure 7. Spectrum analyzer dis-
play of the recovered clock signal.

e

dBm. The clock recover still locks up to |

-31 dBm even if the data is at 10 2 of
error rate. For the PLL, the parameters
are: W =10 kHz, K, = 1 kHz/volt, K_

vCO

= 10 volts/radian, { = 0.7. RF |

- — - -
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can be reached at
(514) 426-0773.
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Figure 8. Digital oscilloscope dis-
play of clock and recovered data.

Figure 6. Clock recovery based on ‘D"’ flip-flop phase detector.
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EPSON

THE CRYSTALMASTER™

leads new

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

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

oscillators. ,

-

| actual size

CRYSTALS AND
OSCILLATORS

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

MODEL SG-615 OSCILLATOR MODEL MA 505/506 CRYSTAL
Frequency: 1.51066.7 MHz Frequency: 4.00 to 66.7 MHz
ST, S 4bnaGvh) MODEL MC-405 CRYSTAL
Rise/Fali Time: 5 nsec (TYP) Frequency: 32.768 KHz
Tristate: Avallable

Compatible

Technology: CMOS and TTL
Op Temp. Range: ~40°C to 85°C

EPSON THRU-HOLE
OSCILLATORS

REPLACE METAL CAN OSCILLATORS

Epson has introduced actual size
the first plastic low cosl, ~

high performance auto- | ? ’
insertable thru-hole crystal

oscillator. Its unique hermetically sealed

crystal, embedded in a plastic package, gives
the same EMI protection and higher perform-
ance than metal can oscillators...at a much
lower cost. And, the auto-insertion feature
reduces manufacturing costs associated with

hand inserting metal cans...into standard full-
size or half-size hole patterns.

MODEL SG-5/SG-531 Samency. e
OSCILLATOR Rise/Fall Time: 5 nsec (TYP) !
Tristate: Available

Compatible Technology: CMOS and TTL 1

EPSON’

CALL YOUR SALES REP TODAY

ON Sales Representatives: AL-GA-TN Concord Components 205/772-8883 - AZ-NM Fred Board Assoc. 602/994-9388 - CA-No. Costar 408/446-9339 - CA-So. Bager Electronics 714/957-334
-UT Wn. Regiom Mktg. 303/428-8088 - FL Dyne-A-Mark 407/831-2822 - IL-WI LTD Technologies 708/773-2900 - IN-KY C C Electro 317/921-5000 - KS-MO-IA Microtronics 913/262-1444 - MA-NH
sen Assoc. 617/449-4700 - MD-VA Tech Sales Assoc. 301/461-7802 - MN Electro Mark 612/944-5850 - NC-SC WLA Assoc. 919/231-9939 -NJ JMR Sales 201/525-8000 - NY Elcom Sales 716/385-1

etro, NY Niktronix 516/929-4671 - OR-MI J. D. Babb Assoc. 216/934-4454 - OR-WA Matrex 503/245-8080 - PA Omega Sales 215/244-4000 - TX-OK Component Tech. 214/783-86831

INFO/GARD 56




RF osclllators

VHF and UHF Crystal Oscillators

— Part I

By Andrzej B. Przedpelski
A.R.F. Products, Inc.

This note contains some theory, more
circuits, some suggestions and further
considerations of 5th, 7th, and 9th
overtone crystal oscillators (up to 630
MHz) using simple easy to build circuits.

should have started Part |, July of 1990

(1), with some applicable theory, but |
got carried away by the ease of con-
structing and adjusting these high fre-
guency crystal oscillators and their reli-
able performance. To rectify this
omission let’'s consider the require-
ments for an oscillator. Barkhausen tells
us that for a circuit to oscillate, two
conditions have to exist.

* the open loop gain (A() x () of Figure
2) has to be more than unity, and

¢ the phase of this gain has to be 360n,
where n is an integer (including 0).

In the circuits described, the gain,
A( ) is supplied by the MMIC amplifier
and the feedback, ( ) consists of the
crystal, in series with a length of trans-
mission line, and the capacitor(s).

Using an ideal non-inverting amplifier
(such as Figure 1a) (1), the feedback can
have 0 degrees phase shift and no
phase shifting network is thus neces-
sary. The crystal can, theoretically, oper-
ate in series resonance (presenting only
a resistance in the feedback path) and
becomes an attenuator in conjunction
with the 50 ohm input impedance of the
MMIC amplifier. If this attenuation is

lower than the gain of the amplifier, the
circuit will oscillate. The oscillations start
slowly (relatively speaking) by ampli-
fying circuit noise at the resonant fre-
quency until the amplifier saturates
(gain of the amplifier becomes equal to
the feedback attenuation).

In the inverting amplifier configuration
(such as Figure 1b) (1), the feedback has
to provide the (theoretically) required
180 degree phase shift to allow oscilla-
tions to take place.

In practice, of course, the non-inverting
amplifier has some phase shift at the
operating frequency, and the inverting
amplifier phase shift is usually some-
what less than 180 degrees. Thus, the
feedback circuit has to compensate for
these small phase shift discrepancies.
The inverting amplifier oscillator con-
figurations are generally preferred, since
they have less tendency to oscillate at
undesired frequencies. Any ‘‘simple”
undesired feedback usually does not
have the required 180 degree phase
shift.

To provide the needed feedback phase
shift, different methods can be used.
The crystal itself can provide some
phase shift. However, it is better to use
it in a series resonance mode to reduce
losses through the crystal. Thus, a
phase shifting network providing almost
180 degree phase shift has to be used.
At lower frequencies, a pi or tee phase
shifter can be used. However, at the
higher frequencies, accurate inductors
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Figure 1. Figures from Part I: (a) third overtone circuit, (b) 350 MHz fifth
overtone, (c) overtone oscillator with L/C phase shift, (d) approximate
crystal equivalent circuit at fifth overtone.
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are difficult to construct, and spurious
reactances cause additional uncon-
trolled phase shifts. To overcome this,
and to provide very simple implementa-
tion of reliable circuits, a transmission
line can be used to provide the main
required feedback phase shift. This
approach is feasible at the higher fre-
quencies and provides easily reproduc-
ible phase shifts. To demonstrate this,
the circuit shown in Figure 3 was built.
While feasible and very simple it was
not considered very practical since the
length of the transmission line was
difficult to optimize. A more feasible
method using variable capacitors to
fine-adjust the feedback phase shift was
used in the more practical circuits. This
method had the additional advantage of
allowing some ‘““pulling’’ of the oscillator
frequency.

Now back to some more circuits

Circuit # 1 (350 MHz fifth over-
tone)

The circuits presented in Part | used
hybrid type RF amplifiers. To reduce
size still more and allow the use of
surface mounted components, mono-
lithic RF amplifiers were then tried. A
typical inverting type was used (Avantek
MSA-0735). Two possible circuit con-
figurations were tried (Figures 4 and 5).
Both gave an output of 6-8 dBm with
either a 3.6 inch or 6 inch length of
transmission line. The capacitors had
to be retuned, of course. The circuit of
Figure 5 seemed to have lower harmonic
content (35-40 dB below fundamental
for second and third harmonics). While
monolithic amplifiers usually have the
disadvantage of requiring input and
output capacitors, one capacitor can be
omitted, since the crystal provides DC
isolation. These amplifiers also require
a biasing resistor. In the case of the
circuits shown, this was actually taken
advantage of to provide a circuit which
worked reliably directly from an airborne
power source of 22-30 VDC. This was
accomplished by the use of the high
value (1000 ohm) biasing resistor.
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Circuit # 2 (490 MHz seventh
overtone)

The basic circuit of Figure 5 could be
easily modified to provide reliable opera-
tion on the seventh overtone of the
crystal. The same crystal was used with
an 8.2 or 7.2 inch length of transmission
line, as shown in Figure 6. An output of
6-8 dBm was obtained, but the harmonic
content was high (-10 to —15 dB).

Precision quartz crystals in
solder seal, resistance weld,
and coldweld configurations
and oscillators with low
aging and low phase noise
characteristics.

tened lead time delivery.

EG&G also supplies custom-designed high per-
formance crystal and LC filters, discriminators, mod-
ules and atomic frequency standards making us a single
qualified source for all your frequency control needs. Call
or write today for more information on precision prod-

ucts that perform under pressure.

2L P 4 el

doubt. The pilot must trust his life to
and communications systems.

You can trust EG&G Frequency Products to provide you
with high quality AT and SC Cut precision quartz crystals
and oscillators that will perform in such critical applications.

EG&G’s high reliability
standards include compliance
with WS6536E. Our continu-
ous quality assurance from
raw quartz to finished product
helps maintain that level of excellence. Computerized
production control enables us to provide you with shor-

Otherwise, the circuit performed reli-
ably.

Comments

Output was always observed on a
spectrum analyzer to ensure that the
proper overtone operation was obtained.
Power output was measured at the
desired output frequency.

All circuits were checked to ensure

y -‘\"".‘» su'ld

e n

e no room Ia
complex navigational

In-house experts working in
state-of-the-art facilities pro-
duce highly stable TCXOs,
VCXOs and OCXOs for pre-
cise control of frequency.

J\ EGzG FREQUENCY PRODUCTS, INC.

EG&G Frequency Products, Inc. 4914 Gray Road, Cincinnati, Ohio 45232
FAX 513-542-5146, PHONE 513-542-5555
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Figure 2. Oscillator equivalent cir-
cuit.

that no mode switching could be in-
duced. DC power was turned on instan-
taneously or was brought up gradually
while output was observed on the spec-
trum analyzer. The oscillators always
started at the desired frequency.

50 ohm coaxial transmission lines
were used, since they are readily avail-
able and easily changed. Once the
circuit is finalized, the transmission line
can be part of the PC board. There is
no apparent reason why other imped-
ances cannot be used. However, only
50 ohm coax cables were used.

An amplifier gain of about 12 dB at the
desired frequency seems adequate.
Higher gain amplifiers would allow a
higher loss in the feedback circuit. This
could reduce the crystal drive and
improve stability. However, too much
gain may make the circuit more suscep-
tible to oscillations at undesired frequen-
cies.

The phase shift in the amplifier
changes with frequency. The typical
inverting amplifier actually becomes non-
inverting at higher frequencies. This
occurs at about 4.5 GHz for the MSA-
0735 used in the tests. The amplifier still
has gain at this frequency, however, and
this should be considered.

The crystal resistance does not seem
to be critical. The crystal used had a
resistance of about 140 ohms at the fifth
harmonic (Figure 10). Higher resistance
crystals can be used, if the amplifier gain
is adequate.

The feedback path loss has to be less
than the amplifier gain to sustain oscilla-
tions. The input impedance to the feed-
back path should be higher than 50
ohms to allow most of the amplifier
power output to appear as useful power
in the load. This is not unreasonable,
since the feedback path can have
appreciable insertion loss.

A quick temperature check was made
using the circuit of Figure 5. The
frequency vs. temperature curve was
smooth and no mode jumping was
observed.

The circuits were very reproducible.
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Imagine A Single Source
For Every Frequency g
Control Need. ..

Now Imagine What
That Source Can
Do For You.

With CTS, you can specify from one of the
broadest lines of frequency control products
available anywhere —crystals, clock oscilla-
tors, VCXO's, TCXO's and ovenized oscillators.
If a standard product won't do, our engineers
will design one that meets the requirements
of your application. But there are more
reasons for making CTS your single source
for frequency centrol products.

CTS

CORPORATION

CTS Frequency Control Division,

Qur cutting-edge technology assures you\-/
of the most advanced frequency control
products. The in-house production of crystals,
precision designs and strict quality control
give you an added margin of reliability.
Additionally, our technical support teams
provide a problem solving capability that
can be a real asset for your design and
engineering teams.

Get the product your application requires,
plus technical services and reliability proven
in the most demanding military, instrumenta-
tion, telecommunication and data processing
applications. Afl from a single source. Calf
now for the name of your CTS Sales
Representative.

Around The World,
Your Single Source For Excellence®™

400 Reimann Ave., Sandwich, IL 60548, Tel: 815/786-8411, Fax: 815/786-3743
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TCXO 82 TCXO 82

The latest TCXO from STC

DESCRIPTION: MODE OF OPERATION:

e 0.2 cubic inches e Low phase noise
1" % 1" % 0.2" high
e Frequencies up to 350 mhz
e Mil grade available

e Low power consumption
e Surface mountable

e Highly stable, precision
e Custom configurable performance
leads

Analog Chip
Temperature Compensation Technology

Buy one or borrow one.

Call us for technical literature and complete details
on our unique offer.

LI
STC COMPONENTS, INC., 636 REMINGTON ROAD, SCHAUMBURG, IL 60173 m I
1.800.624.6491 + 708.490.7150 « FAX 708.490.9707 - CANADA: 1.800.624.6494 "Il

UK: 0279.626626 |l
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Figure 3. The simplest circuit.

The same circuit was built using direct
interconnections (no chassis), using a
ground plane or a PC board with all
surface mount components. The per-
formance was essentially the same.

Increasing feedback loss (reducing
drive to the amplifier) reduces harmonic
content (as expected). This reduces
power output somewhat. For a power
output reduction of 1-2 dB, the harmonic
content can be reduced by 15-25 dB.

The initial tuning procedure is quite
simple. Using a spectrum analyzer (to
make sure that the right overtone opera-
tion is achieved) set one capacitor and
tune the other (if two are used). If proper
operation is not obtained, retune the first
capacitor and repeat tuning with the
other. Once the proper frequency is
obtained, the output can be maximized
using both capacitors.

The crystal can oscillate at the funda-
mental or an odd overtone. Circuit #10
(Figure 1c) (1), for instance could be
made to oscillate at the third, fifth and
seventh overtone by retuning the two
capacitors. At these different frequen-

+22-30 VUDC |

1000

It
n

Figure 4. 350 MHz fifth overtone
oscillator.
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Power Output ‘

dBm Notes 1
- some spuriouses |
4 clean
6 clean
5

unreliable 3

cies, the phase shift through the ampli-
fier is different. While at very low
frequencies it is the theoretical 180
degrees, it decreases with frequency.
The crystal also looks different at these
frequencies. Mr. David Smith of Innova-
tive Frequency Control Products, Inc.
kindly supplied typical equivalent circuit
values for the crystal used (see Figure
1d) (1). Series R is about the same for
the overtones, but is about 1/6 this value
for the fundamental operation. The mo-
tional inductance (series L) is about the
same for the fundamental and over-
tones. The motional capacitance varies
to provide the proper series resonance.

While operation only up to the 9th
overtone (630 MHz) was confirmed,
there were indications that the 11th
overtone was also feasible. The trans-
mission line length became very short
and was difficult to optimize. However
sporadic operation at 730 MHz was
obtained using the Figure 3 circuit and
a transmission length of about 0.5 inch.
As results of Figure 3 indicate, there is
some spurious phase shift caused by

‘ +22-30 UDC l

> 1000

|
I
pli .
. 50

|

|

| 50 ohe tine [—— |
3 |
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Figure 5. 350 MHz fifth overtone
oscillator.
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Figure 6. 490 MHz seventh over-
tone oscillator.

the stray inductances and capacitances
in the circuit. With the breadboard used
it was also somewhat difficult to accom-
modate the very short transmission line
lengths. A better layout may make the
11th overtone operation quite feasible.
Another problem at the higher over-
tones is the stray pin-to-pin crystal
capacity. While small (about 2 pF) its
reactance at the higher frequencies
becomes comparable or smaller than
the crystal resistance. It may then
provide the necessary feedback path to
sustain oscillation at the wrong fre-
quency. No effort was made to “‘tune-
out” this reactance, as is sometimes
done at lower frequencies to obtain true

series resonant operation and to reduce
the risk of spurious oscillations.

While the above treatment of UHF
crystal oscillators is by no means com-
plete, the main effort was directed
toward the simplest low cost reproduc-
ible designs using non-critical compo-
nents. it was also meant as a starting
point for further investigations using this
general overall approach. The non-
inverting amplifier circuits were also not
adequately explored. One reason was
that only one device was available at the
time of the test; several manufacturers
make suitable low cost inverting types.
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References

1. Andrej B. Przedpelski, ‘‘“VHF and
UHF Crystal Oscillators,” RF Design,
July 1990, pp. 63-65.

N Ne=—— =
[ About the Author

Andrej B. Przedpelski is the con-

sulting editor for RF Design and vice

president of development for A.R.F.

Products, Inc., 7260 Terrace Place,
| Boulder, CO 80303. Tel: (303) 443-
4844

HIGH ENERGY CORP

CERAMIC RF CAPACITORS

C-D/SANGAMO

MICA RF CAPACITORS

\S) JENNINGS

A LEAR SIEGLER COMPANY

VACUUM CAPACITORS
VACUUM RELAYS

SURCOM ASSOCIATES, INC.

2215 Faraday Avenue, Suite A
Carlsbad, California 92008
TEL (619) 438-4420
FAX (619) 4384759

INFO/CARD 61

=

110 el
(279
aAx

160 {406] DA 0
4 PRACES

| : S 3
- _ i
040 / M t "
e ez Nt - N26F560 | oco
l* 227- [w 8] =l ; 1‘-5‘%%
HIGH REL CRYSTAL OSCILLATORS ot
CUSTOM DESIGNS, BLILEY QUALITY. [#]

&3
L
L
PRt
|

THIGHT
|4 2800 (7112} -

2

.2
v o 2045 (51 34] =
MA;

Bliley..Your Prime Oscillator Option

b 2330 [3918) ——=
MAX

3 ouPyTr
4 ™ ol
BLILEY ELECTRIC COMPANY R e ey
2545 West Grandview Bivd.. PO Box 3428, Enie, PA 16508 i
(814) 838-3571 FAX 814-833-2712 22e3% < n
Standard
Sine Wave, +15 Vdc/N60B & . Ll i iy 3
24 Vdc/N1 N h
<o supp?yc riecfgilca' FREQUENCY: 5 MHz or 10 MHz standard 5 MHz or 10 MHz 10 MHz standard;
adjustment NéOB & N26F ’ 5 MHz to 15 MH; available 5 MHz to 10 MHz available
Options FREQUENCY +5x 10-90°C to +50°C standard; +1x10-90°Cto +55°C +5%10-90°C to + 50°C standard;
TTL & HCMOS, electrical STABILITY: +1 x 10-8-20°C to +70°C optional +1x10-8-20°C to +60°C optional
, Tyeamg i i i _
:unmg{:??é m;a;t\'n/e:jmcal AGING: 1 x 10-9/day; 5 x 10-'%/day opt-onal 1x 10 - 10/day after 30 days 1x10-9/day
uning/ i 5t C to r < y 3
+28 V%c, NBOB & *12 Vdc to SINGLE SIDEBAND - 155 dB/Hz at 10 KHz; 135 dB/Hz at 10 KHz; - 150 dB/Hz at 10 KHz;
. PHASE NOISE: 160 dB/Hz noise floor 140 dB/Hz noise floor - 160 dB/Hz noise floor
+30 Vdc/N26F (fixed value)
L(SINE WAVE)

Qver supply j
INFO/CARD 62

RF Design 67



RF teatured technology

Design of Quadrature Detectors

by Edward A. Richley
Xerox Palo Alto Research Center

The quadrature detector is a very common circuit used for the
demodulation of both wide band and narrowband FM.
However, there is a general misconception about its method
of operation, and little information on its proper design. After
careful analysis, it can be seen that the engineering trade-offs
involved in the design of a quadrature network are easy to
understand and very interesting. This article will describe such
an analysis, and will show the important considerations for
proper design.

he basic single-tuned quadrature detector network is shown

in Figure 1. This network is typically used with FM receiver
ICs such as the Motorola MC3357 (and related parts), Signetics
NE604, or the RCA CA3189. The network has one input and
one output. The input generally comes from the output of a
limiting IF strip. This input, V,,, and the output of the network,
Vour @re connected to the inputs of an analog multiplier.

The basic purpose of the quadrature network is to produce
two signals which have a nominal phase difference of 90
degrees (hence the term ‘*‘quadrature detector’), but with a
variation in phase which depends on instantaneous frequency.
The multiplier then serves as a phase detector, and can detect
the lead or lag in phase caused by the interaction of the
frequency modulated signal with the network.

In some versions of the circuit, the coupling capacitor, C,
of Figure 1, is replaced by an inductor. The operation of the
circuit is conceptually the same in both cases. Many texts give
an explanation for the operation of this circuit which is based
on the following assumption (1,2):

X(wo) >> R, Q)]

where X, is the magnitude of the reaclance of the coupling
component, either a capacitor or an inductor, and w, is the
center frequency of the frequency modulated signal. w, Is also
the resonant frequency of the network formed by L, and C,.
With the assumption of equation 1, the nominal 90 degree
phase shift is provided by the reactance of X, in series with a
much smaller resistance, R . The subsequent phase lag or
lead about the nominal will result from changes in the received
signal frequency which cause the reactance of the R-L-C circuit
to swing inductive or capacitive.

A quick look at some application notes, however, shows
that the condition of equation 1 is often not met in practice. In
fact, it is often strongly violated (3,4). Thus, the question arises
as to how the nominal 90 degree phase shift is provided, and
how the phase shift varies with frequency. In order to address
this point of confusion, the network of Figure 1 must be
examined more closely.

It is instructive to look at the network of Figure 1 in an
alternate form. The dashed portion of Figure 2 can be
transformed into a Norton equivalent, as shown in Figure 3.
The resultant parallel capacitors combine as a single element
of value (C, + C,). From Figure 3, it is evident that the nominal
90 degree phase shift can be guaranteed at the frequency w,
by simply making the combination of L, and C_+ C, resonant
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at w,. Thus, the condition of equation 1 is not necessary. The
size of C, relative to C, does not affect the phase characteris-
tics of the circuit at all, since the two capacitors are effectively
in parallel. Their relative sizes only affect the amplitude of the
output, and, as shall be seen later, the input impedance of the
network. Thus, the condition of equation 1 is not necessary at
all.

The Transfer Function

The circuit of Figure 1 has a transfer function, H(jw), defined
as the ratio of the output voltage to the input voltage, when
both are expressed in phasor notation:

VOUT(j“’_)
Viliw)
From the equivalent circuit of Figure 3, it is easy to show that

H(jw) is determined by the impedance of the R-L-C circuit, and
is given by:

H(w) = ()

(3)
«?C.L R

i i B
o Lo e, TS TR
There are four main concerns regarding the design of the
quadrature network. These are as follows:
1. [H(jw,)| should be as large as possible.
2. The variation in |H(jw) | over the desired range of frequency
deviation should be as low as possible.
3. The phase variation in H(jw) over the desired range of
frequency deviation should be as linear as possible.
4. The input impedance of the network must be sutticient so as
to not load the driving circuit.

In order to simplify the investigation of each of these
requirements, it is useful to define some quantities. The first
of these is the loaded Q of the network:

Rt @
£ wol

In this analysis, any load resistance due to the phase detector
input is lumped into the resistance R, .

( =S

' \

[ /

To Multiplier

et S et 803 S e ,,1

\
- Vour

Figure 1. Basic single tuned quadrature detector
network.
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Another useful quantity is the center frequency, w, As
described earlier, component values are chosen for resonance
at w,, so that:

1
W= (5)
O N(C ARG
Finally, the frequency, w, can be normalized to w, by defining
a new quantity, y, as follows:
w
(6)

T Ty
In terms of these quantities, the transfer function is given by:

C, y’Q

i C,+C. (1-Q+j)

@

From equation 7 it follows that the magnitude of the transfer
function at the center frequency (y = 1) is given by:

- . cC,Q
[Hjw,)| = O (8)

From equation 8 it is clear that for greatest magnitude of H(jw),
both Q and C, should be as large as possible. However, once
C, is made comparable to C_there is not much to be gained
from increasing it further.

It is also useful to define the normalized frequency, y, in
terms of the deviation, &:

bg? L 3 ©

In terms of £, the transfer function is :

(1 +&

o)
i) e roa i+

C,+C,

(10)

The Amplitude Response

In order to examine the flatness of the amplitude response
with frequency, it is helpful to look at the magnitude squared
of the transfer function:

eyl o V16 (1 + ¢
'H““’)'z'(ﬁff 6L) TR .

This expression can be expanded in terms of £ about the center
frequency, £ = 0:

Hew)[? = (c C+‘C )2 QX1 + 28 +H(1-4QIE2+ ) (12)
1 L
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From equation 12 it is clear that in order to prevent AM
distortion from becoming induced on the detector, it is
necessary that:

1

gl << 5 (13)
and that:
4Q2¢|2 << 1 (14)

In general, |y| is quite small (0.01 is typical) so that both of these
requirements will be met for modest values of Q.

The Phase Response

The phase response can be examined in a similar manner.
Equation 10 leads to the following expression for ¢, the phase
of the transfer function, H(jw):

(1+9 )

= arctan \ o =——~ 15
1 (s(a e v
Since the nominal value of ¢ is known to be 30 degrees (n/2),
it is most useful to look at the deviation in ¢ about this mean.
This deviation, 6, is given by:

LINERR S, 2+ 4)Q
0=2¢ > arctan (——(1 Ty (16)
The linearity of the phase response of the network can be
evaluated by looking at the quantity 36/3& From equation 16,
it follows that:

o AL 2+2t+ 82
gy 1+ 28 + (4Q% + 1)£2 +4Q %% + Q%°

(7

This expression can be expanded in terms of £ to give:

26
9¢
In order to maintain a linear phase response, it is important for
the constant term in equation 18 to be the dominant term.

Thus, the requirement for phase linearity can be expressed
as follows:

=-2Q(1 - ¢+ % (&) ClegEan =) (18)

€] << 1 (19)
and
4Q2JE2 << 1 (20)

These requirements can be seen to be almost identical to the
requirements of equations 13 and 14.
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Figure 3. Norton equivalent of the quadrature net-
work.
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The Input Impedance

The remaining requirement has to do with the input
impedance of the network. The magnitude of the impedance
of the network of Figure 1, at the center frequency, w,, as seen

by V
2
(Gr 7 (C
2 1 L
\/O +< c, )

C 2
1+Q2(—
@ (C + C )
For even modest values of Q, and for values of C, which

approach C, (which is encouraged from equation 8), |Z,N(w0)|
approaches the following form:

IN'

IZy(wo)l = wyly

(21)

w,l
|Z|N(wo)| T OQL (22)
Clearly, a large enough value of Q and a small enough value
of L, could lead to an input impedance which is too low to be
driven from the IF output. This consideration places a limit on
the size of Q or the size of C, relative to C, .

Design Procedure

Consideration of all of these constraints leads to a
reasonable approach to the design of these single tuned
quadrature networks. As with most engineering problems,
there are trade-offs to be made. In general, the following
procedure should suffice:

1. Choose frequency deviation or center frequency such that
JE] << 1/2.

2. Choose Q as large as possible, without violating the
requirement: 4Q? [£2 << 1.

3. Choose the largest value for L, which can be obtained within
the limits of physical size, self- resonance and the effects of its
unloaded quality factor on Q.

4. If (weL,/Q) is an acceptable value for input impedance,
choose a value for C, which about is half the capacitance
needed for resonance wrth L, at w,. Let C, be the remaining
capacitance needed for resonance

5. If (w,L,/Q) is not acceptable, choose « value tor C, which
provides an acceptable value for |Z, (w,)|, from equatlon 21.
Choose a value for C_ which completes the requirement for
resonance with L _at wo (equation 5).

This procedure should work well for most designs. It will
provide the largest possible output level without sacrificing
other parameters. Equations 8, 9, 12, 18, and 21 provide some
quantitative insight into the behavior of signal tuned quadra-
ture detectors. Although this analysrs has been carried out for

\
/
L1 s
To Multiplier
Gl v
VIN% ouTt
M

Figure 4. The double tuned quadrature network
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capacitive coupling, it must be emphasized that a similar
exercise could be performed for a circuit using an inductor in
place of C,.

The Double Tuned Quadrature Detector

There is a higher performance version of the quadrature
network which is often described in application notes (4,5).
This is the double-tuned network which is shown in Figure 4.
Much better linearity is claimed for this network.

This network uses a weakly coupled transformer having a
tuned primary and a tuned secondary. In most implementa-
tions, both windings are identical. In Figure 4, both windings
are shown to have an inductance, L. The amount of mutual
inductance, M, is always a fraction of L. Thus:

M = KL, k<1 (23)
where k is known as the coupling coefficient.

Instructions in various application notes indicate that the
coupling coefficient, k, should be at least 70 percent of critical
coupling, k., where k_ is defined in terms of the primary Q,
Q,, and the secondary Q, Q,, as follows:

L= (24)

kcr

\/ QQ,
Instructions also indicate that the primary is to be tuned for
maximum signal, while the secondary is to be tuned for
maximum linearity.

An analysis of the double tuned network will now be
presented. This analysis will focus on the phase response of
the network, as that is the important advantage of a double
tuned network when compared with the single tuned network.
An analysis of the amplitude response and the input imped-
ance can be derived easily from this phase response analysis,
and so will not be presented.

Some Approximations

The double tuned network is significantly more complicated
and difficult to analyze than the single tuned network
Consequently, some assuinptions and approximations will be
used. These approximations are extremely plausible and serve
to greatly enhance the understanding of the analysis. In fact,
the analysis of the single tuned network would be greatly
simplified by these approximations and would yield exactly the
same result as equation 20.

The first assumption is simply that the maximum frequency
deviation is very small. Thus, it is assumed that:

€] << 1 (25)

In comparison with terms of order 1, ¢ can be ignored. Of
course, one must be very careful to not ignore & when
subtraction of large numbers will result in a term of the orderé

T
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Flgure 5. Equivalent of the double tuned quadrature
network.
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Figure 6. Approx:matlon of the double tuned quadra-
ture network.

Furthermore, it is assumed that the Q of both primary and
secondary are large:

Q554 Q, >> 1 (26)
From these assumptions, and the definition of k.. it is clear
that:

k << 1 27)

Equivalent Circuit

An equivalent circuit can be made for the double tuned
network of Figure 4. This is shown in Figure 5. This equivalent
will yield exactly the same output as the original circuit. The
transter function is determined once again by the input
impedance of this network.

Only an analysis of the phase response of the double tuned
network will be given here. Clearly the variation in the phase
of the transfer function, about the 90 degree point, is given by
the phase of the input impedance of the network. Just as with
the single tuned network, the coupling element provides the
initial 90 degrees of phase shift while the tuned network pro-
vides the deviation. Thus, the phase of interest is simply the
phase of the input impedance.

Figure 6 shows this input impedance as Z, with the
impedance of all elements normalized to wL. Simplification is
provided by the use of equation 27. This simplified approximate
network clearly consists of two networks in parallel. Figure 7
shows these two networks distinctly. Clearly, the admittance
of the combined network Y, is simply the sum of the two
admittances, Y, and Y,. The admittance, VY, is just as useful
for determmmg the phase response of the network as the
impedance, Z, because Y and Z are reciprocals of each other.
Thus, the variation component of phase response is simply the
negative of the phase of Y.

Using equation 25, it is easy to show that, to a very good
approximation sufficiently close to the center frequency, the
admittance, Y,, is given by:

9

Y, = — + 2jt (28)
1 Qp
Similarly, the admittance, Y,, can be well approximated by:
1+ 2Q
W, i U (29)

£ Quk — 2¢) +j

These forms for the admittances, Y, and Y,, assume that the
tuned circuits of Figure 7 are tuned for resonance at ¢ = 0.
This is not necessarily the case. In fact, some degree of
mistuning will yield the desired results. This mistuning can be
represented by replacing £ with (¢ — £,) in equation 28 and (¢
— £,) in equation 29. Thus, the total admmance Y, is given by:

i 1+2)Q ¢ - &) (30)
Y e (Z AT E LS
Q, ST ey

This detuning accounts for several effects. Slight differences
in winding inductance, the loading effects of the coupling

RF Design

Figure 7. Simplified double tuned quadrature net-
work.

element, L, and the approximation made by replacing L(1 +
k) if Figure 5 with L in Figure 6 are a few of these effects. In
general, the quantities &, and &, allow two more degrees of
freedom for optimizing the transfer function.

The Phase Response

The trouble with the single tuned network is that once it has
been tuned for nominal 90 degree phase shift, the transfer
function is completely determined. Basically, the phase shift
in a single tuned network is determined to be arctan(2Qé).
There is no such limitation in the double tuned network. If the
argument of the arctan{ ) function could be made to more
closely resemble the tan( ) function, a more linear phase
relationship would be possible. This is exactly what the double
tuned circuit allows. In order to see this more clearly, it is
important to look at the Taylor expansion of the function
tan(ax):

adx® | 2a%">
an(ax) = ax + —— +
L 35" 13
where a is some constant. For the purpose of this analysis, it
is clearly desirable to have:

im(Y)
Re(Y)

In practice, the best that can be obtained is an approximation
to equation 32 for some range of £. If this relation can be
approximated, the arctan function performed by the phase
detector would more closely reflect a linear relation with input
frequency. Several requirements on Y are immediately clear:

Im(Y) must vanish as £ goes to zero. The ratio Im(Y)/Re(Y)
must have no even order terms. The coefficients of (a£) should
match those in the expansion of equation 31 through as many
terms as possible.

The first two of the above requirements can be met by proper
choice of £, and £,. Although not easy to derive, it is easy to
verify that the choice of £, = ¢, = —k/2 satisfies both. Inserting
this condition into equation 30 leads to:

(31

= tan(af) (32)

— K202 4Q2 (33)
e -z, (LMD NS0+ e 8
Re(Y) Py (1RG0 ) P

This expression clearly has no terms in even powers of &. It
also goes to zero as ¢ = 0. The polynomial quotient can be
expanded to give the complete power series:

(1 - k*Q) (34)
P (1 +Kk*QQ)
£+ ]

+ a2 k2Q(Q, + Q )
J 1+k20(Q —O)-k“Q3O
The coefficient of the third order term in the Taylor expansion
of tan(ax) can be matched by making:

Im(Y)

Re(Y) e
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b = e

3 4% 1 v kaq )

- a2 o2 s S
* T+K°Q,Q, - Q) - kX,

This defines a relation between k, Q_, and Q. For example, if
Q, = Q, = Q, the requirement of equation 34 can be found to
be simply that kQ = 0.327. For Q_ # Op, the opportunity to
make more terms in the expansion coincide, at least
approximately, is available.

The data sheet for the RCA CA3189 (4) indicates that a
preferred circuit uses Q, = 20, Q_ = 55, and k is at least 70
percent of k. Application of equation 35 leads to a value of
0.0229 for k. This is roughly 76 percent of k_, precisely as
indicated by the data sheet. Although this choice does not give
a good match for the term in £, it gives a much better
coefficient for that term than could be pbtained from the choice
of Q. =Q,=Q.

In general, for quadrature network design, the phase
response, amplitude response, and input impedance are the
important considerations. Of these quantities, the one most
often overlooked is input impedance. It is clear from this
analysis that as the output impedance of the limiting IF is
lowered, its drive capability is increased. With proper design,
a greater output signal from the quadrature network can be
provided. Finally, the double tuned network can be used to
greatly improve the linearity of the demodulator. Proper design
of the double tuned network can be a bit tedious, as several

(35)

terms in the power expansion of equation 34 should be
carefully evaluated. However, it is fairly easy to get a good
match through the third order term.

Although the quadrature detector is a very popular device
for the demodulation of FM, the literature contains very little
information on its operation or design. This analysis provides
the fundamental relations needed for the proper design of
quadrature networks. The relations derived here provide the
RF engineer with a means for optimizing the design of
quadrature detectors. RF
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RF transmission lines

CAD of Single and Tandem

Lange Couplers

Timothy O'Connell and Patrick Murphy
University College Cork, Ireland

In recent times the 90 degree hybrid has become one of the
most important passive elements to be used in microwave
integrated circuits (MICs), because of its important function in
balanced mixers, balanced amplifiers, and other circuits.
Although there are many types of hybrids available that provide
equal power division with 90 degree phase shift, the Lange
coupler has been the most widely used because of its superior
broadband performance. This article describes a CAD program
which calculates the design parameters of Lange couplers.
Since the main disadvantage of Lange couplers is their
difficulty in fabrication due to the very small dimensions of the
interdigitated fingers, the concept of combining couplers in
tandem is presented, and this option is incorporated into the
CAD program.

Since its introduction by Julius Lange in 1966 the Lange
coupler (1) has been the most widely used 90 degree hybrid
at microwave frequencies because of its very wideband -3
dB coupling over octave bandwidths. The structure of the
device, shown in Figure 1 is relatively simple, with alternate
interdigitated fingers coupled together using bond wires. For
this structure:

S is the spacing between interdigitated fingers.
W is the width of the interdigitated fingers.

L is the width of the coupler; 1/4 wavelength at the center
frequency.

h is the substrate thickness of the microstrip.

To date, the accepted design approaches are those reported
by Presser (2) and Osmani (3), which are similar in nature and
are suitable for CAD implementation. Their design approach
may be summarized as foliows:

The interdigitated directional coupler may be viewed as a
multiconductor transmission line of K (K even) elements, not
including the ground plane. However, coupling between
non-adjacent sections may be neglected with little error. Using

this simplification, Ou (4) derived the following set of equations
for the even and odd mode impedances for such an array of
parallel coupled lines.

1-c\"” (K= )1 + q)
Z°°=Z°< ) C+g+(K-101-0) M

C+q

Zoo = Zo0 K= 1M1 - ©)

2

where,

K = even number of strips

Z, = terminating impedance (usually 50 ohms)
C = voltage coupling coefficient

d'= {68+ (.~ CB(iCs D"

Next, the shape ratios are calculated from the synthesis
equations of Akhtarzadm et al (5):

cosh(%(W/h)se >+ cosh( %(W/h)go) e

sih = 2 cosht @)

cosh ( %(W/h)éo) . cosh(%(W/h)se)

Wi = 1 cosh -'[ 821 cosh ((W/h) . ) + 941-‘] S (a)

s 2 S
where,
(WIh), = 0.78(Wrh),, + 0.1(W/h),, (5)
and (W/h) are given by Wheeler’s equations for wide and

Jseso OV 3
narrow microstrip lines:

PRy l alternate fingers l et
A o o B o— o C
Coupler 1 Coupler 2 |
At © e el
”l.dl
e . i el —
Fi 1. Diagram of a Lange RS : e e
c:)guu;IZr. et 2 Figure 2. Couplers connected in tandem.
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Tandem Lange Couplers

Although the design of Lange couplers is relatively straight-
forward using the above equations, their main disadvantage
lies in the fact that the dimensions of the finger width (W) and
spacing (S) are often so small that fabrication of the circuit is
difficult. Typical dimensions for Lange couplers are of the order
of 10 um, and this can pose difficulties unless the fabrication
process has very good tolerances. A novel solution is to
combine two Lange couplers in tandem, so that the overall
coupling coefficient is higher than the individual coupling
coefficients. Therefore, since the dimensions are inversely
related to the value of the coupling coefficients, the etching
constraints are greatly reduced.

Consider two couplers connected in tandem as shown in
Figure 2. Assuming the signal level at input A is 1, and is 0 and
A’, and that the coupling coefficient of each section is k, the
signal level at the other ports are:

B =k ®)
B =jN1-kK ©)
C=k-(1-k) (10)

C’ = j2k \11 - k2 (1)

Here we can see that the 90 degree phase shift between C and
C’ is still preserved. Now for —3 dB power division, signals at
C and C’ must be equal. Therefore,

K2 - (1-k3) =2k \[1 - k2 (12)
Defining / = k? yields:

8/12-8/+1=0 (13)
By solving this equation and discarding one of the solutions,

we get k = —8.34 dB. Thus, to achieve an overall coupling
factor of —3 dB, each of the two couplers connected in tandem

N7 R
.*er ' 1T

L’-N‘ o

19
|1

i S AN

Figure 3. Tandem Lange coupler arrangement.
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must have a coupling factor of —8.34 dB.

Therefore, two Lange couplers with coupling factors of —8.34
dB can be combined to make a —3 dB coupler with the same
overall characteristics as a single coupler. The more loosely
coupled individual sections will relax the etching constraints
by increasing the dimensions of the coupled fingers. Figure 3
shows two LLange couplers connected in tandem.

The CAD Program

A FORTRAN CAD program has been written which enables
the user to design Lange couplers using the equations above.
Single or tandem configurations can be selected, depending
on the dimensions obtained and the quality of the etching
process available. Figure 4 shows the simulated Touchstone*
response of the single and tandem couplers. While the
response of the single coupler is marginally better, in some
applications this slight deviation is much less than the
discrepancy in results (with a singte coupler) due to the etching
tolerances of the process available.

Finally, the CAD program gives the user the option of
producing an output file directly in the format of a Touchstone
input file. This allows great flexibility in incorporating the Lange
coupler into a larger circuit, or allows the mask of the circuit
to be generated directly from software such as MICAD® or
GAS-STATION® .

The operation of the program TLANGE is described by the
flowchart in Figure 5. First, the design parameters are entered;
substrate dielectric constant, substrate thickness, center
frequency, and overall coupling coefficient. If a tandem
arrangement is selected, the program then calculates the
coupling coefficient of each section. Next, the dimensions of
the Lange coupler are calculated using the Osmani/Presser
method, and finally, the results are produced either directly to
the screen, or in the format of a Touchstone input file. Figure
6 shows a typical output of the TLANGE program. Here a six
finger tandem Lange coupler with a center frequency of 4 GHz
has been designed on 5880 RT-Duroid* (0.79 mm substrate
thickness).

The program is available from the RF Desigr Sottware
Service, including a compiled version and source code listing.
See page 30 for more information. RF
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Figure 4. Simulated resulits of a single and tandem
Lange coupler.
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Figure 5. Flowchart of the TLANGE program.
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DIM
FREQ GHZ
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IND NH
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Figure 6. Touchstone file output from the TLANGE
program.
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A Clear Signal for RF Filters

By Liane G. Pomfret
Associate Editor

he market for RF filters is stable and

growing with minor variations that
can be linked to the current recession.
As usual, the commercial market is
enjoying greater success than the mili-
tary market. Despite a worldwide eco-
nomic slump, some of the best business
is being generated internationally and
has buoyed relatively flat domestic sales.
Surface mount technology is also con-
tributing to continued profits. With a
host of new applications and new tech-
nology, there’s little to stand in the way
of a successful future for RF filters.

It comes as no great surprise that the
military market for RF filters has suffered
because of congressional cutbacks.
While the cutbacks have not been
disastrous, they have been noticeable
and companies involved in military have
felt the pinch. For companies who focus
on the commercial market, business is
much better. The recent explosion of
commercial RF applications has opened
up new business opportunities. The list
of applications — wireless communica-
tions, PCNs, mobile and land mobile,
data transfer, medical systems, and
satellites — continues to grow. While
much of this technology was developed
for the military, it has found success
within the commercial arena, making it
doubly profitable for the manufacturers.

Not all of the technology evoived from
military contracts. Some developments
came from the commercial sector. Sur-
face mount and miniaturization of RF
fiters are the results of requests for
smaller commercial devices — the 2
pound cellular phone as opposed to the
7 pound cellular phone. Like much of the
RF industry, surface mount technology
is now working its way into the filter
industry. Yet the military still lags be-
hind. Arie Verhagen, Vice President of
Marketing for Murata-Erie comments,
“The industry as a whole, has to do their
homework to bring surface mount to the
military’s attention.”” Qualifying new tech-
nology for military specifications is a
long, expensive process and the indus-
try is reluctant to invest time and money
without assurances that the technology
will be accepted.

In the commercial sector, suppliers

RF Design

A switched filter module from Integrated
Microwave.

have been reducing their prices while
maintaining or improving quality. As a
result, manufacturers have more lati-
tude to experiment with manufacturing
techniques and materials. Steve So-
daro, Vice President of Marketing and
Sales at TTE notes, ‘‘Components now
are not as costly. It affords us the
opportunity to do miniaturization. We're
always trying to miniaturize without
sacrificing performance.”” However,
while a large firm has the resources to
experiment with technologies such as
surface mount, smaller companies are
often restricted because of the lack of
available packaging technology within
their company. Packaging technology
is available from outside vendors but
cost and availability are a stumbling
block to in-house development.

The communications industry offers
a large number of uses for filters. Voice
communications, data transfer and ac-
quisition, LANs, and voice over data are
all demanding more sophisticated filter-
ing techniques. “The applications for
filters in general are increasing, mainly
due to enhancements in telecommuni-
cations, LANs, and various radio sys-
tems including cellular and land mobile
beyond the classic military market,”
says Dave Distler, Director of Sales and
Marketing for Trilithic. Manufacturers
are demanding extremely sophisticated
filters capable of high reliability, high
performance filtering.

Every company has its own area of
specialty and responses will vary regard-
ing the active areas for filter products.
However, the general consensus is that
communications equipment is the hot
area right now. Randy Rhea, President
of Eagleware notes, ‘‘We see a definite

increase in interest in filters for data
communications systems and that often
results in a greater emphasis in the
delay characteristics of filters." Al Lowen-
stein, National Sales Manager, for Mo-
torola’'s RF filter products components
division, sees interest for their products
in other areas as well. ““The new activity
is in the 915 MHz range, especially
spread spectrum, new generation port-
able telephones, and remote data acqui-
sition, meter reading and things along
that line.”” He adds, ‘“The other thing
that is taking off is GPS and the satellite
industry in general.”” Wavetek's focus
has been high reliability communica-
tions such as those found in avionics
communications systems. Even with the
slowdown in the domestic military mar-
ket, Sara Mussman, Components Busi-
ness Unit Manager for Wavetek com-
ments, ‘| see a significant amount of
business out there.”

A lot of this business is coming from
the international sector. Mussman notes,
‘““Any country that is aggressively pursu-
ing an upgrade will be a good source of
business.” For George Szentirmai, Presi-
dent of DGS, business has been fairly
flat. “‘The only thing is that our interna-
tional sales are pretty strong especially
in Europe.” His company has had a
great deal of interest from eastern
european countries, but since there's
no money available, there’s been no
sales. Werner Mueller, Vice President
of KVG, North America comments, “|
would hope that due to the reunification
of Europe and due to the communication
lack in eastern Europe, that there will
be an increase in the European mar-
ket.” Toyocom's market situation is
different. They currently hold less than
10 percent of the U.S. market and are
looking to expand within the United
States according to Dennis Reifel, Mar-
keting Manager at Toyocom.

With the majority of the RF filter
business on the upswing, the outlook for
the future is optimistic. The advent of
surface mount technology and constant
improvements in price and performance
make filters an excellent prospect for
profit in the coming year. RF

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



RF software

SPICE Transistor Library

A comprehensive library of RF transistor
SPICE models is available from Intusoft.
Models include 36 popular bipolar and JFET
transistors, usable with any Berkeley SPICE
compatible simulator. The models use a
subcircuit approach that accounts for pack-
age parasitics, and matches published S-
parameter magnitude and phase data up to
5 GHz. The library is priced at $99, and is
available in PC and Macintosh formats.
Intusoft
INFO/CARD #233

Dielectric Resonators

Two programs with easy data input are
available for analyzing dielectric resonators.
The program DRESV3 computes the reso-
nant frequency and the Q factor of the TE
mode. Program FOAM3 estimates the reso-
nant frequencies of sixteen higher-order
modes. Diskettes for the IBM PC or compa-
tibles are priced at $25.
Kajfez Consulting
INFO/CARD #235

Version 3.0 Introduced

EEsof announces the new Version 3.0
product suite, upgrading their line of high-
frequency software tools. Version 3.0 links all

ACS 500

ACS 600 GDS!I to Gerber

ACS 700 HP EGS to Gerber
TRANSLATORS

ACS 800 EGS to AutoCAD DXF

ACS 1000 MiCAD to AutoCAD

ACS 3500 AutoCAD to GDSII

ACS 3600 EGS to GDSII

Call orwrite for cur application notes describing
how to photoplot hybrid circuits directly from
your CAD database.

Artwork Conversion SoFTware, INC.
1320 Mission St. #5, Santa Cruz, CA 95060

408/ 426-6163 Fax: 408/ 426-2824
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of EEsof's simulators under a single design
environment; linear and nonlinear frequency
domain, nonlinear transient SPICE analysis,
and system/subsystem analysis. Its graphical
design environment provides block diagram
and schematic entry, multi-simulator control,
documentation, and optional IC and board
layout capability. Version 3.0 runs on UNIX-
based workstations and PCs using the 0S/2
operating system.

EEsof, Inc.

INFO/CARD #234

Software Catalog

A new eight page catalog presents simula-
tion and synthesis CAE tools from Webb
Laboratories. Included are the SysCad and
Receiver Advantage system simulators,
FilSolv and TransCad for filter and transmis-
sion line structure synthesis, and SANA for
microwave network signal and noise analysis
and optimization.
Webb Laboratories
INFO/CARD #232

Graphics-Based Analysis
DADISP is a visually-oriented graphics
software package designed for scientific and
technical applications. Among the 200 data
processing functions are signal arithmetic
and editing, waveform generation, FFTs, and

peak-finding. Extended memory support is
an option, as is an IEEE-488 bus driver and
an software module to interface with popular
data acquisition boards. Versions are avail-
able for a wide range of PCs, workstations
and larger computers.

DSP Development Corp.

INFO/CARD #231

SPICE Library for Linear ICs

SPICE macromodels are now available for
nearly every Burr-Brown op amp, difference
amp, and instrumentation amplifier. Two
levels are offered: PSpice® Parts™ and
Enhance Parts™ macromodels. A 5 1/4 inch
diskette with more than 75 models is free
from Burr-Brown.

Burr-Brown
INFO/CARD #230

Thermal Analysis

Version 1.33 of SAUNA, a 3-D thermal
annalysis package has been released by
Tatum Labs. Larger models are possible; up
to 700 nodes and 2750 thermal resistors.
Reduced air density due to altitude is also
accoutned for. SAUNA runs on IBM PC
compatible and Macintosh Ii and SE/30
computers.
Tatum Labs, Inc.
INFO/CARD #229

REPRINTS
REPRINTS
REPRINTS
REPRINTS
REPRINTS
REPRINTS

RF design

RF Design reprints are available for
printing in quantities of 500 or more.

For further information contact:

Reprint Department

RF Design

6300 S. Syracuse Way, Ste. 650
Englewood, CO 80111

(303) 220-0600

CRYSTAL FILTERS

TEMEX ELECTRONICS
TEMEX

TEMEX ELECTRONICS, INC.
5021 N. 55th Ave. #10 Glendale, Az. 85301

(Tel) 602-842-0159

(Fax) 602-939-6830
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RF ' literature

RF/Microwave Product
Guide

Avantek offers a 48-page Product Selec-
tion Guide to give engineers a quick overview
of the company’s standard products. Sum-
mary specifications are provided for transis-
tors, integrated circuits, amplifiers, signal
processing and control products, LNAs, uplink
amplifiers, cellular base amplifiers, and YIG
oscillators. Most items are in stock at Avantek
distributors.

Avantek, inc.
INFO/CARD #250

Ceramic Filter Catalog

Murata Erie announces a design manual
and catalog for their line of ceramic filters for
communications. Single and multiple ele-
ment filters are listed, covering standard
frequencies such as 455 kHz, 3.58 MHz, 4.5
MHz and 10.7 MHz. Ceramic discriminators
and signal detectors are also included, as are
surface mount filters. Application information
includes theory of operation and circuit
design considerations.
Murata Erie North America
INFO/CARD #249

Frequency Control Products
Comprehensive data on products available
from Piezo Technology, Inc. is included in a
new 96-page handbook. Monolithic and dis-
crete crystal filters, LC filters, cavity band-
pass filters, combline filters, interdigital fil-
ters, crystal and non-crystal oscillators, preci-
sion crystal resonators, RF subassemblies,
and custom hybrid circuits are listed.
Piezo Technology, Inc.
INFO/CARD #248

RF Data Book

Motorola's RF Products Division has re-
leased their new RF Data Book, DL110/D
Rev. 4, a two-volume edition covering power
FETs, power bipolar and small-signal transis-
tors, plus RF power modules. 84 new prod-
ucts have been included since the previous
version, along with new applications informa-
tion.
Motorola, Inc.
INFO/CARD #1247

Coaxial Switches

A new Standard Products Brochure is
available from Dow-Key Microwave, listing
standard electromechanical coaxial switches
and relays in configurations from SPDT to
SP12T. Transfer switches, bypass switches
and low cost RF relays are also included.
Photographs, specifications and schematic
diagrams are provided for these products.
Dow-Key Microwave Corp.
INFO/CARD #246

1991 Test Instruments
Tektronix’ 1991 customer catalog is now

available, highlighting more than 3000 prod-

ucts in three broad areas: electronic test and

RF Design

measurement instruments, professional broad-
cast equipment, and computer peripherals.
New products include communication signal
analyzers, VXIbus products, high resolution
display monitors, HDTV test equipment and
low cost broadcast spectrum analyzers.
Tektronix, Inc.

INFO/CARD #245

Coatings Brochure

A line of coating and ink systems is
described in a new brochure from Emerson
& Cuming. One and two-component systems
are presented, used in making membrane
switches, molded and flexible circuits, poly-
mer thick film circuitry, and for modifying
circuit boards. The coatings provide protec-
tion against electrical contact during compo-
nent assembly.
Emerson & Cuming, Inc.
INFO/CARD #244

Frequency Chart Update

The RF Products and Linear Integrated
Circuits Divisions of Motorola have published
a new U.S. frequency allocation chart cover-
ing the RF spectrum up to 4000 MHz. Added
to the previous version’s allocation catego-
ries is a segment for Part 15 unlicensed
devices. The chart is free, and is suitable for
convenient wall mounting.
Motorola, Inc.
INFO/CARD #243

SAW Filter Note

A new Application Note discussing SAW
coupled-resonator (CR) filters is available
from RF Monolithics. SAW CR filters are
suitable for many narrow-band applications
from 70 MHz to 1500 MHz, and can be built
with fractional bandwidths from 0.03 to 0.5
percent. The filters exhibit low loss (3 dB
typical) under matched conditions. The note
covers theory, operational performance lim-
its, and a comparison with other filter tech-
nologies.

RF Monolithics, Inc.
INFO/CARD #242

Reconditioned Equipment

A catalog featuring reconditioned Philips/
Fluke test and measurement equipment is
announced by Rubytron. Oscilloscopes, syn-
thesizers, frequency counters/timers, sweep-
ers, function generators and pulse generators
are among the equipment types available. All
instruments are calibrated and warranted.
Rubytron Instruments
INFO/CARD #1241

Distributor Catalog

Tektronix 1991 Distributor Products Cata-
log contains data on analog and digital
oscilloscopes, frequency counters, digital
multimeters and function generators. These
products are offered through authorized dis-
tributors.
RAG Electronics, Inc.
INFO/CARD #240

No matter how you look at it...we've got the right GPS time and frequency receiver for you

¥ Power line Voltage Phase Angle Module

¥ Event Time Logging Module provides

provides precise time-tagged 60-cycle phase

angle measurement

precise time-tagging for power line fault

locating systems

¥ Integrated antenna/downconverter supports
long cable feeds

support telecommunications master

clock applications
Contact us today for complete literature and information. Find out how you can benefit

from GPS and get with the leading edge of todays most sophisticated technology.
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Il FTS/ © AUSTRON

Datum companies working together to meet yor needs. . .

P. O. BOX 14766 AUSTIN, TX 78761 s TEL (512) 251-2313 ® FAX (512) 251-9685



ttenuators

50R-002

Frequency Range: DC-1000 MHz
Attenuation Range: 0-130 in 10 dB steps
Connectors: BNC, N, TNC or SMA

50BR-008

Frequency Range: DC-2000 MHz
Attenuation Range: 0-80 dB in 1 dB steps
Connectors: BNC female (standard) SMA
and N available upon request

50R-029 (left)

Frequency Range: DC-2000 MHz
Attenuation Range: 0-70 dB in 10 dB steps
Connectors: SMA female (standard) BNC
available upon request

50R-019 (right)

Frequency Range: DC-2000 MHz
Attenuatlon Range: 0-10 dB in 1 dB steps
Connectors: SMA female (standard) BNC
available upon request

50R-079 (left)

Frequency Range: DC-1000 MHz
Attenuatlon Range: 0-120 dB
Connectors: BNC female or “N” female

50R-080 (right)

Frequency Range: DC-1000 MHz
Attenuation Range: 0-12 dB
Connectors: BNC female or “N” female

Jw

JFW Industries, Inc.
5134 Commerce Square Dr.
Indianapolis, Indiana 46237
(317) 887-1340
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RF engineering opportunities

RF ENGINEERS

GEO-CENTERS, INC., a high technology, growth-
oriented research and development company
specializing in engineering and high-tech ser-
vices for the U.S. Department of Defense, has
the following immediate, full-time openings at
our central New Jersey location:

Senior RF Engineer — to perform R&D on
high stability frequency standards and clocks,
including oscillator design and specifications;
and resonator and oscillator testing. A PhD in EE
or a related field and CAD/ATE experience are
desirable. Must be a self-starter who is capable
of independent and creative work in an R&D
environment.

RF Engineer — to perform R&D on high sta-
bility frequency standards and clocks, including
oscillator design, fabrication and specification;
and resonator and oscillator testing. A BS in EE
or a related field and CAD/ATE experience are
desirable. Experience in data analysis, modern
computational methods and good oral and writ-
ten communication skills are necessary.

GEO-CENTERS, INC. offers competitive sala-
ries, an outstanding benefits package and un-
limited growth potential. To explore these posi-
tions, please forward your resume with salary
requirements to: GEO-CENTERS, INC., Human
Resources Dept. - RF, 762 Rt. 15 South, Lake
Hopatcong, NJ 07849. An Equal Opportunity/
Affirmative Action Employer. U.S. citizenship or
permanent residency required.

RF Design

You Have AsMucH
POTENTIAL As WE DO—

hen you're creating the world’s most advanced cellular
network, you need the most advanced Radio Fre-
quency Engineers.

Among your varying responsibilities, you will evaluate subscriber traffic,
present and future RF coverage and growth data to forecast system expan-
sion and to provide optimal service for our customers. You will design the
frequency plan, conduct testing on potential installation areas, assist the real
estate group on potential cell and enhancer locations, and remain current on
new technology and industry advancements.

‘The individuals we're seeking will have a Bachelor's degree in Electrical
Engineering and two or more years of experience in the cellular or radio
design industry.

Located in the Southem California community of Irvine, near recreational
parks and the ocean, you'll enjoy many of the benefits that come from a
progressive company, including a competitive salary, company wide bonus
plan and an extensive benefits package. For immediate, confidential con-
sideration, please send your resume with salary history to: PacTel Cellular,
Dept. CR-RF/D, P.O. Box 19707, Irvine, CA 92713-9707. An Equal Op-
portunity Employer. Principals only, please.

PACERTEL.
Cellular

A Pacific Telesis Company
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MARKETPLACE

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

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

450 MHz SPECTRUM ANALYZER
Adapted trom Nov. 85 QST article
by Al Heltnck K2BLA

@ 3| Complete KitOnly  $459.95
Assembled & Tested ~ $799.95

FEATURES: Three agit LED center trequency digial readout 12 position cabrated
stan width 1KHZ % 50MHz swichab-e bandwidih wide = 300KHz narrow = 10KHz
Use your low trequency scope for the display porton Swiichable 10KHz video Mier
Varable IF atenuator. LOG output caliorated in 10 db steps.
CA resiionis £dd 6'2% sales lax S8H $650 (nsured) Foreign onders acd 15%
mate info or price list send large SASE (52¢) o

[z_iqr A&A Enginsering @

2521 W. LaPsima #K = Anaheim, CA 92801 ¢ 714-952-2114
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For All Your RF /Microwave
Prototyping Needs

STy RF PROTOTYPE SYSTEMS

QUICK BOARDS™ for:
PLL's, syntheslzers, Avantek devices

Breadboarding ¢ Evaluation

Free brochure! Call now
1-800-874-8037 (outside Calif)
o (619) 689-9715 FAX (619) 689-9733 T

CIR-Q-TEL

FILTERS OFF THE SHELF AND BY DESIGN
* BANDPASS, LOWPASS, HIGHPASS
NOTCH FILTERS TO 265 GHZ

s MINIATURES, CAVITIES, COMBLINES
INTERDIGITALS AND TUBULAR

¢ MIL-STANDARD 2000

CIR-Q-TEL MICROWAVE
6600 VIRGINIA MANOR ROAD
BELTSVILLE, MD. 20705

(301) 470-2900 FAX # (301) 776-3882

SPREAD SPECTRUM
COMMERCIAL DESIGNS

¢ Specialize in High Volume,
Low Parts Costing

Long/Short Range

900 MHz/ 2.4 GHz

Complete RF Lab Facilities

Patented, FCC Approved
Designs

AXONN CORPORATION
101 W. Robert E. Lee Blvd.,
2nd Floor
New Orleans, Louisiana 70124
{504) 282-8119
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RF SYNTHESIS SOFTWARE
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82

BUY-SELL-TRADE
FOR ONLY

175/mo.

“Today

305-220-00600

Smithsoft Plus by Somersoft

PC Software for Every RF Engineer

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

... PARTIAL LIST OF FEATURES ...

Network Analyzer Z-Theta Chart
H, 8, Y, Z, ABCD Conversions
Common B - Common E - Common C
Simultaneous Multiple File Analysis
Operating and Available Power Gain Circles
Unilateral Power Gain Circles
Noise Circles Stability Circles
S-Parameter Stack for Recursive Operations
Data Tables on Screen or Dump to Printer
Internal Graphic Screen Dump

$259.00, Somersoft, (707)829-0164

INFO/CARD 74
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The Betta Better Bender

DIRECTION

[ ] Jn a3
Sa¥utnin
= ciach

= DIA/RAD R

. APPLIED SPECUMLTIES INC
10198 6 Bacen e, Batissle M4 20705
amm/inch®

Simple
Economical

No Programming
.086 to0.250 Dia.
3 Day Free Trial

Distributed exclusively by:

RF & Microwave
Supermarket

Beltsvilie, MD 20705 (301) 595-5395

Toll Free (800) 950-8555

Baltimore, MD

(800) 950-8555

FAX 24 Hr. (301) 595-0050

==

D APPLIED SPECIALTIES INC.

Largo, FLA 33541

(813) 530-7309

Toll Free (800) 722-4599

Campbell, CA 95008

(408) 370-2644

FAX 24 Hr. (408) 370-0380




X)u can’t buy

a better precision
timepiece for
under 2.4 GHz.

If you’re operating in a frequency range from 100 MHz
to 2.4 GHz, you can’t buy a better oscillator than an
Andersen VCO. It gives you the highest spectral purity
with the lowest spurious (> -60dB). And typical single
sideband phase noise of > -119dBC @1 KHz offset.

It’s compact. It’s rugged. It operates in temperatures up
to 100°C. It can be tuned up to 1.5 MHz or phase-locked
to a reference. Plus, its low mass and low profile make it
ideal for surface-mount technology, DILS or flatpaks.

Isn’t it about time you discovered the precision, the
versatility and simplicity of designing with Andersen
oscillators? Contact Andersen Laboratories, 45 Old
Iron Ore Road, Bloomfield, CT 06002. Telephone
(203) 286-9090/FAX 203-242-4472.

@ ANDERSEN LABORATORIES
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The A-SOGO Spectrum Analyzer.
NOA step beyond the
A-7550.

Unprecedented Performers!

Now 2.6 GHz frequency coverage!
Fully synthesized. Tracking generator.* Quasi-peak detector.*
Truly portable. And again, an exceptional value!

The new A-8000, quite simply put, is our response to
industry’s demand for a higher frequency, yet still econom-
ical, Spectrum Analyzer.

Now, with two models and seven options to select
from, you can custom configure the unit that meets your
specific testing requirements.

The commonality of the A-8000 and A-7550 offer you
many benefits. Two powerful microprocessors, menu
driven display modes and single function keyboard entry
aid the user in the operation of all analyzer functions. To
further increase the operational simplicity of the A-8000
and A-7550, the microprocessor systems automatically
select and optimize the analyzer’s bandwidth, sweep rate
and center frequency display resolution, with manual
override if desired.

Increased flexibllity...added features...and
exceptlonal value continue to make IFR the logical

choice when considering your next Spectrum Analyzer.

Contact your IFR distributor or representative

A-8000 and A-7550 Features — All Standard:

= Fully synthesized (A-8000) 10 kHz to 2.6 GHz (A-7550) 10 kHz
to 1 GHz = VRS™ (Vertical Raster Scan) CRT display ® Single
function keyboard entry ® Menu driven display modes

= Automatic amplitude calibration = Selectable linear /log display
modes = Digital storage of all displayed parameters ® 70 dB
dynamic range ® 300 Hz resolution bandwidth = Selectable
scan widths, 1-2-5 sequence + 0 and full scan ® Accurate center
frequency readout = Direct center frequency entry

= Automatically scaled electronic graticule = Variable top scale
reference (+30to —95in 1 dB steps} = IF gainin | dB steps

= | ine, bar, average, compare and peak hold display modes

» 300 Hz and 30 kHz video filters = 106 to 266 VAC operation
without switching ® 12 to 30 VDC operation

*Optlonal Features Include: = internal rechargeable 5 APH
battery for truly portable operation = Internal tracking generator
with 1 dB step attenuator = FM/ AM/SSB receiver = |[EEE-488
interface bus ® RS-232 interface bus = 75Q adapter
s internal quasi-peak detector

IFR SYSTEMS, INC.
10200 West York Street / Wichita, Kansas 67215-8935 US.A.
¥ O 77 | e Q . ’ ) A




trise/ran = 0.0000000007

te ran = 0.7x10 7 seconds

tei. e = 0.7 nanoseconds

=700 picoseconds

offers incredible switching
speed. It's much faster than
a Schottky diode switch
drawing less than 2mA.

In fact, Schottky diode
switches can draw as much
as 100-200mA.

RF envelope rise time (10%/90% RF) for the DS0841 is
typically less than 700 psec with 7 nsec switching speed (50% TTL
to 90% RF).

DSO841 also offers excellent isolation of 70dB typical at 100MHz
typical and 60dB typical to 200MHz.

The DS0841 is the ideal high speed, low transient, low power
consumption switch for blanking and modulating applications.

Operating Characteristics

PARAMETER MIN TYP MAX UNITS CONDITIONS

Current Drain 2 5 mA AT +5V DC Supply
Switching Transients 56 100 mV  Peak Value Scope Specifications

Transition Time 7 1 S 90%/10% or 10%/90% RF Ch.l = 100.00 mvolts/div Timebase = 1.00 nsec/div Offset = 20.00 mvolts Delta T = 480.00 p

Switching Speed 7 10 S 50% TTL to 90/10% RF

rinniocs 17 23 dB Call DAICO today at (213) 631-1143 for more information on this new ultra fast
Isolation 60 70 dB 10400 switch and our complete line of RF Attenuators, Switches and Phase Shifters.
e N0, O IR e DAICO INDUSTRIES, INC.

s oo b L BT RSR[5 TN dj 2453 East Del Amo Boulevard, Compton, CA 90220

TTL Controlled 213/631-1143 « FAX 213/631-8078
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Designing a Direct
Sequence Spread Spectrum
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HIGH POWER
COMBINER

FEATURES:

e LOW LOSS

* HIGH ISOLATION

e EXTERNAL
TERMINATIONS

4 WAY COMBINER
MODEL

D2650 54-88 MHz
D2685 88-108 MHz
D2655 174-216 MHz

TYPICAL
SPECIFICATIONS

INS. LOSS 0.15db
ISOLATION 25db
VSWR 1.2:1
POWER 2Kw
Connectors

input N

output 1-5/8 EIA

WERLATONE has an extensive line
of 2 and 4 way combiners covering
the TV and FM bands

——— I
1965 - 1990 '
25 years in business

B |

472, WERLATONE, INC.
P.O. Box 47
Brewster, NY 10509
Tel: (914) 279-6187
FAX: (914) 279-7404
decades ahead
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RF editorial

Engineering
Productivity
Part I: The

Team Concept

By Gary A. Breed
Editor

hat does it take to be successful in

an increasingly competitive mar-
ketplace? Usually, it means getting
more done with less — fewer employ-
ees, lower manufacturing costs, lower
overhead, plus fewer returned goods
and service calls. In the next few
months, I'll be commenting on some of
the techniques that have been devel-
oped to meet these challenges, identify-
ing the role of the engineer in each of
them.

To meet the overall goal of increased
productivity, many companies are adopt-
ing new operating methods. You have
probably heard some of the terminology
these methods use: world class, just in
time, design for manufacture, integrated
management, and total quality manage-
ment. All these concepts have the singie
goal of creating a quality product without
wasted time or material.

What these methods feature is in-
volvement from start to finish by partici-
pants in the product’s design, manufac-
ture, costing, sale and service. Perhaps
a management committee has been
formed with representatives from the
different departments. Or, an individual
project manager might oversee cross-
checking and review by the various
departments. In either situation, this
process should allow operating features
and performance to be optimized for
customer requirements, serviceability,
and the most economical manufacturing
processes. Putting this concept into
practice can be extremely difficult, be-
cause it usually means a major change
in the way a company operates.

| have to note that these aren't really
new ideas. Consider a very small com-
pany made up of a few partners who
want to develop an idea into a product.
Every decision is made by the partners,

who represent every company function.
Design tradeoffs are examined, costs
evaluated, manufacturing methods ex-
plored, and plans are developed based
on the group’s consensus.

Implementing this cooperative proc-
ess on a larger scale is the new part,
and it presents some problems for those
involved (such as design engineers).
First, in a large company the partici-
pants do not have the urgency of a
financial commitment like entrepre-
neurial partners. Also, there may be
difficulty adjusting after many years of
working on pieces of projects with no
attention to overall goals. Another com-
mon problem is that each department
feels it has to protect its *‘turf.”

These problem areas point out how
hard it is to make fundamental changes
in the way a company operates. How-
ever, these changes will continue to take
place, mandated by the need to achieve
the highest possible efficiency. We can’t
(and in most cases, shouldn’t) fight
these changes, so we must adapt. In the
next couple of editorials, I'll comment
on some of the areas where engineers
will find changes. | will also point out
some areas where engineers can bene-
fit significantly from their employers’
commitments to improve competitive-
ness.

April 1991



m Streamline the design of high-power noise
jammers

& Improve performance of ATE systems

® Speed up testing of communications
channels

= Improve intermodulation testing and
spurious testing of frequency converters

Noise Com’s NCS-4100 Series noise sources
have the unique ability to deliver white noise
output that is variable over bandwidth and
frequency in increments of 500 kHz from

500 MHz to 18 GHz. Bandwidth and optionally
center frequency are varied by TTL digital
control.

The power spectral density of an NCS-4100
increases with a given output power by 1 dB for
each 20 percent reduction in bandwidth. The
bandwidth can be up to 20 percent of the center
frequency. Output is at least +10 dBm with
flatness of +0.5 dB over bandwidths up to 10%
of the center frequency, and +1.0 dB up to
20% of center frequency.

The NCS-4100 is available in MIL-E-5400-grade
subsystem form or as a programmable bench
instrument. Options include custom electrical
specifications, IEEE-488 bus control, attenuators,
switched outputs, and customer-specified
modifications.

NOISEC

Noise Com’s versatile NCS-4100 Series noise
sources can make a big improvement in the

performance of your system. To find out more,
call Gary Simonyan at (201) 261-8797.

Bandwidth (3 dB)

Bandwidth
increments

Output power
Flatness

Harmonic
suppression

Control

Response time

Specifications
Center frequencies 500 MHz to 18 GHz

(user specified)

0 (CW) to 20% of
center frequency

16 user-specified
increments from
500 kHz (up to 256
increments available
as option)

+10 dBm

+0.5 dB to 10%
bandwidth

+1.0 dB to 20%
bandwidth

—20 dBc
(optionally —60 dBc)

Digital TTL control of
bandwidth (optionally
center frequency)

Less than 200 ns

E. 64 Midland Avenue, Paramus, New Jersey 07652
(201) 261-8797 ¢ FAX:(201)261-8339 e TWX: 910-380-8198
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For Most People, It Was

Just Another Warm September Day.

For design engineers, it was
the day mixed analog/digital
design came of age.

The event was the mixed-sig-
nal design demonstration at
the IEEE Bipolar Circuits and
Technology Meeting (BCTM).
The goal was to give credence
to mixed-signal simulation and
to benchmark companies in
the marketplace. The results
were conclusive.

Viewlogic came up with the
right answer first.

But more to the point, what we
did at BCTM in September,
we can do for you now. We’re
the only company with a
proven technology and a three
year track record of success.
The only one that integrates
design capture, simulation and
analysis.

But that's just the beginning.

Performance and Flexibility
available nowhere else.

With VIEWsim/SD, you'll get
the choices you need. You’ll
be able to mix behavioral mod-
els with gates and SPICE prim-
itives. Choose from leading
analog simulators like PSPICE
and HSPICE. Include physical
hardware models for devices
when software models are not
available. Use the most popu-

CAPTURE

VIEWdraw

SIMULATE
VIEWsIm/SD

Full Hierarchical
Design

Automatic Design
Partitioning

Mixed-Signal
Simulation With
Behavioral, Device,
Hardware Models

Integrated
Mixed Signal
Analysis

ANALYZE
VIEWtrace AD
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lar platforms from SUN,
DEC and IBM.

Our white paper 4,
“Mixed-Signal ’fe,,,fzfz;ﬁia.,,

Simulation “ e,

Benchmark

Report” oy, @
K.

proves the .

point. Call us at
1-800-422-4660, Ext. 103.
You’ll like the climate
we’re creating for mixed-
signal design.

il
VIEWlogic
The CAE Company

Viewlogic Systems, Inc.

293 Boston Post Road West
Marlboro, MA 01752
508-480-0881

508-480-0882 FAX

PSPICE and HSPICE are trademarks of their
respective companies.



IF YOU THINK
ISOLATOR HOU

You could be missing quick, reliable solutions to your design needs. We’ve been
producing a broad line of microwave and RF components for 30 years. And they’re in
programs like AIM-7, ALQ-172, ALR-67, ALQ-131, ELS, RAPPORT, TCAS, and more.
Just consider the samples on these pages.

THINK
MULTIPLIERS

These drop-in multipliers demonstrate
our capability in miniature frequency
multipliers. They incorporate both
lumped element filter techniques and
new processes for miniaturizing
combline filters.

THINK

OSCILLATORS

Think high stability, low noise, and
high-rel in a small package. Like our
100 MHz crystal-controlled oscillator,
developed for our own synthesizer
applications, available with or without
comb generator. Or, using your specs,
we’ll custom design whatever you
need.

Phase Locked Oscillator:

This oscillator is small — substantially
smaller than others we found on the
market. This model requires an
external reference source, but we can
easily modify it to include an internal
reference without a large size increase.

bl

LA el
Output frequency: 480 MHz
Multiplication factor: X4

Size (nominal):

Input power: (nom.) +10dBm

Output power: (nom.) +5 dBm

Harmonics/Spurs -91 dBc
-65 dBc

Output &

frequency:

Customer-specified between 100 and

1200 MHz

Reference frequency: Between S and
10 MHz

Size: 2.75x 1.00x 0.75 in. (70 x 25 x
19 mm) nominal

Ovenized Crystal Oscillator:
Designed especially for low phase
noise under vibration, this new family
of oscillators provides real improve-
ments in both phase noise and fre-
quency stability, and they come to you
in a small package with only a minor

1.6 x 0.8 x 0.4 in.
(41 x20x 10mm) (41 x 20 x 10 mm)

960 MHz 11.00 GHz

X2 XI11

16x08x04in. 2.1x07x04in.
(53 x 18 x 10 mm)

+10 dBm +10 dBm

+5dBm +7 dBm

10 to 250 MHz

from 250 Mhz

cost difference. You may choose from
10 mW or 100 mW minimum output
power.

Output frequency: Customer-specified
between 60 and 1200 MHz
Crystal trequency: Faclory selected
between 60 and 125 MHz
Output power: (a) 1010 14 dBm

(b) 20 t0 24 dBm
Vibrational sensitivity: 1 x 10%/g
maximum: 5 x 10 '"/g typical
Size: 1.33x1.33x0.56in. (34 x 34 x
14 mm) nominal



TRAK IS JUST

Sk,

- "\

e
"N e
. : o -
TRAK's in-house engineer-
ing talent, combined with our own MIC
and thin film labs, allows us to pack
more functions into a package, while

reducing weight and volume. Custom
designs are a specialty.

Switched Filter Bank

Covers 10 to 20 GHz in three bands.

Switching times as fast as 100 nanosec-
onds are possible, with frequency ranges

customer-selected from UHF to 20 GHz.

Higher Stability Crystal Controlled
Oscillator/Comb Generator

A brand new type, developed for our
own synthesizer applications, providing
improved noise and lower vibrational
sensitivity. It has both a 100 MHz
oscillator ouput and a comb generator
output.

Oscillator output frequency: 100 MHz
Comb spacing: 600 MHz

Comb output frequencies: 1.8 to 5.4
GHz

Size (approx.): 2.40 x 1.60 x .45 inches
(61 x 41 x 11 mm) nominal

. Band | ~_Band 2 Band 3
Frequency Range: 10-12.6 GHz 12.6-16 GHz  16-20 GHz
(Passband)

Rejection: DC-7 GHz DC-8 GHz DC-10 GHz
(-50 dB min.) 15-26 GHz 19-26 GHz 24-26 GHz

Size: 3.5x 1.6 x0.48 in. (89 x 41 x 12 mm) nominal

THINK

i “'.7".7":;“"

Think
modular, high
” resolution,
digital or
analog, direct or

7 indirect. We make the
smallest, most capable synthesizers in
the business. Thin-film and MIC
technologies are in-house. So is our
materials lab for ferrites and dielectrics.

@ SYNTHESIZERS

High Resolution Indirect Synthesizer
Frequency: 1.6 to 2.8 GHz

Step size: 100 Hz

Switching speed: 350 psec., typical
Spurious: -68 dBc

Size: 7.5 x 7.25x 5.25in. (190 x 184
x 133 mm) nominal

Weight: 13 lbs. max.

INFO/CARD 8

THINK AGAIN!

e THINK MULTI-
=  FUNCTION
ASSEMBLIES

Precision Timing

Instruments
Active F
i Ferrite
Microwave
Products Components

And if all this isn’t enough to
convince you TRAK does more than
isolators, please call or write for our
Free Components Catalogs. See
EEM or MPDD for other TRAK
military products.

TRAK MICROWAVE
CORPORATION
Microwave Sales

4726 Eisenhower Blvd.
Tampa. Florida 33634-6391
Phone: (813) 884-1411
TLX: 52-827

FAX: 813-886-2794

TRAK MICROWAVE LTD.
Microwave Sales

3/4 Lindsay Court

Dundee. Scotland DD2ITY
Phone: (44) 382-561509
TLX: (851) 76266

FAX: (44) 382-562643

% TRAK MICROWAVE
CORPORATION




Stripline Solutions

- Rugged Stripline Construction
Small Lightweight Designs

Meet MIL-E-5400 and MIL-E-16400
Environments, Operation from
—-65° to +125°C

Power Handling to 100 Watts CW

3, 6, 10, 20 and 30 dB Couplers
In Stock

2-, 3-, 4- and 8-Way Power Dividers
In Stock
Mil-Spec Equivalents In Stock

909, 180% Magic “T”, Crossover,
Non-Crossover Hybrids In Stock

Phase and Amplitude Matched Units

Customized and Multi-Function Designs

Space Qualified Units

M/A-COM Control Components Division offers the industry’s
broadest line of standard and custom Couplers, Power
Dividers and Hybrids.

Find your Stripline Solution. Call or write today for our
NEW Passive Component Catalog.

M/A-COM Control Components Division
21 Continental Blvd., Merrimack, NH 03054
Tel: 603-424-4111  Fax: 603-424-6580
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RF letters

Letters should be addressed to:
Editor, RF Design, 6300 S. Syracuse
Way, Suite 650, Englewood, CO
80111.

Driftiess VCO Comments
Editor:

The ‘‘Linear Driftless VCO” in the
January 1991 issue of RF Design has a
fatal flaw. The ‘‘frequency comparator’’
is a linear circuit and cannot actually
compare frequency. Instead it compares
the average DC levels of two variable
duty cycle pulse streams.

If the 74HC74 flip-flops used as one
shots and 4016s connected to the Q
outputs are replaced with a true digital
frequency comparator, such as phase
comparator 2 in the 74HCA4046, the
circuit should work as described. This
should bring the frequency drift down
from the 5.2 kHz measured by the
author to within calculated limits.

Jon Nelson
Uniplex Corporation
St. Paul, MN

The Author’s Reply
Editor:

The frequency comparator used, as
said by Mr. Nelson, ‘“‘compares the
average DC levels of two variable duty
cycle pulse streams,” but each pulse
stream has as many pulses as the input
frequency, so its duty cycle is propor-
tional to the input frequency and the
output will have an average perfectly
proportional to frequency difference
(with an offset of V_/2).

Actually, it does compare frequency:

AVG(V,,) = k(f, 1) + V /2

As stated in the article, the design needs
a frequency detector that keeps within
the linear region of operation at any
input frequency, to produce an error
signal proportional to the difference of
frequencies. Thus, a mean can be
extracted and the VCO will remain
locked on that mean. The suggestion to
use a type 2 phase comparator such as
the 4046 will fail to work.

At any instant the frequency compara-
tor is dealing with two different frequen-
cies, because the reference is switching
between two different values and the
prescaled VCO (assumed as stable) will
be in between. A type 2 phase compara-
tor is within the linear region of operation
only at equal input frequencies. At
different input frequencies, the phase
comparator will usually saturate.

RF Design

In a conventional PLL this will allow
to search for the lock. In our case it
produces a square wave that is a replica
(but not exactly equal) of the multiplex-
ing signal, because we are switching
between one frequency above and one
below the prescaled one. This way the
circuit seems to work but in fact it is not
locked. This circuit with a 4046 was
tested in early stages of development,
without success.

Luis Cupido
C&TC
Aveiro, Portugal

Comb Generator Source
Editor:

| was very interested in the article
which appeared in the January issue’s
EMC Corner, ‘“‘RFl Measurements Us-
ing a Harmonic Comb Generator.”’

EMCO has been manufacturing an
almost identical product for two years,
The product idea came from a paper
delivered by Scott Roleson at the 1987
IEEE Symposium, describing a device
designed by Bill Royce. As were the
authors of your article, Scott and Bill are
employees of Hewlett-Packard. The
EMCO device is designated the Model
4610 Royce Field Site Source.

Readers who may want to purchase
a ready-made product can call us for
more information at (800) 253-3761 or
(512) 835-4684.

Glen Watkins
The Electro-Mechanics Co. (EMCO)
Austin, TX

Two-Channel Receiver Correction
An alpha (a) was omitted from Figure 1
in “A Simpie Two-Channel Receiver for
8-PSK,” February, 1991, p. 29. The
corrected figure is shown below. In
addition, in Figure 3, an epsilon (%) was
omitted from the summation circle on
the right side of the figure.

it
$, * (001) 4 5 oo
\ [

o

$i ® (01 ~~. S, 0 () '
2
oz SR
S, = (010) 4 \ ~ 5, * (110) ‘
s, - ooy ¥ \s, - (100) ‘
| & = Hlth = S2T sin2nt,t ‘
l 4 = (1)~ /27T cosant,t J

Figure 1. Signal space diagram
showing gray level coding of sym-
bols.

F
Sk

A MASK in hand

is worth two in

the mask shop.
Have your mask in
hand one hour after
the drawing is done!

Use the N524000
(Microwave Laser
Photo Plotter) to
eliminate the photo

reduction process.
Call NEOS for details.

NEOS

4451B Enterprise Court
Melbourne, FL 32934

Phone: (407) 258-2090
Fax: (407) 255-0274
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Don’t miss the most revered symposium/exhibition
for microwave engineers.

1991 IEEE/MTT-S International t ";
Microwave Symposium/ AL
Exhibition ﬁ P

Hynes Convention Center

[ | Special Workshops and Panel Sessions

Packaging: Is there a Need for Domestic Suppliers?
* GaAs MMICs for Consumer Applications ® GaAs
MMIC Insertion: How Important is Foundry Trans-
portability of Designs? ® Concurrent Design Engi-
neering for Electronic Design Automation * Is 100%
RF-On-Wafer Testing Necessary for MMIC Produc-
tion? ® Microwave Hardware Description Language:
What is it? Why do we need it? ® Microwave Photon-
ic Systems ® Optical Probing of Microwave Circuits
and Materials ® Microwave Superconductivity Short
Course * UHF and Active Filter Technology ® New
Packaging Techniques for MMICs and Discrete Devi-
ces ® Loss, Cross-Talk and Package Effects in Micro-
wave and Millimeter-Wave Integrated Circuits ®
Noise Concepts in Microwave Systems ¢ Amplifier
Noise Measurements ® Solid-State Power Amplifier
Efficiency, MMIC & MIC ¢ GaAs MMIC System Inser-
tion and Multifunction Chip Design: Issues and
Trends ® High Power Microwave Systems ® Comput-
er Applications in Electromagnetics Education ®
Design, Fabrication, and Packaging of High Temper-
ature Superconducting Microwave Devices ¢ Spread
Spectrum Technology in Consumer Electronics

Name

Boston, MA
June 11-13, 1991

B An Outstanding Technical Program of Full Length
and Short Papers, and Open Forum.
Featuring Sessions on:
Electro-Optics ® Lightwave Transmission Systems
High Power Optical Switching ® Radiometers ® Stu-
dent Papers ¢ Filters & Multiplexers ® mm-Waves ¢
Receivers ¢ Low-Noise ® Packaging ¢ Passive Compo-
nents ® FET Devices ® uWave Systems ¢ Biological
Effects * Time-Resolved ¢ Spectroscopy ® CAD ¢
Nonlinear Modeling ® Ferrites ® Microwave Acous-
tics ® Measurement ® Phased Arrays ® Supercon-
ductivity ® Solid-State Devices ® High Power * Field
Theory ® Guided Waves

#l The World's Largest Microwave Exhibition

Visit the displays of more than 300 microwave com-
ponent, device, instrumentation, material, and sub-
systems suppliers.

B Full Social Program

Spouses’ tours, an exhibitor reception and the
MTT-S Awards Banquet provide a memorable com-
plement to the industry’s premier event.

B Register Now
Send now for the Program, advance registration
and hotel reservation forms. Complete the coupon
below and return it to the Microwave Journal.

O Yes, | would like additional information on attending MTT-S ‘91. Please send it to:
Title

Organization
Address

City

State Zip

Country

Telephone

Are you an MTT-S member? [ Yes O No
Have you ever attended MTT-S before? O Yes

00 No How many times?
Microwave Joumal 685 Canton Street, Norwood, Massachusetts 02062 RF




RF calendar

15-18

16-18

28-1

13-15

14-16

29-31

June

RF Design

11-13

13-14

36th International SAMPE Symposium and Exhibition

San Diego Convention Center, San Diego, CA
Information: SAMPE, P.O. Box 2459, Covina, CA 91722. Tel:
(818) 331-0616.

Seventh International Conference on Antennas and Propa-
gation

University of York, UK
Information: Conference Services, IEE, Savoy Place, London,
England WC2R 0BL. Tel: 44 071 240-2871 ext 222.

NAB '91

Las Vegas Convention Center, Las Vegas, NV
Information: NAB, 1771 N Street, N.W., Washington, DC
20036-2891. Tel: (202) 429-5350.

Electro/International

Jacob K. Javits Convention Center, New York, NY
Information: Electronic Conventions Management, 8110 Air-
port Blvd., Los Angeles, CA 90045-3194. Tel: (213) 772-2965.

The 1991 MIC Workshop

Kingsmill Resort & Conference Center, Williamsburg, VA
Information: Arlon, Microwave Materials Division, 1100 Gover-
nor Lea Road, Bear, DE 19701. Tel: (800) 635-9333.

41st Electronic Components and Technology Conference
Westin Peachtree Plaza, Atlanta, GA

Information: Electronic Industries Association. Tel:

457-4930.

(202)

IEEE Instrumentation and Measurement Technology Con-
ference

Omni Hotel, Atlanta, GA
Iinformation: Robert Myers, 3685 Motor Avenue, Ste. 240, Los
Angeles, CA 90034. Tel: (213)-1463. Fax (213) 287-1851.

45th Annual Symposium on Frequency Control

Los Angeles Airport Marriott, Los Angeles, CA
Information: Annual Symposium on Frequency Control, PO
Box 826, Belmar, NJ 07719.

First Virginia Tech Symposium on Wireless Personal
Communications

Virginia Tech, Blacksburg, VA
Information: Prof. Theodore S. Rappaport, Director, Mobile &
Portable Radio Research Group, Virginia Polytechnic & State
University, Blacksburg, VA 24061-0111.

MTTS International Microwave Symposium and Expo
Boston, MA
Information: Tel: (617) 769-9750.

ARFTG

Boston, MA
Information: ARFTG, c/o Henry Burger, 1061 E. Frost Drive,
Tempe, AZ 85282. Tel: (602) 839-6933.
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Ceramic l)iélectric
Trimmer Capacitors

Rugged 5 & 7 mm types
Operating temp: -55°to +125°C
Cap ranges: 1.3-2.0 pF to 12-160 pF
Miniature types suitable for hybrids
Operating temp: -25° to +85°C
3 series: 2.0x 1.2mm; 3.0 x 1.5 mm;
5.0 x 2.0 mm
Cap ranges: 2.5-10 pF to 5.5-40 pF
Microwave types
Operating temp: -55° to 85°C
Cap ranges: 0.5-2.0 pF; 1-4.0 pF; 2.0-10 pF
Q > 500 at 100 MHz
Plastic encased 4 x 4.5 mm and 5 mm types
Designed for volume applications
Surtace mount and printed-thru-hole models
Cap ranges: 1.7-3.0 pF to 10-50 pF
Phone, fax or write today for
Engineering Bulletin SG-3058

SPRAGUE
GOODMAN

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

Mica Compression
Trimmer Capacitors

 Cap ranges: 2.5-7.0 pF to
1400-3055 pF

* Qto 600 at 1 MHz

* Rated working voltage to 500 V

 Can handle higher RF currents

 Operating temp: -35° to +85°C

* 8 mounting styles for PC, panel,
and bracket mounting

Phone, fax or write today for

Engineering Bulletin SG-5008B.

SPRAGUE
GooDmAn

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

ESD - Electrostatic Discharge

April 17-19, 1991, Madison, WI
Information: University of Wisconsin - Madison, Department
of Engineering Professional Development. Tel: (608) 262-2061.
Fax: (608) 263-3160.

Fundamentals of Radar Cross Section

May 20-24, 1991, San Diego, CA
Information: Kelly Brown, SCEEE, 1101 Massachusetts Ave.,
St. Cloud, FL 34769. Tel: (407) 892-6146.

Microwave/Millimeter Wave Monolithic Integrated Circuits
June 4-7, 1991, Los Angeles, CA

Information: UCLA Short Course Program Office. Tel: (213)

825-3344. Fax: (213) 206-2815.

Infrared/Visible Signature Suppression

Apri} 16-19, 1991, Atlanta, GA
Information: Education Extension, Georgia Institute of Tech-
nology. Tel: (404) 894-2547.

Analog/RF Fiber-Optic Communications

April 24-26, 1991, Washington, DC
Microwave Systems Engineering

April 29-May 3, 1991, Washington, DC
Vulnerability of Spread Spectrum AJ and LPE Communica-
tions Systems

May 6-9, 1991, Washington, DC
Nonlinear Digital Signal Processing and Applications

May 6-10, 1991, Washington, DC
Electromagnetic Interference and Control

May 6-10, 1991, Washington, DC
Frequency Hopping Signals and Systems

May 20-22, 1991, Washington, DC
New HF Communications Technology: Advanced Tech-
niques

June 3-7, 1991, Washington, DC
Spread Spectrum Communications Systems

June 10-14, 1991, Washington, DC
Information: The George Washington University, Continuing
Engineering Education, Merril A. Ferber. Tel: (202) 994-8522
or (800) 424-9773.

Fiber Optic Communications

June 10-12, 1991, Sunnyvale, CA
Information: Center for Professional Development, Arizona
State University. Tel: (602) 965-1740.

Digital Signal Processing Workshop

June 12-14, 1991, Norwood, MA
Information: Analog Devices, DSP Applications Department,
Maria Butler. Tel: (617) 461-3672.

Design Seminar: Principles of EMC

May 7-9, 1991, Mariposa, CA
Information: CKC Laboratories, Registrar. Tel: (209) 966-5240.
Fax: (209) 742-6133.

Worst Case Circuit Analysis
May 13-15, 1991, Washington, DC
Information: Design and Evaluation, Inc. Tel: (609) 228-3800.

Academy: Schematic/Layout
April 16-19, 1991, Westlake Village, CA

16

May 7-10, 1991, Baltimore, MD
Touchstone/Academy
April 15-19, 1991, Baltimore, MD
Libra/Academy
April 22-26, 1991, Westlake Village, CA
April 22-26, 1991, Gilching, Germany
Information: EEsof. Tel: (818) 991-7530. Fax: (818) 991-7109.

RF and Microwave Design li: Non-Linear Circuits
April 22-26, 1991, Pisa, Italy
Digital Microwave Systems: Theory and Applications
April 22-25, 1991, Pisa, Italy
Satellite Communication and Broadcasting
April 22-26, 1991, Italy
Frequency-Time and Spatial-Time Signal Processing
June 10-14, 1991, United Kingdom
Information: CEI-Europe/Elsevier, Mrs. Tina Persson, Box 910,
8-612 01 Finspong, Sweden. Tel: 46 (0) 122-17570. Fax: 46 (0)
122-14347.

RF/MW Linear/Nonlinear Circuits and Applications

May 2-8, 1991, Washington, DC
Information: Besser Associates. Tel: (415) 949-3300, Fax: (415)
949-4400.

Modern Power Conversion Design Techniques

April 29-May 3, 1991, Phoenix, AZ

May 20-21, 1991, San Rafael, CA
Information: e/j Bloom Associates, Joy Bloom. Tel: (415)
492-8443. Fax: (415) 492-1239.

EW Receivers
May 7-9, 1991, Syracuse, NY
ELINT Analysis
May 7-9, 1991, Syracuse, NY
ELINT Interception
May 14-16, 1991, Syracuse, NY
ELINT/EW Applications of Digital Signal Processing
May 14-16, 1991, Syracuse, NY
Integrated EW
May 21-22, 1991, Syracuse, NY
ELINT/EW Data Bases
May 21-23, 1991, Syracuse, NY
Radar Vulnerability to Jamming
June 4-5, 1991, Syracuse, NY
Electromagnetic Propagation
June 4-6, 1991, Syracuse, NY
Information: Research Associates of Syracuse. Tel: (315)
455-7157.

Basic Network Measurements Using the 8510B Network
Analyzer
April 30-May 2, 1991, Los Angeles, CA
May 14-16, 1991, Boston, MA
May 29-31, 1991, Los Angeles, CA
Microwave Fundamentals
May 14-17, 1991, Los Angeles, CA
Information: Hewlett-Packard Company. Tel: (714) 999-6700.

Design for EMC
April 22-23, 1991, Philadelphia, PA
Practical EMC Retrofits
April 24-26, 1991, Phitadelphia, PA
Information: R&B Enterprises. Tel: (215) 825-1960.
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NARDALERT . Your

personal warnin
microwave radi

NARDALERT is the first commercially
available personal monitor that detects
potentially hazardous microwave
environments. There’s nothing else like it
on the market.

It's pocket sized and hands free, and
provides continuous coverage over the
2-18 GHz range.

You simply wear it on your person. The
moment it's exposed to the preset thresh-
old level, you get an audible and visual
alarm - a beep and an LED flash. The unit
even comes with an earplug for times
you might have to work in noisy areas.

 for
ion.

NARDALERT is fail-safe.

It incorporates a critical design that
allows its sensitive electronic circuitry to
operate correctly while surrounded by
high level RF radiation. So there are no
false alarms - inside or outside the
specified frequency range.

NARDALERT also includes built-in test
circuitry that verifies operation each time
the unit is turned on. It also has a low
battery warning signal.

Alarm sensitivity is presettoa 1 or 5
mW/cm? level. Frequency sensitivity is

+ 1.5 dB. Half power beam width exceeds
120°, vertical and horizontal.

For more information and a free power
density conversion calculator, call or write
Loral Microwave-Narda, 435 Moreland
Road, Hauppauge, New York 11788.

Tel: (516) 231-1700. Fax: (516) 231-1711.

IDEAL FOR ANY MICROWAVE ENVIRONMENT.,

= Flight line 8Repeater stations
®Repair facilities for 8 Satellite uplinks
EW ® Shelters (microwaves)

Radar p
Avionics ® Shipboard

e
Visa and MasterCard accepted. i 4

LORAL

Microwave-Narda




RF news

45th Annual
Symposium on
Frequency Control

This year's Frequency Control Sympo-
sium, co-sponsored by the |IEEE Ultra-
sonics, Ferroelectronics and Frequency
Control Society and the U.S. Army
Laboratory Command, Electronics Tech-

nology and Devices Laboratory, is being
held May 29-31 at the Los Angeles
Airport Marriott, Calif. The symposium
serves as a leading international forum
on all aspects of frequency control and
precision timekeeping.

Major areas of interest include funda-
mental properties of piezoelectric crys-
tals, theory, design and processing of
piezoelectric resonators and filters, sta-
ble oscillators and synthesizers, atomic

When Steinbrecher says

we mean 96dB!

Steinbrecher RF subsystems and tuners offer
the highest spurious-free dynamic range

available on the market today.

Period!

* 1to 30 MHz RF [nput
* 30 kHz to 4 MHz Analysis Bandwidth
* 90 dB to 96 dB SFDR

(no AGC, no preselectors)

¢ +80 dBm Second Order Input Intercept

* 96 dB RF and IF Image Rejection
¢ 13 dB Noise Figure
* Analog or Digital Outputs Available

RF-T0-. » )
uooE .z.?,QEEBAND CONVERTER

For more information, call or write:

185 New Boston Street ® Woburn, MA 01801-6279
Telephone: 617-935-8460 ¢ Fax: 617-935-8848
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and molecular frequency standards, fre-
quency and time coordination and distri-
bution. Special sessions have been
scheduled this year for the increasing
role of optics and lasers in frequency
standards, and on high temperature
superconductors.

The day before the start of the
symposium, seven tutorials will pre-
sented including: Introduction to Phase
Noise, Introductions to Quartz Fre-
guency Standards, and Introduction to
Frequency Synthesis. For information
contact: Clark Wardrip, Bendix Field
Engineering Corporation, PO Box 6147,
Vandenberg, AFB, CA 93437. Tel: (805)
865-3214.

International Telecommunications
Union Starts On-Line Computer
Based Communications Services
— The ITU recently announced the
implementation of an on-line telecom-
munications related information ex-
change. The system will offer such
facilities as electronic mail, bulletin
boards, document interchange, com-
puter conferencing, distributed access
to ITU databases and notification of
telecommunication information includ-
ing a terminology infobase of 30,000
telecommunications terms in English,
French and Spanish. The use of TIES
(the ITU Telecom Information Exchange
Services) is basically free of charge. The
system is accessible through public
telecommunications networks and is
available 24 hours a day, seven days a
week. For further information on TIES
contact: Mr. L. Goelzer, Chief, Computer
Department, ITU. Tel: (41) 22 730 5333.
Fax: (41) 22 730 5337.

Wavetek to Enter Merger —
Wavetek Corporation has announced
that its Board of Directors has entered
into an agreement in principle with
Torrey Investments Inc., whereby Torrey
Investments would acquire Wavetek by
merger. in which the stockholders of
Wavetek would receive $3.15 per share
in cash. The value of the transaction is
approximately $28,300,000. The merger
is subject to execution of a definitive
agreement and its approval by the Board
of Directors of both corporations. In
addition, the proposed merger is condi-
tional upon Torrey Investments obtain-
ing certain financing.

ASEP Guides Electroless Plating
on Plastics Standards — The Ameri-
can Society of Electroplated Plastics
(ASEP) will hold two half-day electroless
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plating of plastics roundtable discus-
sions April 23 and 25 respectively, in
Boston and San Jose. Specifiers, appli-
cators and industry suppliers will want
to attend the discussions to establish
standards for evaluating the perform-
ance of electroless plating on plastics
for EMI shielding. Topics will include:
electrical performance, shielding test-
ing, adhesion tests, accelerated envi-
ronmental aging methods, durability tests
and appearance guidelines. For more
information call ASEP headquarters at
(202) 371-1323 or Fax (202) 371-1090.

Microstrip Patch Antenna Devel-
oped — NIST has recently come up
with a new development that makes
certain antenna measurements and
electromagnetic interference/compat-
ibility tests more convenient. NIST
researchers have developed a small (20
cm square) microstrip patch antenna
that can be used as a standard transmit-
ting and receiving antenna at frequen-
cies below 500 MHz in an anechoic
chamber. Researchers proved that the
resonant frequency, driving point imped-
ance, antenna radiation pattern and
radiated field strength of the microstrip
patch antenna could be calculated
theoretically from its geometry and are
accurate to within three percent. Paper
no. 2-91 describes the antenna in detail
and is available from Jo Emery, Div.
104, NIST, Boulder, CO 80303. Tel:
(303) 497-3237.

Piezoelectric Devices Call for Pa-
pers — The 13th Piezoelectric Devices
Conference to be held October 9-11,
1991 has issued a call for papers.
Papers may be tutorial or application-
oriented, dealing with recent progress
in design, development, processing, or
manufacturing control in areas repre-
sented by the following topics: proper-
ties of natural and cultured quartz,
design of quartz resonators, oscillator
and filter design, CAD/CAM, manufac-
turing and process control, measuring
and test techniques, packaging and
hybrid techniques, quality and reliability
assurance, and SAW devices and appli-
cations. An abstract of the proposed
paper clearly describing the content,
scope, organization key points and pres-
entation time is required for paper
selection and session assignment. Mail
three copies of the abstract with a phone
number by May 6, 1991 to: Components
Group, Electronic Industries Associa-
tion, 2001 Pennsylvania Ave., N.W,
Washington, DC 20006.

RF Design

Scholarships Available for Radio
Amateurs — The Foundation for Ama-
teur Radio, Inc., plans to awards thirty-
six scholarships for the academic year
1991-1992 to assist licensed Radio Ama-
teurs. Licensed Radio Amateurs may
compete for these awards if they plan
to pursue a full-time course of studies
beyond high school and are enrolied in
or have been accepted for enroliment
at an accredited university, college or

technical school. The awards range
from $500 to $2000 with preference
given in some cases to residents of
specified geographical areas or the
pursuit of certain study programs.
Additional information and an applica-
tion form can be requested by letter or
QSL card, postmarked prior to May 31,
1991 from: FAR Scholarships, 6903
Rhode Island Avenue, College Park,
MD 20740.

No Oscillation.

For fastest delivery of the most reliable high performance
frequency control products, Hy-Q International never wavers.
Hy-Q International is a world leader in the design and manu-
facture of quartz crystal products. Our wide range of quality
products, supplied from five locations world-wide, ensures
your communication or instrumentation needs will be met

quickly and cost efficiently. For your next frequency control
application, choose a consistent performer who never wavers.
Send us your specifications for fast, thorough analysis

Quartz Crystals

Crystal Oscillators

Filters

100.0 MHz.
» Custom LC filters.

XY, NT, X, CT, DT, SL and AT cut crystals to
achieve frequencies from 10.0 KHz to 200.0 MHz.
Surface mount packaging available.

« TTL/CMOS/ECL Clock Oscillators covering 250.0 KHz to 170.0
MHz. Surface mount packaging available.
« TCX0's/VCXO’s made to custom specifications.

« Discrete and monolithic crystal filters from 454.0 KHz to

e

International (USA), Inc.

1438 Cox Avenue/Erlanger, KY 41018/ Tel.(606) 283-5000/ Fax (606) 283-0883

AUSTRALIA - SINGAPORE + UNITED STATES « UNITED KINGDOM « MAURITIUS
INFO/CARD 14
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m:‘ n eWS continued

Exhibitors Set for NAB '91 Con-
vention — The National Association
of Broadcasters has announced that
more than 700 exhibitors wiil participate
at its annual convention in Las Vegas,
April 15-18. The NAB convention will
offer exhibitors more than 430,000
square feet of show space at the Las
Vegas Convention Center. The Engi-
neering Conference is scheduled for
April 14-18. In addition, NAB is sponsor-

ing the HDTV World Conference &
Exhibition during the same dates.

Motorola and DSC to Develop
Open Cellular System Standards
— Motorola, Inc. and DSC Communica-
tions Corp. have announced that they
have reached an agreement in principle
to cooperate in developing, in connec-
tion with appropriate standards bodies,
open cellular system interface stan-

Make Noise
About
Their RF
Amps,
We

Prove bur

While Others

= Q-bit quality means:
“ a Itv ® guaranteed gain windows, ® guaranteed 2nds and
3r§:. ¢ guaranteed performance for every operating
parameter over a full temperature range.

Q-bit's proven designs and our patented Power Feedback™ technology

SRR

)Y

yield low VSWR, flat gain response, high reverse isolation and unconditional
stability. These thirteen Q-bit Corporation amplifiers are direct replace-
ments™ for more than sixty standard catalog amplifiers of five competitors.

___Guaranteed -55°C to +85°C Performance

Qutput Price
Frequency 1dB Noise Reverse Intercept For

Mode! Range Gain Compression Figure Isolation 3rd/2nd  Power Quantity
Number (MHZ) (dB) (dBm) (dB) (dB) (dBm)  (V/ImA) 1-9
QBH-101 5-500 13.0 6.0 3.0 24.0 18/25 15/19 $75
QBH-102 5-500 123 21.0 75 220 32/48 15/95 $85
QBH-107 5-5650 148 -1.0 28 25.0 8/12 15/10 $85
QBH-110 5-500 15.0 9.0 35 25.0 22/32 15/31 $90
QBH-119 5-500 15.0 1.0 33 25.0 24/33 15/34 $95
QBH-120 5-500 145 1.0 23 26.0 13/17 15/11 $95
QBH-122  10-500 17.0 19.0 4.6 220 24/32 15/65 $110
QBH-126 5-500 15.0 15.0 4.2 24.0 28/34 15/54 $95
QBH-155 5-300 15.0 21.0 6.4 28.0 36/48 15/95 $65
QBH-183 51100 10.3 14.0 6.5 12.0 27/38 15/72 $80
QBH-184  5-1000 148 10.0 5.0 17.0 24/33 15/31 $85
QBH-815 5-1000 114 205 8.0 12.5 30/45 15/98 $95
|33H~822 10-2000 20.0 10.0 6.0 240 23/34 15/60 $162

*Meets or exceeds published specifications
Call us for a catalog available on a PC compatible data disk.

/'7 / Q-bit Corporation

2575 PACIFIC AVENUE NE, PALM BAY, FL 32905

TELEPHONE (407) 727-1838 | TWX (510) 959-6257 « FAX (407) 727-3729
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dards for the worldwide cellular market.
The standards will be based on existing
international switching and cellular stan-
dards such as CCS7, GSM, ISO and
ISDN. Under the proposed agreement,
Motorola and DSC will continue, on a
non-exclusive basis, to market, enhance
and support cellular systems worldwide.
The agreement in principle, which is
subject to preparation of definitive agree-
ments, contemplates modifying the ex-
isting agreement between the two com-
panies in the area of exclusivity, cross
licensing of certain technology, market-
ing and manufacturing rights, and pric-
ing and payment terms.

TriQuint Semiconductor and Giga-
Bit Logic Merge — TriQuint Semicon-
ductor and GigaBit Logic recently an-
nounced the signing of a letter of intent
that will allow the two companies to be
merged into one corporation. The new
company will be jointly owned by the
existing investors. The name of the new
company will be TriQuint Semicon-
ductor Inc. A distinct digital product line,
which will include digital standard prod-
ucts and ASICs, will be marketed under
the GigaBit Logic name. Until the defini-
tive agreement is signed and conditions
for the merger are met, the two compa-
nies will continue to operate independ-
ently. The merger is expected to be
completed by the end of the first quarter
of 1991.

Report Available on HDTV and
Related Systems — A report re-
leased by the Office of Technology
Assessment (OTA), The Big Picture:
HDTV & High Resolution Systems, ex-
amines the scope of recent major tech-
nological advances and how the United
States might benefit. The report evalu-
ates the potential influence high defini-
tion television (HDTV) and related high
resolution systems (HRS) may have in
the consumer entertainment industry,
and how they may affect communica-
tions, national security, research and
education. The report also focuses on
how HDTV and HRS are causing the
U.S. to re-examine current national
policies dealing with manufacturing, edu-
cational and training standardization,
communications, military command,
structural economic problems and the
relationship between government and
business. Finally, the report discusses
the importance HDTV holds for the U.S.
in rebuilding its leadership role in global
and domestic electronic technology mar-
kets. The report, stock number 052-003-
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01193-0 is available for $5.00. To order,
send prepayment to Dept. 36-1P, Super-
intendent of Documents, Washington,
DC 20402-9325. To order with VISA or
MasterCard phone (202) 783-3238.

NEC and CEL Expanding Design
Center — The NEC Corporation and
California Eastern Labs have announced
plans to expand the NEC/CEL Design
Center to include development of silicon
MMIC devices. The program will con-
centrate on the development of both
standard products and customer spe-
cific devices based on NEC’s proprietary
DNP Ili direct nitride passivation proc-
ess.

Burr-Brown Offering Direct Mar-
keting Services — In an effort to
streamline the entire product selection
and order placement process, Burr-
Brown has established a direct market-
ing organization within its Customer
Service Center. Customers can now call
toll-free and receive real-time applica-
tions assistance, request and receive
one-hour fax service on product litera-
ture, receive price and delivery quota-
tions, and place their orders over the
phone charging their purchases to VISA,
MasterCard or Discover Cards. To im-
plement the process, Burr-Brown has
installed a toll-free number (800) 548-
6132 and a telefax capability (602)
741-3895.

Symposium Dates Changed — The
Third International Symposium on Re-
cent Advances in Microwave Technol-
ogy is now scheduled from August
18-21, 1991. The symposium wili cover
all the topics in Microwave Technology
and its applications including compo-
nents, circuits, antenna and radar, MICs
and MMICs, remote sensing, biological
effects, communication systems, CAD
techniques, and propagation and meas-
urements among others. For information
on the symposium contact: Prof. Ban-
mali Rawat, Dept. of Electrical Engineer-
ing, University of Nevada - Reno, Reno,
Nevada 89557-0030. Tel: (702) 784-
6927. Fax: (702) 784-1300.

Viewsonics Announces Move —
Viewsonics recently announced that they
will be moving to Florida from their
present New York location. Their new
address will be: Viewsonics, Inc., 6454
E. Rogers Circle, Boca Raton, FL 33487.
Tel: (407) 998-9594. Fax: (407) 998-
3712. The toll free number will remain
(800) 645-7600.

RF Design

13th Annual Antenna Measure-
ment Techniques Symposium Call
for Papers — The AMTA has issued
a call for papers for the October 7-11
symposium. Topics include, advanced
antenna measurement techniques, prac-
tical aspects of measurement equip-
ment, systems and equipment interfac-
ing, theory and applications of measure-
ment techniques, range, design, auto-
mation and evaluation, near-field tech-

niques, anechoic chamber and absorber
design and evaluation, phased array
testing, and compact range design and
evaluation. Authors should submit a 200
word abstract along with the contact
author’s phone and address by May 10,
1991 to: Prof. Roger C. Rudduck, AMTA
Technical Coordinator, Electroscience
Laboratory, Ohio State University, 1320
Kinnear Road, Columbus, OH 43212.
Tel: (614) 292-6113.

CIASSA
LINFAR
POWER

Have It
Your Way:

Amplifier System Modules or Rack-Mount Instruments
1t02,000MHz, Multi-Octave Bandwidths, 2to100Watts

m All Solid State ¢ ‘
® Modular Maintainability % .. y TS
S

e eries AM

m High Gain
= Low Bandpass Ripple

® Reduced Spares & Automatic

Inventory Circuit Protection
mIEEE488Bus g ¢ = o . ® Built-In ,
(optional, AR) [ s Thermal Protection

RGN 11y
Series AR

These new amplifiers, in 32 standard models, provide maximum flexibility for
RF/microwave designers. Series AM system modules and Series AR instruments offer
frequency ranges of 1-500, 400-1000 and 1000-2000 MHz; Series AR also includes

20-200, 100-500 and 500-1000 MHz. A built-in power supply and forced-air cooling
are standard on Series AR. High performance specifications include good linearity,
wide dynamic range and gain ratings from 33 to 50dB.

All models feature completely modularized design for maximum maintainability
and common, pre-aligned spare modules for easy field replacement plus reduced
spares inventory. They are ideal for use in frequency-agile multi-carrier ECM/EW

Jammers, fast rise time pulse amplifiers, broadband sweep generator boosters —

and TWT replacements.
Write or call for complete AM/AR information —ask for Product Data 1010 —or to inquire
about our other standard and custom designs: Class AB, C, narrow band and pulsed;
power up to 10KW; frequencies up to 4000 MHz.

POWER SYSTEMS TECHNOLOGY INC.

63 OSER AVE., HAUPPAUGE, NY 11788
TEL. 516-435-8480 ® FAX 516-435-4805 e TELEX 221234
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LA SERIES

- RF POWER
AMPLIFIERS

MODEL LA100H MODEL LA100F MODEL LA100U MODEL LA100UE MODEL LA100UF
.3 — 100MHz 100-250MHz 200-400MHz 200-500MHz 100- 500MHz
100 Watts CW 100 Watts CW 100 Watts CW 100 Watts CW 100 Watts CW

MODEL LA200H MODEL LA200F MODEL LA200U MODEL LA200UE MODEL LP300H I

.5 = 100MHz 100-250MHz ‘200-4OOMHZ EO-SOOMHZ .»3 TJOOMHZ
200 Watts CW 200 Watts CW 200 Watts CW 200 Watts CW 300 Watts Puise

MODEL LA400U MODEL LAS00H MODEL LA500V MODEL LA500U MODEL LA10
200-400MHz 5-50MHz 10- 1OOMH_Z 200-400MHz 2-32MHz
400 Watts CW 500 Watts CW 500 Watts CW 500 Watts CW 1000 Watts CW

MODEL LA1000V MODEL LA2000H1 MODEL LA3000HS MODEL LP4000HV2 MODEL LP12000HV

10- 100MHz 2-30MHz 5-45MHz 2-50MHz 2-50MHz

1000 Watts CW 2000 W pk, 1000W CW | 3000 Watts CW 4000 Watts pk. pulse 12KW peak puise

KALMUS EUROPEAN SALES AND SERVICE CENTERS
FRANCE: KMP Electronics PHONE: 1-46-45-09-45 GERMANY: Telemeter Electr GMBH PHONE: (0906) 4091
FAX: 1-46-45-24-03 FAX: (0906) 21706

ENGLAND: EATON, Ltd. PHONE: 734-730900 ITALY: Vianello Strumentazione PHONE: 02-89200162
FAX: 734-328335 FAX: 02-89200382

PALES

21820 87th SE, Woodinville, WA 98072 (206) 485-9000 FAX 206-486-9657




100W to 12KW
ALL MOS-FET RF POWER AMPLIFIERS

LA 100/200

® All MOS-FET class AB linear RF POWER
AMPLIFIERS.

® Bicolored LED indicators.

® Automatic Limiting Control (Overdrive
protection). (1)

@ Remote and Local Forward and Reflected
monitoring. (3)

® Remote and Local temperature status. (2)

® Dual Temperature Protection. (2)

® Remote and Local Overdrive and Over ALC
status. (1)

® Remote and Local VSWR status. (4)
® Remote and Local Blanking status. (6)

® Remote Automatic Levelling Control.

® Remote and Local Gain control.

® Remote and Local Bianking. (5)

@ Infinite VSWR compatibility, without shut down
in AUTO mode. (4)

@ 47-440Hz AC power capability from 97 to
265VAC.

® Single AC Phase and three AC Phase, user
selectable on most models.

® Forced-air cooled.

® Functionally designed and competitively priced
high-tech RF Power equipment.

LA 3000 AND 12000HV
(12KW OUTPUT)

LA 500/600/ 1000
AND 4000HV

LA 2000

21820 87th SE. Woodinville, WA 98072

(206) 485-9000 FAX 206-486-9657
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RF industry insight

RF Technology in Broadcasting

and CATV

By Gary A. Breed
Editor

Broadcasting was one of the first
commercial applications of RF tech-
nology, and radio, television and cable
television continue to have a substantial
influence on the development of new
technologies. Studio, head-end, and
transmitting facilities are still strong
markets for advanced RF technology.
This short report can only touch on some
of the major developments.

In television broadcasting, Varian has
had two major projects underway. The
first is development of the Klystrode, as
its name implies, a hybrid of the klystron
and tetrode. This tube was created to
improve the efficiency of the linear
power amplifiers required for UHF trans-
mitters. It doesn’t take much math to
estimate the cost of operating a 110
kilowatt transmitter using a 30 percent
efficiency klystron, and then come up
with the cost savings when that is
improved to 40 or 45 percent. With
development and test cooperation from
TV transmitter manufacturer Comark,
the Varian Klystrode has been proven
to provide lower operating costs through
higher efficiency.

The second project, also at Varian, is
a higher efficiency klystron using a
depressed-collector configuration. Be-
cause this tube is a true klystron, it has
applications at much high frequencies
than are available with the Klystrode.
Both this and the Klystrode have appli-
cations beyond broadcasting, in radar,
EW and ECM, and satellite communica-
tions. This is why NASA is a participant
in depressed-collector klystron develop-
ment, as well as the broadcasting indus-
try.

It would be unfair not to mention work
on solid-state television power amplifi-
ers. Several companies offer VHF trans-
mitters with solid-state aural amplifiers
(Class C) operating up to several kilo-
watts. The video amplifiers remain a
challenge, mainly because television
requires linear amplification with its
necessary lower efficiency and higher
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heat dissipation. Still, all current high
power transmitters have solid state
amplification through the driver stages.
Television production equipment util-
izes new wideband linear integrated
circuits, and has a major stake in high
speed digital circuitry for image process-
ing. Studio video for current video
standards requires from 10 to 20 MHz
bandwidth depending on the specific
application. New operational amplifiers,
buffers and analog multiplier ICs from
companies like Elantec, Comlinear, Har-
ris Semiconductor, Analog Devices and
Burr-Brown are found in video distribu-
tion equipment, and in the analog input
and output stages of digital video proc-
essing equipment. Analog switches from
Maxim, Siliconix, and Harris are used for
routing video and audio signals. In high
performance applications, switches built
with discrete FETs can still be found.
High speed digital technology had
some of its first applications in televi-
sion, with digital time base correctors,
standards converters, and frame syn-
chronizers. All of the special effects and
graphics that television viewers take for
granted are truly technological master-
pieces. Pioneering these applications
were companies like the Grass Valley
Group, 3M, Ampex and others. Ad-
vanced image manipulation requires
high speed analog-to-digital and digital-
to-analog conversion plus high speed
processors to perform the vector mathe-
matics required for manipulating each
pixel that makes up the image. Compo-
nents for these applications are manu-
factured by Sony, TRW, Burr-Brown,
Analog Devices, Datel and Comlinear.
Cable television continues to require
medium power, low distortion amplifiers
for signal distribution, with Motorola
(ex-TRW) and Philips the main suppli-
ers. High performance head end modu-
lators are needed to minimize adjacent-
channel interference, using SAW IF
filters, and low distortion modulator and
amplifier circuitry. Test equipment for

CATV has seen considerable improve-
ment in recent years, primarily for
real-time system performance monitor-
ing, and fast troubleshooting of equip-
ment failures.

Encryption technology is another area
where high-speed digital processes are
required. From simple remotely switched
and monitored converters to high-
security scrambler/descrambler units
that continually change the encryption
code, high speed video processing
reaches many cable subscribers. Even
simple set-top decoders require excel-
lent dynamic range and intermodulation
performance, as well as programmabil-
ity over the wide bandwidth of CATV
signals (as much as 500 MHz).

Radio broadcasting continues to
change from vacuum tube power ampli-
fiers to solid state devices. One transmit-
ter manufacturer estimates that nearly
50 percent of the local AM radio stations
(1 kW power or less) are now using solid
state transmitters. At very high power,
companies like Harris Corp., Continen-
tal, Nautel, and others have developed
unique combining techniques for gener-
ating up to 50 kW at medium wave
frequencies using multiple MOSFET
amplifier modules. FM transmitters at
the 3.5 kW level and under are available
in solid state designs, but have only
been sold for three years or so.

If you include the radios, stereo
systems, television sets and VCRs used
for the reception of broadcast and CATV
programming, broadcasting is probably
be the largest RF industry segment,
worldwide. In the U.S., where consumer
equipment is a more modest part of RF
manufacturing, the transmission equip-
ment for radio and television is still a
considerable market for RF components
and a source of significant technological
advancements. RF
For reprints of this report, contact Cardiff
Publishing Company at (303) 220-0600;
ask for the Circulation Department.
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We interrupt your regular programming
for these important announcements.
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HP high-frequency CAE

runs on Apollo.

HP high-frequency CAE
runs on 386 PCs.

B, < Sl

HP high-frequency CAE

runs on Sun.

P

-
high-frequency CAE
runs on HP.

Good news. Now HP’s High
Frequency Design System
(HFDS) runs on your favorite
platform. So, no matter which
of these four platforms you use,
you can have the latest CAE
design tools at your disposal.

The HP HFDS is an integrated
CAE package developed to help
you increase the quality and
performance of your RF and

microwave designs. Our non-
linear simulator and high-
frequency structure simulator
give you the power to solve
tough design problems. Prob-
lems that couldn't be solved
with CAE before. You can even
access your existing designs
because the HP HFDS translates
Touchstone circuit and data files.

Call your local HP sales office
INFO/CARD 18

and receive more information
on the HP HFDS. You'll see
how to get the CAE innovations
you need, on the platform you
want— without further delay.

There is a better way.
HEWLETT

(,‘I”] PACKARD

©1990 Hewlett-Packard Co. TMNMDOO3A



ANZAC offers yet another GaAs Monolithic
alternative to pin diode switch technology.
The SW-239 SPDT
RF switch features
nanosecond speed
with only microwatts
of DC power.
Utilizing an 8-Lead
SOIC package these units come ready for full
automatic insertion.

MODEL SW-239 Performance Characteristics

Frequency Range DC-2000 MHz
Operating Temperature —40°C to +85°C
Insertion Loss 0.5 dB
VSWR 1.1:1
Isolation 50 dB
1 dB Compression +27 dB
Switching Speed 4 nsec TYP
Package 8 Lead SOIC (3.8mm x 4.8mm)

ANZAC

Tomorrow’s GaAs MMIC technology can be
yours today for just a handful of quarters.
(40 to be exact.)

Contact your local ANZAC distributor or
representative today.

$1()00

STOCK
DELIVERY

A MACOHV COMPANY

80 Cambridge Street  Burlington, MA 01803

(617) 273-3333  FAX: (617) 273-1921
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When connections are critical,
depend on Omni Spectra

When you need subminiature connectors, depend
on the company who makes more of them than
anyone else. More people buy SMA’s from Omni
Spectra because we don’t compromise on guality.
Our totally integrated capabilities, coupled with
state-of-the-art SPC, assure the highestdegree of
qualuty We control the critical processes of machin-
mg platmg, brazmg and glass sealmg in- house

For more information, call or write:
M/A-COM Omni Spectra, inc.
140 Fourth Avenue. Waltham, MA 02254
Tel: USA (617)890-4750

UK (0734)580833

Japan 03(226)1671

Omn e ; L

Spectra

A MA COMPANY
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Now Imagine What
That Source Can
Do For You.

With CTS, yeu can specify from one of the
broadest lines of frequency control products
available anywhere —crystals, clock oscilta-
tors, VCXQ's, TCXQ's and ovenized oscillators.
I a standard product won't do, our engineers
will design one that meets the requirements
of your application. But there are more
reasons for making CTS your single source
for frequency control products.

CTS

CORPORATION

CTS Frequency Control Division,

agine A Single Source

For Every Frequency
Control Need.

Our cutting-edge technology assures you\—/
of the most advanced frequency control
products. The in-house production of crystals,
precision designs and strict quality control
give you an added margin of reliability.
Additionally, our technical support teams
provide a problem solving capability that
can be a real asset for your design and
engineering teams.

Get the product your application requires,
plus technical services and reliability proven
in the most demanding military, instrumenta-
tion, telecommunication and data processing
applications. Alf from a single source. Call
now for the name of your CTS Sales
Representative.

Around The World,
Your Single Source For Excellence™

400 Reimann Ave., Sandwich, IL 60548, Tel: 815/786-8411, Fax: 815/786-3743
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OFF THE SHELF

RF
AMPLIFIERS

MODEL NUMBER POWER GAIN SUPPLY PRICE

Watts dB Volts o
FREQUENCY RANGE 5 - 50 MMz
RFP0550-100 100 44 50 $2,100.00
RFP0550-1000 1000 16 50  $5,040.00
FREQUENCY RANGE 50 — 100 MMz
RFP0800-100P50 50 30 50 $1,485.00
RFP0800-100P100 100 30 50 $1,660.00
RFP0800-100P200 200 30 50  $2,200.00
RFP800-100 600 16 50 $2,424.00
FREQUENCY RANGE 1 - 100 MHz
RFP01100-300 300 46 50 $3,150.00
FREQUENCY RANGE 76 - 108 MMz
RFP0810-600 600 16 50 $1,780.00
FREQUENCY RANGE 75 -~ 150 MHz
RFP0800-150P50 50 30 50 $1,485.00
RFP0800-150P100 100 30 50 $1,660.00
RFP0800-150P200 200 30 50  $2,200.00
RFP800-150 500 14 50 $2,424.00
FREQUENCY RANGE 100 - 200 MMz
RFP0800-200P50 50 30 50 $1,660.00
RFP0800-200P100 100 30 50  $2,900.00
RFP800-200 400 13 50  $3,636.00
FREQUENCY RANGE 225 - 400 MHz
RFP0204-4 4 20 28 $ 484.00 COUPLER/SPLITTER
RFP0204-10 10 30 28 $ 685.00 INPUT/ INSER-
RFP0204-25 25 30 28 $1,140.00 MODEL NUMBER OUTPUT TION POWER PRICE
RFP0204-50 50 40 28  $1,695.00 PORTS LOSS dB Watts
RFP0204-100 100 40 28 $2,200.00 FREQUENCY RANGE 5 — 50 MHz
FREQUENCY RANGE 400 — 500 MHz RFS100-5-50-4 4 0.3 100 $ 360.00
RFP0405-4 4 20 28 $ 435.00 RFS1000-5-50-4 4 0.3 1000 $ 610.00
g,ﬁ,’:gzgggg ;g gg gg :1 g;g-gg FREQUENCY RANGE 50 — 1000 MHz
REP0405-50 50 40 o8 $1j525j50 RFS100-FL-FU-2 2 0.15 100 $ 500.00
RFP0405-100 100 40 28  $1,980.00 RFS100-FL-FU-3 3 0.15 100 $ 600.00

RFS100-FL-FU-4 4 0.3 100 $ 800.00

FREQUENCY RANGE 1 - 500 MHz RFS100-FL-FU-6 6 0.3 100 $1,000.00
RFP00105-4 19, €0 28 $1,450.00 RFS1000-FL-FU-2 2 0.15 1000 $ 750.00
RFP00105-25 25 30 28 $2,800.00 RFS1000-FL-FU-3 3 0.15 1000 $ 900.00
RFP00105-50 50 40 28  $3,752.00 RFS1000-FL-FU-4 4 0.3 1000 $1,200.00
RFP00105-100 100 40 28 $5,600.00 RFS1000-FL-FU-6 6 0.3 1000 $1,500.00

FL = Your Lower Frequency Limit

FU = 2xFL

EXAMPLE: A four way Combiner with an output power rating of
1000 watts covering a frequency range of 100-200 MHz would
have a part number of RFS1000-200-4.

[ ] YES You Can Have
EXPRESS DELIVERY

R.F. SOLUTIONS INC.

6055 Caputo Drive, Unit D, Morgan Hill, CA 95037, Phone (408) 778-9020, FAX (408) 779-4832
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Finger
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| ‘ HIGHEST SPEED :
ACCUMULATOR | SIGNAL
LOWEST With a 70 / QUALITY
HIGHEST PRICE VITERBI  Msamples/sec / ESTIMATOR
PERFORMANCE | DECODER accumulation rate | The STEL-2330
VITERBI DECODER the STEL-2410is | FASTEST [ Signal Quality
| Atiessthan$100 o industry’s / f Estimator
At 20 Mbps with ty. 1000) the : BURST DATA / -
(aty ) highest speed f provides front-
4-bit soft decision the HIGHEST STEL-5269 K=7 . ACQUISITION / :
A - signal accumulator / end processing
STEL-2020 is the PERFORMANCE Viterbi decoder 4 /
for spread The STEL-2210 to allow the
highest performance ] DIGITAL FILTER has the most spectrum Block Phase E /N_of signals
K=6 and K=7 Viterbi The STEL-3310 attractive price in - aonjcations. | Estimator allows b aate
decode in the ‘ 64-Tap Complex the industry, with / burst signals to be atupto 15
industry. Matched Filter | industry standard / acquired rapidly HIGHEST Msamples/sec
provides the highest polynomials and / and demodulated  PERFORMANCE
[ Gmen ousoRATURE
i ge for p
E;EDXEI:ILITY " signal despreading | HIGHEST / conjunction with NCO
applications. PERFORMANCE BIT the STEL-2110A The STEL-1177
At 30 Mcps and up SYNCHRONIZER Quadrature NCO
1o 32 taps per coder / has a 60 MHz
the STEL-1032 DEMODULATOR clock frequency
Triple PN Coder has GPS CODER The STEL-2110A is a and incorporates
the flexibility to The STEL-1023 digital bit synchronizer linear PM and FM
generate a wide generates the C/A and PSK demodulator, capabilities as
variety of codes for (Clear/Acquisition) providing high well as providing
many spread coding and timing for performance in spread quadrature 12-bit
spectrum GPS receivers in a spectrum BPSK and outputs for -75
applications. single chip. QPSK applications. dBc purity

For immediate support, please write or call:

STANFORD

STANFORD TELECOM proudly offers the
industry's most complete line of Spread
Spectrum VLSI Products for any occasion.
STANFORD TELECOM... the leader in Spread Spectrum,
also offers products for Direct Digital Synthesis

applications. Inaddition, we specialize in the development
of custom ASIC solutions for your specific requirements.

ASIC & Custom Products Group
2421 Mission College Blvd., Santa Clara, CA 95056

Tel: (408) 980-5684 * Fax: (408) 727-1482
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RF featured technology

Designing a Direct Sequence

Spread Spectrum Secure

Communication System

By Soo Kwan Eo, Chingwo Ma, Incheol Jang

Comdisco Systems

Spread spectrum signals in communi-
cations are used for the purpose of
combatting the detrimental effects of
interference due to jamming, interfer-
ence arising from other users of the
channel and self-interference due to
multipath propagation. The spread spec-
trum signal can be hidden from unin-
tended listeners by transmitting it at low
power, thereby achieving message pri-
vacy in the presence of other listeners.

One form of spread spectrum, direct
sequence spread spectrum (DS-
SS) modulation, can be achieved by
superimposing a pseudo-random num-
ber (PN) sequence upon the information
bits. In the receiver, the received signal
is cross correlated with the same PN
sequence. The effect of this cross
correlation is the reduction of the infor-
mation spectrum bandwidth and, at the
same time, the widening of the un-
wanted jamming signal and receiver
noise in order to effectively increase the
signal-to-noise ratio. A merit of this
scheme is that power spectral dispersal
can significantly improve the bit error
rate of the information pulse train.

The performance of the PN sequence
spread-spectrum system can be further
increased, with respect to its immunity
to the interfering signal, by incorporating
a linear adaptive LMS filter before the
de-spreading operation takes place.
Some algorithms (such as that of Theo-
doridis (1)) employ LS linear phase FIR
filters to suppress the interference. While
they provide adequate performance, if
the interference is a slowly time-varying
signal these algorithms are ineffective.
A better approach would be to adopt a
time-recursive linear phase scheme
such as the Widrow LMS algorithm (2,3).

The design of such a system requires
careful analysis of three main concerns:

1) The reduction of cross-correlation
of different pseudo-random sequences
due to the lack of absolute randomness
in the different sequences generated.

RF Design

(Cross correlation close to zero is
needed to generate a sequence that
approximates white noise.)

2) The receiver’s ability to synchro-
nize the generation of the pseudo-
random sequences in order to properly
convolve the transmitted data.

3) The attributes of the interference
suppression filter, (i.e., its ability to
suppress interference of some prede-
fined type as the relative strength of the
data signal and the interfering signals
vary.).

In this article we will present a design
methodology that allows the designer
of such a system to rapidly simulate the
effects of changing system topology and
parameters in a DS-SS system. The
design software used is the Signal
Processing WorkSystem, from Comdisco
Systems. The overall system architec-
ture is presented and the operation of
the transmitter and receiver are dis-
cussed. For this example we will assume
that the interfering signal is a high-power
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Figure 2. Direct sequence spread spectrum QPSK transmitter (as

' R Pt

Figure 1. Direct spectrum spread
signal system overview. A major
design goal of this system is to
recover the data signal in an
environment with a jammer-to-
signal ratio (JSR) of up to 30 dB.

narrow band signal that may be swept
across the bandwidth of the data signal.
The filter chosen for this example is a
linear adaptive LMS filter that will be
described and illustrated.

To demonstrate the ease of analysis
provided by this design methodology,
the injected narrow band jamming signal
and the corresponding interference re-
jection filter response are shown. De-
signers of such systems want to know

M R

Bit Rate 100.9

Carrier Frequency 2400.0 |
Samplng Frequency 19200.0
COMPLEX
B oL
y 4 SPEC P
P SHI 3
COMPLEX
g &

@

displayed on Comdisco System'’s Signal Processing WorkSystem). The
QPSK output is at a carrier frequency of 2400 Hz with a sampling rate
of 19200 samples per second and a bit rate of 100 bps.
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Figure 3. Narrow bandwidth jammer. This model is used to simulate
interference that centers around two carrier frequencies (1200 Hz and
3120 Hz) with a frequency deviation of 480 Hz.

The Design Environment

The Signal Processing WorkSystem
(SPW) provides simulation and analysis
tools that automate digital signal proc-

how the received symbol error rate
varies as the jammer to signal ratio/chip
varies. The techniques for performing
this analysis are also demonstrated.

essing system design. The user can
select from a rich library of communica-
tions functional blocks, each of which
can be represented hierarchically. The
blocks are placed on the workstation
display screen and then interconnected.
To facilitate the simulation of the cap-
tured design, the user can either gener-
ate his own stimuli signals using a
powerful signal editor, or, he can use
real-world signals that have been digi-
tized. The designer does not have to
write any simulation code since the
simulation program is automatically gen-
erated and compiled by SPW. The
results of the simulation can be analyzed
and displayed using FFTs to produce
frequency-domain plots, eye diagrams,
scatter plots, etc. Even the bit-error-rate
(BER) of a digital communications sys-
tem can be automatically calculated and
displayed.

The software allows the designer to
test the design at a high level of
abstraction and to easily perform what-if
trade-off analysis to optimize the design.
It aiso lets the designer move to lower
levels of abstraction so that an easy
transition to hardware implementation

WE Celebrating our 20th Anniversary
L9 =RIOON

IMPEDANCE BRIDGES

Models AS6 & AS7 are broadband RF transformer type
RF IN-RF OUT impedance bridges.

When the device to be analysed is connected to the bridge test port, the
corresponding increase in insertion loss (from RF IN to RF OUT) of the bridge is
read directly as return loss (VSWR). Since this is not a resistor-diode (RF IN-DC
OUT) bridge type, special scope graticules, calibrated mismatches, square law
corrections, etc. are not required. Also the bridge can be driven with a variety of
levels without affecting accuracy.

Test systems may be as simple as a signal generator, attenuator, bridge,
detector and meter or more sophisticated using an automatic RF Comparator (sce
A49), RF Amplifier (AS2), or RF Analyscr (AS1) and a fixed or variable
attenuator for automatic direct reading. The more complex measurements can be
amplified to display return loss levels even below 50 dB.

Application

MIN. FREQ. RANGE
40 dB Directivity
with 1 dB max
Open/Shon Difference

Bridge Type

MIN. FREQ. RANGE
50 dB Directivity
with .5 dB max
Open/Short Difference

Bridge Loss
RF [n-RF Out

Short-Open
Error

VHF Fixed

ASTTGA/6

1-500 MHz

5-300 MHz

1-650 MHz

ASTTU UHF Fixed

5-600 MHz

Return Loss 1-900 MHz

ASTT/30
ASTTLS

ASTTLL

DiediReacios 30 KHz-30 MHz

T i 300 KHz-100 MHz

AS6GA/6 | VHF Variable

190 KHz-50 MHz

1-600 MHz

5-600 MHz

12 dB nominal

or
6 dB per leg
(RF &-Tesl
Port or
RF OUT-Test
Port)

* Other Models available.

Options include 50/75 ohm Im|

i syinclace ’ Pedanc:)mvcrsmn, Termmanon and Data supplied with unit, DC blocking, and
various connector configurations. nsult factory for sp

WIDE BAND ENGINEERING COMPANY,

BOX 21652, PHOENIX, AZ 85036 TELEPHONE:

INC.

(602)2541570
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JOW We snouia be your 181

Amplifonix is one of the industry’s most trusted
2nd sources. With over 10 years of experience
in producing high-quality components and
thousands of high-performance amplifiers,
Amplifonix can deliver a full spectrum

of standard and custom products
designed to meet your exact

specifications.

Frequency

DCto
2000 MHz

Ins. Loss

06t025dB

Isolation

35* to 70 dB™

Sw. Spd. (Typ.)

71050 p sec

*1500 MHz to 3,000 GHz
(1) DC to 1500 MHz

P

Write or call for complete information.

—— -

‘l 0
4"

V|
i

2707 Black Lake Place e Philadelphia, PA

PHONE: 215-464-4000 » FAX:

Frequenc 1010
Quency 1 500 MHz
Attenuation

Steps 0.1t032dB
Switching 1usecto
Characteristics | 10 usec
Sections 1 to 8 bits

215-464-

S FERS

Al /GaAs FET

Frequency

5-2500 MHz

Gain

8t040dB

Noise 121095 dB
Upto
Pwr Qut +27 dBm

70to
Frequency | 5500 MHz
Output +7t0
Power +20dBm 8
Phase Noise | _ 12
10 kHz to dBBSCl/(').{Z 4
to 100 kHz
Tuning Voltage | 2.25to 12.0
Sensiivity mHz/V
Supply
| Voliage +810 +20
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Figure 4. Interference suppression adaptive filter response. In (a) the
two narrow band interference signals center at carrier frequencies of
1200 Hz and 3120 Hz with a 480 Hz frequency deviation. The response
of the linear phase adaptive LMS filter is shown in (b).

is possible. Tools are provided that allow
the user to implement his design in
discrete integrated circuit standard
parts, ASICs, or within many of the
currently available digital signal proces-
sors utilizing Comdisco's Hardware De-
sign System (HDS) for implementation

in VHDL or the Code Generation System
(CGS) for direct generation of processor
code.

The communications library includes
a majority of the blocks a designer is
likely to need. In fact, all of the blocks
used in this design are contained in the

library. For those designs that require
blocks not already in the SPW library,
custom block building facilities are pro-
vided.

DS-SS QPSK System Overview

The direct sequence spread spectrum
system presented here uses an adaptive
suppression filter to minimize interfer-
ence caused by time-varying jamming
or interfering signals. A major design
goal of this system is to recover the data
signal in an environment with a jammer-
to-signal ratio (JSR) of up to 30 dB. In
the following sections, the direct-se-
quence spread spectrum (DS-SS) trans-
mitter, jamming model, interference sup-
press filter model, and DS-SS receiver
model are discussed.

The DS-SS QPSK system overview is
illustrated in Figure 1. Sample informa-
tion data is generated (or captured)
within the software and a QPSK signal
is output by the QPSK baseband modu-
lator. The QPSK signal is multiplied by
a binary sequence generated by the
pseudo-random number (PN) sequence
generator. The spectrum of the signal
is further shifted to the carrier frequency

=150 dB¢ Phase Noise...




region by an up-conversion module and
is transmitted into the communications
channel. To receive the signal it is first
processed by an interference suppres-
sion filter, then down-converted to the
baseband. Then the signal is multiplied
by the same PN sequence used in the
transmitter. Finally a matched filter and
QPSK demodulator reproduce the digi-
tal information.

For this example (see Figure 2), the
transmitter uses a random data genera-
tor as its information source. Two sets
of random data with equiprobable 0 and
1 bits are converted from binary to
numeric form and are input to the QPSK
modulator. Before the phase modulation
takes place, the in-phase (I} and quadra-
ture (Q) inputs are QAM (quadrature
amplitude modulated) and EXORed with
the pseudo-number sequence. The EX-
ORing is performed with multiplication
using the “1”" or **-1"" amplitude of the
PN sequence. The spreaded informa-
tion bit stream is not phase modulated
before it is transmitted via the channel.
In this example the bit rate is 100 bps,
the carrier frequency is 2400 Hz, and the
sampling rate is 19,200 samples per
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Figure 5. DS-QPSK Receiver.

second. The spreading is done by chip
pulse and there are 24 chips per
information symbol.

Narrow Bandwidth Jammer Model

Figure 3 shows the modeling of a
subsystem that simulates a narrow band-
width jammer. Other jamming modes,
such as high-power CW jamming, or
random power-variant jamming, are of
course, possible. The system designer
must decide which jamming modes will
be modeled. He is also faced with the

need to determine whether or not a
jamming signal is present (not a very
difficult task) as well as the more
challenging problem of identifying the
jamming mode in order to activate the
appropriate anti-jamming algorithm.

It is assumed that the jammer concen-
trates the jamming signal on the base-
band data spectral region. In this exam-
ple, a dual-band interfering signal is
injected into the transmission channel
(at 1200 Hz and at 3120 Hz) with a
frequency deviation of 480 Hz using a

You work hard to design a quiet
synthesizer. Shouldn't you have a PLL
to match?

With QUALCOMM's new Q3036
single-chip PLL, you can have a PLL
noise floor of <-150dBc at 100 Hz.

You can input VCO frequencies from
DC to 1.6 GHz using the built-in
prescaler while selecting division ratios
as wide as 2 to 1295.

Choose reference input frequencies
from DC to 100 MHz with division
ratios of 1-16.

Your Design Deserves It.

The quiet Q3036 PLL, named a Top
New Product of 1990 by the editors of
Microwaves & RF magazine.

Now it's your turn to give what you
and your synthesizer deserve. Peace
and Quiet.

To learn more, please call or FAX:

UALCOAMVW

“the elegant solution™

VLSI Products Division
10555 Sorrento Valley Roud San Diego, CA 92121 USA
TEL: 619-587-1121 x540 * FAX: 619-452-9096
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JSR/chip (dB) -8.5 = 1851 37 13.3 15.7 18.6 21.5 23.2
W/O DS-SS 9.8x10°°> .033 .05 0.3 N/M N/M N/M N/M
by spreading it across the bandwidth
W/O Filter N/D N/D 0.21 0.082 0.15 0.25 0.32 N/M occupied by the PN sequence.
After the received signal is collapsed
DS-SS, filter N/D ND 185 1.9 227 25 4.2 5.8 to its original bandwidth and interfer-
(x107%) ence signal power is minimized, it is fed

into the matched filter and PSK detector.

N/M : Not Measured

N/D : Not Detectable Simulation

The ultimate goal of this system is to
recover a signal that is being jammed
by narrowband interference. The best

Table 1. The symbol error rate for various JSR/chip ratios.

sampling rate of 19,200 with a level
variance of 10 dB. Receiver thermal
noise is modeled as white gaussian
noise with a variance of 0.01 dB.

Low Cost MMIC Amps:
DC t01.8 GHz bandwidths,

Interference Suppression
Adaptive Filter

A linear phase adaptive LMS filter can
be used to suppress the interference
signal before the de-spreading opera-
tion is resumed at the receiver. In this
example, an Equalizer Tap Coefficient
block with backward error predicting
scheme is used to implement the filter.
Since the pseudo-random sequence is
assumed to be almost white, the predic-
tor predicts the high-power interference
signal and the corresponding prediction
error filter rejects the interference. It is
assumed that the jamming signal is not
synchronized to the signal’s symbol rate
but interferes on a bit-by-bit basis. The
tap coefficients are appropriately up-
dated to reject the interference. In
Figure 4, the injected narrow band
jamming signal and corresponding inter- ‘
ference rejection filter response are
shown.

Power to020 dBm,
and priced as low as 75¢ each.

Talk about a great deal. NEC's tiny new
amps are available in wide bandwidths,
a variety of packages, and they're de-
signed to help eliminate your biasing
and grounding problems.
And at 75¢ each in quantities of 500
you get both NEC quality and a better
‘ price than the so-called “low cost” amps.
Give us a call today. We'll work with
‘ = you engineer-to-engineer to see
that you get the right amps at the
right price. And in most cases, we
can ship them right off the shelf.
NEC technology and quality

DS-SS QPSK Receiver \
The receiver operation is the exact \

inverse of the transmitter (see Figure 5). \

The DS-QPSK receiver recovers the

data signal from the jamming signal by
using a combination of linear adaptive
fitering and spread spectrum tech-
niques.

The transmitter sends a burst of
synchronizing bits before it sends real
data and the receiver uses this burst
signal to synchronize the receiver (not
shown in this current model).

Once interference is rejected, the
received signal is phase demodulated
and then de-spread using cross correla-
tion between the received signal and the
exact replication of the PN sequence
that was used for transmission. This
cross correlation further collapses the
information signal to its original band-
width. It also reduces the corresponding
level of the narrow-band interference
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WE’VE REDUCED EVERYTHING
BUT THE PERFORMANCE

Avantek’s New 2 to 8
GHz YIG Oscillators...
as Low as $385.00*

Reduce your next-generation
system’s cost, size and weight
at the same time. Avantek's
next-generation YIG oscillators
cost less, are smaller (0.5 cu.
in.) and lighter (1.8 oz.) than
other YIG oscillators available
today. Ideal for next-generation
portable equipment and low
cost instrumentation. Fast
tuning and phase lockable,
these miniature YIGs deliver
unmatched performance and
unparalleled prices.

High Performance
Oscillators...
Designed for Low Cost

Avantek's revolutionary new
approach to YIG oscillator
design and manufacturing gives

you the competitive edge...
can help create new product
lines...and open up new
market opportunities. These
compact, low-cost YIG oscilla-
tors offer real performance
improvements. Typical tuning
speed is an ultra-fast 10 ms
(to within 5 MHz of final fre-
quency). They operate with
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single input bias voltage .. .and,
require no heater power. Two
low-cost high-performance mini-
ature YIG oscillators cover the
2.0 to 8.0 GHz frequency range.

AV-7036 covers the 3.0 to 6.0
GHz range. AV-7028 provides 2.0
to 8.0 GHz frequency coverage.
For both models, phase noise
is typically —100 dBc/Hz at 20
kHz offset from carrier. And,
power output is +13 dBm.

Off-the-Shelf Delivery
from Your Local
Avantek Distributor...

These low-cost, high-perfor-
mance, compact YIG oscillators
are available now. For the
name and address of your local
Avantek distributor or litera-
ture and applications assis-
tance, contact us today.

*Price for each in 1,000 piece
quantity.
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measure of the effectiveness of the
design is an examination of the received
symbol error rate. Due to the complexity
of this DS-SS QPSK system, determin-
ing this symbol error rate using hand
coded simulation and analysis is nearly
impossible. The Comdisco Signal Proc-
essing WorkSystem, however, allows
the designer to accurately simulate the
design, and automatically calculate the
bit-error-rate to judge its effectiveness.
The simulation was configured with
the assumption of a 129 tap filter, a
jammer-to-signal ratio of 23 dB, and the
two bands of narrow band interference
described earlier in the article. Table 1
shows the symbol error rate for various
JSR/chip ratios derived from the simula-
tion. Each case was run with 2 to 3
million iterations. Once the symbol error
is detected, the matched filter in the
receiver loses phase synchronization
with the incoming signal and tends to
produce burst symbol errors. The sym-
bol error rate is, therefore, calculated
before the receiver experiences this
burst error. Three scenarios were mod-
eled and simulated. First, the system
was simulated using no direct sequence
spread spectrum techniques (‘‘W/O DS-
SS”). Then DS-SS was used but with
no LMS adaptive filtering at the receive
end (““W/O Filter”). finally, the system

Vol. 37, No. 9, Sept. 1989, pp. 991-994.
2. R.A. lltis, L.B. Milstein, ‘““An Appropri-
ate Statistical Analysis of the Widrow
LMS Algorithm with Application to Nar-
row Band Interference Rejection,” IEEE
Transactions on Communications, Vol.
COM-33, Feb. 1985, pp. 121-130.

3. L.B. Milstein, L.A. litis, “‘Signal Proc-
essing for Interference Rejection in
Spread Spectrum Communications,”
IEEE ASSP Mag., pp. 18-31.

About the Authors

Soo Kwan Eo is a project manager
and Chingwo Ma and Incheol Jang
are DSP engineers at Comdisco
Systems. They can be reached at:
Comdisco Systems, Inc., 919 E.
Hillsdale Bivd., Foster City, CA 94404.
Tel: (415) 574-5800

New!
2.8 GHz Prescalers...

in Silicon!

R ® T R

By directly synthesizing frequencies up
to 2.8GHz our new low priced prescalers
help you simplify your designs, minimize

IVSIDN the number of components, and

was simulated using both DS-SS and
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Conclusion

This design methodology offers the
designer of a direct sequence spread
spectrum system dramatically new op-
tions. He can now experiment with
different filter schemes, interference
patterns, PN generators, etc. to optimize
system performance, minimize complex-
ity, reduce cost, etc. before building any
prototype. Within a workstation environ-
ment, the designer need only swap
functional blocks, change interconnec-
tions, vary parameters within those
blocks, and then analyze the data after
the simulation is performed with the new
specifications. RF
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RF featured technology

IQ Sampling Yields Flexible
Demodulators

By Thomas Hack
Comlinear Corporation

1/1Q demodulation is commonly found in
Doppler Radar and communications
systems including AM, DSB, and QAM
formats. With additional circuitry FM,
PM, SSB, ISSB and other formats can
also be added to the list. I/Q demodula-
tors are quite flexible, but this flexibility
comes with some problems. The use of
modern high speed analog-to-digital con-
vertors (ADCs) allow traditional ‘‘ana-
log” processing of I/Q demodulators to
be carried out digitally, greatly reducing
systematic errors. This article covers the
practical implementation of a high-
performance I/Q demodulator using mod-
ern ADCs.

basic I/Q demodulator block diagram
is given in Figure 1. An arbitrary |F
signal enters the power divider, where
it is split and fed to two mixers. Quadra-
ture-phased local oscillators also feed
these mixers. Low-pass filters remove
the ““sum’ mixer products leaving the |
and Q signals. When demodulating
some signals (such as QAM) this is all
that is needed. In others, ADCs and
digital signal processing may follow.
There are several disadvantages to
this approach. When implemented with
conventional RF components, DC off-

sets, quadrature-phase errors, gain
matching, carrier leakage, and imped-
ance matching (among others) degrade
demodulator performance. With ad-
vanced analog-to-digital converters such
as Comlinear’s CLC926, we can actually
build a better demodulator.

Building a Better Demodulator

To illustrate the advantages of our
approach, we'll start with a basic I/Q
demodulator and modify it in stages
showing the advantages after each
modification. Since ADCs are very effi-
cient harmonic mixers (see appendix),
we can eliminate the mixers by replacing
them with high-speed ADCs (Figure 2).
All of the functions that follow the ADCs
are now digitally implemented which
eliminates matching errors in this part
of the implementation and reduces most
of the other errors.

Unfortunately ADC matching errors
remain. Quadrature errors result from
effective aperture delay mismatching
between the two ADCs. ADC gain-
matching errors are also present.

We could eliminate these errors if we
somehow used only one ADC. Figure 3
provides us with a solution. Figure 3
shows the traditional local oscillator
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Figure 1. A basic I/Q demodulator.
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Figure 2. Another approach to I/Q
demodulation.

signals required in I/Q demodulators
using analog mixers. For the approach
in Figure 2, all signals after the ADC are
in discrete-time form. As a result, the
local oscillator signals can be repre-
sented as impulses of strength -1 and
1. The samples from the ADCs coincide
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Figure 3. The upper 2 waveforms depict in-phase and
the lower waveforms quadrature-phase local oscilla-
tors for the analog (Figure 1) and digital (Figure 2)
approaches to I/Q demodulation.
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Figure 4. An improved I/Q demodulator.
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Figure 5. High performance IF sampling analog-to-digital convertor subsystem.

with the locations of these impulses.
From the diagram we can see that the
in-phase ADC's samples occur exactly
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Figure 6. IF sampling perform-
ance.

[
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Figure 7. I/Q demodulation dem-
onstration.

RF Design

midway between the quadrature-phase
ADC’s samples. By using one ADC,
doubling the sampling rate and sending
alternate samples to the | and Q signal
processing chain we can get the same
effect. With this arrangement our sam-
ple clock will operate at four times the
original local oscillator frequency. With
both the | and Q samples coming from
the same ADC, ADC quadrature and
gain-matching errors are eliminated.
The final block diagram is given in
Figure 4.

Depending on speed requirements,
discrete logic programmable DSP chips,
or a mix of discrete logic and DSP chips
could be used. For example, one DSP
chip could be used after the ADC
providing all demultiplexing, mixing, fil-
tering, as well as any additional down-
stream signal processing. If more proc-
essing power is required, discrete logic
can split the ADC data stream into
separate | and Q signals with a DSP
processor connected to each to speed
things up. The same approach might
also allow 2 cheaper DSP chips to
replace one faster but more expensive
chip. Mixing is also well suited to
dedicated hardware, if desired. Since
mixing is done by multiplying the ADC

I —— - - —

Figure 8. Quadrature carrier de-
scription of an IF signal.

Figure 9. Sampled IF signal.
4
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Figure 10a. Filter time domain response (impulse). Figure 10b. Filter frequency response.
samples by alternating ones and minus can be investigated in similar fashion. performance except at very low IF
ones (our local oscillator), simple hard- While the technique outlined isn't frequencies. When state-of-the-art ADCs
ware (not a full-blown multiplier) will new, it hasn’t had wide appeal because and track-hold amplifiers such as the

suffice. The rest of the signal processing data converters didn’t offer enough CLC926 and CLC940 are combined
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together, however, IFs up to 21.4 MHz
and beyond become practical. Figure 5
is a schematic for a high-performance
IF sampling analog to digital convertor
subsystem. Analog-to-digital conversion
is provided by U4, a CLC926 (a 10
MSPS, 12-bit ADC offering 70 MHz
analog input bandwidth). The CLC926
is a good choice with its state-of-the-art
spurious-free signal range, signal to
noise ratio, SINAD, and THD — and all
of these specifications are tested on
every part.

Performance is extended at higher IF
frequencies by placing track-hold ampli-
fier U2 (a CLC940) in front of the ADC.
Since the ADC does its conversion on a
held signal its dynamic errors are re-
duced. U2 sets the aperture jitter to 1
ps rms typical so signal to noise ratio of
the incoming signal is not degraded by
the track-hold even at high IF frequen-
cies.

To reduce distortion, the CLC940
track-hold is intentionally operated at
reduced amplitude. With typical second
and third harmonic distortion perform-
ance of -57 and -60 dBc at 20 MHz and
2 vV, output amplitude, distortion isn’t
low enough for our purposes. But since
the CLC940 has classic intercept-point
behavior, dropping the amplitude 6 dB
to 1V should reduce HD2 by 6 dB (or
-63 dBc) and HD3 should drop 12 dB to
-72 dB. A CLC404 wideband, low distor-
tion amplifier (U3) boosts the 1 V
CLC940 output to 2 V,, — the full-scalfe
range of the CLC926 ADC (This insures
highest ADC dynamic range). Since the
CLC404 is after the track-hold, dynamic
performance requirements on it are
somewhat relaxed.

Several other tricks are used to
maximize performance. U1 (a CLC232)
buffers the input signal providing less
than 10 ohms driving-point impedance
over frequency-minimizing track-hold am-
plifier distortion products. Distortion is
also slightly improved by using differen-
tial ECL track-hold control signals.

Looking at the results from single-
tone tests (Figures 6), it is easy to see
that our efforts have been rewarded. At
21.4 MHz IF (-1 dB full scale), SINAD
(signal to noise + distortion) is better
than 60 dB (or 9.8 effective bits). Total
harmonic distortion is -64 dBc and
in-band harmonics are less than -66 dBc
or better. Signal-to-noise ratio when
measured over the full Nyquist band-
width is 64 dB.

A Simple Demonstration
I/Q demodulation has been demon-

RF Design

strated with the circuit in Figure 5 using
a PC-based data acquisition system
(Figure 7). An HP 3326A synthesizer
provides modulated signals which are
filtered prior to being sent to the ADC
circuit. Filtering removes synthesizer
harmonics and wideband noise. A 10
MHz clock is also provided by the
synthesizer by level shifting the 10 MHz
reference output. This gives us com-
plete control over the LO/carrier fre-

quency ratio (phase is not as easy to
control, however).

ADC samples are sent through a line
driver, down a cable into a buffer
memory. The personal computer ac-
cesses the buffer and performs the
digital signal processing algorithms us-
ing an off-the-shelf DSP package.

For our demonstration we externally
amplitude modulated the synthesizer
with a 4 kHz sawtooth wave from an
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op amps take voltage feedback

You’ve trusted Comlinear for the tO a new level.

best current feedback op amps since
1982, when we introduced the tech-
nology. But sometimes you prefer
voltage feedback. So now, we’ve put
our knowledge, experience--and
innovation--to work there too. With
outstanding results.

4X the slew rate,
1/5th the power
and unity-gain stable.

Our new
CLC420 gives you
a fast 1100V/usec
. slew rate and
300MHz unity-gain
bandwidth. And
power consumption
is just 40mW @15V. Compare that
to the voltage feedback op amps
you’re now using.

On top of that, you get matched
inputs, low input bias and noise
currents, high common-mode rejec-
tion, and fast 18ns settling t0 0.01%.

All that makes the CLC420 a nat-
ural for active filters, differential
amplifiers, transimpedance amplifiers,
and DAC post-amps.
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INFO/CARD 80

Comlinear
Corporation

Solutions with speed

4800 Wheaton Drive
Fort Collins, CO 80525
(303) 226-0500
1-800-776-0500 (USA)

©1991 Comlincar Corporation




Consider

these high-level

current feedback
amplifiers.

Fast op ,
amp cum
cost and power.
For only $4.25* ea. (1000s) the

CLC406 provides 160MHz small-
signal bandwidth (2V,.p) at only 50mW
power dissipation (£5V). It’s your low-
cost answer for remote-site applications,

video systems, or driving/buffering fast
data converters.

*US. price only
INFO/CARD 93 e
@,
Now, high-
speed AGCis
easier than ABC.
Take the new CLC520, add

15V and two resistors, and you have

a total high-speed AGC solution for
fast variable-gain applications. [6OMHz
small-signal and 100MHz gain-control
bandwidth—with a 40dB range from
max. gain—give you a very flexible
solution in a single 14-pin DIP

»\%&
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Modular amplifiers...
ready to go.

For bench or system use, this family
of dc-coupled modular amplifiers
gives you complete amplifier solutions.
Including PMT amps, cable drivers,
post-amps, very-low-distortion amps,
or amps with gain and I/O impedances
that you can select.
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Figure 11a. | and Q signals.

HP8116 function generator and inter-
nally phase modulated with a 5 kHz
sinewave (peak deviation 2n radians).
The center frequency was set to 12.5
MHz.

To understand how to demodulate
these signals, let’s look at quadrature-
carrier description of an arbitrary IF
signal (Figure 8). We start by defining
axes which represent our in-phase and
quadrature local oscillators. An incom-
ing IF signal can be resolved into
components which lie along these axes
— in fact this is what our mixers will do.
The incoming signal has instantaneous
amplitude R(t) and phase ¢(t).

To recover the AM signal, recognize
that R(t) represents the demodulated
AM signal. We will compute R(t) from:

R() = /i(t)2 + q(t) M

An important point to make is that we
do not need to phase lock our sample
clock (thus our local oscillator frequency)
to the IF carrier frequency. If the IF
carrier and local oscillator frequencies
are at different frequencies, the vector
representing the IF signal will be spin-
ning relative to the | and Q reference
axes — that is the instantaneous phase
will be changing. However the equation
for R(t) is true no matter what value pu(t)
assumes.

To recover the phase modulation, we
could apply the relation:

qa(t)
$(t) = arctan (W) 2
but this falls apart for large phase
deviations.

A way out of this problem is to develop
an FM detector: 3)

o 1 iMa’(t) — g
$(t) = s (ﬂ) ) i2(t)
i(t)

Figure 11b. | and Q signals.
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The FM detector output is integrated to
produce the PM signal. When imple-
mented with DSP, a discrete-time ap-
proximation for the derivatives will be
used, as will a discrete-time approxima-
tion for integration.

The results are given in Figures 9-14.
The IF signal is sampled (Figure 9), and
mixed as described earlier (by sending
alternate samples to the | and Q arrays
and alternately digitally multiplying the |
and Q samples by 1 and -1). The results
are filtered using a 32 order finite-
impulse response filter whose response
is given in Figure 10. The | and Q signals
are shown in Figure 11. Finally, the
amplitude modulation is recovered by
using Equation 1 (Figure 12) and the
phase modulation is recovered by FM
detection using Equation 3 (Figure 13)
and integrating (Figure 14).

In this example, signal to noise ratio
could have been increased by lowering
the bandwidth of the low pass filters after
the mixers. Assuming a 10 MSPS sam-
ple rate, the | and Q channel each
receive 5 MSPS for a Nyquist frequency
of 2.5 MHz. If we had reduced the low
pass filter bandwidths so that the noise
equivalent bandwidth was approximately
25 kHz, signal-to-noise ratio would in-
crease by approximately 10log(100) =
20 dB for a net signal to noise ratio of
over 80 dB. This is based on the fact
that noise power spectral density of
ADCs are approximately uniform. For
other modulation formats, signal to noise
ratio improvements (through processing
gain) may be available.

The example shows only a fraction of
the potential of this technique.

Summary
When high speed ADCs, such as the
CLC926, as combined with state of the
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MONOLITHIC
&
DISCRETE

TEMEX

ELECTRONICS. INC.
5021 N. 55th Ave. #10

Glendale, AZ 85301
(tel) 602-842-0159
(fax) 602-939-6830

CRYSTAL FILTERS

CUSTOM SPECS? — NO PROBLEM

TEMEX ELECTRONICS 1s a manufacturer of Crystal
Filters, Discriminators, L/C Filters and Crystals. We design
to custom specifications as well as the 10.7 MHz and 214
MHz standards. We take pride in fast response and the
support of our customers. PHONE ¢ FAX ¢ MAIL.

FOR THOSE WHQ DEMAND
THE VERY BEST!
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Good Sines &

Bad Signs

Looking for a low-noise, fast-switching signal source?

Good Sines W\

Whether it's automatic test equipment, satellite uplinks,
EW communications or imaging systems, Programmed
Test Sources has a frequency synthesizer to fit your
needs. GE MRI units, Teradyne Testers, Varian Spec-
trometers . . . all use PTS synthesizers.

Bad Signs $3%
And while other manufacturers have big dollar signs, PTS
synthesizers start as low as $1,950.

PTS manufactures a complete line of precision synthes-
izers covering the 100 KHz to 1 GHz frequency range with
switching times as fast as 1u second for our direct digital
models. And plenty of other options as well, like resolution
down to .1 hertz (millihertz available as special order),
GPIB and digital phase rotation.

Just as important, along with every PTS synthesizer

comes our “absolutely everything covered” 2-year
warranty. At the end of two years comes our flat $350
service charge for any repair up to the year 2001! PTS has
a commitment to quality you won't find anywhere else.

Find out how PTS synthesizers used the world over can
help you in for your application today. Call for our complete
catalog, or to talk to an applications engineer.

Call (508) 486-3008

Fax (508) 486-4495

==

PROGRAMMED TEST SOURCES. In¢

9 Beaver Brook Road, P.0. Box 517, Littleton, MA 01460
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Figure 13. FM detection.

art track-hold amplifiers, such as the
CLC940, previously unattainable ADC
performance is reached. With this new
potential comes the ability to digitally
implement I/Q demodulators at common
IF frequencies (such as 21.4 MHz).

CLC926-based 1/Q sampling when
teamed up with modern DSP has the
potential for accurate, stable, repeat-
able, and flexible performance.
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Figure 14. PM detection.
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Appendix: A Quick Tour of IF Sampling

Figure 15 diagrams a common way
of looking at the sampling behavior of
an ADC. x(t), a bandlimited analog
signal (from DC to some arbitrary
frequency), is multiplied by sampling
function s(t) simulating ADC sampling.
At an assumed sample rate of 10
MSPS, the ADC aperture is substan-
tially smaller than the sample period
s0 s(t) can be approximated by a series
of unit impulses spaced 100 ns apart
(Figure 16). The multiplier produces a
series of weighted impulses corre-
sponding to discrete-time samples of
the analog input. The actual observ-
able samples at the ADC output are of
course digital, not analog.

Figure 17 shows the same signals,
but in the frequency domain. We will
initially assume that the bandwidth of
the analog input X(f) is less than 5 MHz
(shown by the solid line). The sampling
function described earlier produces a
comb spectrum S(f) with spikes at DC
and integer multiples of 10 MHz. Since
the samples’ output is produced by

muttiplying x(t) by s(t), the frequency
domain representation of the output is
obtained by convolving X(f) with S(f).
The result is the repeating spectrum
shown in Figure 17c — a result of
harmonic mixing.

Nyquist’s sampling theorem recog-
nizes that alias-free sampling occurs
when the sidebands at each of the
harmonics of the sampling frequency
don’t share the same frequencies
(overlap). For example, if the analog
input bandwidth were higher as de-
picted by the dotted lines in Figure 17,
aliasing occurs due to sideband over-

x(t) X(t)
analog discrete-time ‘
input samples :
S(t)
sampling function
10 MSPS

Figure 13:Sémpling model.

Test the Power and Control

of S/FILSYN

Main Menu columns select script files for
specific designs

Don't mess around with other filter design “toys!”
S/FILSYN Windows are designed to help you do
more—quickly. NEW added configurations for digital
filters, NEW lattice filter designs, NEW orders of
maghnitude simpler, easier. Use the new Menu
system and leave everything else to the Program.

DGS ASSOCIATES,

Find out what the filter can do befare the
actual design; tabulate results

Time Domain design

Chose the blue window when you cannot do
analysis in the early design stage: includes

" Now with full color,
menu-driven front end!

Build your own script file step-by-step with
more complex specifications

There are no competing products that have
similar capability! Call 408/554-1469 for a FREE
Software Comparison Chart listing competing
programs with suppliers and tabulation of all known
features. You'll also receive a FREE S/FILSYN
Newsletter with updates. Call today!

I N C

1353 Sarita Way ® Santa Clara CA 95051 = TEL: 408/554-1469

¢ Copyright 1991 DGS Associates, Inc.
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regions in Figure 17c).

From this concept comes Nyquist's
sampling theorem which states that
the sampling frequency must be twice
the bandwidth of the signal to be
sampled. This is often interpreted to
mean that the highest signal frequency
must be less than half the sampling
frequency or 5 MHz in this example.
For video sampling —where the signal
extends from virtually zero frequency
to some upper frequency, as it has in
our example, this would be correct.

But what happens for narrow-band
signals, such as we might find in a
receiver IF? Figure 18 shows the
resuits from passing a narrow-band IF
signal into the same ADC. We start off
with an IF signal centered at 17.5 MHz
— well above half the sampling fre-
quency. To make things general, the
signal is assumed to have independent
lower and upper sidebands. As a result
of the same sampling action as before,
the sampled spectrum has these side-
bands repeated at 5 MHz intervals.
One of these sidebands will always
occur below Nyquist frequency. (Hence
IF sampling can replace analog mixers
in some instances.)

To prevent overlapping sidebands
we must prevent the sidebands from
extending greater than + 2.5 MHz from
each center frequency. Since each
sideband is independent of the other,
the net bandwidth available is the
same as before, 5 MHz! In order to
attain the alias-free bandwidth claimed
by Nyquist’s sampling theorem, carefully
choose the sampling clock frequency
based on the center frequency of the
IF.

In the example, we never completely
bring the sidebands down to baseband
— the lowest mixer products are
centered at 2.5 MHz (resulting from
mixing of the 2nd harmonic of the
sampling frequency with the IF signal).
In many instances, there may not be a
need to mix to baseband, or it may not

() =
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Figure 16. Sampling in the time
domain.

be desirable.

A few final points: 1) we could have
just as easily placed our signal at
another frequency and produced the
same output from the ADC without
changing the clock frequency. 2) For the
interested, a similar analysis can be
used to explain sequential repetitive
sampling in oscilloscopes.

Our conclusions:

1) IF sampling doesn’t violate
Nyquist's sampling theorem. The re-
quired sample rate is determined from
the bandwidth of the IF signal, not the
center frequency.

2) To get the most from the tech-

nique, sampling clocks should be care-
fully selected.

3) To select suitable sampling fre-
quencies determine the lowest sam-
pling frequency based on Nyquist’s
sampling theorem and the bandwidth
of the IF signal. Then look at how the
IF signal mixes with harmonics of the
sampling clock and adjust the sam-
pling frequency relative to the IF
frequency so that sidebands don't
overlap.

4) The results are slightly different
in the case where the upper and lower
sidebands are not independent and
our conclusions are altered somewhat.

Input Signal Spectrum X(f)
4 X(f)
[ ) p—— oo
)
i ' 48 -
0 5§ MHz 10 MHz 15 MHz 20 MHz 25 MHz 30 MHz Frequency
Spectrum of Ideal Sampling
Function S(f)
(b) f T
it -
10 MHz 20 MHz 30 MHz
“ Spectrum of Signal After
Sampling
Aliasin
»~ 2
=4
‘N | N N N
Nyquist
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Figure 17. Video sampling: frequency domain representation.
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Figure 18. IF sampling: frequency domain representation.
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RF products

PIN Diodes Handle Multi-kilowatts at HF/VHF

M/A-COM introduces new
KILOVOLT'™ PIN diodes, de-
signed for use as high power
switching elements in multi-kilo-
watt HF and VHF applications.
MRI switches, filter switches, an-
tenna couplers and power ampli-
fier bypass switching are some
of the uses targeted for these
components. Long carrier lifetime
of 10 usec for the 2000-volt
version and 20 usec for the
3000-volt model assures opera-
tion at frequencies as low as 1
MHz. Maximum series resistance
(4 MHz, with 0.5 A forward cur-
rent) for each version is .20 ohms
and .25 ohms, respectively. The

Personal
Radiation Safety
Monitor

A non-ionizing radiation monitor,
the Nardalert'™ Personal Monitor,
Model 8840B, has been intro-
duced by Loral Microwave-Narda.
With this monitor, workers in
potentially hazardous areas can
have a hands-free, full-time sen-
sor to warn of itlumination by high

power radar, communications sys-
tems or EW systems. The small,
wearable, pocket-sized unit al-
lows accurate monitoring from 2
to 18 GHz for use in areas where
conventional meter and probe are
not viable solutions for protection.
Thermocouple-based detection is
used for true RMS average field
sensing, avoiding multiple signal
or modulation errors which might
generate false alarms. Built-In-
Test circuitry verifies operation
each time it is turned on, and a
low battery indicator warns when
replacement is required.

Lorat Microwave-Narda
INFO/CARD #249

RF Design

diodes will handle 25 amps for-
ward current, DC and RF. M/A-
COM uses ultra high resistivity
silicon material for the intrinsic
region, on which P+ and N+
regions are deposited using an
epitaxial process. Glass passiva-
tion results in a hermetically
sealed chip that has been ac-
cepted in many hi-rel military
programs. The diodes are avail-
able in pill, stud, or insulated stud
packages with or without a solder
lug on the anode.

M/A-COM Semiconductor Prod-
ucts Div.
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Function Generator
Synthesizes
Arbitrary Signals

The DS345 Synthesized Function
Generator from Stanford Re-
search Systems offers digitally
synthesized waveforms to 30
MHz with 1 uHz resolution. Out-
puts can be simple sine, triangle,
ramp or square waves, or arbi-
trary signals with up to 16,300 (12
bits) and sampling times to 25
nsec can be generated. Internally
synthesized modulation capabili-
ties include phase continuous
linear and logarithmic frequency
sweeps, plus amplitude, fre-
quency, phase and burst modula-
tion. Complex applications in-
clude binary shift keying, phase
shift keying and arbitrary wave-
form generation. Rear panel trig-
ger outputs, external input for
amplitude modulation, sweep and
span markers, IEEE-488 and RS-
232 interfaces and external time-
base inputs are additional fea-
tures. Spurious components are
better than —55 dBc. Output level
is 10 mV to 10 VW. List price is

$1895, computer interface with
Arbitrary Waveform Composer
software is $495, and a high sta-
bility timebase option is $650.
Stanford Research Systems
INFO/CARD #248

SMT Resistors
and Capacitors
Available in
Small Quantities

Communications Specialists now
offers surface mount resistors
and components in small quanti-
ties and individual values. These
components are offered to serv-
ice shops and design labs which
typically cannot meet the mini-
mum purchase requirements of
major component distributors.
The unit of sale is per strip.
Resistors are furnished in strips
of 10 and sell for $2.50 per strip.
Capacitors are furnished in strips
of 5 and sell for $1.25 per strip.

Values are clearly marked on
each strip. Minimum order is
$10.00. Available resistors and
capacitors are the same as those
provided in the company’s CC-1
and CR-1 prototyping kits, which
generally are standard 5 percent
resistor values, and 10 percent
ceramic capacitor values.
Communications Specialists,
Inc.

INFO/CARD #247

PC-Based
Counter Operates
With

Windows 3.0

A new 10 Hz to 2.4 GHz counter
has been introduced by Optoelec-
tronics. The PC-10 Universal Fre-
quency Counter-Timer is in the
form of a S-inch card for personal
and laptop computers, using Win-
dows 3.0 as a control panel and
display window. Input signals of
10 mV or greater are accepted
and displayed with up to 10 digit
resolution. Input gating is con-
tinuously variable from t msec to
28 seconds for optimum meas-
urement time and resolution.
Measurement modes include dis-
crete and average frequency,
pulse width, time interval, period,
and ratio between two frequen-
cies. The counter can also control
a radio receiver, such as the
ICOM R7000, for operation faster
than the typical scanner, or auto-
matically tuning the radio to a
detected signal frequency for sur-
veillance applications. The PC-10
is priced at $335 each.
Optoelectronics Inc.
INFO/CARD #246

49



Frequency
Multipliers

KW Microwave announces a se-
ries of active and passive fre-
quency multipliers with integrated
amplifiers, featuring multiplica-
tion factors from 2 to 96, with
minimum input frequency of 1
MHz and maximum output fre-
quency of 12 GHz. An example
multiplier with a multiplication
factor of 16 has an input fre-
quency of 450 MHz and an output
of 7.2 GHz. Typical input power
is +23 dBm and typical output
power is 0 dBm. Spurious and
harmonic signals are —50 dBc.
Multipliers are available in plug-
in, drop-in or connectorized ver-
sions.

KW Microwave Corp.
INFO/CARD #245

Large Area Diamond
Heat Sinks

Thick, large area chemical vapor
deposited (CVD) diamond heat
sinks are now being produced for
power device and high speed
applications. In dimensions up to
25 mm square and 0.5 mm thick,

diamond heat sinks offer thermal
conductivity about 2.5 times that
of copper and 5 times that of
beryllia at 100 C. For price sensi-
tive applications, diamond-coated
silicon substrates are also avail-
able.

Crystallume

INFO/CARD #1244

120 MHz Synthesizer
IC

GEC Plessey Semiconductors in-
troduces the NJ8BC33 synthe-
sizer, designed for operation from
2.5 to 5.5 volts with 3 mA current
consumption. The device may be
operated as a single-chip 120
MHz synthesizer, or with an ex-
ternal prescaler for operation to

frequencies beyond 2 GHz. On-
chip are programmable 16-bit ‘R’,
12-bit ‘N’ and 7-bit ‘A’ counters
which are addressed by an 12C
bus. The bus will operate up to 2
MHz and can achieve channel
loading in 20 us. In 100s, the
price is $7.87.

GEC Plessey Semiconductors
INFO/CARD #243

GaAsFET Switch

Matrix

A 5-in, 2-out GaAsFET switch
matrix is introduced by K&L Mi-
crowave, covering DC-2 GHz,
with TTL compatible control in-
puts. Switching speed is typically
40 nsec, insertion loss is 4.5 dB
maximum, isolation is 60 dB, and
VSWR is a maximum of 1.5:1.
The matrix is enclosed in a her-
metically sealed 3x 1.5x 0.4 inch
enclosure.

K&L Microwave, Inc.
INFO/CARD #242

Communications
Test Set

Motorola announces the R-2600A
Communications System Ana-

lyzer, with cellular testing capabil-
ity. Available cellular formats in-
clude EAMPS, ETACS, JTACS
and NTACS. Test functions in-
clude sweep generator, spectrum
analyzer, receiver, digital storage
oscilloscope, terminated wattme-
ter, counter, signalling generator
and decoder, SINAD meter, dis-
tortion meter, AC/DC voltmeter,
and audio generator. The display
includes softkeys, windowing and
fast autoranging scales for ease
of operation.

Motorola Government Electron-
ics Group
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DC- 4 GHz

Differential Amplifier
The AM-4001, a stand-alone dif-
ferential amplifier has been intro-
duced by Tektronix. This pulse
amplifier has a DC-4 GHz band-
width with 18 dB gain and gain
flatness of less than 1 dB from 1
MHz to 2.5 GHz. Available output
level is #2 V into 50 ohms from
each output. The amplifier is
designed for applications requir-
ing accurate time domain charac-
teristics such as preamplification

HCMOS/TTL compatible

in standard 4- or 14-pin

DIP, .5"x.8"x.265"
SPECIFICATIONS

OUTPUT: High Speed C-MOS/TTL
Compatible

OPERATING TEMP. RANGE: -45°C to

+85°C As Specified, See Options

35 mA MAX.
25 mA MAX.

SUPPLY CURRENT: 45 mA MAX. % 30 MHz

Voh: Vce-0.2 V, MIN.

Vol: 0.2 V, MAX.

Control Voltage: 0.5 VDC to 45 VDC
TRANSFER SLOPE: Positive

OSCILLATEK

A TECHNOLOGIES COMPANY

620 N. Lindenwood Drive ® Olathe, Kansas 66062

FAX: (913) 829-3505 ® TELEX: 437045
Phone: (913) 829-1777

50

20 MHz
10 MHz

Tr, Tf: 15.0 nS MAX_, 10% to 90% Levels

OSCILLATEK
M83 SERIES

ACTUAL SIZE

TEMP.

RANGE STABILITY | DEVIATION*
0°t050°C | +.0025% + 50 ppM
0°t070°C +.005% + 100 ppM

-20° 10 70°C + .01% + 150 ppM
—0 ° *Deviation over full 0.5t0 45
45°1085°C | ool voltage range.
Deviation per volt = + deviation / 2 V
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QUARTZTEK

QUARTZ CRYSTALS*
CRYSTAL FILTERS

e DISCRETE ¢ MONOLITHIC
SUPERIOR AGING*

‘ANOX. CRYSTALS

CALL OR FAX YOUR

CRYSTAL OR CRYSTAL FILTER

REQUIREMENTS TO THE QTEK
ENGINEERING STAFF AND
LET THEM HELP YOU WITH

THE SOLUTION
QUARTZTEK

PHOENIX, AZ. 85043
602-272-7944 FAX: 233-2440

YOUR FREQUENCY
CONTROL DESIGNS.

20 S. 48™ AVE.
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for real-time or sampling oscillo-
scopes and spectrum analyzers.
Applications with ill-defined
ground can benefit from using
this unit, such as high speed
logic, gigabit data transmission,
and advanced radar systems.
Price of the AM-4001 is $4000.
Tektronix, Inc.

INFO/CARD #240

Nonvolatile,
Programmable

Components

A family of serially programma-
ble, nonvolatile integrated circuits
has been introduced by Hughes’
Semiconductor Products Center.
These parts are designed for
circuits requiring precision tun-
ing, trimming, or reconfiguring.
The first nine types of devices
include: an eight-output alterna-
tive to DIP switches, a quad
analog switch, eight-channel ana-
log data selector, two trimmer
potentiometers, a trimmer capaci-
tor, sine/cosine generator, secu-
rity code generator/detector, and
a 16-bit divide-by-N counter.
Hughes Aircraft Company
INFO/CARD #239

Eight-Line EMI Filter
Better than 15 dB attenuation of
common mode noise in up to
eight data lines can be obtained
with the Coilcraft CCDLF-8000
surface mount filter. By passing
all signals through a single mag-
netic structure, these filters re-
move common and differential
mode noise. Typical inductance
is 5 uH per winding, maximum
DC resistance is 250 milliohms,
and current capacity is 100 mA.
In 10,000 production quantities,
the price is $2.00 each.

Coilcraft

INFO/CARD #238

Mini Pak DBM

Vari-L introduces a double bal-
anced mixer in the smallest avail-
able hermetic package, the model
DBM-145. Frequency coverage
is 10-1500 MHz with 5 dB conver-
sion loss and VSWR of 1.5:1 at
mid-band. LO drive is +7 dBm,
and the third order intercept point
is +12 dBm. In addition to fre-
quency conversion, applications
include bi-phase modulators,
pulse modulators, phase detec-
tors and frequency doublers.

Vari-L Company, Inc.
INFO/CARD #237

PC-based Counter
The GT100 from Guide Technol-
ogy is a low cost frequency
counter for automated test sys-
tems. The counter includes a
full-size PC card and a DOS-
based software package which
provides a virtual front pane! on
any XT, AT or compatible PC. 100
MHz or 1.3 GHz models are
available, with selectable gate
time, fast frequency measure-
ment, time interval, pulse width,
period, ratio, and totalize func-
tions. Price of the GT100 is $995
for the 100 MHz model and $1745
for the 1.3 GHz version.

Guide Technology Inc.
INFO/CARD #236

SMT Crystal

Fox Electronics offers a ceramic
surface mounted crystal in a
package compatibte with existing
SMT designs. The FC model is
available in 10 MHz - 50 MHz
frequency with standard toler-
ance of + 50 PPM at 25 C and
aging of 5 PPM/year, maximum.

Shunt capacitance is 7 pF maxi-
mum, and equivalent series resis-
tance (ESR) is 50 ohms max.,
10-25 MHz, and 100 ohms max.,
25-50 MHz.

Fox Electronics
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LC Filters for HDTV
The HBF line of video filters and
delay lines for high definition
video and precision imaging is
available from Toko America. De-
signed for very precise amplitude
and group delay characteristics,
lowpass filters are available with
cutoff frequencies from 5 to 36
MHz, and delay lines are avail-
able with 300 to 600 ns delay
times. Prices range from $202 in
single piece sample quantities.
Toko America, Inc.

INFO/CARD #234

Plug-In Attenuator

JFW Industries has added the
model P50-021 to their line of
hybrid programmable attenu-
ators. Attenuation range is 0-31
dBin 1 dB steps, frequency range
is 50-250 MHz, and switching
speed is 5 usec. Maximum VSWR

Programmable
Attenuators

S A
50-°0%
:o PR
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Model 50P-076
Frequency Range
DC-1000 MHz
Attenuation Range
0-127 dB in 1 dB steps
Attenuation Steps
1.2,4,8, 16,32 and 64 dB

Model P50-006
Frequency Range
10-600 MH2z
Attenuation Range
0-63dB in 1 dB steps
Attenuation Steps
1.2,4,8,16and 32dB

Model 50P-280
Frequency Range
10-650 MHz
Attenuation Range
0-70dB in 10 dB steps
Attenuation Steps
10, 20 and 40 dB

Model 50AP-002
Frequency Range

10-500 MHz

Attenuation Range

0-30 dB continuously variable

JFW Industries, Inc.

5134 Commerce Square Dr.
Indianapolis, IN 46237
317-887-1340
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Need Clock Oscillators
or Crystals?
Think 800-333-9825

Quartz Crystals
50 Khz to 200 Mhz

TTL Clock Oscillators —

250 Khz to 70 Mhz |
HCMOS Clock Oscillators I
3.50 Mhz to 50 Mhz

TTL and HCMOS Half Size and Surface Mount also available on request

Fast Service -

3 weeks or less

Special frequencies
our speciality

CAL CRYSTAL LAB, INC. « COMCLOK, INC.
1142 No. Gilbert, Anaheim, CA 82801 ¢ FAX 714-431-9825

VOV IS
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is 1.5:1, maximum input power is
+15 dBm, and attenuation accu-
racy is +0.5 dB or 2 percent.
Control is CMOS compatible.
Other models and custom con-
figurations are available.

JFW Industries, Inc.
INFO/CARD #233

Monolithic QPSK

Modulator

The first of a new series of RF
ICs, the HPMX-2001 QPSK modu-
lator has been introduced by
Hewlett-Packard Co. The device
incorporates twin double bal-
anced modulators cross-coupled
into a summing amplifier, plus a
standby circuit for controlling cur-
rent sources. Applications include
digital cellular and digital cord-
less telephone equipment, as well
as other applications requiring

amplitude modulation, single-
sideband transmission or vector
generation. Pricing is $7.25 for
1-99 units.

Hewlett-Packard Company
INFO/CARD #232

1 MV Pulser System
A pulser system generating 250
kV to 1 MV pulses with a risetime
of 65 nsec and duration of up to
10 ms is announced by Maxwell
Laboratories. The Model 40404
Marx Generator can be used as
in high power microwave sources,
for accelerating electron beams,
in pulsed lasers, flash X-ray units
or for general high-voltage labo-
ratory use. Low jitter and droop,
and low overshoot are additional
features of this design.

Maxwell Laboratories, Inc.
INFO/CARD #231

Low Loss SAW Filter
Thomson-ICS has developed a
71 MHz SAW filter featuring less
than 10 dB insertion loss and
single component tuning circuits,
intended for mobile radio applica-
tions. Bandwidth is 170 kHz with
a shape factor of approximately

PROCEEDINGS

Design Ideas From the Best
RF Engineers in the Business

Successful engineers like yourself rely on the latest engineering information to stay on top of your profession. Every

RF Expo Proceedings has hundreds of pages of outstanding RF reference material covering advanced RF design and
analysis, practical design technigues, product applications, and basic tutorials.

Give yourself the designing edge...order your copies of the

RF EXPO PROCEEDINGS today!
Hurry, supplies are limited.

Save 20%

Take all 10 for $1,160
A savings of $§290

Please send me
the following
Proceedings:

(] RF Technology Expo 91
(] RF Technology Expo 90
[ RF Technology Expo 89
(0 RrF Technology Expo 88
[ RF Technology Expo 87
[0 RF Technology Expo 86
[J RF Expo East 90

[J RF Expo East 89

[ RF Expo East 87

[J RF Expo East 86

52

Price: si45 each — outside US. add $30.00 to total order for shipping charges

Payment: (Payment must accompany order)

[J Check enclosed [ Bilt my. Owv ) AE [ mc
Name LT ANy gt [ s e AP
Title R Phone

Company Name WA AT , 'y
Address £ bty It g o ML

Bldg No S TSP M/S

e ] _State

Country 1f o ek "y Postal Code
CArdFtas 2 e '3 o g S EXT
Signature Date

SEND TO: RF EXPO PROCEEDINGS
6300 S Syracuse Way, Suite 650 ® Englewood, CO 8011

RFD 4/91
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4:1. Packagingisa 1.4x0.5x0.2
inch DIP.

Thomson-ICS Corp.
INFO/CARD #230

ECL Compatible
Oscillators

A new VHF miniature oscillator
covering 200-500 MHz is avail-
able from Murata Erie. Outputs
include ECLInPS differential,
100K logic, and sine wave (op-
tional). Stability is + 50 PPM to +
100 PPM from 0 to +70 C. Other
features include low jitter and
excellent waveform symmetry. Ap-
plications include high resolution
graphics, CPUs, fiber optics and
communications.

Murata Erie North America
INFO/CARD #229

Tunable Notch
Filters

A new line of tunable notch filters
from Trilithic covers a range of
25 to 1000 MHz with octave band
units, offering notch depths up to
50 dB. 3 dB bandwidth varies
from 1 to 16 MHz, depending on
the octave band selected, while

passband loss is 1 dB maximum
Models are available in 50 or 75
ohm impedances, with type N,
SMA, TNC or BNC connectors.
Trilithic

INFO/CARD #228

Mica Chip Capacitors
Type MC mica chip capacitors
are now available from Cornell
Dubilier. Natural mica dielectric
retains high Q up to self-resonant
frequencies exceeding 1 GHz.
Capacitance ranging from 1 pF
to 2000 pF (100 V) or 1200 pF
(500 V) and tolerances as tight
as +0.25 pF or +0.25 percent are
oftered. Bulk or reel packaging is
available. OEM quantity pricing
starts a $0.20 each.

Cornell Dubilier Electronics
INFO/CARD #227

OVER 1,000,000 RF AND

MICROWAVE COMPONENTS

IN STOCK

CALL

1-800-PENSTOCK

“Your Single Source Supplier”

Penstock’s binder has over 1,400 pages in 19 catalogs;
50 product areas include amplifiers, attenuators, con-
nectors, cables, splitters, mixers, terminations and
MMIC components. In addition to Penstock, we stock

Amphenol RF, Avantek, AVX, Comlinear, EF
Johnson, EZ Form, Hewlett-Packard Microwave
Components & Semiconductors, Mini-Circuits,
Omni-Spectra, Precision Tube, Sawtek, TOKO,
Tusonix, and Weinschel. If you use RF and microwave
components, send for our Product Selection Guide.

Penstock 520 Mercury Drive, Sunnyvale, CA 94086.
PHONE: 800-736-7862. 13 Offices Nationwide.

Serving the industry
for,// over 15 years

PENSTOCK .

IFIRFIMICROWAVE DISTRIBUTION
INFO/CARD 42

RF Prototyping
Board

lvanboard is a universal circuit
board for quick, reliable construc-
tion of all types of electronic
circuits. Using a grid of pads with
0.1 inch spacing on one side, and
a solid low-impedance ground
plane on the opposite side, stable

Standard Solid With Radome

High & Maximum High Performance

RF Design

FCC Requires The Use of
Category A Antennas
For STL/Broadcast

Mark Antennas Division solves your antenna needs by
supplying you with 7 and 13 GHz antennas. Our antennas
comply with all the requirements of FCC Parts 74 and 78.
Category A antennas are available in 6 (13 GHz Only), 8,10
and 12 foot sizes in Standard Solid, High and Maximum High
Performance configurations.

Let Mark provide the solution for your antenna needs.
Call us today.

Radiation Systems, Inc.

Mark Antennas Division

2180 S. Wolf Road ¢ Des Plaines, IL 60018
Tel: 708/298-9420 « Fax: 708/635-7946

INFO/CARD 43
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RF
MONOCYCLE GENERATORS

AND
IMPULSE GENERATORS

drs /o
£1.0 NSV DIV

WE HAVE INTRODUCED 12 NEW
MODELS TO OUR LINE OF RF MONO-
CYCLE GENERATORS AND IMPULSE
GENERATORS FOR SAW, ULTRA-
SONICS AND SHORT PULSE RADAR
APPLICATIONS. THE MONOCYCLE
GENERATORS OUTPUT A SINGLE
CYCLE OF RF WITH EXTREMELY LOW
SPURIOUS LEVELS. TYPICAL
STANDARD MODELS PROVIDE 2.5
GHz 10 VOLTS, 1.0 GHz 20 vOUTS,
AND 50 MHz 800 VOLTS. OUR IMPULSE
GENERATOR QUTPUTS VARY FROM
10 VOLTS, 130 PS TO 650 VOLTS, 5 NS
CALL US FOR YOUR SPECIAL
REQUIREMENTS AND A COPY OF OUR
NEW 100 PAGE NANOSECOND PULSE
GENERATOR CATALOG

P.0.Box265,0gdensburg
New York 13669
315) 472-5270

ELECTROSYSTEMS

P.O. Box 5120, Station F
Ottawa,Canada K2C3H4
(613) 226-5772
Fax: (613) 226-2802

Germany FOIC Gmbh, Hamburg, 040/540 68 66

UK LYONS INSTRUMENTS Hoddeson {0992) 467161

France KM P. ELECTRONICS. Claman, CEDEX, 33(1)46450945
Japan MEISHO ELECTRONICS TOKYO (03) 3980-6541
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RF, analog and digital circuits
can be built.

Europa Marketing

INFO/CARD #226

Attenuator Uses ACT

Drivers

KDl Triangie's DAP0024 thick
film attenuator uses advanced
CMOS-TTL compatible (ACT) driv-
ers to achieve 100 ns switching
speed in a 0.-15.5 dB, 0.5 dB per
step attenuator. Operating fre-
quency is 20 MHz to 1 GHz, with
other models operating to 2 GHz.
Attenuation accuracy is *0.25
dB.

KDI/Triangle Electronics
INFO/CARD #225

SMT Inductors

The PM20 series SMT inductors
from J.W. Miller cover 0.01 uH
through 220 uH with current rat-
ings from 450 mA to 50 mA (over
the same inductance range). Op-
erating temperature is specified
as —20 C to +100 C. 1210 outline,
precise dimensions and soldering
terminal strength facilitate auto-
mated production.

J.W. Miller Div., Bell Industries
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Microcomputer Com-
pensated Oscillator

Frequency Electronics introduces
its MCXO Microcomputer Com-
pensated Crystal Oscillator for
precision applications. The
MCXO achieves compensation
without the use of ovens or con-
ventional temperature-compensa-
tion techniques. It provides a
order-of-magnitude improvement
in frequency stability for low
power, high-accuracy timekeep-
ing and frequency control. Stabil-
ity with temperature is +3 x 10-8
including hysteresis, over —55 to
+85 C. Standard outputs are
time-of-day, 3.2 MHz, and 1 pulse/
sec. Optional spectrally pure sine
wave outputs or square wave
outputs in the range of 1-100 MHz
are also available.

Frequency Electronics inc.
INFO/CARD #223

Variable Gain
Amplifier

Avantek’s newest addition to their
MagIC'™ bipolar IC line is the

UHF Pulsed
Systems

»5-450 kilowatts output
»0.1to 2% duty factor

> 5 to 1000 psec
pulse width

» 200 to 850 MHz
center frequency

» Muttiple planar tniode amay

» Wideband, tunable
operation

» Built-in control loops

» Flexible computer control

» Standard models and
custom units

ACCSYS

TECHNOLOGY, INC

60 kw Amplifier

1177 Quarry Ln. Pleasanton, CA 94566

(415) 462-6949 FAX: (415) 462-6993

INFO/CARD 33
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247-8256. Demand the

best. Specify E.E Johnson.

ﬁ'@.,

The next time something brilliant strikes you, think
E.E Johnson electronic components. They’re truly in-
spirational. For the distributor nearest you, call 1-800-

E.FJOHNSON

1991, E.F. Johnson, Inc

INFO/CARD 45
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IVA-05208, a variable gain ampli-
fier with DC to 1.5 GHz -3 dB
bandwidth, 30 dB gain, and 30
dB gain control range. The device
operates from a single 5 VDC,
35 mA supply, andusesa0to 5
V control voltage. Packaging is
in a standard low cost SO-8
8-lead SMT package. The price
is $10.45 in 100-piece quantities.
The IVA-05208 is in stock at
Avantek distributors.

Avantek, Inc.

INFO/CARD #222

Rapid Deployment

Antenna
The Astron Model WBJ-250B
Broadband HF/VHF/UHF an-

tenna covers 20 to 520 MHz
without the use of couplers or
tuning networks. VSWR is 2.5:1
maximum, and the antenna will
handle 50 watts input power. the
antenna is rapidly deloyed in the
field for both tranmsit and receive
operation. Deployed height is
12.3 feet.

Astron Corp.
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Sealed Trimmers
Voltronics is now producing its
smaller “K’ line precision air
dielectric trimmers with either an
alumina or plastic case. Both
designs are O-ring sealed, and
are offered in 8 or 10 pF values.
Q is over 5000 at 100 MHz, and
self-resonant frequency is over 2
GHz at maximum capacitance.
The case is 0.23 in. diameter by
0.48 in. long, provided in panel
mount, strip line, surface mount
and p.c. mounting. 1000-piece
quantities are priced at $4.23 for
the 8 pF ceramic case (KP8) and
$3.96 for the 8 pF plastic unit
(KEPS).

Voltronics Corp.
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Why engineers have
relied on T T E filters for
over 35 years

» Over 1,239,580 standard filters
» Custom designs at stock filter prices
« 10 day shipment guaranteed
« 72 hour prototype service is available
» Unconditional factory guarantee
Got a problem? Call our Engineering Hotline.

(213) 445-2796

America’s Filter Specialist

TETHENING? (213) 478-8224
West Los Angeles, CA FAX: (206) 821-0992
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” QUARTZ CRYSTALS B

HIGH REL BLILEY QUALITY.
YOUR CHOICE OF PERFORMANCE
WITHIN THESE RANGES.

f

200 MHz.

* Frequency from 1 kHz to

e Operating temp ranges as
broad as —55°C to +125°C.

e Agingaslowas4x 10—8

n

(total) within 12 months.

¢ Traditional cuts and doubly
rotated cuts including SC, IT
and FC cuts.

¢ Through-hole and surface
mount designs.

COMPLETE
GENERAL PURPOSE AND
MIL-SPEC CAPABILITIES.

\\

_

Bliley is the total in-house producer of
quartz crystals. Your prime source for

advanced performance, high reliability,
and cost-effective pricing.

Quartz Crystals ® Crystal Oscillators

Bliley

BLILEY ELECTRIC COMPANY

s

2545 West Grandview Blvd., PO. Box 3428, Erie, PA 16508

(814) 838-3571 FAX 814-833-2712

e

INFO/CARD 47

RF Design

55



THE LIBRARY FOR BACK ISSUES!
ANNOUNCING...

RF DESIGNS’ FILTER HANDBOOKS

Each handbook contains 80 compiled
pages of our best (and most requested)
articles on Filter Design, and Filter Appli-
cations. These Filter articles and tutorials
come directly from the pages of RF
Design magazine, and are written by

4

n
experts from across the RF industry. Each %?n‘?w“ \
Handbook is filled with articles that tar-
get every level of design experience and
application...articles which will bring new \
engineers up to speed quickly on Filter ke
basics...as well as articles that will teach L Y |
experienced engineers how to maximize
Filter performance at the most complex Volume | Volume It
level. Filter Applications Handbook Filter Design Handbook

Use the handy coupon below, or simply call your order into

our Circulation department @ 303/220-0600.

Yes, ship me (QTY) sets of Filter Handbooks Votumes |, I, at $45.00 plus $5 postage*

Yes, ship me (QTY) Filter Applications Handbooks, Volume |, ONLY at $25.00 plus $3 postage.

Yes, ship me (QTY) Filter Design Handbooks, Volume I, ONLY at $25.00 plus $3 postage.”

‘non US orders please double shipping charges.

( ) Bill my company...signed PO enclosed. Amount e
( ) Check enclosed...payable to RF Design. Amount

Bill my: ( } MC ( )} Visa ( ) Amex exp. date

card # signature =
Ship to: Name Company

Address i sl S
City State *T b Zip

Telephone v

Mail order to: RF Design, Circulation Dept., 6300 S. Syracuse Way, #650, Englewood, CO 80111,
or call 303/220-0600 TODAY!





