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HIGH POWER
COUPLER

100,000:1 BANDWIDTH

TYPICAL SPECIFICATIONS
MODEL €2630
FREQUENCY RANGE ... .01-1000MHz

COURLING.. .0k v iondediaon 40db
ELATINESS! . <755 s s Sos e +0.6db
DIRECTIVITY ..ccveeevciveeranne 20db MIN
VSWR (ML) ..coeeiiieiiecieecireennes 1.3:1
POWER.....cccoieeciiieecneenen, 100 W.CW.

NEED MORE POWER? We
cover the same frequency
range at 1 KW with just
two 50db couplers.

MODEL C1460 .01-250 MHz
MODEL C2675 200-1000 MHz

our products employ...
WERLATONE WIDEBAND
TECHNOLOGY for no
compromise high power
multi-octave performance.

WERLATONE, INC.
DECADES AHEAD

P.O. Box 47 Brewster, N.Y. 10509
TEL. (914) 279 6187
FAX. (914) 279 7404
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RF editorial

The Trials

of Fast-Paced

Change

By Gary Breed
Editor

ersonal Communications is our

featured technology this month;
easily the hottest subject in the world
of RF. Voice, video, audio and data are
all part of this current boom in our
industry.

We have come a long way since the
early radio-controiled garage door open-
ers! Other remote controls, cordless
phones, and cellular mobile phones
started an avalanche that has become
very difficuit to manage. The problems
in managing new wireless technology
have been both technical and adminis-
trative. Engineers have been forced to
develop new skills in a very short time,
while regulatory bodies around the world
struggle to allocate spectrum space and
establish the appropriate technical stan-
dards for the right types of services.

Technically, the most difficult prob-
lems have been those of engineers in
non-RF disciplines, who are familiar with
data transmission, interface protocols
and network structures. Suddenly, they
have been called on to develop a
wireless system and need new expertise
in RF circuit design, modulation and
demodulation, propagation, antennas
and EMI, on top of adding to their digital
repertoire with error detection, correc-
tion and encryption schemes.

Traditional RF engineers have had to
take a big step ahead in digital inter-
faces, modulation techniques, spread
spectrum, indoor propagation and all
the individual circuit elements that are
needed to achieve the desired perform-
ance. RF engineers also have had to
reduce cost and complexity for circuits
operating up to 2500 MHz.

All technical problems have possible
solutions, which is the definition of
engineering. Hopefully, we at RF Design

have helped by making information
available that helps creative engi-
neers develop this new generation of
products.

The regulatory side of new tech-
nology is another story, but with some
promising recent developments. Con-
gress has pending legislation that
would require establishment of spec-
trum especially for development of new
technology. Although there is little
chance of passage, the bill puts pres-
sure on the NTIA and FCC to deal with
frequency allocations in a more timely
manner.

The current World Administrative
Radio Conference (WARC 92) is consider-
ing worldwide allocations for low earth
orbit (LEO) radio services, aircraft tele-
phone services, and future land mobile
services. This month’s News section has
a summary of the final actions of the
conference.

Technical standards have been diffi-
cult to develop, as proponents of differ-
ent modulation techniques and advo-
cates of different frequency allocations
fight to establish their systems as the
‘‘standard.’’ Data rates, error-correction
and other digital protocols are following
the same road. There is a huge need for
reasoned discussion of these issues.
Such discussion is taking place, but is
proceeding shakily.

Many of these new services will end
up as products, providing markets for
RF companies and jobs for RF engi-
neers. Not every company will benefit,
nor will every engineer. But, with other
electronic disciplines stagnant, personal
convenience and communications prod-
ucts using RF as the medium of trans-
mission are becoming one of the bright
spots in U.S. business.

April 1992



NCI synthesizers

get your system flying..fast.

The airborne environment is a turbulent place for a
synthesizer. Shock and vibration, rapid temperature
cycling, and strict limits on power consumption,
size, and weight combine to make operating here
a real challenge.

That's why designers who need the very best
performance rely on synthesizers from the NCI Systems
Division of Noise Com. We've delivered custom
synthesizers for MIL-E-5400T airborne applications
in less time than it takes other manufacturers to design
them. They typically produce high output but consume
very little power — as little as 6.1 W for +22 dBm output.
And they're rugged, exceptionally reliable, and
extremely small.

it's what you'd expect from the innovators at NCI. We're
experts in frequency control. We build synthesizers that
operate between 2 and 18 GHz with bandwidths up to
300 MHz. And we deliver them faster than anyone else —
in as little as 60 days.

Give us your toughest synthesizer challenge. We'll
give you a solution, fast. Call (201) 261-8797 and ask
for Gary Simonyan.

Typical synthesizer specifications

Freguency (GHz)

8.190 to 8.510

Step size (MHz)

S

Harmonics (dBc)

Less than -20

Spurious (dBc)

Less than —-60

Output power (dBm)

+22 minimum

Output power variation (dB)

+/-2 or less

Output VSWR

Less than 1.2:1

Warm-up to full performance

Less than 1 min. at -40°C

Acquisition time (us)

Less than 90

SSB integrated phase

noise (deg. RMS) Less than 2
Power consumption (W) 6.1 or less
Size (in.) 1.6x3x5.1
MTBF (hr.) More than 10,000

Environment

Airborne MIL-E-5400T
-40 to +85°C

20,000 ft

20 G shock

I q.< ISYSTEMS E. 49 Midiond Avenue, Paramus, NJ 07652
] I I L PH (201) 261-8797 » FAX: (201) 261-8339

A division of Noise Com, Inc.
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Our popular book
“The Grounds for Lightning & EMP
Protection” has now been made into a video.

This hour long overview of grounding covers types

of lightning, why the damage, grounding, materials,
measuring, protectors, types of grounding, placement
of protectors and tying it all together.

X One hour video with charts, graphs, pictures & drawings.

X An overview- with other more site specific videos to follow.

X Available in VHS: NTSC, PAL, N PAL, M PAL, SECAM, and
MESECAM, TV formats.

(702) 782-2511 K—Po ase
Fax (702) 782-4476 ,yPh
BOU L0170 CORPORATION
P.0. Box 9000, Minden, NV 89423-9000
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CELLULAR, PCN & GSM
SOLID STATE AMPLIFIERS

Amplidyne manufactures Solid State Amplifiers for
the Cellular, PCN, GSM and Inmarsat applications.
Amplifiers are manufactured to MIL-1-45208 specifi-
cations for reliable operation in present state-of-the-
art systems.

CELLULAR BASE STATION AMPLIFIERS

MODEL SERIFS FREQUENCY APPLICATION
AMPUS3ISXX 821851 MHz LA 45 dB GAIN

1.5 dB NF

MED PWR 40 dB GAIN
DRIVER AMPLIFIER

Custom designed units with 50 watt output power available.

PON APPLICATION AMPLIFIERS

ANIPORNL- Y9 H69-894 MHz

MODEL SERILS FREQUENCY APPLICATION
AMPITXANI 17 TO 18 Gilz INA BASE STATION

RECEIVER ANIP

AMPITANAN 1.7 TO 18 GHe HAND HELD AMP
SWITCHLD
AMP20XX-XX 20 TO 2.3 GHz SPREAD SPECTRUM INMARSAL-L BAND POW ER
HAND HILD Th AMP
AMP2ONNXN 1.7 TO 18 GHz HIGH EFFICIENCY MODEL SERIES  FREQUENCY  APPLICATION
AR POWIR AMP AMPIONN-XX 16 10 20158 WATT
GONEANPLIFTERS 163 GNz OPTIONS
LoVt ADITLITITIY
. AMP20ANXX 20 TO 20150 WATL
MODEL SERIES FREQUENCY APPLICATION 2.5 GHz OPTIONS
AMPOINNXNT 890-960 MMz LNA BASE STATION
DRIVER AMP
AVPOSA AN 490-960 Mtz DRIVER AMP OTHER BANDS AND POWER LEVELS AVAILABLE

50 WATT OUT PWR CALL OR FAX YOUR REQUIREMENTS TODAY

> AMPLIDYNE , INC.

Your Total Ar'nprl—xfuerdstm;ce .

UNIT 9/10, BLDG. 7, ILENE COURT, BELLE MEAD, NJ 08502
PHONE: (908) 359-6710 FAX: (308) 359-3262
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The whole world is calling for

our new IRIDIUM RF line of UHF
GaAs FET Power Amplifiers.

Motorola’s new MHW9002 Series
low-voltage modules are well worth calling
for. Ideal for a wide variety of telecommun-
ications equipment, including portable
cellular applications, satellite cellular appli-
cations, gateways and satellite stations, these
modules are capable of a wide power range
control (30 dB typical*) and operate from a
5.8 volt supply and require only 5 mW of
RF input power. A 1 mW line (MHW9001
Series) is also available.

Check Out These Features:
« High Efficiency
« Small Size (.866 x .524 x .150")
« Specified 5.8 Volt Characteristics:

RF Input Power—50 mW (7 dBm)

RF Output Power—141 W (31.5 dBm)

Minimum Gain—24.5 dB

Minimum Efficiency—55% (60% typ>*)

Harmonics— -30dBx Max @ 2f,

» 50 Ohm Input/Output Impedances
« Guaranteed Stability and Ruggedness
+ Epoxy Glass Substrate Eliminates

Possibility of Substrate Fracture
IRIDIUM is a trademark of Motorola, Inc.

Motorola and A e regtered trademarks of Motorola Inc

Pioneers Then...Pioneers Now!

Motorola was the first company to offer
modules for mobile and portable cellular
radios, having introduced modules for the
900 MHz cellular systems in the USA
(AMPS) and in Europe (NMT) in the early
19805. This year we announced a complete
line of linear modules for the digital cellular
system in Europe (GSM). And now, with
the introduction of these UHF GaAs FET
Power Modules, we've taken yet another
giant step in cellular technology.

Whether you need tens, hundreds or
thousands of modules, Motorola offers you

: To: Motorola Semiconductor Products, Inc., P.O. Box 20912, Phoenix, AZ 85036
| Please send me 1992 RF Products Selector Guide #5G46/D and Data Sheets MHW9001 & MHW9002.

RF Products Name

Title

Company

Address

City

Call Me(

repeatable performance from unit to unit.
Plus quality, delivery and service you can
depend on.

To receive Motorolas 1992 RF Products
Selector Guide #SG46/D and Data Sheets
MHW9001 & MHW9002, call us toll-free
at 1-800-441-2447, send the coupon below,
or write Motorola Semiconductor Products
P.O. Box 20912, Phoenix, AZ 85036.

“"Typicals” are not part of the warranted specs for this product,
and the parameters can change with specific apps.

@ MOTOROLA

1

1

|

|

|

|

|

|

|

|

I

1

i

|

State Zip :

|
|




TRAK Gommerc

Designed For Quality. Built For Per

Unbeatable Quality

For many years engineers designing circuits over the VHF
to microwave spectrum have recognized TRAK as a supplier
of top quality components and subsystems.

These products have been used in many
applications from the earliest space
programs to fighter aircraft to missiles to
communication systems.

Leading Edge Engineering

TRAK is recognized for its innovations
in RF and microwave product design.
Our engineers have shrunk sizes while
maintaining high performance and have
introduced innovative packaging
techniques now emulated by others.

Enter the Commercial Products Division

Now TRAK’s Commercial Products Division offers these
well-known TRAK qualities at highly competitive prices for

commercial applications. If you don't require the high

Cellular Radio Circulator

Parameter Performance
Frequency 860-900 MHz
Isolation 25 dB Minimum

Insertion Loss 0.3 dB Maximum

VSWR 1.19:1
Operating Temp. 0-40°C
Average Power 300 Watts
Peak Power 1 KW
Size 960 Diameter x .250 High

overhead expense that comes with MIL
Q-9858A or BS5750 you don't have to
pay for it — but you get the same high
quality!
Products

TRAK is producing circulators,
isolators, crystal controlled oscillators
and phase locked oscillators for Cellular
Radio, Wireless Telephone, Microwave
Links, and Test Equipment. TRAK

Commercial Products Division also



jal Gomponents

formance. Priced For Competition.

offers frequency multipliers, comb generators, IF amplifiers
and synthesizers.

American and European Manufacturing
Our plants in Tampa, Florida and Dundee, Scotland give

you a choice. Get the same high quality at commercial prices.

TRAK COMMERCIAL PRODUCTS DIVISION

Call or write:

Jim Riddle Ken Allstaff
TRAK Microwave Corp. TRAK Microwave Ltd.
4726 Eisenhower Blvd. 4 Lindsay Court

Tampa, FL 33634 Dundee, Scotland DD2 1TY
Tel: 813-884-1411 Tel: (0382) 561509
FAX: 813-886-2974 FAX: (0382) 562643

% TRAK. MICROWAVE
CORPORATION

INFO/CARD 8
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ATC 180 Series

Capacitors

Custom Designed for 1.8 GHz Mobile Telephone
and the Higher Frequency, Higher Power
Applications of Today.

FEATURES:
« LOW ESR - 1/3 TO 1/5 THAT OF CONVENTIONAL MLCS
« LOW POWER DISSIPATION
W w8
« HIGH POWER e’ 8
« PARALLEL RESONANT-FREE THROUGH20GHzZ W 2™ -
e T.C. 0 +30 PPM/°C

* IR - 106 Megohms min. at 25°C
and rated WVDC

e 500 WVDC ATC's 180 Series 1.8 GHz Capacitors, custom designed for mobile
telephone applications, offer the lowest ESRs and the highest

current handling properties in the industry. Parallel resonant-

free through 2.0 GHz, these self-encapsulated porcelain MLCs

;‘Ef ‘i’. have a zero T.C. (0 + 30 PPM/°C). Operating temperature range
g' ey o > ~——1 is -55°C to 125°C.  Their unique, rugged hermetic construction
i‘ ' ESR ensures predictable, stable operation. 180 Series capacity value
HeLA N ' t 1 rangeis 0.5 to 100 pF. Available in case size R in two termination
e e i il = v 5 styles: nickel barrier, solder coated (.079"L x .105"W x .090"T) and
\'\ £ : nickel barrier, solder plate (.065"L x .100"W x .090"T).
s T R &
11 S f:nc. o \‘\\ \\ A LOWER ESR MEANS LOWER LOSS -
01] 100 b S WHICH MEANS HIGHER POWER FROM
® sl # o » = YOUR SYSTEM.
o3| a0 [~ 99 MHz = 1
ke = 18 C?Hz>_-f For Complete Information and Catalog
ol o3 s 22 Call our APPLICATIONS HOTLINE
TYPICAL VALUES
i e (516) 547-5708
CAPACITY (pF) and ask for free samples and pricing today!

american technical ceramics corre.
one norden lane. huntington station. n.y. 11746-2102
516-547-5700 - telex 825707 - facsimile 516-547-5748

INFO/CARD 85



REF letters

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

Locating Interference
Editor:

James Harris of Trilithic, Inc. pre-
sented helpful facts in his article, ‘‘Lo-
cating Power Line RF Interference,” in
the February 1992 issue of RF Design.
My experience, however, does not en-
tirely jibe with his. Here in southwestern
Connecticut, overhead high-tension
lines with about 13,000 volts run through-
out residential areas. The lines are con-
structed of aluminum wire joined with
compression slices. With age, the splices
loosen, corrode, and oxides form. Micro-
sparking within these semiconductor
boundaries gives rise to a noise spec-
trum that peaks at approximately 20
MHz. Energy rolls off with frequency and
becomes negligible at 150 MHz, which
is the operating frequency of the Trilithic
Interference Locator System. TV chan-
nel 2 (54-60 MHz) suffers the most
interference, by channel 5 (76-82 MHz)
the interference can hardly be seen, and
channel 7 (174-180 MHz) has no visible

interference. Radio reception across the
HF band is especially noisy.

Splice sparking is a current-related
phenomenon that peaks with power
demand in the early evening. Harris
describes voltage phenomena such as
corona discharge and microgap dis-
charge in nearby hardware. These peak
when power demand is low and the line
voltage is high.

| suggest that power line interference
could be more effectively located at 50
MHz. Granted that the directional Yagi
antenna would triple in size, but such
an antenna isn’t necessary at all. | use
a short dipole to locate the poles in
question and power company techni-
cians have no trouble pinpointing and
correcting the problem.

Abraham Albert Goldberg, P.E.
Stamford, CT

Mr. Goldberg is correct in noting that
there are interference mechanisms that
peak at lower frequencies. The Trilithic
unit was designed primarily for televi-
sion applications, which explains the
choice of operating frequency. The
disadvantage of locating interference at

lower frequencies is less precision. At
50 MHz or at HF, a suspect pole is about
the best that can be done. If enough
energy is present for detection at VHF,
a particular hardware group can usually
be determined. — Editor

Attenuator Correction

We made an error in the equations for
Pi attenuators in the ‘‘Attenuator Basics”
tutorial (February 1992 RF Design, page
77). Equations (4), (5) and (6) are all pre-
sented in the form of admittance instead
of impedance. Robert Reyers at the FAA
Technical Center in Atlantic City was the
first of many readers to notice the mistake.

To obtain resistor values for Pi attenu-
ators, the equations should be:

?é- 2% A Zln f Zout (4)
47 PP ASIY S L
I (A - 1) Z3 ®)
R 1F % h Iy i 1Y
7 zm<A— 1) z3 ©

WIBE

Circle Info/Card #125 for Catalog and Price List

HYBRID POWER DIVIDER/COMBINERS

Models A66 and A67 are hybrid splitter/combiners with
exceptional bandwidth and performance for imstrumentation and
communications. Applications include signal splitting, combining, mixing, and
phasing. Due 10 the high port-to-port isolation, effects of impedance changes,
shunts, or disconnections at one or more ports have a minimum effect on the
insertion loss or impedance match through the other ports. This high
isolation also minimizes intermodulation problems caused by mixing between

signal sources.

Each Model A66 or A67 is individually tuned tor optimum

performance.

Connector options are available. 3-Way, N-Way, and Special
Couplers are available. Quantity and O.E.M. pricing.

For faster service fax ad and address information to 602-254-1570

Isolation
(with matched
input termination)
dB

Loss (max)
back-back
dB

Response
Flatness

dB

1-500

20

+.25

2.5-300

35

1.1

1-500

20

225

AB6GA
2.5-400

40

.15

.3-100
AboL 2

35

2

1-50

1.1:1 40

+.06

A66U 2 $-1000

1211 E 30

£

1-500
A67 4

1.5:1 j 20

1.25

2.5-300

1.2:1 = 30

8l

WIDE BAND ENGINEERING COMPANY,

P. O. Box 21652, Phoenix, AZ

RF Design

85036

Phone:
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(602) 254-1570 Fax:

INC.

(602) 254-1570
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-« Eagleware

Real-time HF synthesis and simulation
software for PCs and workstations

New! =MATCH=
Suite of matching network solutions

 Narrow or broadband, complex loads
Single or multistage, active or passive
.‘«ggecified or general topologies

¢ $895. Only gS‘)S with =SuperStar=

=0OSCILLATOR=

Unified oscillator design process:

i L-C, distributed, SAW, & crystal designs
Y Estimates SSB, residual FM & PM noise
©$795. Only $495 with =SuperStar=

=FILTER=

Complete L-C filter synthesis package:

% Conventional, narrow, symmetric&zig-zag
“ Numerous all-pole & elliptic functions

% =EQUALIZE= for delay equalizers
1$795. Only $495 with =SuperStar=

=TLINE=
Relate physical & electrical parameters:

 Microstrip, stripline, coplanar & coax
% Accurate algorithms with references

 Synthesis & analysis
18595. Only $39g, with =SuperStar=

=SuperStar=

RF/Microwave circuit simulation, tuning,
optimization and statistical analysis:

t True real-time tuning and optimization
‘t Huge library of components & models
< Runs on standard PCs

i Reads files from above programs

' =SuperStar= $695. Professional $995

For information or to order
Call (404) 939-0156

FAX (404) 939-0157
Eagleware Corporation
1750 Mountain Glen

Stone Mountain, GA 30087

USA

Programs run_on standard IBM and
compatible PCs, include a 30 day satisfaction
fuumntee, free support and 1o annual " fees.
mmediate shipment available.

2
PSS

Same prices internationally. Direct factory
sales and user support by phone or FAX.

Or write:

INFO/CARD 11

RF calendar

21-24

22-24

27-29

May

12-14

18-20

25-27

27-29

June

10-13

NAB ’92

Las Vegas, NV
Information: NAB, 1771 N Street, NW, Washington, DC. Tel:
(202) 429-5350. Fax: (202) 429-5406.

1992 Confercnce on GaAs Manufacturing Technology

San Antonio, TX
Information: Mr. Larry Varnerin, Publicity Chairman. Tel: (215)
758-4061.

EMC/ESD International

Denver, CO
Information: Kristin Hohn, 6300 S. Syracuse Way, Suite 650,
Englewood, CO 80111. Tel: (800) 525-9154. Fax: (303)
770-0253.

40th International Relay Conference

Chicago, IL
Information: International Relay Conference, Engineering
Extension, 512 E.N., Oklahoma State University, Stillwater,
OK 74078-0532. Tel: (405) 744-5714. Fax: (405) 744-5033.

IEEE Instrumentation and Measurement Technology Con-
ference

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

42nd Electronic Components and Technology Conference
San Diego, CA

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

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

International Symposium on EMC

Beijing, China
Information: Professor Zhang Linchang, Northern Jiaotong
University, Beijing 100044.

46th Annual Symposium on Frequency Control

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

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

NAB/Montreux International Radio Symposium and Exhibi-
tion

Montreux, Switzerland
Information: NAB, 1771 N Street, N.W., Washington, DC
20036-2891. Tel: (202) 429-5350.
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Digital
Wireless
..atalow cost

The STEL-2130 Digital Downconverter and
Carrier Tracking ASIC combines several
essential receiver functions for digital
communications receivers and demod-
ulators. Designed for IF sampling in both
conventional and Spread Spectrum receivers
the STEL-2130 brings the digital interface and

STANFORD

processing one step closer to the antenna.
The STEL-2130 is an ideal communications
solution for cellular radio, Wireless 1.ANs
and other transportable equipment. To
find out how you can simplify your designs
and improve performance at the same time,
call Stanford Telecom today...

A§IC

ASIC & Custom Products Division
2421 Mission College Blvd.
Santa Clara, CA 95056-0968

-ustom
Products  Tel: (408) 980-5684
Division  Fax: (408) 727-1482

INFO/CARD 12




RF courses

Advanced Communication Systems using Digital Signal
Processing
May 4-8, 1992, Los Angeles, CA
Microwave/Millimeter Wave Monolithic Integrated Circuits
June 8-11, 1992, Los Angeles, CA
Radiation Hardening of Electronic Systems
June 8-12, 1992, Los Angeles, CA
Information: UCLA Short Course Program Office. Tel: (213)
825-3344. Fax' (213) 206-2815.

Infrared/Visible Signature Suppression

April 28-May 1, 1992, Atlanta, GA
Information: Education Extension, Georgia Institute of Tech-
nology. Tel: (404) 894-2547.

EMC Solutions by Design and Case Studies

April 22-24, 1992, Pontypridd, UK
information: IEE, Savoy Place, London WC2R 0BL, United
Kingdom.

Analog/RF Fiber-Optic Communications
April 22-24, 1992, Washington, DC
Advanced Signal Processing
April 27-May 1, 1992, Washington, DC
Frequency Hopping Signals and Systems
May 18-20, 1992, Washington, DC
Introduction to Modern Radar Technology
May 27-29, 1992, Washington, DC
Electromagnetic Interference and Control
June 1-5, 1992, Washington, DC
Spread Spectrum Communications Systems
June 15-19, 1992, Washington, DC
Radio Frequency Spectrum Management
June 15-19, 1992, Washington, DC
Information: The George Washington University, Continuing
Engineering Education, Merril A. Ferber. Tel: (202) 994-8522
or (800) 424-9773.

Fundamentals of Radar Cross Section:
Principies, Prediction and Computation
April 28-May 2, 1992, St. Cloud, FL
Information: Kelly Brown, Southeastern Center for Electrical
Engineering Education. Tel: (407) 892-6146.

Modern Microwave Techniques
May 11-14, 1992, Bethesda, MD
Antenna Design
June 9-12, 1992, Silver Spring, MD
Radomes
June 9-12, 1992, Bethesda, MD
Antenna Measurement Techniques
June 16-19, 1992, Rockville, MD
Near-Field Antenna Measurement Techniques
July 7-10, 1992, Boulder, CO
Modern Antennas
July 14-17, 1992, Boulder, CO
Information: Technology Service Corporation, Lynda S. Ep-
stein, Training Coordinator. Tel: (301) 565-2970. Fax: (301)
565-0673.

16

The EC Directive on EMC

April 21, 1992, Denver, CO

May 15, 1992, Boston, MA

June 4, 1992, Washington, DC
Information: Technology International, Inc. Tel: (804) 644-7735
or (800) 242-8399.

RF and Microwave Circuit Design: Linear and
Non-Linear

May 18-22, 1992 Garmisch-Partenkirchen, Germany
RF and Microwave Component Modeling

May 20-22, 1992, Garmisch-Partenkirchen, Germany
Modern Microwave Techniques: Measurements, Signal and
Network Analysis, Microwave Products and Systems
Characterization

July 13-17, 1992, Singapore
Aspects of Modern Military and Commercial Radar

July 13-17, 1992, Singapore
Maintaining Signal Quality in High-Speed Digital
Systems

July 13-17, 1992, Singapore
Information: CEI-Europe/Elsevier, Mrs. Tina Persson. Tel: (46)
122-175-70. Fax: (46) 122-143-47.

EMC 1992: Symposium on EC Requirements
April 27-28, 1992, Boston, MA
April 30-May 1, 1992, Dallas, TX
May 4-5, 1992, Chicago, IL
May 7-8, 1992, Anaheim, CA
1SO 9000 Introduction and Company Registration
April 21-22, 1992, Austin, TX
June 2-3, 1992, Danbury, CT
1ISO 9000 Internal Auditor Course
April 23-24, 1992, Austin, TX
June 4-5, 1992, Danbury, CT
Information: TUV Rheinland. Tel: (313) 464-8881.

Introduction to ISO 9000/Q90

April 20-21, 1992, Columbus, OH

April 27-28, 1992, Woburn, MA

May 4-5, 1992, Greenville, SC
Information: AIQR Seminars, Inc. Tel: (800) 274-4220. Fax:
(408) 275-9399.

Electronic Design Techniques and Analysis Required to
Meet Electromagnetic Compatibility Requirements
May 6-7, 1992, Farmington Hills, Ml
Advanced EMC Printed Circuit Board Design
May 8, 1992, Farmington Hills, Mi
Information: JASTECH. Tel: (313) 553-4734.

Impulse Radar
April 29-May 1, 1992, Washington, DC
ELINT Analysis
April 29-May 1, 1992, Washington, DC
ELINT/EW Applications of Digital Signal Processing
April 29-May 1, 1992, Washington, DC
Information: Research Associates of Syracuse, John Eckmair.
Tel: (315) 455-7157.
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Fastest +15V video
op amp you’ll find.

With a 200 MHz bandwidth and
2300Vusec slew rate, the CLC411 is the
highest-speed, widest bandwidth +15V
monolithic video op amp on the market.
Equally important, the CLC411 delivers
an exceptional +005dB gain flatness to
30MHz. Plus 0.02%/0.003°diff. gain/
phasc. That’s an unparalleled combin-
ation of speed and performance in a
monolithic +15V video op amp.

INFO/CARD 13

And the best
high-speed multiplexer.

For your many switching tasks, the
CL(C532 is a 2:1 multiplexer that com-
bines the speed, isolation and low
distortion that’s critical in high-defin-
ition video. Settling time is a fast
17ns to 0.01%. It’s channel-to-channel
isolation is better than 80dB, and
harmonic distortion is a low -80dBc.

Call today and we’ll send all the
details to help you keep up with the
fast-changing world of high-
definition video.

INFO/CARD 14

Comlinear
Corporation

Solutions with speed

4800 Wheaton Drive
Fort Collins, CO 80525
(303) 226-0500
1-800-776-0500 (USA)

1992 Comlinear Corporation



RF news

Global Allocations for LEOs and PCs

Created at WARC-92

Representatives of 127 nations compris-
ing the 166 member International Tele-
communications Union met in Malaga-
Torremolinos, Spain from February 3 to
March 3 for the World Administrative
Radio Conference (WARC-82). WARC-
92 was the first major frequency alloca-

tion conference held since 1979 when
the entire Radio Regulations were re-
viewed. This Conference sought to lo-
cate allocations for low-Earth orbiting
(LEO) satellites for data and voice
communications, digital audio broad-
casting (DAB), High Frequency broad-

DR =111dB*

SFDR = 82 dB*

MTBF = 1,966,000
Hours**

Actual Size: 2" x 4" x 0.5"

Gellular Solutions
to Your
Trunking Troubles

Q-bit’s newest line of amplifiers is
intended for cellular applications in the 800MHz to

900MHz band. They all offer high reliability, excellent
dynamic range, and superior intermodulation performance—
perfectly suited for a multiple carrier tone environment.

Typical Performance:

Specification: QB-193 QB-197
Freq (MHz) 806-824 896-901
| Gain (dB) 25 25
‘ Flatness (dB p-p) 018 0.1
Noise Figure (dB) 215! 25
3rd order OIP (dBm) +40 +39
1 dB Compression +27 +26
Reverse Isolation (dB) 41 40
VSWR In/Out W77k 1.7/1.1
DC Current at +15 VDC (mA) 400 400

* DR {Nvnamir Ranae) = 1744+P1dB-20log (BW)-Gain-NF-3dB
SFDR (Spurious-Free Dynamic Range) = %(174+3rdO0IP-20log (BW)-Gain-NF-3d8B)
** MTBF Calculated per MIL-HDBK-217E for G, @ 25°C Environment

Call for a catalog, available on a PC compatible

data disk.
/ I Q-bit Corporation

2575 PACIFIC AVENUE NE, PALM BAY, FL 32905
TELEPHONE (407) 727-1838 * FAX (407) 727-3729
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casting, and future public land mobile
telecommunications systems (FPLMTS),
including personal communications serv-
ices (PCS). Even though WARC-92 had
just ended at our deadline, final deci-
sions had become available.

LEO satellites below 1 GHz would be
used primarily for data transmission and
radiolocation. Primary allocations were
made In the bands 137-137.025 Milz,
137.175-137.825 MHz, 148-149.9 MHz,
and 400.14-401 MHz. Secondary alloca-
tions were agreed upon for the 137.025-
137.175 MHz and 137.825-138 MHz.
Additionally, an agreement on sharing
criteria between LEO mobile satellites
and geostationary orbit satellites and
among LEO mobile satellites was com-
pleted.

Global allocations for LEO systems
above 1 GHz were not approved until the
waning hours of the Conference. These
“big LEOs’ would permit worldwide
voice communications via satellite on
systems such as those proposed by
Motorola, Ellipsat, Qualcomm, TRW,
and Constellation. One roadblock to
obtaining a global LEO allocation was
the need to prevent interference to the
Russian satellite navigational system
Glonass and the U.S. Global Positioning
System. The primary allocation was
made in the bands 1610-1626.5 MHz
(earth-to-space) and 2483.5-2520 MHz
(space-to-earth).

A global allocation for DAB emerged
in the bands 1452-1492 MHz, but the
U.S., seeking an S-band allocation (2.3
GHz), sought an exception to the rule in
order to reserve the S-band for domestic
DAB. Terrestrial-based DAB will be
discussed at a future WARC.

In the area of HF, or shortwave
broadcasting, it was recommended that
single-side band (SSB) techniques be
placed on the agenda of the next WARC
by the ITU Administrative Council. SSB
would enable the use of approximately
1.5 channels more than the current
double-side band method, thus, signifi-
cantly increasing spectrum efficiency.
The representatives requested that SSB
be generally introduced and double-side
band use be ceased by December 31,
2015. Some countries requested that
that date be advanced by up to 10 years.

Rv unaradina to primary status the
mobile service in some bands in Region
1, a worldwide primary allocation to the
mobile service in the band 1700-2690
MHz was created for FPLMTS. The
sub-bands 1885-2025 MHz and 2110-
2200 MHz have been designated for the
implementation of terrestrial FPLMTS
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(expected to be realized by the year
2010) and the sub-bands 2010-2025
MHz and 2185-2200 MHz for a combi-
nation of terrestrial and space FPLMTS
components. — Lou Manuta

Superconducting Wires Consor-
tium — American Superconductor
Corporation has announced the forma-
tion of the Wire Development Group,
comprising industry, government and
academic representatives to develop
high temperature superconducting wires
for electric energy applications. In addi-
tion to American Superconductor, the
group consists of three of the U.S. De-
partment of Energy’s National Labora-
tories — Los Alamos, Oak Ridge and
Argonne, and the University of Wiscon-
sin’s Applied Superconductivity Center.
The group has focused on making fully
superconducting flexible wires that can
be manufactured in lengths sufficiently
long to be used by industry in programs
underway to develop commercial products.

Measurement Service for CW
Wattmeters — NIST expects to
establish a measurement service for high
power, continuous wave wattmeters in the
near future. Measurements will be avail-
able at several points from 2 to 30 MHz
(1 to 1,000 W) and 30 to 400 MHz (1 to
5,000 W). Wattmeters must be controlla-
ble via an IEEE-488 bus, have a type N
male input connector, and either have
a type N female output connector or be
supplied with a load. For more informa-
tion, contact Gregorio Rebuldela or
Jeffrey Jargon, Div. 813.01, NIST, Boul-
der, CO 80303. Tel: (303) 497-3561.

Personal Communications Serv-
ice to be Tested — Bell Atlantic
Mobile Systems and Motorola have an-
nounced that they will perform a joint
trial of a cellular-based personal com-
munications service in Pittsburgh, Penn-
sylvania later this year. The service will
provide users with a single personal
telephone number that will make them
reachable at home, in the office and on
the road. The service will employ the
Narrowband Advanced Mobile Phone
Service, a portable handset and charge,
personal base station, and the Ad-
vanced Intelligent Network for routing
calls. The service will also use traditional
cellular service and the new microcell
technologies.

Radio Waves Used to Find Buried
Land Mines — NIST recently
completed a six year project to help the

RF Design

U.S. Army detect buried land mines
using electromagnetic technology. The
method involves sending radio waves
into the soil and analyzing the reflections
received. A new report, Qualifying Stan-
dard Performance of Electromagnetic-
Based Mine Detectors (NISTR 3982),
covers theoretical relationships between
EM fields and matter; critical EM per-
formance factors for portable mine de-

tectors; measuring EM properties of
materials relevant to EM mine detection;
EM properties of soils and recommenda-
tions for simulated soil standards; and
desired properties and recommenda-
tions for simulated mine standards.
Copies of NISTR 3982 are available
from the National Technical Information
Service, Springfield, VA 22161. Order
by PB 92-116292. The price is $26.

Low Cost MMIC Amps:
DC to1.8 GHz bandwidths,

Power t020 dBm,
and priced as low as 75¢ each.

- NEC

INFO/CARD 16

i

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 7% each in quantities of 500
you get hoth 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
—and CEL service. It's a pow-
erful combination. Put it to
work for you.

FREE DATA FOR DESIGNERS
For app notes and a full line
Si MMIC specifications bro-

chure, call, write or circle the

number below.
- L™

00" %‘

California Eastern Laboratories l
Headquarters (408) 988-3500  FAX (408) 988-0279
4590 Patrick Henry Drive, Santa Clara, CA 95056-0964
Western (408) 988-7846  Eastern (301) 667-1310
Central (708) 241-3040 Canada (613) 726-0626

1989 California Fastern Laboratories




Iu:‘ neWS continued

Antenna Gain Improvement Using
Superconductors — Ball Cor-
poration recently demonstrated improve-
ments in antenna gain by using a
superconducting thin film in planar mi-
crostrip antenna feed networks. Ball
demonstrated a 64-element supercon-
ducting array operating at 30 GHz with
a 2 dB higher gain than an identical
antenna patterned in gold and meas-

ured at the same cryogenic temperature
of 77 degrees Kelvin. In comparison with
a room temperature measurement, the
gain increase was 4 dB.

IC Comparator Developed by
NIST — Researchers have created
an integrated circuit comparator for
sampling electrical signals that is faster
and less error-prone than existing de-

3L guarantees low price, high qual-
ity, fast delivery. Meet a whole new
family of chokes from 3L Global
Electronics. These new chokes pro-
vide High Q and Low DCR.

31. offers you four sizes of chokes to
choose from: EC22-4.5mm, EC24-
10mm, EC36-14mm and the high
inductance EC46-14mm. And you have

the values and sizes you use most often.

Name

This Kit contains 49 different values of the two most popular sizes, with 10 pieces per
value ranging from 0.1uH 1o 1,000 uH. You can also customize your Kit by choosing

We're All
hoked Up.

Free Trial Designers Kit!*

a wide selection of standard values
ranging from .1uH to 82mH. Other
products include power chokes, vari-
able molded coils (shielded and
unshielded) and ferrite bead chokes.

Please call Bruce Small at (813) 343-
2679 for more information. Or FAX
this coupon to: (813) 343-4410 FOR
YOUR FREE DESIGNERS KIT.

Company/Division

State

Phone( )

City

1
]
'
t
]
1
1
1
]
'
'
'
]
1
y Product Manufactured
1

]

'

)

Limited time offer

*30 day no-obligation free tnal. If you decide to keep the Kit all you pay is $35-a $10 savings from the normal $45
price. Onders over $750 within 6 months of purchase of the Kit will receive a credit of $35.Void where prohibited

Zip
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3L GLOBAL A ELECTRONICS

2915 Anvil St. No., St. Petersburg, FL 33710. Phone: (813) 343-2679, FAX: (813) 343-4410
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vices. The new design eliminates ther-
mal effects common in other devices
that can cause errors and effect voltage
settling time. Exhibiting a bandwidth
greater than 2 GHz, the NIST circuit is
over twice as fast as most other avail-
able comparators. It can make decisions
with 0.1 percent accuracy within 2
nanoseconds following an abrupt input
change. The IC was fabricated using a
commercial silicon bipolar process. For
more information contact Michael Soud-
ers, B162 Metrology Bldg., NIST, Gaith-
ersburg, MD 20899. Tel: (301) 975-2406.

Low Cost All-Diamond Ceramic —
Crystallume has developed a new syn-
thetic diamond material composite which
can be produced for less than $5/gram
as opposed to the current $500/gram.
The new composite materials are made
using commonly available diamond par-
ticles cemented together with diamond
“‘glue” created by chemical vapor depo-
sition techniques. Testing of initial sam-
ples has shown a thermal conductivity
of nearly 6 watts/cm/degree C. It is also
possible to consolidate the diamond
composite in net shape form, reducing
or eliminating expensive polishing and
fabrication steps.

EF Johnson and Racotek Enter
Into License Agreement — Raco-
tek and E.F. Johnson recently an-
nounced the signing of a technology
licensing agreement. The agreement
calls for E.F. Johnson Company to share
technology with Racotek relating to the
implementation of RacoNet wireless data
communications service over E.F. Johnson
specialized mobile radio equipment.

DB Products Acquires Carl E.
Holmes Company — DB Prod-
ucts recently announced the acquisition
of the Carl E. Holmes Company
(CEHCO). CEHCO will operate as a
division of DB Products. Terms of the
acquisition were not announced.

Microwave Power Devices Awarded
Contract — Microwave Power De-
vices, Inc. has been awarded a $5.8
million contract by the U.S. Air Force for
wide band, high power amplifiers in
support of airborne platforms.

Charterhouse Buys Amplica —
Charterhouse Group International has
announced the acquisition of the assets
and business of Amplica, Inc., formerly
a subsidiary of Triax, Inc. Amplica
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designs and manufactures advanced
solid state microwave amplifiers and
subassemblies for military and commer-
cial applications.

Sierra Aerospace Technology
Acquired by Maxwell Laborato-
ries — Maxwell Laboratories has
announced the acquisition of Sierra
Aerospace Technology, a developer and

New Company Formed — Eastern
Multiplexers, Inc. has announced its
formation. The company designs and
manufactures microwave and RF com-
ponents for the defense electronics
industry. Products include suspended
substrate broadband filters, multiplex-
ers and switched filter banks. They are
located at 7836-E Airpark Road, Gaith-
ersburg, MD 20879. Tel: (301) 990-8336.

Cubic Defense Receives Joint
STARS Contract — Cubic Cor-
poration has been awarded a $26 million
contract from Grumman Melbourne Sys-
tems Division to continue work on Joint
STARS, a battlefield surveillance and
target acquisition system. Cubic will con-
tinue to refine and enhance the datalink
it designed and built for the Joint Surveil-
lance Target Radar Attack System.

manufacturer of high-reliability EMI filter
and multilayer ceramic capacitors for
medical, geophysical, geothermal, aero-
space and military markets. The acquisi-
tion was an asset purchase for cash.
No other terms were announced.

Low Cost
Silicon Prescalers

Calibration Services Users’
Guide — A newly revised NIST
Calibration Services User’s Guide lists
more than 500 different calibration serv-
ices, special test services, and measure-
ment assurance programs available for
industry from NIST. The guide lists
available calibration services, such as:
dimensional; mechanical, thermody-
namic quantities, optical radiation, ioniz-
ing radiation, electromagnetic, and time
and frequency measurements. Copies
are available from the Calibration Pro-
gram, Room A104, Bldg. 411, Gaithers-
burg, MD 20899. Tel: (301) 975-2002. [

to 2.8 GHz

By directly synthesizing frequencies up

to 28GHz our low priced prescalers

help you simplify your designs, minimize
the number of components, and
reduce board space.

DIVISION |

Milliwave Technologies to Pur- ‘ | MODEL FREQUENCY Ve ke | RATIO What does your application
chase SMT Division — Sierra ‘ [UPBS81 | 05-28GH, | S\ doma | 2 call for? Low cost surface mount
Microwave Technology and Milliwave |upBs82 | 05-28G1z | S asma | 4 plastic packages? Chips or
SCRSATARt - BnBal foh Nt L HETE L B (0 ML

[ - SG b .
purchase the technology, assets and %:::::Z ::: ,S(G:] S: ;bm ,‘,.b s ey Low.
liabilities of SMT’s Amplifier Division. n 25O SV mA | 5122% | voltage and low current devices
The entire operation, including equip- § UPBSE7 | 0.5°1.0GHz [2.2¥w0 35V )55mA | 348 | “forbattery powered designs?
ment and personnel will be transferred ‘ AN R S ER R L, Call today. We'll work with

to Milliwave's facility. Milliwave bhas
agreed to honor and meet all prior
commitments of the division inctuding
pricing and deliveries of existing orders
as well as existing quotations and
warranty repairs.

you engineer-to-engineer to see
that you get the parts you need, at a price
that's right. And in most cases, we can ship
directly from stock.
NEC technology and quality—and CEL
service. It's a powerful combination. Put it

Lorch Electronics Receives Con- to work for you. - ay

tract — Lorch Electronics has FREE DATA - =R
received a purchase order valued at $0.7 FOR DESIGNERS
million from Paramax Systems Corpora- For data sheets, call, J

® : |
tion. Lorch will design and manufacture NEC wille oF dictle s B
— S

high performance phase comparators . -
for the NEXRAD Program. NEXRAD the number below. y

(Next Generation Weather Radar) is an
California Eastern Laboratories &=

advanced weather detection system de-
signed to replace present weather de-

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

,’ 77 ' s @

tection equipment at sites throughout
the world. Various options for additional
units and field support could increase
the award by an addition $0.1 million.

© 1991 Californta Eastern Laboratories
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RF industry insight

Broadcast Applications Drive RF
and Video Technology

By Gary A. Breed
Editor

0 ne of the first RF industries, broad-
casting, remains a major factor in
RF and video electronics. This industry
is experiencing continued development
of new technologies like single sideband
(SSB) shortwave broadcasting, digital
FM broadcasting, high definition televi-
sion (HDTV), wide range paging service
on broadcast subcarriers, and several
new satellite services for video and
audio programming.

In the studio, advanced video system
development using ever-wider band-
widths, with complex analog and digital
signal processing, is pushing high speed
circuit design. Other convenience prod-
ucts like wireless microphones, short-
range microwave links for portable cam-
eras, and mobile satellite uplinks con-
tinue to add to broadcasting’s use of
RF technology.

Traditional RF Transmission

RF power components, vacuum
tubes, klystron-family devices and tran-
sistors continue to see development.
High-efficiency thermionic devices for
UHF television broadcasting are still
drawing interest, as are better transis-
tors for high power applications, espe-
cially for television transmitters. For
medium wave (AM band) transmitters,
switching-mode amplification using
power MOSFETs remains the method
of choice, with power levels now reach-
ing 100 kW. AM transmitter designers
have developed novel methods for com-
bining and modulation; solid-state televi-
sion transmitters may need similar break-
throughs to become reliable and rela-
tively inexpensive.

Studio-transmitter links and satellite
uplinks are markets for microwave equip-
ment. In the interest of quality and
reliability, the industry has seen an
increase in upgraded studio-transmitter
links. More television stations are utiliz-
ing mobile satellite uplinks, as well,
providing a market for satellite systems.

Short-range wireless links for micro-
phones and cameras have been in use
for some time, but the convenience and
flexibility of wireless interconnection is
getting renewed attention. High per-
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formance wireless microphones are be-
ing developed which allow many more
performers to use them at one time. New
technology, including very high perform-
ance receivers and spread spectrum
transmission, are being utilized to avoid
interference. Portable cameras are be-
ing outfitted with short-range microwave
links to get rid of the ‘‘umbilical cord”
of control and video cables.

Video Circuitry

There has been no letup in the
extremely rapid development of video
processing equipment. Competition in
both technical capabilities and style
have kept video effects designers busy.
High speed digital signal processing is
used for video image manipulation,
along with wideband, high isofation
switching and distribution circuitry. With
bandwidths up to 50 MHz, these circuits
closely parallel digital signal processing
for other baseband and IF applications.

More flexible signal routing and switch-
ing to reduce the expense of cabling is
another area of development activity. A
few fiber optic installations have been
made for video distribution, and systems
for directing the desired audio and video
programming are undergoing continued
improvement.

New Applications

Single sideband (SSB) transmission
for international shortwave broadcasting
will be phased into operation by the end
of 2015. This broadcasting medium is
growing rapidly, and the spectrum sav-
ings of narrowband modulation is a
necessity. Planning for this major shift
from amplitude modulation will involve
new transmitter construction or major
retrofitting of existing equipment. For
consumer electronics manufacturers,
economical SSB receivers must be
designed and distributed to all corners
of the world.

HDTV has passed the point where it
is new and speculative. Limited broad-
casting is underway in Japan, and plans
are firmly in place for program broad-
casting by satellite. HDTV using terres-
trial transmission appears to be nearing

a resolution with field trials beginning
soon that are supposed to result in a
selection of a technical standard. Once
the regulatory hurdles are crossed,
most analysts predict a slow initial
growth, but with a rapid upward swing
after three to five years.

Another new, and very rapidly devel-
oping broadcast mode is digital audio
broadcasting (DAB), transmitting com-
pact disc (CD) quality audio. Initial
broadcast via satellite will be almost
immediate, and proposals for digital FM
broadcasting are being evaluated. Al-
though DAB was proposed after HDTV
was conceived, it is likely to be imple-
mented long before HDTV sees its first
regular programming. Digital modula-
tion will require changes in FM transmis-
sion equipment, and add-on equipment
for existing receivers must be developed
quickly to take advantage of the market-
ing opportunity that superior quality
sound offers broadcasters.

Summary

Although broadcasting has seen slow
development of some new technologies
like HDTV and stereo AM broadcasting,
there have been other areas with sub-
stantial growth. Television stereo and
second-audio program channels, exten-
sive use of subcarriers on TV and FM
signals for auxiliary services, and the
use of satellite communications systems
are some of the most visibly active areas
in broadcast technology. New services
like SSB international broadcasting,
DAB and HDTV are providing the next
challenges for broadcast equipment de-
signers.

Sophisticated video systems and RF
equipment for operational support dem-
onstrate that broadcasting is a signifi-
cant market for more than just high
power transmitting equipment. Like
many so-called “old” RF technologies,
broadcasting continues to be an active
and innovative technological force. RF
For reprints of this article, contact
Cardiff Publishing Company at (303)
220-0600. Ask for the Circulation De-
partment.
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RF featured technology

Statistical Design Improves
Reliability and Manufacturing
Yields of RF Circuits

By Keith Cobler
EEsof Inc.

Computer simulation is a well estab-
lished method for investigating typical
or optimum circuit performance. But
simulation fails to adequately address
the issues important to product success,
including: maximum statistical (6-sigma)
yield, improved quality, and faster time-
to-market. Unavoidable variations in com-
ponent values due to component toler-
ances, environmental effects, or proc-
ess variations cause a design to vary
within a given lot or production run. CAE
programs usually only consider a single
set of component values that calculate
a nominal response thus failing to
recognize the response of manufac-
tured circuits. Engineers can optimize a
nominal response for performance, but
to increase the manufacturing yield the
engineer must intuitively replace parts
or change component tolerances.

B y analyzing a design in terms of its
component’s statistical variations,
designs can be produced with higher
manufacturing yields, and higher quality,
and ultimately more cost-effectively. In
fact, it is the statistical response, and not
the nominal response, that determines the
final success of a design since it repre-
sents the actual manufactured perform-
ance. In the commercial sector where
time-to-market is crucial and a six-month
delay may cost as much as a third of the
profit, statistical analysis is critical for max-
imizing yield before a design is commit-
ted to production. Today's software
programs can not only analyze manu-
factured responses but can also opti-
mize manufacturing yield by selecting
the correct nominal component values
such that the high-yield design is ob-
tained. This type of analysis is virtually
impossible without the aid of software.
In this article, some of the concepts
that are fundamental to the understand-
ing of statistical design will be explained.
The use of histograms in interpreting
statistical data as well as the ability to
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WSS SHBTSTREE
| Part Value
Single-point
design values: L1 168.7 nH

c2 94.6 pF
L3 236.3 nH
C4 67.6 pF

Table 1. Values determined from
single-point optimization.

automatically improve yield through de-
sign centering are described. New fea-
tures that give designers the ability to
utilize statistical design techniques are
now available in programs such as
EEsof’s Libra and JOMEGA circuit simu-
lators. In this paper, a low-pass filter
example will be used to demonstrate
how to use statistical design software to
maximize yield while considering part
selection and cost.

Analyzing the Nominal and
Statistical Responses

Designers have had to rely on differ-
ent methods in an attempt to control the
response of manufactured circuits. Many
incorrectly believe that the nominal
response is the geometric mean of the
statistical response. Consequently, de-

(rmwal;}“}l‘ —}
‘ H‘m

10,00 100 0 FIE0- 12 10000.0

4. 00

Ml

Figure ta. Nominal response of
active low-pass filter.

signers often try to meet specifications
by using small tolerance components
such that the manufactured responses
fall symmetrically about the nominal
design. In this way the true statistics of
the problem are ignored, and the result-
ing design may not be cost effective.
Software tools are now available that
can analyze and optimize the statistical
response of a circuit, based on vari-
ations in component values, tolerances,
or other types of statistical variations.

In circuit simulation it is important to
make the distinction between single-
point and statistical analysis. A single-
point analysis only considers the nomi-
nal component values within a circuit. It
does not take into account any type of
variation or uncertainty within compo-
nent values. This, in turn, leads to a
single or nominal response that is only
good for one specific set of component
values as shown by the single response
of an active low-pass filter shown in Figure
1a. With statistical analysis, the variations
in component values are taken into ac-
count by the Monte Carlo algorithm
which varies every statistical component
randomly such that a family of responses
exists as shown in Figure 1b. The nominal
response is contained somewhere within
the statistical response. In the same way
that the single nominal response is
optimized for peak performance, so the
o ]
1000 1

18 00

-40, 00 k — L. 1] !
0, 00 100. 0 FTEQ- 1T 10000 0

Figure 1b. Statistical response of
active low-pass filter.
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The Race for Quality. . .

They say in the race for quality there’s no finish
line. But there are milestones, and we passed
some long ago:

1985 PTS introduces a 2-year warranty,
among the first in the industry.

1986 PTS introduces an 8 year flat rate
$350 service charge for any out-of-
warranty repair (covers years 3
through 10 of ownership).

From all the recent press, you might think the
concept of quality was invented in the last few
years. Well,at PTS we’'ve been building quality
frequency synthesizers for well over a decade,
and backing that up with our warranty and ser-
vice plan. And with more than 30,000 years of
instrument service in the field, we have a pro-
ven failure rate of less than 3% per year.

High Reliability Frequency Synthesizers

PTS manufactures a complete line of frequency
synthesizers covering the 100 KHz to 1 GHz
band with switching time as fast as 1us for our
Direct Digital (DDS) models. And plenty of other
options as well, such as resolution down to 0.1
Hz, GPIB and digital phase rotation.

Whether it's ATE, SATCOM, EW or MRI/NMR
imaging, PTS has a frequency synthesizer to fit
your needs. PTS synthesizers carry one or more
of these approvals:

A @ 65

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

PROGRAMMED TEST SOURCES, INC.
9 Beaver Brook Road, P.O. Box 517, Littleton, MA 01460
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Putting Microwave Technology to Work for You

AVANTEK MMICs NATURE,
AT A NATURAL PRICE

High Performance RF/
Microwave Circuits in Tiny
SMD Packages

Fresh idea. A growing family of DC to 5.0
GHz amplifiers, active mixers, and other
high performance monolithic microwave
ICs (MMICs), at design conscious prices—
as low as $0.95 each in 10,000 piece quanti-
ties. Avantek’s new ISOSAT™ process yields
a harvest of silicon MMICs in plastic SMD
packages for portable, handheld, and low-
power high-volume designs, where size and
cost are as critical as RF performance.

Cellular, Spread Spectrum,
Fiber Optics, GPS—Any RF/
Microwave Application

Avantek, the pioneer of commercial and
defense RF/microwave solid-state, offers
the ISOSAT family of plastic MMICs in bulk,
tape and reel. High-volume, low-cost cir-
cuits that meet your highest requirements
for low power consumption, bandwidth,
low noise (as low as 1.7dB), high gain,
stability and cascadeability. ISOSAT prod-
ucts make your linear design goals easy and
efficient.

Get a Little Help from Your
Friends

Avantek has over 50 field specialists around
the world to assist in developing your RF/
microwave designs. And, Avantek ISOSAT
amplifier product data is available for use
in all major CAE libraries, such as EEsof
Touchstone™™

Power Gain vs. Frequency

35 T
] INA-021XX
30 | INA- <
INA-01IXX INAO3IXX
25
%20 i \
15 | MSA-07XX
10 [ MSATIXX ; MSA-09XX
i g

01 0.2

Frequency, GHz

With over 20 major stocking locations, and
a worldwide trans-shipment operation,
Avantek has the largest RF/microwave
semiconductor distribution network in the
world. We meet the demands of the most
demanding JIT programs, or supply critical
prototypes with the same matchless service
and support.
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Call Your Local Distributor or
1(800) AVANTEK (us»)

(416) 678-9430 (canada)

For Fast Delivery
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Part Value Tol.
L1 180 nH 10%
Cc2 100 pF 10%
L3 220 nH 10%
C4 68 pF 10%

Table 2. Using discrete part val-
ues (based on actual selection).

statistical response can be optimized for
optimum statistical or manufactured per-
formance. By controlling and optimizing

a circuit’s statistical performance the
reliability and manufacturing yield can
be maximized by decreasing the sensi-
tivity of circuit performance to changes
in its component values.

In order to justify the use of statistical
design, it is beneficial to first understand
the basic principals and concepts. To
begin, Monte Carlo analysis, which
forms the basis for most statistical
design software programs, will be re-
viewed. The concept of component
space will then be used to introduce
some statistical design features. Statisti-
cal design software's greatest benefit,

Rt

e

10K —

Rt

10K

Vout=4.75V
+ 10 volts
Sl
Ri— 10K
Vout=5.25V ?— Vout
R2 =
10K
Rin=21 K gf
- ——— e
R1

Figure 2. Two-dimensional component space for a voltage divider.
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Figure 3. Graph of circuit performance versus component value for a

typical circuit.
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design centering, will be explained.
Design centering automatically adjusts
the nominal components of a design
such that the highest yield possible is
obtained. The use of histograms, which
serve as a useful tool to interpret
statistical data, will then be described.

Monte Carlo Analysis
The fundamental method of statistical

analysis is based on Monte Carlo. Monte
Carlo works by randomly varying each
component's value within its specified
tolerance according to the probability
distribution function of each component.
Monte Carlo analysis has been found to
be the most practical and accurate
method for estimating yield. One of the
major advantages of Monte Carlo is that
il dues nol suller from Lthe *‘curse of

SAWZ2%“- L%t Eilters
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Sawtek, the leader in SAW technology, is now leading the
industry with filter technology for the communications market.
Recent advancements in SAW filter technology provide low
insertion loss at price levels previously unthinkable. Now Sawtek
offers low-cost, low-loss filters for a variety of applications like
GSM, PCN, CT-2, CDMA, TDMA, DECT, wireless LANs, DBS,
pocket pagers, ID tags, GPS, and keyless entry systems — just to
name a few. Your products can benefit from the advantages
provided by these low-loss filters, such as:

LR N RGN

Quick delivery

For specifications and pricing information, contact us today.
Fax: (407) 886-7061

(ySAWTEK

INCORPORATED
Orlando, Florida

Telephone: (407) 886-8860

Single-level, low-cost transducer architecture
Low-profile, surface-mount packaging
Simple, standard matching networks
Excellent amplitude and phase characteristics
Quartz temperature stability
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Figure 4. Sensitivity histograms
for R1 and R2.

dimensionality.”’ This means that the
analysis is completely independent of
the number of statistical parameters
within the circuit. Therefore, according
to Monte Carlo, the same amount of time
is required to estimate the yield of a
circuit with five statistical components
as with fifty.

A major draw-back to Monte Carlo
analysis is that it requires a large
number of samples for a given degree
of confidence in the estimate. The
variance in the estimate is proportional
to the inverse square root of the number
of trials used. Therefore, in order to cut
the variance of the estimate in half, the
number of trials would have to be
quadrupled. Fortunately, there are tech-
nigues available (such as the EEsof
Shadow Model) which greatly increases
the speed of Monte Carlo analysis.

Component Space

Statistical concepts can be visualized
in terms of geometric descriptions and
one particularly useful definition is that
of component space. Component space
is a multi-dimensional space where the

5] (£3
[ WVY\TNY\I b ,G p2
GEss C4

Figure 5. Schematic for a two
section low-pass filter.
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dimension is equal to the number of
components within a circuit. For exam-
ple, consider the voltage divider shown
in Figure 2. For a circuit with two
statistical parameters a two-dimensional
component space is defined. The two
resistors R1 and R2 each have a
nominal value of 10K which may vary
+500 ohms. The two resistors define a
lulerance region, R, whose limits are

constrained by the tolerances assigned
to each part. When R1 and R2 are equal
to 10K, a nominal response will result
and is shown at P_. The circuit specifica-
tions may be applied to the component
space by defining the region of accept-
ability, R,. This is the region in which the
circuit performance meets specifica-
tions as shown in the figure. For the
voltage divider, there are two specifica-
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| Part Value Tol

X L1 180 nH 10% |
| c2 91 pF 5% {
| L3 220 nH 10% l
L s63 68 pF 5% ‘

Table 3. Using tighter tolerance
parts (based on actual selection).

tions: (1) the input resistance R falls
within the range 19K < R,/ < 21K and
(2) V,,, falls within 476 V<V _ < 5.25
V. The amount of overlap between R,
and R, determines the manufacturing
yield of the circuit. The nominal compo-
nent values of the circuit give an esti-
mate of manufacturing yield to be about
25 percent.

Design Centering

Design centering is the process of
choosing the correct nominal compo-
nent values of a design such that the
number of manufactured responses meet-
ing specifications are maximized. Con-
sider a typical circuit whose perform-
ance, as a function of component value,
is shown in Figure 3. All points which
fall above the horizontal dashed line
represent circuits which meet specifica-
tions. Typically, a designer will optimize
or tune the circuit such that it achieves
peak performance. For this example,
peak performance is found at point A.
Inevitably, the circuit’s performance will
change as a result of the unavoidable
variations associated with each compo-
nent. The magnitude of this change is
defined by the tolerance region. If the
nominal or peak operating point is
chosen close to a “performance cliff’”’,
the overall circuit performance may fall
out of specification. In a manufacturing
environment this is a major contributor
to low manufacturing yield. Even for the
case where only a single circuit is to be
built, this type of behavior may lead to
a design with unreliable performance.
A design with higher yield and greater
reliability may be achieved by moving
the nominal value response to point B
on the response such that the tolerance
region falls well within the acceptable
range and away from the performance
cliff. This type of “‘centered design’’ can
automatically be achieved by using a
statistical optimizer.

Another way to describe design cen-
tering is in terms of component space.
In Figure 2, the manufacturing yield of
a design may be increased by moving
the tolerance region R, to R’ such that
the volume is now contained primarily
within the region of acceptability, R,. In
other words, if the circuit's components
vary about some new nominal value with
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Figure 6. Sensitivity histograms before design centering.

their same associated tolerances, all of
the circuits will meet specifications. This
is the process of design centering.
Design centering works by recalculating
the nominal values of the circuit compo-
nents with their associated tolerances
such that the overall circuit variance falls
within the specification. Design center-
ing not only improves the manufacturing
yield, but it also improves the circuit’s
reliability by desensitizing the response
and minimizing the probability that the
circuits performance will fall outside of
the region of acceptability.

Interpreting Data With Histograms

One method for interpreting statistical
data generated by a Monte Carlo analy-
sis is through the use of histograms. The
sensitivity histograms in Figure 4 pre-
sent a plot of percent yield as a function
of parameter value. This information is
displayed in bins where the magnitude
of each bin corresponds to the relative

yield achieved if that particular compo-
nent value is used. Two essential pieces
of information are obtained from sensi-
tivity histograms. The first is whether or
not the nominal value for a given compo-
nent is centered so the highest yield for
the design occurs at the nominal value
of the component. Once our design is
centered, the second piece of informa-
tion indicates the relative tolerance we
can use for a given component value.

In the case of the voltage divider,
notice that the original nominal value for
R2 was selected too low, as shown in
Figure 4. If a new nominal value is
selected, the yield should improve. Once
the component value is centered, deci-
sions can then be made on the toler-
ances to use. For the case of R1, which
is already centered, a tighter tolerance
part may be used such that the variation
about the nominal value is minimized.
Note that if the histogram is flat over the
entire tolerance range an expensive

CRYSTAL FILTERS
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TEMEX ELECTRONICS, INC.
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Surftrim®
Surface Mount
Trimmer Capacitors

* 2 sizes:

32x45x1.6mm

4.0x 4.5 x 2.7 mm (sealed)
* 4 mounting configurations
» Carrier and reel, or bulk pack
* 1.7 to 50 pF in 7 cap ranges
* Operates to 85°C

Phone, fax or write today for
Engineering Bulletin SG-305B.

SPRAGUE
Goooman

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

* Q10 4000 at 250 MHz
* 6 mounting styles suitable for all
RF structures

¢ Designed to meet MIL-C-14409D

* Operating temp: -55° to +125°C

* Cap ranges: 0.3-1.2 pF to 0.8-8.0 pF

* Subminiature size

* Multiturn resolution

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

Phone, fax or write today for

Engineering Bulletin SG-207A.

SPRAGUE
G00DMAN.

134 Fulton Ave Garden City Park, NY 11040
Phone: 516-746 1385 » Fax 516-746-1396
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BLILEY ELECTRIC COMPANY

=

LOW PROFILE
HIGH REL
OCXO’s

N26S

e i S 1 B

BLILEY’S NEW

Low Profile Series
oven oscillators are

esigned for high density

requirements.

N26S puts the advantages
of low aging and frequency
stability into a compact,
low profile package.

Bliley Type N26S OCXO

requency: 1 KHz to 20 MHz
requency stability:
+5 X 10 ~ 9 over 0°C to 70°C

Aging: 5 X 10 ~ 19/day

after 30 days
requency adjustment:
+1 ppm

Output: HCMOS

ower Supply: +15Vdc
+10%; 6 watts max turn
on, 2 watts max when
stabilized at 25°C

Option: TTL output 1 KHz to
20

MHz
Sine output 5 MHz to 20 MHz
Voltage control +1 ppm
typical for 5V
Power supply: any fixed value
in the range of +8Vdc to
+24Vdce

Contact Bliley for details.

rystal Oscillators ® Quartz Crystals

s

2545 West Grandview Blvd.
PO. Box 3428, Erie, PA 16508

814) 838-3571 FAX 814-833-2712)
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tight-tolerance part may be unneces-
sary. To investigate this, it is only a
simple matter of changing the toler-
ances on selected components, running
Monte Carlo again, and then interpret-
ing the resulting histograms.

Design Example

A simple design example will now be
used to demonstratc the capabilities of
statistical design. The schematic for a
two-section low-pass filter is shown in
Figure 5. The initial circuit specifications
are a bandwidth of 50 MHz, pass-band
ripple less than t dB, an input return
loss less than —14 dB, and an out-of-
band attenuation of —24 dB one octave
above cut-off. The circuit has been
optimized using a single-point optimizer
to achieve the initial single-point specifi-
cations. Notice that the values used in
the single-point design, as listed in
Table 1, are not discrete off-the-shelf
parts. In addition, no consideration has
been given to the component’s toler-
ances at this time. The next step in the
design is to see what values of off-the-
shelf parts are available. To begin, a

relatively moderate tolerance of 10 per-
cent for each component is used. In
general, the tolerance of a given part is
inversely proportional to its cost. There-
fore, it is always best to start off with
loose tolerance parts. The closest off-the-
shelf part values that are available are
shown in Table 2. Using these values in
the yield estimate leads to a relative
yield of 23 percent. For the designer
using a single-point optimizer the easi-
est method to improve the yield is to use
tighter tolerance parts. In this example
the next tighter tolerance off-the-shelf
parts available are 5 percent silver-mica
capacitors with the same 10 percent
inductors. Generally, when using a
tighter tolerance part, the number of
values available increases, thus the
actual value selected is closer to the
initial single-point values. The tighter
tolerance off-the-shelf parts values are
listed in Table 3. Notice that for C2 a 91
pF capacitor is now used as opposed to
the 100 pF capacitor used before. This
is because the 91 pF capacitor is closer
to the value determined in the single-
point optimization. After applying the

A&
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Figure 7. Sensitivity histograms after design centering.

tighter tolerance parts, the yield actually
gets worse and goes down to 4 percent.
The reason for this is that the original
design was not design centered such
that when tighter tolerance parts were

Designing a"‘dryop—in & po

-

ph .
- .
.
o i BT
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applied to the sloping yield functions,
the sample size was decreased resulting
in a lower yield.

It is evident that single-point optimiz-
ers do not offer the complete solution.

s
‘z
2

The correct methodology for the design
should have included a statistical analy-
sis, especially before any design deci-
sions such as the selection of compo-
nent tolerances were made. In this
example, the sensitivity histograms for
the loose tolerance case are shown in
Figure 6. Notice that the nominal compo-
nent values are not centcred and that
the nominal component values need to
be adjusted slightly in value. In order to
improve the current design, design
centering is applied and then the closest
discrete part values available are se-
lected. After centering, the most appro-
priate option is to change L3 from 220
nH to 270 nH. By doing this, the
manufacturing vyield increases to 90
percent without having to use tighter
tolerance parts. Now the sensitivity
histograms after design centering, as
shown in Figure 7, have a relatively
more flat, uniform response for each
component over their corresponding
tolerance ranges.

Cost Analysis
In today’s highly competitive global

Wer-up
\

e




market the success of a product is
largely dependent on its cost to manu-
facture. Over the last few years, assem-
bly line processes and labor have be-
come so efficient that the only variables
left in the cost equation are the parts
that make up the design. |f 5 percent
capacitors instead of 10 percent capaci-
tors are used on the centered low-pass
filter design the relative manufacturing
yield is 99 percent. Depending on the
circumstances, the tighter tolerance
parts may or may not be desirable. The
trade-off between having a cheaper
circuit with a lower manufacturing yield,
or a more expensive, yet higher yield
circuit must be made.

For the filter example, assume a total
manufacturing cost of $.50/circuit. The
only variable cost lies in the selection of
component tolerances. If 500 circuits
are manufactured, the difference be-
tween using 10 percent ceramic disc
capacitors and 5 percent silver mica
capacitors, is $.13/part. For the first
case with a single-point optimized de-
sign and 10 percent parts, the relative
yield was 28 percent. This results in a

cost per working unit of $2.40. In the
second case, the single-point design is
used except with 5 percent capacitors
instead of 10 percent capacitors. This
leads to a yield of 4 percent at a cost of
$19.00 per working unit. In the third
case, the design is centered and uses
10 percent parts giving a resulting yield
of 90 percent. The cost in this case is
$0.56 per working unit. For the last case,
the circuit uses design centered values
with the tighter tolerance 5 percent
parts. In this case, the cost is $0.77 per
working unit. This shows that it is not al-
ways best to use tighter tolerance parts,
it depends on the specific design situ-
ation. Through the application of statisti-
cal design software, designers now have
the ability to consider factors which affect
the economic reality of their designs.

Conclusion

Statistical design reveals that the
nominal response is a benchmark and
manufactured designs should be based
on the statistical response. In addition,
it has been shown that the process of
design centerlng provides an automated

method with which to improve manufac-
turing yields. Design centering allows
for optimization of manufacturing yield
before production begins and promotes
the most cost-effective design. RF
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AT&T's TRUOS0 timing recovery unit minimizes drop in the unit and power it up!
design time as it enhances reliability. It puts the Functional performance assured
functions of a phase detector, op amp, VCXO,and  The TRUO050 offers superior signal regeneration

divider on a single CMOS chip. Its crystal stabi-

lized, phase-locked loop design
extracts the signal from a digital data
stream, then regenerates the data.
Pre-set to meet loop specs |
The TRUO50 consists of a CMOS chip

and synch ronization as well as extremely low jitter.
3 | Its minimal number of parts, pre-
‘ tested in modular form, gives you a
‘ | high quality, highly reliable device.
That’s what we call “Customerizing’’
Complete product line

and quartz resonator in a 16-pin, s TR ) For more about our complete line of
ceramic, dual in-line package. The unit is com- frequency control products, including timing
pletely pre-tested, with crystal frequency recovery units, voltage-controlled crystal oscilla-
and divide factor (up to 256) factory-set to meet  tors, custom clock oscillators, and saw filters in a
wide variety of packaging options, call AT&T

your specifications. This, coupled with
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1210 inductor Trimming
+10% capacitor

1008 inductor 0805 capacitor
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PLUS TUNING

Why your tuned
citcuits ought to

betfixed.

Maybe it's time to rethink the way
you design high frequency RF circuits.

Instead of costly tuneable
components, why not switch to a fixed
LC approach using Coilcraft's tight
tolerance chip inductors.

You'll save up to 50% on component
costs. Eliminate the time and expense of
tuning. Cut board space from 50 to 70%.

And you'll end up with a circuit
that's more precise and stable.

We've broken the high price barrier
on tight tolerance chip inductors by

using a ceramic instead of a ferrite core.

Besides having a much higher SRF,
ceramic is electrically neutral.

So we can turn out a steady supply
of 2% parts and sell them at an
amazingly low price.

Our 2% inductors come in 1008
(56 nH - 1 pH) and 0805 {56 - 220 nH)
sizes. For non-critical applications,
our 5 and 10% parts offer maximum
savings.

For data sheets or to order one of our
Designer's Kits with prototyping
samples, call 800/322-2645.

BBMelecteonic engineers master

See our catalog in Vol A, Section 1800

Coilcraft offers low-cost
wideband RF transformers

Coilcraft offers a family of low-cost
wideband RF transformers that cover
the frequency range trom .005 to 600
MHz, with impedance ratios from 1:1
to4:1.

The transformers are offered in
tapped or untapped configurations
and are packaged in a low-profile
DIP-style plastic case. All parts are
available in either a through- hole or
surface mount version.

Applications include impedance
matching, voltage or current transfor-
mation, DC isolation, balanced/un-
balanced mixing, matching, power
splitting, coupling, and signal inver-
sion.

For more information, contact
Coilcraft, 1102 Silver Lake Road,
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Precision test fixtures for

surface mount devices

Coilcraft offers a series of test fix-
tures that assure faster, more accurate
measurements of surface mount
components. They’re especially well-
suited for testing tight-tolerance, low
value passive components at fre-
quencies from 1 to 1000 MHz.

The fixtures accommodate body
sizes 0805 to 1812 and have excep-
tionally low stray capacitance and
residual inductance. Several ver-
sions are offered for use with network
analyzers, spectrum analyzers, and
RF impedance analyzers such as the
Hewlett Packard 4191A. Prices
range from $425 to $498 depending
on configuration.

For more information, contact
Coilcraft, 1102 Silver Lake Road,
Cary IL 60013. 708/639-6400.
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RF featured technology

User Friendly Error Curves
for Digital Radios

By Glen A. Myers
Naval Postgraduate School

As digital communications applica-
tions continue to grow, more designers
must understand the factors affecting
system performance. The simple proce-
dure here helps an engineer determine
the required signal levels for the desired
system bit error rate (BER).

he noise performance of digital com-

munication systems is presented
as a curve of probability, P, of error (or
BER}) versus usually E_/N_or sometimes
S/N, where

E, = average energy per bit

N, = value of the noise power spectral
density function

S = average input signal power

N, = average in-band noise power

Such a presentation does not explicitly
account for the bit rate, r,, of the system.
The bit rate (or bit duration T, = 1/r,
sec) is used to calculate either E, as
(S)(T,) or N, as (N)(B) where B is the
bandwidth of the IF amplifier of the
superheterodyne radio receiver and
where N is assumed to be a constant.

So, the system designer or user has
to have available the value of N, and
then calculate E, or N, before entering
the curves. This note develops a new
presentation which directly relates P to
S in dBm. A simple calculation accounts
for the system bit rate. Since S must be
known in any case and is available from
link calculations in many cases, it is felt
that the use of S directly as a variable
is a convenience.

We begin by observing that in thermal
noise limited receivers,

N, = (K)(Tg) (1)
where

k = 1.38 x 1038 = Boltzmann's constant
T_ = temperature of the receiver front

end = 290 degrees Kelvin at room

RF Design

(earth) temperature.

So, at room temperature (17 degrees
Centigrade}),
N, = 4 x 1072' watts per Hertz (2)

The noise power in a one Hz bandwidth
Bis:

N, = 4 x 1072 watts = -174dBm  (3)

In the ratio E /N , we interpret N_ as
having a value equal to the power level
of —174 dBm.

Now, the value of E, is (S)(T,) = S/r,.
The ratio E,/N_ = E, /N, when expressed
in dB becomes

10logS — 10logr, — 10logN, =
S — 10logr, + 174 dBm 4)

’ l
Noncoherent FSK

107 E l

- Coherent FSK

[ Coherent PSK
1072 E ¥

= Differentially

- coherent PSK
1073
10 | 4 rpp—
10——5 = il
1076 —
107 i 1 1 1

-100 =4 X, dBm

Figure 1. P vs. X.
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Precision TCXO'’s

Frequency Stabilities

if we letr, = 25 Mbs, then

OSCILLATEK

to '1 PPM X101 SERIES

Oscillatek’'s TCXO's have been
designed for use in Military,
Aerospace and Commercial
timing and frequency control
applications where size,
weight and power require-
ments are difficult to meet.

(6)

dBm = S + 100 dBm

En By

— dB = —,
No N1

Or, 5 = (E,/N_ dB) — 100 dBm. So, we
have converted the abscissa of the usual
presentation to signal power in dBm by
subtracting 100 from the given values.
Instead of ranging from about 0 to 20

SPECIFICATIONS dB, the abscissa now ranges from —100
to —80 dBm.
Output: Sine, HCMOS, ACMOS ACTUAL SIZE To this point, the curve is only valid
ECL TTL and CMOS for a 25 Mbs link. Other rates are
] accommodated directly by defining a
Operating temperature range: TR earle Mot To et Jour ratio R = 10log[(25 x 109)/(r,)] dB. Now,
-55°C to + 125°C specific requirements. plotPvs. S+ R dBm.

Stability: many options available - Finally, another parameter affecting
g v A A receiver performance is the noise figure
deREnding oHyQUFMqUSBMEnts OSCILLATEK F dB, of the front end. Although the
Environmental: To military and . PO LSS CORTAN noise figure is a measure of the relative

commercial specifications as well 620 N. Lindenwood Drive ® Olathe, Kansas 66062 noise added by circuitry, by working with

L ; : . a ratio of signal power to noise power
FAX: (913) 829-3505 ® Phone: (913) 829-1777 4 g o
SRR S emcnte (9 SR we can realize this effect by subtracting

F in dB from S in dBm. (If the circuit
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Of RF/Microwave Products. i

*’ Looking for the most RFmicrowave product choices? You'll find them
at Philips.

Choose From...
L | 650 products...65 package options...outputs to 350W..operating fre- |  RF Diodes ¢ Small-
m  quencies to 4GHz...standard or custom...semiconductors or modules. Signal FETs ¢ CATV

They're all high-performance solutions for a broad array of applications. | , AMPS

e ¢ Tuner, Wideband,
Whatever your system, trust your component needs to Philips—a Microwive 4nd RE

aed solid source for years, and years to come. Call 1-800-447-3762 for our Power Transistors
i catalogue. Or write usat 2001 W. Blue Heron Blvd., PO. Box 10330, * Hybrid Wideband
. ™" Riviera Beach, FL 33404. b

Philips Semiconductors
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Low cost surface mount
switches and attenuators
for Mobile Phones, Base
Stations and Fiber Optics.
Includes CT2...GSM...
DECT...PCN’s.
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Digital Attentuators
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High Sigma

...M/A-GOM Surface Mount RF Diodes

Units

9 pF 95 pF 1.0 pF 1.05 pF
Ct @ OV for MA4CS 1034

Sky High Quality...
Down to Earth Prices.

The data shown above was taken for a 50 piece sample from a recent  M/A-COM offers 8 volt, 20 volt, and 70 volt HIGH SIGMA schotticy
lot of M/A-COM's MA4CS103A, 20 volt schottky. In fact, over 99.99% diodes for detection and mixing applications, packaged as singles
of the product (4 SIGMA) falls within a window of only 10.022 pF of and duals, in SOT-23 and SOT-143 packages.

the 0.962 pF MEAN value. The upper specification limit is 44.2

standard deviations away from the sample MEAN — a comforting fact HIGH SIGMA swich and aucnuator PINs packaged in SOT-23 are
when you have no room for failures. The tightly grouped also offered.

distribution of capacitance values for this sample is typical of what

can be expected of all specifications for our HIGH SIGMA RF diodes.
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Figure 2. An example of power
levels.

noise is characterized by an effective
input noise temperature T, convert this
to F = 10log[1 + (T /290)].)

The result is a curve of P vs X = (S +

R — F) dBm, as shown In Flgure 1. Figure
2 shows the various (power) levels.

An example of the use of Figure 1
is the following. Given the value of S
of interest and known value of F,
calculate R for the bit rate specified. For
X=8+R-F. If X< -100, the system
is unusable (usually). If X > —80, there
exists a power margin (usually). For that
value of X, enter the curve for the carrier
modulation and demodulator used (BPSK,
non-coherent FSK, etc.) and read P.

In m-ary systems, many available
curves substitute symbol rate for bit rate
and give probability of symbol error for
P. Further generalization of this proce-
dure for other system temperatures, T,
(space receivers) can be obtained by
defining T = 10log(290/T ) and redefin-
ingX=S+R+T-F. RF
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professor at the Department of Elec-
trical and Computer Engineering for
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93943-5100.

1992 RF Design Awards Contest

Will You Be The Winner?

....of the EAGLEWARE RF design software and
fully-configured '386 computer system —
Grand Prize in the PC Software Contest.

... of the HEWLETT-PACKARD HP 8711A
300 kHz to 1300 MHz transmission and
reflection network analyzer — Grand Prize
in the Circuit Design Contest.

of one of the twenty-five Honorable
Mention prizes recognizing excellence in both
categories — each package containing
COMMUNICATIONS SPECIALISTS chip
resistor and capacitor kits, COILCRAFT
inductor Designer’s Kits, and SIGNETICS
NE6O5 demo and evaluation kit.

See the winning designs
in the July issue of RF Design

1.2 pF

For immediate delivery from stock. call
M/A-COM s authorized distributor of
HIGH SIGMA diodes:

Richardson Electronics
1-800-348-5580

For HIGH SIGMA samples. data.
quotation and/or applications assistance.
call your local M/A-COM Fieid Sales
Office or our Burlington Semiconductor
Customer Service Department at

(617) 272-3100 or circle the reader
service number below.
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A closer look at Richardson reveals an
- extensive inventory of SGS-THOMSON
‘products and a commitment to satisfy your
requirements with unparalleled service. The
entire line of SGS-THOMSON RF and microwave
components is in stock to ensure you receive the
products you need when you need them.

By having the foresight to call Richardson, you'll never
have to worry about changing forecasts. Enjoy the
convenience of adjusting delivery schedules on your orders,
if needed, and the comfort in knowing the products you need
are available off-the-shelf.

Contact your local Richardson sales office today and see how we can
fulfill your requirements. The closer you look at Richardson, the clearer
your choice becomes for SGS-THOMSON RF components.

United States and Canada: (800) RF POWER
Corporate Headquarters: (708)-208-2200
LaFox, IL 60147

Richardson (y7 SGS-THOMSON
Electronics,Ltd. AY/S icoslEcmmonics
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RF featured technology

A Simple Algebraic and Analogical
Approach to A Scrambler/

Descrambler

By Jaouhar Mouine
University of Sherbrooke

In data communication systems, scrambler/descrambler
devices are widely used. The analysis of their operation is
commonly done with a numerical approach since we deal with
binary waveforms. Here, we will present the classic numerical
approach and another one which is analogical, leading to the
same results by representing the binary waveforms as NRZ
signals. The use of this second method may be of great interest
when additive analogical signals are present with the input
data signal. Spectral analysis of the output signals can be
performed directly without need of representing the output
binary sequence by an NRZ signal since it has already been
done. To support the mathematical explanations, an example
will also be presented.

he scrambler is a machine that converts a data sequence

into a channel sequence. It achieves two basic goals, both
of which improve the distribution of the output signal. It
increases the number of transitions in the channel sequence
and expands the period of the input signals.

The basic scrambler/descrambler consists of a linear
sequential filter with feedback/feed-forward paths. Figure 1
depicts their different elements. Constants in that figure are
binary, that means, the tap is present when b, takes a value
of ““1”". These constants are chosen such that the scrambler
increases the period of the signal in the desired way. It has

descrambler if its register contents are the same as those of
the descrambler. Note that the same scrambler output which
passes through its shift registers will pass through the
descrambler registers, and synchronization is automatically
achieved.

Numerical Analysis

A well known mathematical representation of the basic
scrambler/descrambler takes a polynomial form (1). If we
represent the delay caused by one shift register as an x, an m
delay elements scrambler is characterized by:

m
h(x) =1 - I bx* M
k1

This is called the characteristic polynomial of the scrambler/
descrambler (or the tap polynomial). Similarly, a binary
sequence can be expressed mathematically in a polynomial
form. A sequence{C}can be denoted:
C(x) = 2 cx @

=0
Where x is the delay of one bit and i is its order. Now, we can

easily deduce from Figure 1a that the scrambler divides the
input sequence I (x) by its characteristic polynomial.

been shown (1) that the period of the output signal, when the O (x) = 1,(x) + [O(x)b, x™ + O(x)b,,_,x™" + ... + O_(x)b,x"]
input signal is of period s, is the least common multiple (LCM) 1 : 4 ;
of s and 2™-1; m being the number of delay elements. This is 3
always true except for one initial state of the scrambler where m
the signal period remains unchanged. Monitoring logic allows = 1(x) + [Os(x) p3 bkx"]
us to avoid this last case. S
The self-synchronizing properties of these devices are m
easily determined by inspecting their block diagrams in Fig- “ I (x) = O(x) (1 = 2 ibRk ) 4
ure 1. The scrambler is said to be synchronized with the ¢ L.l
SATR Y . Vel =S¥ “ S ® Ve ey SR T | | Fo— —T A T ";
o,mx o,mx’ o,mx’ T T < |
W & 1,(x) Q‘I[D U {—} ET I : % 200 |
‘ - |O4ix ‘ | 0 ! ¥ t1 ||
a,m | . ] ‘ | ) f)
()R ! 2) i
2 (== J i : 0 0 1 S Sy +1 ||
£ /,mx :,mx’ l.mx um‘——@ {1 {z} {rh{x} ] :
1y x) {. | | [ | 1 1 0 +7 +7 Fi |
L -oi i g | . -kl I R p——
SRSy e > Sl ST AR SR s T Tl
————— — - ——J Figure 2. a) 7-stage shift register  Figure 3. Isomorphlsm between

Flgure 1. a) basic scrambler, b)

basic descrambler. ter descrambler.

RF Design

scrambler, b) 7-stage shift regis-

modulo two addition and multipli-
cation.
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New High Performance,
High Isolation, High Reliability
RF Switches.

Dynatech’s new high
performance RF switches
feature the highest isolation
available and impressive
reliability, and provide a
minimum of 2,000,000
cycles, based on a unique
patented switching
mechanism. Designed to
operate in the frequency
range from DC to 4 GHz,
all modeis boast excellent
VSWR and RF power
handling ability.

Easy to mount

These easy-to-mount units
feature standard multiple
mounting configurations
and connector orientations,
plus a housed solenoid for
added environmental
protection.

A multitude ot
applications

Dynatech switches
are used in video and
television transmit
equipment, high power
switching, test equipment,
and RF and microwave
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communications systems
such as cellular base station,
land mobile systems, and
personal communication
networks (PCN).

For additional
Information

Call or write for the new

l |
———
G ————

p ey

Dynatech brochure
today.

(818) 880-6100

FAX (818) 880-5941

vt 26655 W. AgouraRd.

Calabasas, CA
e 91302-1921

= MICROWAVE TECHNOLOGY, INC.
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We can verify in the same manner, in Figure 1b that the
descrambler multiplies the received sequence, called O (x) or
I4(x), by its tap polynomial.

O,4(x) = 14(x)b x™ + 1,0)b__x™" + ...+ 1(x)b,x" + 1,(x)
m (6)
=14x) |1+ kZ1 b, x*

It’s worth remembering that all operations are made in modulo
two arithmetic, therefore, the addition operation is equivalent
to the subtraction operation.

The operation of the scrambler consists of the division of two
polynomials. To perform this division, polynomials should be
ordered, starting with the smallest degree term. This division
is of the infinite kind, as opposed to the division made by a
‘“‘divider by a polynomial”’ (2) that keeps the remainder at its
registers.

Analogical Analysis

The analogical approach to digital scrambler/descrambler
operations can be performed by substituting NRZ signals for
the binary sequences. One only has to represent symbols 1

and 0 by normalized values —1 and +1 (or +1 and -—1)
respectively. Also the modulo two adders should be replaced
by multipliers, owing to the isomorphism existing between
modulo two addition and real multiplication (Figure 2).
Assuming these conditions, one can express scrambler
operation as follows:

Let I (x) and O_(x) be represented by the NRZ signals i_(t) and
o,(t) respectively, hence:

Ebk p pu b, k
o0 = 0" 10 fi [-0® +, (tro.(-1)] @
i s
where the decision on the first term sign depends on the convention
taken to represent the binary sequences by NRZ signals and
f. is the sampling frequency that matches the shifting one.
In the same manner, the descrambler operation can be
expressed as follows: Let i (t) and o(t) denote respective NRZ
signals which correspond to | (x) and O4(x) sequences:

b, 1 b i
o4(t) = (1) iy® N [(-1) by (1 *ly (‘ (3 %))] gy

S

When replacing i, (t), which is the same as o_(t) by equation 7,
we obtain:

o4(t) = i(t) ©)

since

THE CHOICE

IN RF CONNECTORS

[/ Commercial Grade
[ MIL-SPEC

[/ 75-Ohm SMB

[/ Specials

High Quality - Dependability - On-Time Delivery
Responsiveness

E.E JOHNSON

1-800-247-8256
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Our WORLD CLASS CRYSTALS

STAY

STABLE

Our "world class" crystals are ideal for precision applica-
tions that require ULTRA-LOW AGING. And, at nearly
the performance of an SC cut crystal with an AT cut crystal
price.

For instance, aging better than a 3 x 10 '%day for a 5.0
MHz, 3rd overtone crystal and 5 x 10"'%day for a 10.0
MHz, 3rd overtone crystal is typical. (Available in HC-47
holders.)

EG&G crystals are tound in some of the most sophisticated
products and systems around. And, we're backed by an
engineering staff available to fill your needs and solve your
problems. Give us acall at 1-800-424-0266 and let us show
what we can do for you.

J EGzG
FREQUENCY PRODUCTS

4914 Gray Road + Cincinnati, Ohio 45232 | InCanada represented by: ELLAM & Assoc. Lid.
Phone 513-542-5555 « FAX 513-542-5146 | Phone 613-727-3892 « FAX 613-727-0368
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The table below presents a sample from our standard bipolar
amplifier design library. Most of these designs are available ~ .
from stock. The amplifiers use internal voltage regulators
and are reverse voltage protected. In addition, the
following custom options are available on most models:

» Bias via the output RF port

» Low-loss input bias tee for photo diodes
» Integral input limiter

» Frequency response to below 10 kHz

>

>

Amplitude/phase tracking and matching
Fast recovery from input overloads
> Type N or BNC connectors

RN
N

If the above options do not LOW NOISE AND G!N.HN-L 31
include your requirements, AL : R ——
please give us a call. We ' | Gain var | (Max oB) |

might be able to satisfy your Model | Frequency | (Min) (Max)|  Band VSWR
Number MHz) | (dB Low Mid High | (Max. i - '
custom needs. SR | AR CeB) Lo BRARIBT) VA0 -0dn, dBgY | V)@ S
AU-1310 01 - 500 050 | 1.3 15 211 8 \ 15 4 Golk
. AM-1300 .01 — 1000 075 | 1.4 1.8 2:1 6 15 50
Guaranteed two-week deliv- 28}333 1300 050 | 19 1.9 3:1 =P & 1B
-1379° 1 - 500 050 | 2.2 24 4l = 6 10
eryonmost models for small AU-2A-0150 1500 050 | 1.3 Ry 8 15 601
quantity orders. Most mod- ﬁﬁ%ﬁ%}gﬁm 1 =500 050 | 1.3 15 | 2 10 15 75
. -2A- 1 - 1000 075 | 1.4 18 2:1 8 15 50
elsareavailable screenedto  EAVEINSTSRrS EEERIERF 075 |14 18 | 21 9 15 75
t|ghter tolerances. AU-1021 5 - 300 050 | 22 2.6 2t 20 175
AU-1158 20 - 200 050 | 2.7 27 2:1 17 125
AMMIC-1318 | 100 ~ 2000 100 | 45 40 | 21 12 35 |
AMMIC-1348 | 100 - 2000 1.00 | 5.0 50 | 21 14 150 |
AM-2A-0510 500 - 1000 050 | 1.4 1651l 1421 0 50
AM-3A-0510 500 — 1000 050 | 14 16 | 2 10 75
AM-3A-1020 | 1000 — 2000 050 | 1.8 24 2 10 75

AUP-1374 10 ~ 500 45 50 55

AUP-1383 20 - 300 24 25 26
AUP-1382 20 - 300 24 25 26
AMP-1380 10 -~ 1000 p 60 65 7.0
AMP-1381 20 - 1000 42 36 38
AMP-1389 10 - 1000 . 10.0 10.0 10.0

Other options available

For our amplifier catalog or for specific technical information,
please contact Bill Pope at extension 282.

IT= 100 Davids Drive, Hauppauge, NY 11788
| TEL: (516) 436-7400 FAX: (516) 436-7430

INFO/CARD 39




Ig O RN <IN ’ e\ \
e:"'?] Generator Mgg :
o PUISG, LOgIC-FM’ Call toll-free

s Frequency Accura®y | g0() 645.5104
Urious/Harmonic In NY State

*-SdB Amplitude Accura®y 516 231-6900

i LEADER
Leader Instruments Corporation, 380 Oser Avenue, Hauppauge, New York 11788 FOR PROFESSIONALS WHO KNOW
Regional Offices: Chicago, Dallas, Los Angeles, Atlanta. In Canada call Omnitronix Ltd., 416 828-6221 THE DIFFERENCE
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DC-22 GHz Miniature A
SPDT
Switches

Failsafe

Failsafe with Indicators
Latching

Latching with Indicators
Latching with Self-Cutoff
Latching with Self-Cutoff & Indicators  YES

DC-18 GHz Miniature
Transfer Switches

Failsafe YES YES
Failsafe with Indicators YES YES
Latching YES
Latching with Indicators YES YES
Latching with Self-Cutoft YES

Latching with Self-Cutoff & Indicators  YES

DC-18 GHz Miniature
Multi-throw Switches

1P3T Normally Open YES
1P3T Normally Open with Indicators  YES
1P3T Latching YES
1P3T Latching with Indicators YES
1P4T Normally Open YES YES
1P4T Normally Open with Indicators YES YES
1P4T Latching YES
1P4T Latching with Indicators YES
1P6T Normally Open YES YES
1P6T Normally Open with Indicators YES YES
1P6T Latching YES
1P6T Latching with Indicators YES

Switch matrices, Hi-Rel and hybrid designs
available. For more information contact:

“\" TELEDYNE MICROWAVE

1290 Terra Bella Avenue  Mountain View, CA 94043
Telephone 1-415-960-8610 - Fax 1-415-966-1521

(*Subject to Stock-on-Hand)
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nib" : i \ . k 2 S
(1) i) i(I'II l:(—1)b SERb <1 EAi (t = f_s)>] =1 (10)

The two basic equations presented above lead to the same results
as in a numerical approach. To help fix this last approach in one’s
memory, we present an example using the two approaches.
Example

Consider a scrambler/descrambler device of 7-stage shift
register described by the tap polynomial (Figure 3):
h() = 1+ x6 + x7 (D

On the other hand, consider a scrambler input sequence called
{I.}. Assuming that this binary sequence is:

{I} = 101,100,101, ... (12)
it can be expressed in the form of a polynomial as:

ELESlE S T8 1 SRS 4L T L S (13)
According to equation 3, the output of the scrambler will be:

R I Aot G S0 \aa R

O.(x) = (14)
d h(x) 1+ x5+ x
This division can be carried out as shown in Equation 15.
L S XA B LR XY 148+ %
1 +x8 + x
x2 4+ x +x7 4+ x° 1T+ +x3 4% +
X + x8 + x
' +x + x?
i3 X i pdap gy
x LA i
x7 LR
x'ﬂ xl! xl4
(15)
Hence,
IO = wd # %7 ¥ .., (16)
and the descrambler operation may be described similarty
O x) = I4h(x) = (1 + X2+ x3 + x7 + .. )1 + x® + x7)
=14+ x2+x3+ x5+ x84+ ... a7)

Which corresponds to the scrambler input | (x) described in
equation 13.

Now let i(t), o.(t), i,(t) and o, (1) be the NRZ signals
corresponding respectively to sequences I (x), O.(x), |,(x) and
O,(x). Assuming the convention (+1 —> 1, -1 —> 0), one can
find, according to equation 7:

o) = —i o, (t 4 f) o, <t 3 Z) (18)

April 1992



) RF Prime...

Your Technology Leader

* Highest frequency/smallest package

* Lowest profile in the industry — .125 max. height

wrap-around metal system

RF Prime, the surface mount technology leader, now introduces
MetaL-RAP. This exclusive nickel barrier/solder-plated metal
system wraps around the substrate, allowing easy solder reflow
and visual inspectionalong the edge of the component. RF Prime’s
full line of surface mount mixers are assembled utilizing all-
welded construction and carry a 5-year warranty. These mixers
are inanon-hermetic plastic/ceramic package.250x.310x.200 in.
and are now available with an industry-first, low-profile height of
only .125 in.

RF Prime has extended its wideband coverage to 2.5 GHz with the
introduction of the RFMS-6, and now offers LO power up to
17 dBm on the RFMS-1A-17, RFMS-2-17, and the RFMS-5-17.

Don't settle for less. RF Prime is your source for superior quality,
high technology, surface mount mixers. RF Prime, where quality
is designed in — not just tested in.

Call today for information on our entire product line of
RF/Microwave components: mixers, transformers, power
splitters/combiners, and phase detectors.

So, it’s about time.
Dial 800-878-4669

RF Prime, Inc. = 11305 Sunrise Gold Circle » Rancho Cordova, CA 95742

23
* First all-welded, beam-leaded construction with gold-to-gold metalization

Now introducing MetaL-Rap™ — RF Prime’s exclusive nickel barrier/solder-plated,

Specifications, seclected models

Model

RFMS-1
RFMS-2
RFMS-2A
RFMS-4

RFMS-5
RFMS-6
RFMS-1A-10
RFMS-2-10

RFMS-5-10
RFMS-1A-13
RFMS-2-13
RFMS-5-13
RFMS-1A-17
RFMS-2-17
RFMS-5-17

Note t: Max. over total range.
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Frequency, MHz

LO/RF

0.5-500
5-1000
5-1000
5-1500

10-2000
10-2500
2-500
5-1000

10-1500
2-500
5-1000
10-1500
2-500
5-1000
10-1500

IF
DC-500
DC-1000
10-1000
DC-1000

10-900

10-900
DC-500
DC-1000

DC-1000
DC-500
DC-1000
DC-1000

DC-500
DC-1000
DC-1000

g

LO Level

(dBm)

+7
+7
+7
+7

+7
+7
+10
+10

+10
+13
+13
+13
+17

+17
+17

* Ph:916/852-8334 -

Conv. Loss' Price, $

~ (dB)
8.0
9.0
8.0
9.0

9.5
10.0
a7
9.0

9.5
7.7
9.0
9.5

85
9.5
95

RF
Prime

Fax: 916/852-0689

(1-9)
5.25
5.95
5.95
9.95 49.95

12.95-15.95
14.95.24:95
6.95
7.95

11.95
7.95
8.95

10.85

9.95
10.95
15.95



In the same manner, applying equation 8 leads to

o ) = i )i, <t 2 fs) i, (t : Z)

By substituting i (t) by o_(t) in equation 19

0,t) = —o,()o, <t - f) o, (t 2 Z)

But o(t) is expressed by equation 18, hence:

ot 0]
o, (t - %) o, <t 3. fi) =i

since

6 6
0 5 Okt = =1
s( f$> b< fs>
and

7 74

=1

o (- 2)o(i-7)

Solitron'Microwave manufactures and builds MIL-STD qualification approvals guarantee you
custom and standard coaxial cable assemblies high reliability combined with cost savings.
to satisfy the most demanding semirigid or flex- Today, put more than twenty years ot cable
ible specifications. Our connector facility and experience to work for you.

Calitran /u\A icrowave |

1177 Blue Heron Blvd., Riviera Beach, Florida 33404 « Phone:407-848-4311 Ext.139
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(19)

(20)

(21)

(22)

(23)

Conclusion

We have presented here the basic scrambler/descrambler
operations, describing general equations in both approaches,
numerical and analogical. These equations can be effectively
used to build up subroutines to simulate a scrambler/
descrambler device under any circumstances. RF
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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
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en Gonnections Count

H h Performance

oaxial Adapters
From MA-COM

OMNI SPECTRA
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How many 21 year old
leaders do you know?

KaL
MICROWAVE

Better yet, how many
leaders would you trus
customers have been tfsting K&L's

microminiature filters to meet their needs
in the areas of performance, quality, and { ]

reliability, at the lowest cost. This on-
going committment has established us as
the world leader in the area of RF and
ED

microwave components. | MICROWAVE INCORPORAT
Look for us!

l D TECNNOLOGIES COMPANY

qo8 Coles Circle ¢  Salisbury, Maryland 21801 < Phone: 410-749-2424 +  FAX: 410-749-5725
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TRAK. MICROWAVE

Circulators & Isolators
MICpuck™ and Micropuck® Models

MICpuck™ Circulators

MODEL FREQUENCY | BANDWIDTH | ISOLATION || INSERTION | VSWR OPERATING PEAK AVG HEAT SINK
NUMBER RANGE % dB min LOSS max. TEMP. POWER POWER TEMP (INCHES NOMINAL)
{GHz] dB max. °C WATTS WATTS W H
L9°6001 4-8 5 20 05 1.25 -54° 10 +95° 50 25 +50 82 X 500 X 24
L9°6001 4-8 10 18 0.6 1.30 -54%10 +95° 50 25 +50 62 X 500 x 24
L9°9001 B-12 5 20 0.45 120 -540 10 +95° 50 25 +50 50 13 350 X 14
LY 9001 012 n 18 0.55 1.30 -54% 10 +95° 50 25 +50 .50 x 350 X 14
L9°2001 12-18 5 18 06 1.30 -54% 10 +95° 50 28 150 50 v KU X 14
19°2001 12-18 10 7 0.7 185 -540 10 +95° 50 25 +50 .50 x .350 x A4
MICpuck™ Isolators
MODEL FREQUENCY | BANDWIDTH || ISOLATION || INSERTION | VSWR OPERATING PEAK AVG HEAT SINK I
NUMBER RANGE Y% dB min LOSS max TEMP POWER POWER TEMP (INCHES NOMINAL)
{GHz2] dB max. °C WATTS WATTS L W
M9°6001 4-8 5 20 0.5 125 -54% 10 +95° 50 0.7 +95 £2 x 500 x .24
M9°6001 4-8 10 18 0.6 1.30 -549% 10 +95° 50 07 +95 62 X 500 1 4 24
M9°9001 8-12 5 20 0.45 120 -54% 10 +95° 50 07 *95 .50 X 350 X A4
M9°9001 8-12 10 18 0.55 1.30 -54° 10 +95° 50 0.7 +95 50 x 350 X 14
M3* 2001 12-18 5 18 0.6 1.30 -549 10 +95° 50 07 +95 50 x .350 x A4
M9°2001 12-18 10 17 0.7 1.35 -54° 10 +95° 50 07 +95 50 x 350 x 14
Flange Mount Micropuck® Isolators
g P
MODEL FREQUENCY | BANDWIOTH | ISOLATION | INSERTION | VSWR OPERATING PEAK AVG HEAT SINK
NUMBER RANGE Yo dB8 min. LOSS max TEMP. POWER POWER TEMP. {INCHES NOMINAL)
(GHz} dB max. %0, WATTS WATTS L W H
F9°6101 4-8 10 20 0.5 125 -54° 10 +95° 50 A 95 62 x 375 X 2t
F9°9001 B-12 10 20 0.4 1.25 -549 10 +95° 50 5 95 .50 X 25 X 18
F9°2001 12-18 10 37 0.5 1.35 -54% 10 +95° 50 S 95 50 x 25 x 18
F9A6141 3743 FULLBAND 15 0.6 1.45 -30P 10 +70° 50 7 70 62 X 375 x 21
FOA9I01* 8-12 FULLBAND 16 0.7 145 -54° 10 +95° 50 T 95 62 X 375 x 2
F9A2201"" 12-18 FULLBAND 17 0.7 1.50 -55% 10 +100° 50 ) 95 .50 x 25 X 18
- -
Flangeless Micropuck® Circulators
MODEL FREQUENCY | BANDWIDTH | ISOLATION | INSERTION VSWR OPERATING PEAK AVG. HEAT SINK
NUMBER RANGE % dB min LOSS max. TEMP POWER POWER TEMP (INCHES NOMINAL)
(GHz) dB max : 0] WATTS WATTS L w H
G9°6101 4-8 10 20 S) 125 -54° 10 +95° 50 25 50 .375 X 375 X .21
G9°9001 8-12 10 20 4 1.25 -54° to +95° 50 29 50 .25 X .25 X 18
G9°2001 12-18 10 17 5 tadb) -54° 10 +95° 50 20 50 .25 X 25 X .18
GIA9101°** 812 FULLBAND 16 v 145 -54° t0 +95° 50 20 50 375 x 375 X 21
Flangeless Micropuck® Isolators
MODEL FREQUENCY BANDWIDTH | ISOLATION | INSERTION (| VSWR OPERATING PEAK AVG. HEAT SINK
NUMBER RANGE % dB min LOSS max. TEMP POWER POWER TEMP {(INCHES NOMINAL)
(GHz) dB max O WATTS WATTS L W H
H9'6101 4-8 10 20 5 1.25 -54° to +95° 50 S| 50 375 X 375 X g2
H9°9001 8-12 10 20 4 1.25 -54° to+ 95° 50 W 50 25 X .25 X 18
H9°2001 12-18 10 1|77 5 1.35 -54° 10 +95° 50 £, 50 25 X 25 X .18
HSAQ}Ol id 8-12 FULLBAND 16 7 1.45 -54° to +95° 50 7 50 25 X .25 X .18
HIA2201 12-18 FULLBAND 17 7 1.50 -55° to +100° 50 i) 50 375 X 375 X 21
* Specify center frequency when ordenng. Model designation will be completed by TRAK. NOTES: (1) Upper frequency limt cannot exceed 18 GHz. (2) Hf your lower frequency limrt
*“These units are normally availabie from stock or from our distributors. is below the lower it stated for a particular model, select the preceding model. If your

upper frequency kmit will exceed 12 GHz, select the next higher frequency model.

Communications Band Models

Circulator High Power Isolator -
Frequency .......... 860-900 MHz Frequency .......... 865-900 MHz )
Isolation ... 23dB min, Isolation ............ 25 dB min.
Insertion Loss ....... .35 dB max. Insertion Loss ....... 0.25 dB max.,
VIR I e e kg 1.25:1 All Ports 02 dB typ. & 'S
Power Rating‘ ....... 65 watts avg. VSWR . EERETRETEE 1.20:1 max. COUPLER POAT
Temp. Operating . .... 00 to +70°C Power Rating ....... 50 watts J3
S e ol Al cudh 0.96 diameter Temperature ........ 0° to +50°C
| x 25" high Size (inches) ........ 182 x1.32 x 66 @
Coupier on terminated port provides - '
Specifications subject to change without notice. rovEme pEARE mOATDH SN

TRAK MICROWAVE CORP. Dept. R42, 4726 Eisenhower Bivd. » Tampa, FL 33634-6391  Phone 813-884-1411 e FAX 813-886-2794 ¢ TELEX 52827
TRAK MICROWAVE LTD. Dept. R42, 4 Lindsay Court ® Dundee Technology Park ¢ Dundee, Scotland DD21TY e« Phone 44-382-561509 FAX 44-382-582643
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MAXTECH, Inc.

Technology for Communications

Standard C-, Ku-, L-, S-, X-  + State-of-the-art noise
or custom frequency bands performance:
— to 35 °K, C-band
+ HEMT/GaAs FET design — t0 80 °K, Ku-band
* Reverse polarity and * Internal power supply,
overvoltage protection alarm options

Redundant LNA System

™ B . 1.1, 1:2, dual 111 and - Manual or automatic
custom configurations operation
* High performance * Dual, redundant power
MAXTECH LNAs supplies
* High quality waveguide/ * Worldwide AC input
coaxial switches capability

C-, Ku-, L- and other bands * Modules, rack-mount, and
- Reliable GaAs solid-state redundant configurations

design are available
x| T e [ : - « Options include power
mu|mlrn]uummmmmmu CP:(-)\;Vﬁé ?_L_Jgpalﬂdtotgoz(\;v\'/v”:n monitoring, S D e
Ku-band : compensation, and outdoor
packaging

Redundant Line Driver Broadband imageless
systems, IF/RF mixers

 Ultra low noise cooled » Broadband quadrature
amplifiers hybrids

* Up- and down- frequency + Custom subsystems and
converters components to 23 GHz

For a specific response to your requirements, contact our sales department by phone, FAX, or mail.

2820 East College Avenue, Suite G, State College, PA 16801 » Telephone 814-238-2700 « FAX 814-238-6589

INFO/CARD 47




NEWX LITERATURE FROM STANFORD
TELECOMMUNICATIONS, INC.
ASIC AND CUSTOM PRODUCT DIVISION

1
. The
! pos

] Handbook
1

Second Editian

Stanford Telecom’s ASIC & Custom Products Division now has available the Seventh Edition of its Shortform
Catalog. Products for DDS (Direct Digital Synthesis), FEC (Forward Error Correction), Demodulation, Spread
Spectrum and Digital Wireless applications are included. Many new products released over the last twelve months
are now included.

The Stanford Telecom DDS Handbook, FEC Handbook and Spread Spectrum Handbooks are currently being up-
dated to incorporate new ASIC products and will soon be available. Product data sheets and application notes in
each of these areas are included.

The DDS Handbook

Includes data and information on Numerically Controlled Oscillators (NCOs) operating at clock frequencies up to
1 GHz. Hybrid, board and chassis level DDS products using these NCOs and covering output frequency ranges
up to 400 MHz are also described.

The FEC Handbook
Covers a range of Convolutional Encoders Viterbi Decoders operating at data rates to 12 Mbps.

The Spread Spectrum Handbook

Covers a wide range of products for spread spectrum and PSK demodulation applications. Application notes on
the use of these products are also included. DDS products for spread spectrum modulation and downconversion,
correlators and matched filters for despreading, PSK demodulation and Digital Wireless products, spreading code
generation products, and FEC products are described.

Stanford Telecom offers a wide range of products suitable for applications ranging from very low cost, high volume
commercial to MIL Screened class-B or class-S radiation hardened.

STANFORD TELECOMMUNICATIONS, INC.
STAN FO R ASIC and Custom Products Division
2421 Mission College Boulevard
F = Santa Clara, California 95056-0968
Phone: 408/980-5684 ¢ Fax: 408/727-1482
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HYFPER- MODE

Teledyne Microwave offers a wide
variety of broad-band isolators. These
catalog models are representative of
Teledyne Microwave's ferrite design
and manufacturing capability. Other
Hyper-Mode isolators can be custom
engineered to meet unique customer
specifications. Contact a Teledyne
Microwave Sales Engineer at
415-968-2211 to obtain additional
information on current Hyper-Mode
isolator models and availability.

Ultra-Broadband Isolators

General Specifications

All Hyper-Mode isolators are
manufactured to the same rigid
standards as the other ferrite prod-
ucts listed in this catalog. Refer to
single Junction Tee Type general
specifications for more information.
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*1.3dB2.0-22GHzand 7.8 - 8.0 GHz

“* 2.5 dB @ 3 GHz Monotonically Increasing to 5.0 dB @ 20 GHz

1290 Terra Bella Ave., Mountain View, CA 94043
Telephone 415-968-2211 Fax 415-966-1521
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LARK ENGINEERING COMPANY

Lark has developed a unique series of miniature filters to solve today’s high density packaging
problems.

Rugged construction and miniature size provide immediate solutions for manpack, missile,
EW, and space applications.

Pin type terminals make these filter series compatible for printed circuit mounting. Please
refer to appropriate page for additional information, or contact our applications engineer-
ing department.

RF & Microwave Filters
B Full Product Line from 1 MHz to 18 GHz
B Coaxial, Tubular, Combline, Cavity
B Miniature, Pin Mount, TO-8 Can
B High Pass, Low Pass, Band Pass, Band Reject
8 Duplexers and Multiplexers
B Switchable Filter Banks and Preselectors
® From Low Cost Commercial to High Performance MIL Spec
B Standard, Special, and High Reliability models available

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

LARK ENGINEERING COMPANY™

A Division of Baier & Baier. Inc.
27151 Calle Delgado, San Juan Capistrano. CA 92675
FAX: 714-240-7910
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CRYSTAL OSCILLATORS

AND THICK FILM HYBRID CUSTOMIZATION

® DESIGNED WITH CMOS, HCMOS, TTL, ECL AND GaAs TECHNOLOGY
® FREQUENCY RANGE FROM 1 Hz TO 1 GHz

® STANDARD FREQUENCIES FROM STOCK TO 4 WEEKS

® CUSTOMIZATION TO CUSTOMER REQUIREMENTS

® TCXO’s & VCXO'’s UP TO 200 MHz

® THICK FILM HYBRIDS CUSTOMIZATION & TURNKEY ASSEMBLY

HHY DS 311 NORTH LINDENWOOD DRIVE / OLATHE, KANSAS 66062

|NTERNAT|ONAL; LTD. PHONE: (913) 764-6400 » FAX (913) 764-6409
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Noise Com and NCI Systems

Noise Com Catalog
Features Noise Products
From DC to 110 GHz

The 1992 edition of Noise Com’s
full-line catalog features several new
products, including the NC 346 cali-
brated noise sources for noise figure
measurements and the UFX 7000
Series of programmable noise-gen-
erating instruments. The UFX 7000
Series instruments allow the user to
create automated measurement rou-
tines and are extremely easy to use.

Noise Com’s complete line of noise
source products range from noise
diodes, amplified noise sources, and
TO-8 drop-in noise sources, to coax-
ial and waveguide types.

For your free copy of Noise Com’s
new catalog, call (201) 261-8797 or
circle reader service No. 53.

rowave
gucts

NCI Systems Catalog
Features Telemetry Products
From 200 MHz to 20 GHz

A new catalog from Noise Com’s
NCI Systems Division describes a
complete line of subsystems for

RF and microwave telemetry ap-
plications, such as frequency syn-
thesizers, receivers, transmitters,
and complete turnkey telemetry sys-
tems.

NCI Systems telemetry products can
be tailored to specific applications,

from remote monitoring and surveil-
lance to robotics control and missile
tracking. NCS Series microwave syn-
thesizers are designed to meet MIL-E-
5400 or commercial requirements.

For your free copy of the NCI Systems
new catalog, call (201) 261-8797 or
circle reader service No. 95.

NOISECoM

E. 49 Midland Avenue, Paramus, NJ 07652
PH (201) 261-8797 » FAX: (201) 261-8339
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KINTRONIC LABORATORIES INC.

AM/MEDIUM WAVE ANTENNA SHORTWAVE ANTENNAS
SYSTEMS AND COMPONENTS AND ACCESSORIES

1
S H

10-TOWER, 25/1KW, DA-2 e o L
AM DIRECTIONAL ANTENNA SYSTEM 2x2 BIDIRECTIONAL DIPOLE
CURTAIN ANTENNA
Kintronic Labs Ofters Complete Antenna Systems
Tailored To The Customer's
Coverage Requirements Including:

Kintronic Labs Offers:

® Design, Fabrication and Installation Support of
Omni-Directional, Directional or
Multiplexed Antenna Systems

©® Transmitter Paralleling Units ® Towers

@ Custom Transmitter and Pattern @ Antenna Kit With Complete
Switching Control Systems Installation Instructions

@ Complete Line of RF Components @ Open Wire Feed Line

® Rigid Transmission line YOUR SOURCE ® RF Feed Through Panels

@ Isocouplers and Isolation FOR QUALITY ©® Open Wire Transmission
Inductors for Cellular ANTENNAS, Line Switches

Telephone, FM, STL, TSL, Etc. ANTENNA SYSTEMS ® Baluns

AND COMPONENTS
FOR MEDIUM WAVE,

SHORTWAVE OR MAXIMUM CONTINUOUS
& a MICROWAVE POWER RATING (KW)

.\ i Specifications Applicable To All Models
.\\\\W ¢ Frequency: 530-1700 kHz

> o VSWR: 1.15:1 MAX.

/“\\‘“ e Ambient Temperature: -40 to +50 Degrees Centigrade
| N e Paint Finish: Kintronics Blue or to Match Transmitter
N, if Desirable

BICONICAL ANTENNA
VSWR <1.8:1 0.9-20 GHz

Design, Fabrication and Characterization of Custom
Antennas For Personal Communication Network DL-1 DL-5 DL-10 DL-20 DL-25 DL-50 DL-100 DL-200

(PCN) Requirements As Well As for Other VHF, UHF
or Microwave Applications DUMMY LOAD MODEL

FULLY CHARACTERIZED ANTENNAS AM/MEDIUM WAVE AIR-COOLED
FOR VHF, UHF AND MICROWAVE DUMMY LOADS

PHONE: 615-878-3141 P.O. BOX 845 BRISTOL, TN. 37621-0845 FAX: 615-878-4224
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HIGH-PERFORMANCE DIRECT SYNTHESIZERS

JC Accurate, stable, quiet frequencies on command, fast. For NMR, imaging, SATCOM,
fodlliaS R surveillance, ATE. Sources adapting to your needs with options. High demonstrated
FREQUENCY SYNTHESIZERS reliability. Thousands in use.

= 040

Range: 0.1-40 MHz OQutput + 3 to + 13dBm; 50o0hm
Resolution: 0.1Hz-100KHz (opt) pur ous Outputs: — 75dBc
Switching: 1-20us Phase Noise: — 75dBc (0.5Hz-15KHz)

= 120

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

Freq. St'd: OCXO, TCXO, Ext.
interface: BCD par. or GPIB
Price: $5,125.00"

Range: 0.1-160 MHz Output: +3 to + 13dBm; 50ohm
Resolution: 0.1Hz-100KHz (opt) Spurious Outputs: - 75dBc
Switching: 1-20us Phase Noise: — 63dBc (0.5Hz-15KHz2)

= 250

Range: 1-250 Mt Jutput 4+ 3 to + 13dBm; 50ohm Freq. St'd: OCXO, TCXO, Ext.
Resolution: 0.1Hz-1 2 (op yur ous Outputs: — 70dBc Interface: BCD par. or GPIB
Switching: 1-20us Phase Noise: —63d8c (0.5Hz-15KH2) Price: $7,155.00"

=SS

Freq. St'd: OCX0O, TCXO, Ext.
Interface: BCD par. or GPIB
Price: $6.245.00"

Range: 0.1-310 MHz Output: +3 to + 13dBm, 50ohm Freq. St'd: OCXO, TCXO, Ext.
Resolution: 1Hz Spurious Outputs:  Type 1 Type 2 Interface: BCD par. or GPIB
Switching: 1-20us — 70/65 (typ/spec) — 65/60dBc Price: Type 1 Type 2

Phase Continuous: 1Hz-100KHz steps Phase Noise: — 68dBc (0.5Hz-15KHz) —63dBc $6,175.00"  $5,625.00"
Range: 1-500 MHz ut +3to + 13dBm; 500hm Freq. St'd: OCXO, TCXO, Ext.
Resolution: 0.1Hz-100KHz (opt) ur ous Outputs: — 70dBc Interface: BCD par. or GPIB

Switching: 1-20us Phase Noise: —63dBc (0.5Hz-15KHz)

= 62

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

= 1000

Price: $8,385.00"

Freq. St'd: OCXO, TCXO, Ext.
Interface: BCD par. or GPIB
Price: $9,255.00*

Range: 0.1-1000 MHz Output +3to +13dBm; 500hm Freq. St'd: OCXO, TCXO, Ext.
Resolution: 0.1Hz-100KHz (opt) Spurious Outputs: —70dBc (0.1-500 MHz2), Interface: BCD par. or GPIB
Switching: 5-10us —65dBc (500-1000 MHz) Price: $11,375.00*

Phase Noise: —60dBc (0.5Hz — 15KHz)

= x 10

Range: 10 MHz band, selected Qutput: +3 to + 13dBm; 500hm Freq. St’d: OCXO, TCXO, Ext.
decade 0.1-100 MHz Spurious Outputs: — 65/ — 60dBc (typ/spec) Interface: BCD par. or GPIB

Resolution: 1Hz Phase Noise: — 70dBc (0.5Hz-15KH2) Price: $2,575.00°

Switching: 1-5us

Phase Continuous: 2 MHz band, even or odd steps

OTHER OPTIONS

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

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

PROGRAMMED TEST SOURCES, INC.

P.O. Box 517, 9 Beaver Brook Rd., Littieton, MA 01460  Tel: 508-486-3008  FAX: 508-486-4495
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R.F. POWER AMPLIFIER MODULES

LN N N N J
MODEL NUMBER POWER GAIN SUPPLY PRICE
Watts dB Volts
FREQUENCY RANG '
RFP0550-100 100 44 50 $2,100.00
RFP0550-1000 1000 16 50 $5,040.00
FREQUENCY RA :
RFP0800-100P50 50 30 50 $1,485.00
RFPO0800-100P100 100 30 50 $1,660.00
RFP0800-100P200 200 30 50 $2,200.00
RFP800-100 600 16 50 $2,424.00
RFPO01100-300 300 46 50 $3,150.00
FREQI )
RFP0810-600 600 16 50 $1,780.00
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
RFP0800-200P50 50 30 50 $1,660.00
RFP0800-200P100 100 30 50 $2,900.00
RFP800-200 400 13 50 $3,636.00
RFP0204-4 4 20 28 $ 484.00
RFP0204-10 10 30 28 $ 685.00
RFP0204-25 25 30 28 $1,140.00
RFP0204-50 50 40 28 $1,695.00
RFP0204-100 100 40 28 $2,200.00
RFP0405-4 4 20 28 $ 435.00
RFP0405-10 10 30 28 $ 616.00
RFP0405-25 25 30 28 $1,026.00
RFP0405-50 50 40 28  $1,525.50
RFP0405-100 100 40 28 $1,980.00
RFP00105-4 q 20 28 $1,450.00
RFP00105-10 10 30 28 $2,300.00
RFP00105-25 25 30 28 $2,800.00
RFP00105-50 50 40 28  $3,752.00
RFP00105-100 100 40 28 $5,600.00
RFP0510-4 4 20 28 $2,610.00
RFP0510-10 10 30 40 $3,800.00
RFP0510-25 25 30 40 $4,900.00
RFP0510-50 50 40 40 $6,800.00
RFP0510-100 100 40 40 $9 800.00

STANDARD MODULES i

* Power splitters and combiners
* Directional couplers
- Standard or custom microwave

amplifiers
* Filters
o
ey
T
T
e 4
A 4
N

R.F. SOLUTIONS INC.

16055 Caputo Drive, Morgan Hill, CA 95037 Phone (408) 778-9020, FAX (408) 779-4832
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RF cover story

Versatile UHF Data/Telemetry

Transmitter

By Harry J. Swanson
Motorola Semiconductor Products Sector

RF communication in the UHF and
900 MHz bands constitute a new and
growing industry covered by the FCC
regulations Title 47; Part 15. This sec-
tion covers unlicensed security systems,
keyless entry, and RF local area net-
works (LANs) in the 260 to 470 MHz
band. The 902 to 928 MHz band is also
covered by Part 15 where frequency
hopping and direct digital sequence
spread spectrum techniques are em-
ployed to increase frequency spectrum
capability and to provide secured com-
munications. Discretes and some IC
components are available to the system
designer but until now there have been
very few system components that offer
a low cost, sophisticated solution.

Data transmission systems used in
consumer applications are simple,
inexpensive and often mediocre in per-
formance. Two common circuit designs
that are currently used are a frequency
multiplier system where a reference
crystal is used with cascaded multiplier
stages to achieve the desired carrier
frequency or a SAW resonator plus a
simple Colpitts oscillator network is used
in amplitude shift key (ASK) applications
where on-off keying is required.

The shortcomings of the current sys-
tems include:

- Expensive 5th or 7th overtone crys-
tals

- High manufacturing cost due to
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where
Kp s Phase detector gaun constam In uA per racian; Kp = 30
wA/rad
Kt 18 Filter tranater function, F{s}
Kn 18 1/N; Na 8 tor MC13175 and N = 32 for the MC 13176
Ko 8 CCO gan constant in radlans per second per wA: Kg « 8.9 x
L 105 radians/sec/uA.

Figure 1. MC1317XD PLL block
diagram.

66

sophisticated alignment procedures

- Lack of frequency stability

- High current consumption in re-
ceiver to provide needed IF bandwidth

- Compromised reliability due to large
number of critically tuned components

- Little or no FM possibilities.

Many more complex applications in-
cluding cellular, CT2 and SMR can also
benefit from a fully integrated system
that employs a PLL structure. This paper
demonstrates a complete system with
functional performance suitable for a
low cost solution to data/telemetry and
voice applications. Cost and size re-
straints are met by the simplicity of the
supporting circuitry. Total system reli-
ability and performance are vastly im-
proved with a single chip PLL approach.
The MC13175 and MC13176 offer the
following features:

- UHF oscillator current controlled

- Uses easily available 3rd overtone
or fundamental crystals

- Output frequency set by 8x refer-
ence frequency for MC13175 and 32x
reference frequency for MC13176

8,15). NORMALIZED OUTPUT RESPONSE

-
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Figure 2a. Type 2 second order
response.

- Low number of external parts re-
quired

- Low operating supply voltage (1.8-
5.0 vVDC)

- Low supply drain currents

- Power output adjustable (up to +10
dBm)

- Differential output for loop antenna
or balun transformer networks

- Power down feature

- ASK modulated by switching output
on and off

- Easily FM voice or FSK modulated

- Surface mount 16 pin SOIC

PLL System Description

The MC13175 and MC13176 are
one-chip FM/AM transmitter subsys-
tems designed for AM/FM communica-
tion systems operating in VHF, UHF or
900 MHz bands. The system consists of
a Colpitts reference crystal oscillator,
UHF oscillator, divide by 8 (MC13175)
or divide by 32 (MC13176) prescalar,
and phase detector forming a versatile,
fully integrated PLL system.

Figure 1 is the component block
diagram of the MC1317XD PLL system
in which the loop characteristics are
described by the gain constants. Access
to individual components of this PLL
system is limited, inasmuch as the loop
is only pinned out at the phase detector
output and the frequency control input
for the CCO. However, this allows for
characterization of the gain constants
of these loop components. The gain

Bandwidth as a Function
of Damping Range

% @-s8
0.5 1.82w,
0.7 2.06w,
1.0 2.48w,

Figure 2b. Loop bandwidth.
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All RE Connectors basically

are the same.

Ulntil you consider
the source.

Specify Molex R.F. connectors, and you'll discover the
difference in resources, capabilities, and support that
will make us a valuable partner in your business.

We offer a full-line of industry standards along with the
resources to quickly modify existing designs to meet
your exact requirements. And Molex has the capability
to meet your specific commercial and industrial
specifications, MIL-C-39012, and still fall within your
applied cost parameters.

In-house design, manufacturing and testing ensures
that all electrical and mechanical characteristics
continually meet, or exceed, your quality standards.

Our line of R.F. interconnects includes BNC, TNC, N,
Twinax, UHF, Mini-UHF, F-Style and Between Series
Adapters (BSA). Each is available in a variety of mounting
options, such as panel, bulkhead and PCB versions,
with an assortment of cable terminations and plating
options. Soon, we’'ll be expanding our line to include
SMA, SMB, SMC, and a microminiature series.

Find out how a partnership with Molex can make a real
difference in your business. Ask your Molex representative
for more information and a copy of our new R.F. catalog.

Bringing People & Technology Together, Worldwide™

Corporate Headquarters: 2222 Wellington Ct., Lisle, IL 60532 U.S.A.,, Tel: (708) 969-4550 ® European Headquarters: Munich, Germany, Tel: 49-89-413092-0
Far East North Headquarters: Tokyo, Japan, Tel: 81-427-21-5539 # Far East South Headquarters: Jurong Town, Singapore, Tel: 65-660-8555
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Typical spatial scan at
selected frequency.
Red = high emissions;
blue = low emissions.

Spectral scan identifies
key frequencies for

further study.

WY V00 1 Y vl W Y

Catch emissions problems at
board level, where compliance

fixes are least costly.

n 9

\ ow you can quickly get a color

.. ¥ image of the electromagnetic
performance of your printed-circuit
board or subassembly before final
compliance testing. Spatial and
spectral displays generated by the
EMSCAN PCB emissions scanner
show you which frequencies and
which areas of the board under test
are guilty. These scans are stored
for later comparison after design
alterations, to check whether offend-
ing emissions are now down to
acceptable levels.

Just plug your receiver or spec-
trum analyzer, and your computer
with IEEE-488 interface, into the
EMSCAN scanner, and a matrix of
1280 H-field probes maps the area
of your test board (up to 9" x 12") for
high, medium, and low-emissions
spots within the 10-to-750-MHz
frequency range. Or you can see a
spectral display showing the overall
condition of the board across the
spectrum. You may then choose a

ﬁ AMPLIFICR

frequency of particular interest for
intensive spatial examination.

After the development stage,
you can use EMSCAN as a quality-
control tool, checking completed
boards against a “good” scan before
they go into assembly. This is the
point where production compliance
becomes virtually assured.

The software operates under
“Windows” to make early diagnosis
easy, even for those who are new to
compliance testing. It can run on
several PCs and workstations, and
is readily ported to other environ-
ments for analysis.

You should learn all about this
qualitative and quantitative measure
of emissions for use during product
development—where design correc-
tions are least costly. To start, call
toll-free (1-800-933-8181) to speak
with an applications engineer and
arrange to see a demonstration in
your office or plant.

160 School House Road
Souderton, PA 18964-9990 USA
215-723-8181 « Fax 215-723-5688

For engineering assistance, sales, and service throughout Europe, call
EMYV ¢ Munich, 89-612-8054 * London, 908-566-556 ¢ Paris, 1-64-61-63-29
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Figure 3. Lag-lead low pass filter.

constants Kp, K, and K are derived and
specified in the MC13176 data sheet. A
detailed discussion of the characteris-
tics of the IC with a pin by pin description
and a discussion of the PLL fundamen-
tals and how they apply to this PLL
system component is also included in
the data sheet (1).

Loop Filtering

The fundamental loop characteristics,
such as capture range, loop bandwidth,
lock-up time and transient response
are controlled externally by loop filter-
ing. The loop filter may take the form
of a simple low pass filter or a lag-
lead filter which creates an additional
pole at origin in the loop transfer
function. This additional pole along with
that of the CCO provides two pure
integrators (1/s?). With two poles at the
origin, a type 2 second order response
yields a zero phase error to a step input
of phase or frequency. The natural
frequency, w, and damping factor, d, are
important in the transient response to a
step input of phase or frequency. For a
given d and lock time, w_  can be
determined from the output response of
a type 2 second order system shown in
Figure 2a (2).

In the lag-lead low pass network
shown in Figure 3, the values of the low
pass filtering parameters R,, R, and C
determine the loop constants w_ and d.
The following equations show this rela-
tionship (2,3,4):

iR ek (1,
A R,C R,CN
£ KpKoKnR2 j* KﬂKOR2 @)
2w, R, 2w R,N

Rewriting in terms of R, and R,C:

K K
R,Ciw —ReX A3)

20w RN 26 i)

i g KK, Cow,

Demonstration Transmitter
The demonstration transmitter is dis-
cussed in the following sections and is
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The Complete Scalar System
With Source and Savings Built-In.

Introducing RF Versions of Wiltron’s 5400A
Scalar Measurement System

Three RF models provide frequency coverage from
1 to 3000 MHz. The 5400A provides a total system for
measuring transmission loss or gain, return loss and RF
power. The 5400A provides synthesized sweeper accu-
racy, ease of use, and 71 dB dynamic range - in a single
integrated package - for less than the cost of an ordinary
scalar analyzer and sweep generator combination.

5437 U W e TR g 8 {
SH7 I e T P AT AT T e e
Bl = = _ - __ _ &L = <]
PR
; 3418 G TTrWr Ty
5431 I ——
5430 R T T

8.0 8.4 100 124 160 170 20.0
Frequency (G11z}

436, OECETTE———

© RF Models

Full Performance
and Features.

You’ll work with advanced marker and cursor
features. Custom X-axis. Smoothing. Averaging. Trace
memory. Buffered printer/plotter outputs. VGA color
output. GPIB interface for ATE applications. External
leveling. Reference channel. And more. For more
information on this and other Wiltron products, contact
one of the Sales Centers listed below.

U.S. Sales Centers:

North West (408) 776-8300
North East (201) 337-1111
International Sales Centers:
Europe (0582) 418853

South West (310) 715-8262
South East (301) 590-0300

Japan (03) 3446-1111
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Figure 4. Microphone/data amplifier.

built on a double sided PCB defined in
the data sheet and shown in Figure 9.

WHAT YOU NEED IN A
NEW SYNTHESIZER.

The center section of the board
provides an area for attaching all SMT

SIMPLICITY.

QUALCONW\‘ s
new Q2220 K.i.S.S. (Keep it Simple Synthesizer) DDS is :

Simple to Integrate

50 MHz DDS in a small 44-pin PLCC package

Full parallel, 23-bit frequency

control interface

50 MHz hop & sweep rate;

Latency only 5 clock cycles

Ideal for portable gear;

300 mW maximum at 50 MHz

Lowest priced DDS
Available

Call or Fax QUALCOMM s

VLSI Products Division for technical data and delivery.

UALCOAMVW

m‘ VLSI Products Division
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(Photo actual size)

10555 Sorrento Valley Road
San Diego, CA 92121 ULISA
TEL: 619-597-5005
FAX: 619-452-9096

O

Figure 6. External loop amplifier.

components to the circuit side and radial
leaded components to the component
ground side of the PCB. Additionally, the
peripheral area surrounding the RF core
provides pads to add supporting and
interface circuitry.

FM Modulation

The demonstration transmitter is FM
modulated with voice and data via a
summing amplifier to pin 6 as shown
in Figure 4. In FM voice and low data
rate applications, the loop bandwidth
must be narrow enough so that the
loop will not cancel out the modulation
frequency components. The loop
bandwidth is related to the natural
frequency, w_ as shown in the table in
Figure 2b. For a loop bandwidth of 1
kHz, the natural frequency, w_ is 3.05
krad/sec for a damping factor, d of 0.707
(3).

In the example below, R,, R,, and C
are calculated for the second order, type
2 system described above.

K K K, = (30)(0.91 x 109(1/32)
= 0853 x 108 (5)

KKK, _ 0853 x 105
17 w2 930 x10°

(€) (6)

26 _ _(2(.707)

2 »C 305x10°

n

R (©) ™

For C = 1.0y; then
R, = 916k and R, = 464 (8)

In the above example the following
standard value components are used:

Pin7 39k Pin &

O—AAN- AN~ O
R1 R3
4700 R?
C3=~ 1500p

Figure 5. Modified low pass loop
filter.
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VCC = 3¥C

REFERENCE OSCALATOR FREQUENCY, G, (Mn)

+50 100 50 ] 50 100
OSCILLATOR CONTRO! L CURRENT, ) (wA)

Figure 7. MC13176D reference
oscillator frequency versus oscilla-
tor control current.

C = 10y4; R, = 470 and
R’, = 91.7k — 53k ~ 39k 9)

(R’, is defined as R, — 53k, the output
impedance of the phase detector)

Since the output of the phase detector
is high impedance and serves as a
current source, and the input to the
frequency control, pin 6, is low imped-
ance (impedance of the two diode to
ground is approximately 500 ohms), it
is imperative that the second order low
pass filter design above be modified. In
order to minimize loading of the R,C
shunt network, a higher impedance
must be established to pin 6. A simple
solution is achieved by adding a low
pass network between the passive sec-
ond order network and the input to pin
6 (see Figure 5). This helps to minimize
the loading effects on the second order
low pass while further suppressing the
sideband spurs of the crystal oscillator.
A low pass filter with R,=1k and
C,=1500p has a corner frequency, f_ of
106 kHz; the reference sideband spurs
are down greater than —60 dBc.

Hold-In Range

The hold-in range, also called the lock
range, tracking range and synchroniza-
tion range, is the ability of the CCO
frequency, fo, to track the input signal,
free X N, as it gradually shifts away from
the free running frequency, f,. Assuming
that the CCO is capable of sufficient
frequency deviation and that the internal
loop amplifier and filter are not over-
driven, the CCO will track until the phase
error, §, approaches +n/2 radians. Since
sin 6, cannot exceed +1, as 6, ap-
proaches +n/2 the hold-in range is equal
to the DC loop gain, Kv x N.

tAw, = +K X N (10)
where
K, = KDKOKn (11)

In the above example,

RF Design

20 .
2%
560
Y
0 g ~—] 18]
03Vdce
22 ¢
2
Video .
R A
soomvpp Q0100 Sk e
im

Figure 8. NTSC video modulator.

+Aw,, = +276 Mradians/sec;
+Af, = +4.40 MHz (12)

Extended Hold-In Range

The hold-in range of about 3.0 per-
cent could cause problems over tem-
perature in cases where the free running
oscillator drifts more than 2 to 3 percent
because of relatively high temperature
coefficients of the ferrite tuned CCO in-
ductor. This problem might be worse for
lower frequency applications where the
external tuning coil is large compared
to internal capacitance at pins 1 and 4.
The hold-in range can be increased to
approximately 10 percent by addition of
an external loop amplifier with an exter-
nal current source at pin 6 that extends
the operating range of the CCO (1).

In the demo transmitter, the external
loop amplifier in Figure 6 is used. An
external resistor (R5) of 15k to V.. (3
VDC) provides approximately 100 uA
boost to supplement the existing 50 uA
internal source current. R, (1K) is se-
lected for approximately 0.1 VDC across
itwith 100 uA. R,, R, and R, are selected
to set the potential at pin 7 and the base
of 2N4402 at approximately 0.9 VDC
and the emitter at 1.55 VDC when the
error current to pin 6 is approximately
zero uA. C, is chosen to reduce the level
of the crystal sidebands. The impedance
at this node now is the parallel resis-
tances of 68k and 33k with (HFE +
1}(RE) which is >150k; the equivalent
impedance seen by pin 7 is approxi-
mately 20k. The lead-lag loop filter
described in Figure 3 is added to provide
zero phase and frequency errors to
transient inputs.

Figure 7 shows the improved hold-in
range of the loop. The Af .. is moved
950 kHz with over 200 uA swing of
control current for an improved hold-in
range of +15.2 MHz or +95.46 Mradians/
sec.

Video Modulator

The demo transmitter is also capable
of AM modulation. Analog AM band-
width using a sinusoidal waveform is
typically 25 MHz. Figure 8 is the circuit
used to amplitude modulate with a
NTSC composite video signal. It is
necessary to invert the negative going
sync of composite video before applying

r @ 3
KINTRONIC LABORATORIES, INC.

P.O. BOX 845
BRISTOL, TN 37621-0845

ARE YOU HAVING DIFFICULTY
LOCATING A TOWER SITE?

ISOLATE YOUR CELLULAR
TRUNKING OR PAGING SYSTEM
ON AN AM BROADCAST TOWER!!

MULTI-COAX ISOLATION UNIT

ISOCOUPLERS
L MATION
PHONE: 615-878-3141
\_ FAX: 615-878-4224 V,
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1:1 Redundant
Solid State Power Amplifier
Systems

- C-Band, PRC-1100:
10, 25, and 50 W output
Ku-Band, PRK-1100:
10 and 16 W output
Worldwide AC input
Remote 1/0 for status and control

*

.

MAXTECH, Inc.
2820 E. College Ave., Suite G
State College, PA 16801
TEL: 814-238-2700
FAX: 814-238-6589
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the signal to pin 16 of the IC. As in the
analog AM example in the data sheet,
the modulating signal rides on a positive
DC offset; however, in this case the
video sync is clamped by the diode,
MPN3401 or MBD101. The gain in the
amplifier and the linearity of the AM
modulation is adjusted by the 500 ohm
pot in the emitter of the 2N4401.

PCB Layout Considerations

In the PCB layout, the V. trace must
be kept as wide as possible to minimize
inductive reactance along the trace; it
is best that V.. (RF ground) completely
fills around the surface mounted compo-
nents and interconnect traces on the
circuit side of the board. This technique
is demonstrated in the demo transmitter
PC board.

Steinbrecher Broadband Tuners

VHE/UHF

The Dynamic Range you Dream of.
The Frequency Range you Need.
The Size you Want.

Steinbrecher’s model DT-111200K Broadband 90 dB Dynamic
Range VHF/UHF Tuner is now available. Upgrade your
system to tomorrow's performance level... today.

* 20 to 1200 MHz RF Input ¢ 10 MHz Analysis Bandwidth
* 90 dBFS Spurious Free Dynamic Range (without AGC or preselection)
¢ +60 dBm Second Order Input Intercept ¢ 10 dB Noise Figure
* 90 dB RF and IF Image Rejection * Analog or Digital Outputs
* Choice of package size: Full Rack, Half Rack and 2” Slice

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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The ground pins (also applies to pins
10 & 15) are connected directly to chassis
ground. Decoupling capacitors to V..
are placed directly at the ground returns.

Battery Selection - Lithium Types

The operating supply voltage range
is from 1.8 VDC to 5.0 VDC. The demo
transmitter is operated from a 3 volt
lithium battery. Sclection of a suitable
battery is important. Because one of the
major problems for long life battery
powered equipment is oxidation of the
battery terminals, a battery mounted in
a clip-in socket is not advised. The
battery leads or contact post should be
isolated from the air to eliminate oxide
build-up. The battery should have PC
board mounting tabs which can be
soldered to the PCB. Consideration
should be given for the peak current
capability of the battery. Lithium batter-
ies have current handling capabilities
based on the composition of the lithium
compound, construction and the battery
size. A 1300 mAhr rating can be
achieved in the cylindrical cell battery.
The Rayovac CR2/3A Lithium-Manga-
nese Dioxide battery is a crimp sealed,
spiral wound 3 volt 1300 mAhr cylindri-
cal cell with PC board mounting tabs. It
is an excellent choice based on capacity
and size (1.358 inches long by .665
inches in diameter).

Differential Output (Pins 13 & 14)
The availability of micro-coaxial cable
and small baluns in surface mount and
radial-leaded components allows for sim-
ple interface to the output ports. A loop
antenna may be directly connected with
bias via RFC or 50 ohm resistors. Antenna
configuration will vary depending on the
space available and the frequency.

Matching to Antenna

When using an antenna having 50
ohms impedance, a quarter wave balun
with a Z, = 50 ohms would present a
50 ohm load to the IC. However, if
the antenna is not actually 50 ohms,
then the complex impedance presented
to the device would be transformed by
the balun as shown in the following
formula:

22
Z, = 5%

where

(13)

load

Z,,.q 1s the complex impedance of the
antenna

Z, is the load presented to the de-
vice

Z_ is 50 ohms
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Figure 9. Example circuit: MC13176D FM transmitter at 320 MHz.

For instance, if the antenna radiation
resistance is low (when its electrical
length is less than 1/10 wavelength), Z,
would be transformed to a relatively high
impedance. Thus, the energy delivered
to the antenna is reduced because of a
severe mismatch of the antenna to the
IC. Therefore, the 1/4 wavelength balun
is intended in systems where the load
impedance is near 50 ohms.

Size and Type Antenna

The size and type of antenna is an
important consideration. At 320 MHz, a
quarter wavelength antenna is 0.234
meters or 9.2 inches. This is likely to be
too long for practical systems. However,
when the antenna is on the order of 1/25
wavelength, the radiation efficiency of
the antenna is very low (less than 1
percent). The radiation and loss resis-
tances of an antenna determine the
radiation efficiency. The loss resistance
of a short loop is generally much larger
than its radiation resistance. To increase
the radiation efficiency (increased radia-
tion resistance), multiturn loops are
often employed, but the spacing be-
tween loops must be maintained. For
close spacing between turns, the contri-
bution to the loss resistance due to
proximity effects can be larger than that
due to the skin effect. In other words, a
multiturn loop antenna which has the
turns touching or with spacing between
turns less than 3 times the wire diameter
will increase the ohmic resistance expo-
nentially with decreasing distance be-

RF Design

tween turns. Therefore, a multiturn loop
antenna requires adequate space for
proper distance between the turns and
for the necessary ratio of loop circumfer-
ence to the wavelength, A.

Radiation resistance equation can be
written as

R, = 20m%(C/A)* (14)

where C = 2na is the circumference of
the loop (5). At 320 MHz, if the radius of
a single turn loop in free space equals
1/10 wavelength or approximately 3.6
inches, then the radiation resistance is
29.4 ohms. For a loop with a radius of
1/25 wavelength or 1.5 inches, the
radiation resistance falls to less than one
ohm. To accommodate the size con-
straints placed on a system, resonant
loops and folded monopoles are some-
times employed. A resonant loop
may be configured as a parallel reso-
nant circuit of a single turn loop
and small series loop radiation resis-
tance with a shunt capacitor in which
high loop energy is developed at
the carrier frequency. This loop should
be printed on the PCB as an airline
(i.e. no ground plane on either side of
the board under or around the loop). In
a hand held portable transmitter the
coupling effects of the hand must be
considered.

In most cases these designs are a
compromise in which either the receiver
is counted on to have excellent sensitiv-
ity or the transmitter requires relatively

excessive power to make up for the fack
of efficiency in the antenna. The size and
design of the antenna system is impor-
tant to its radiation capability; this area
should not be overlooked in terms of the
total transmitter system. It is not the
scope of this paper to propose the
ultimate solution or profess that one
exists.

Conclusions

This paper has detailed the design of
a monolithic UHF transmitter IC and its
interface circuitry. The demonstration
transmitter shows the versatile aspects
of this basic PLL building block in both
AM and FM applications. It offers the
following advantages: it uses low cost
surface mounted and low profile inser-
tion mounted components, on a double
sided PCB a finished product takes up
little space, and with the extended
hold-in range circuitry, the transmitter
functions from —40 degrees C to +85
degrees C. In addition it has excellent
frequency stability, and low manufactur-
ing cost due to simple tuning proce-
dures.

The issues left open by this paper and
the data sheet, such as temperature
characterization are important and will
likely be addressed as the product
matures. The benefits of using this
single chip PLL in other more complex
applications are yet to be realized. Being
the first of its kind opens the way to
scrutiny on one hand, but paves the way
to new horizons on the other hand. RF
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RF products

Class A Linear Amplifier

A new 20 Watt, class A linear
amplifier is available from Tron-
tech. The amplifier, part number
P2450M-46-PS, features a fre-
quency range of 2445-2455 MHz;
S.S. gain of 36 dB minimum and
a VSWR of 2.0:1 maximum. The
third order intercept 1s +53 dBm
minimum and +55 dBm typical.
P . at 1 dBc is +46 dBm. These
low cost, 19 inch rack amplifiers
are available in both broadband
and narrowband frequency band-

widths. The present frequency
coverage is 500-4000 MHz. Units
are available for both domestic
(110 VAC) and European (220
VAC) applications. Part number
P1GA-33 is a 2 Watt, class A
linear amplifier covering the 10-
1000 MHz range. It features 30
dB of gain, and power output at
the 1 dB compression point is 33
dBm.

Trontech Inc.
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VXI Test System

A new series of VX! products
is now available from Bruel &
Kjaer. The test system includes
both hardware and software intro-
ductions to reduce test time. New
hardware products include A/D
and D/A converters which sample
at 100 kHz. Using DSP, a dy-
namic range of over 100 dB is
possible with signal levels down
to 1 uV. In addition, the virtual

instruments are software pack-
ages running on an embedded
VXI computer. In conjunction with
the A/D converter, D/A converter
and Digital Signal Processor, the
software package covers the ma-
jority of analog measurement func-
tions. Virtual instruments include
a multi-function voltmeter, arbi-
trary waveform generator, muiti-
channel event recorder, function
generator, waveform analyzer
and spectrum and signal ana-
lyzer. The VX| modules include:
a configurable switch, user mod-
ule, 30 kHz input, 30 kHz output,
5-channel charge amplifier, and
5-channel microphone/AC ampli-
fier. All of the products run within
the Modular Test System archi-
tecture, with a choice of LAN-
based or |IEEE-488 based con-
figurations.

Bruel & Kjaer
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Low Noise PLL
Oscillator

A miniature low noise, phase
lock loop oscillator with applica-
tions as a frequency source for
low noise, highly stabilized com-
munications systems has been
developed by Servo Corporation.
The PLL source is comprised of
three hybrids, an oscillator, fre-
quency divider and charge pump/
loop filter. The unit operates from
-55 degrees C to +71 degrees C
and features dual filtered coher-
ent outputs, low phase noise and
wide loop bandwidth for minimiz-
ing vibration sensitivity. Coherent
1300 and 2600 MHz frequency
outputs are derived from a funda-
mental 2600 MHz oscillator which
is stabilized by a cavity resonator
and then phase locked to an
external 10.156 MHz reference.
The oscillator measures 0.75" x
3" x 4", Additional fundamental
frequencies in the range of 1.8 to
4.5 GHz are also available. Deliv-
ery for standard unit is four
months.

Servo Corporation of America
INFO/CARD #248
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Continuously
Variable
Attenuators

Now available from Alan In-
dustries are continuously variable
attenuators operating up to 800
MHz. Peak power is 100 Watts
with an average power of 0.5
Watts. The devices have an at-
tenuation range of 0-25 dB and
feature screwdriver siot adjust-

>
-

=
et
L

ment. Mounting configurations in-
clude: PC board mount, surface
mount and pane! mount configu-
rations. Connector choices in-
clude BNC, SMA or F. 50 and 75
ohm models are available.

Alan Industries, Inc.
INFO/CARD #247

Coaxial Power
Standards

Two models of a stabilized
coaxial power standard are avail-
able for precise measurement of
microwave power in the 0.1 to
100 MHz frequency range. Fea-
tures include 10 uW to 25 mW
range, thermally stabilized, preci-
sion matched thermistor elements
and high stability. Calibration fac-
tor stability is less than 0.5 per-
cent per year and thermistor bias
power is 30 0.7 milliwatt with
temperature control. RF imped-
ance is 50 chms normal. Connec-
tors are Type N per MIL-STD-348
interface dimensions mate non-
destructively with MIL-STD-39012
connectors. Mount outputs are
Binding Post, standard 0.75"" spac-
ing for Banana plugs. Both the
model 1116 and 1111 are de-
signed for use with DC self bal-
ancing bridges or controllers. The
model 1111 is a terminating
power standard capable of cali-
bration directly by NIST. The
model 1116 is a thermistor mount/
power splitter combination used
as a feedthrough standard for the
calibration of terminating power
sensors.

Lucas Aerospace
INFO/CARD #246
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DISCRETE
COMPONENTS

Mica Capacitors

Type CD17 and CD18 RF
mica capacitors are now avail-
able in addition to type CD4
capacitors. The devices feature
capacitances from 1 pF to 0.0082
uF and voltages up to 500 VDC
with stable high frequency imped-
ance. Insertion loss in a 50 or 75
ohm system is flat +0.25 dB from
200 MHz to 1.2 GHz. Delivery is
stock to 8 weeks and pricing is
from $.19 each in OEM quanti-
ties.
Cornell Dubilier
INFO/CARD #245

Non-Inductive

Resistors

Alumina substrate thick film
resistors are now available. The
products in the ‘‘Power Chip”’ line
can dissipate up to five Watts of
power and are offered in values
from 1 ohm to 1 Mohm with a

standard tolerance of +1 percent.
The resistors measure .125"'H x
1”L x .5”’W and are designed for
plug-in circuit boards with 0.10"
centers. Availability is six to eight
weeks.

Ohmite
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Surface Mount

Inductors

The RL2515 series of miniature
inductors, for use in automatic
surface mount assembly are avail-
able in 35 standard values from
0.15 uH to 100 uH with DC
current ratings of 70 mA to 610
mA. The operating temperature
range is —25 degrees C to +80

degrees C. They are available in
tape and reel or in bulk quantities.
Renco Electronics, Inc.
INFO/CARD #243

Low Cost Inductors
Low cost molded and confor-
mal coated inductors are avail-
able for as little as $0.15 each in
quantity. The series 9130 moided
inductors are available from 0.10
uH through 1000 uH. Series 77F
and 78F conformal coated induc-
tors are available from 0.10 uH
through 1000 uH as well.
J.W. Miller
INFO/CARD #242

Low Cost Reed Relays

The COTO 8200 series SIP
reed relays feature 0.3 x 0.4" x
0.3” or 0.2" x 0.4 x 0.2"” pin
spacing and come in four stan-
dard models with a § V or 12 V
coil and 10 W or 50 W switching
options. Their dielectric strength
is 2000 V contact-to-contact and
contact-to-coil, if supplied with
optional high voltage isolation.
The relays are priced from $0.70
each to $1.49 each, depending

on the model, in production vol-
ume.

Coto Wabash
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TEST
EQUIPMENT

Mixer Measurement
System

The HP 8753MX is an auto-
mated mixer measurement sys-
tem which characterizes fre-
quency-translation devices with
a single connection, eliminating
system configuration changes be-
tween tests. The system meas-
ures: conversion loss, compres-
sion, RF and IF port SWR, LO
feedthrough, isolation, group de-
lay, output power and amplitude
and phase tracking.
Hewlett-Packard Company
INFO/CARD #240

Standard Mismatches

Precision, standard mis-

matches are available calibrated

over the range from 2 to 26.5 GHz

MOBILE RADIO The Leader in Quality
Cellular Communications : GSM, PCN, LAN...

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

Locus « Ultra-High Dynamic Range IF to
Converter Baseband Converters and Tuners
and » Single and Independent-Sideband
Modulator/ Modulators
b * FSK Modulators
ki i | —— P Demodulator e N o
Commekecial, Military or Space Quality Levels Subsystems Demodulators
’ » Modulation Recognizers
Center Frequency : 40 to 1560 MMz Unique o |-Q Detectors
Fractional Bandwidth : 02to 10 % solutions
Insertion Loss : <10dB for unique We're problem solvers. CALL for
THOMSON-ICS CORPORATION in the U.S. & Canada requireritents 'rgf‘{mfég)%z% with your questions.
P.O Box 1088 - Southwick MA 01077, Phone (413) 569 0575, Fax (413) 569 0529 ( ) 3
THOMSON SINTRA ACTIVITES SOUS-MARINES elsewhere
Bol) Tl s s ke SRS 1 oraset B See the Locus Difference
SAW 5 BAWd - AO 10 ELOCUS, Inc.
evices an ubsystems SRERYAA {
4 PO.Box 20 KAMAN
State College, PA
'.‘ mOM SON = CSF 16804 814-466-6275  FAX 814-466-3341
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Flexible, Reliable, and only $68*!

Introducing ReadyFlex™ microwave assemblies from Gore

MR N A 7S,

36"

118
1.66
2.36
2.92
3.62

N
.98
1.39
1.73
2.16

Guaranteed Insertion Loss (dB)
.090" Assemblies
Length (in.) 6% 1 » 128 24"
Freq. (GHz)
2 Kl .48 .84
4 .40 66 1.16
8 .56 92 1.64
12 69 114 203
18 .87 142 252
145" Assemblies
2 .22 32 .51
4 .29 .43 .70
8 .40 .60 99
12 .49 g4 1988
18 62 83 154

Specifications

Cable O.D.: .090°, .145"
Frequency Range: D.C. to 18 GHz
VSWR: 1.35:1 up to 18 GHz
Shielding: >90dB up to 18 GHz
Impedance: 50 Ohm +/- 1 Ohm
Velocity of propagation: 85%
Bend Radius (static): .090" - 0.25"

145" -0.5"
Temp. Range: -55°C t0 125°C
Cable MIL SPEC: MIL-C-17
Connectors:  Straight SMA to SMA Males
Interface: Per MIL-C-39012

Copyright 1992 W. L. Gore & Associates, Inc., 1901 Barksdale Road Newark, DE 19711
™ ReadyFlex is a trademark of W. L. Gore & Associates, Inc.

* In quantities of 100 or more for < 18" - .090
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A cost-effective,

high performance
alternative to RG &
semi-rigid assemblies

A truly flexible, easy to install microwave cable
assembly for use to 18 GHz is now available directly
from stock.

New ReadyFlex microwave assemblies, in a choice
of .090" and .145" O.D.’s, replace hard to work with
semi-rigid tubing with an easy to handle high perforn
ance package. Designed with a pre-determined
feature set, these highly reliable assemblies are
offered at an extremely cost effective price.

ReadyFlex assemblies offer short

& long term savings

ReadyFlex assemblies not only reduce costly instal-
lation time and failures typical of stiffer semi-rigid
and less durable RG assemblies, they also eliminate
expensive and time consuming 3-D drawings. This
results in immediate cost savings. A single
ReadyFlex assembly also replaces multiple semi-
rigid configurations and lengths, further saving on
inventory and paperwork.

ReadyFlex assemblies offer SMA male connectors
with unique pin captivation. Bend radii as tight as
1/4", reinforced strain reliefs, operating temperatures
from -55°C to 125°C, and other features have also
been added to ensure long term reliability. And
because they're flexible, vibration stresses don't get
transferred to the connector/cable interface, further
eliminating in-use failure.

Direct from stock

ReadyFlex assemblies are stocked in lengths of 4, 6, ¢
12, 15, 18, 24, 30, and 36 inches. Normally, within 2¢
hours of an easy toll free call you can have these high
performing, off-the-shelf, flexible microwave assem-
blies on the way to your door. For as little as $68! Ca
now to order.

VISA & Mastercard Accepted.

1-800-356-4622
EURE_?

Creative Technologies

Worldwide

Cost-Effective Interconnections
Digital  Medical Microwave EMC



the fast FFT
spectrum analyzer

Wide Dynamic Range

Two tone response of
-90 dBc is eusily
measured. Averaging
enhances spurious
signal visibility.

Analysis Capabilities
Easy to use analysis
Sfunctions are included.
Data tables monitor up
to 200 frequencies.

Spectral Comparisons

Menu selecred math
operations can be used
to measure spectral
differences.

[T AN
LU TIEE) FIESE AT SPETERE

The SR760 FFT Spectrum Analyzer

With a fast 100 kHz real-time bandwidth,
the SR760 computes the FFT in less time
than it takes to acquire the signal. It can
average full span data 10 times faster than
the HP35665A. And a 90 dB dynamic range
and much lower noise floor give the SR760
10 dB more usable range. Capabilities
include harmonic, band, sideband and 1/3
octave analysis, plus PSD, THD, data tables,
limit testing and more. Responsive, intuitive
controls make it fast and easy to use.

The fast SR760.... better performance than
analyzers costing 3 times more.

SR760.......$4350 (us. iist)

* DC to 100 kHz frequency range

* 90dB dynamic range

* 100 kHz real-time bandwidth

* 500 uHz resolution

* Input range -60 dBV to +30 dBV

+ Analysis, data tables and help menus

* 3.5 inch DOS formatted disk drive

* Direct hardcopy to printers and plotters
* GPIB, RS232 and printer interface

STANFORD RESEARCH SYSTEMS

1290-D Reamwood Avenue. Sunnyvale. CA 94089

PHONE: (408)744-9040, FAX:

INFO/CARD 67
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(usable from DC to 34 GHz) using
precision 3.5 mm connectors.
The 8033 mismatches are avail-
able individualily, with either male
or female connects, at six specific
mismatch values ranging from
1.10 to 2.00. The mismatches are
also available as the Model 8033K
mismatch set which consists of
all twelve units supplied in a
wooden instrumont caso with a
calibration report.

Maury Microwave Corporation
INFO/CARD #239

LCZ Meter

The model 3330 meter has
the ability to make small, incre-
mental changes in the frequency
and signal levels which allow
users to select test parameters
that more closely match in-circuit
conditions. The 3330 offers 0.1
percent basic accuracy, 4-1/2
digit resolution, 201 frequencies
from 40 Hz to 100 kHz, finely
adjustable signal levels from 10
mV to 1.100 V, determines L, C,
R, 12|,Q, D, ESR, G, X, 0, Vorl
in as little as 64 ms, and is
programmable via GPIB interface

or front panel controls.
Keithley Instruments, Inc.
INFO/CARD #238

Low Cost Spectrum

Analyzer

A 1 GHz bench model spec-
trum analyzer with cursor and 6"
CRT readout display is now avail-
able. Specifications include: 1 to
1000 Mhz frequency bandwidth;
+1 percent accuracy and 1 MHz
resolution for center frequency
display; 0.1 to 100 MHz, 10 step
scanning band at 3 dB per band;
scanning band accuracy is *6
percent below 100 MHz center
frequency and =10 percent above
100 MHz at approximately 5 msec/
div. Amplitude measuring range
is rated at 15 to 129 dBuV.

Dynamic range is 70 dB and input
impedance is 50 ohms (1.5 VSWR
max) with maximum input level
at 130 dBuV.

Protek

INFO/CARD #237

Digital Power Meters
The 8540 series power me-
ters are designed for fast power
measurements In ATE systems.
The meters can provide at read-
ing speed of >200 triggered read-
ings per second in CW mode and
>1000 readings per second in a
new burst mode. Three triggered
modes are available: fast free-run
CW mode, fast bus triggered CW
mode and fast TTL triggered CW
mode.
Wavetek
INFO/CARD #236

Portable Spectrum

Analyzers

Two new portable synthe-
sized spectrum analyzers cover-
ing 100 Hz to 2.2 GHz are now
available from Anritsu Europe.
Both the MS2601B (50 ohm) and
MS2601K (75 ohm) feature an

overall level of accuracy of 1 dB
and a minimum dynamic range
of 75 dB. The analyzers feature
single level soft keys and an
optional GPIB controller. Other
optional accessories include a
tracking generator, a programma-
ble pre-selector for pre-compli-
ance EMI measurements and a
battery pack for DC operation.
Anritsu Curope Limited
INFO/CARD #235

Compact Level Meter

A new level meter (voltmeter
and power meter in one unit),
model URV35, measures voltage
and power over the frequency

performance.

MORE EMI/RFI
PROTECTION

HIGHER PERFORMANCE
Independent tests show Lindgren's double-
electrically-isolated (DEI) design assures higher
shielding effectiveness in low-frequency magnetic
and high-frequency electric fields.

MORE SHIELDING SYSTEM OPTIONS
We offer a complete line of modular enclosures,
cabinets, and custom rooms.

Shielding materials, in solid-sheet or screen,
cover almost any shielding requirements.

Our application engineers will help you design
enclosures that meet your requirements for
windows, filters for power and signal lines, wave
guide feedthrus, and lights

Other options include RF connectors, fiber-
optics, special access panels, automatic doors,
emergency exits, permanent ramps, and flush
floors with low-rise thresholds.

EASY MODULAR ASSEMBLY
Our patented resilient clamping system permits
easy assembly. Enclosures can be modified and
relocated again and again without compromising

Call us for more information and applications assistance.
708-307-7200

Lindgren also designs and builds a variety of
shielding solutions for industrial, medical, military,
and scientific applications.

ONLY LINDGREN MODULAR SHIELDING SYSTEMS
ARE ASSEMBLED, TESTED, & GUARANTEED
TO MEET SPECIFICATIONS BEFORE THEY’RE SHIPPED.

Glendale Heights, lllinois 60139

| LINDGREN
| RE; ENCLOSURES

400 High Grove Blvd.

Ph.:(708) 307-7200
FAX:(708) 307-7571

INFO/CARD 68



range from DC to 26.5 GHz.
Operation is from a conventional
AC source or from an optional
battery supply. It can be operated
via front panel controls or over
an RS-232 bus interface. Meas-
urements are absolute in dBm, V
or W, or relative, in dB referred
to a stored reference value. Cost
is $2310.00.

Rohde & Schwarz

INFO/CARD #234

SIGNAL
SOURCES

Ovenized Crystal

Source

The 2000 series of ovenized
crystal source features low phase
noise and compact size. The unit
is available at frequencies be-
tween 40 and 125 MHz, meeting
frequency stabilities up to +1 x
107. The oscillator has a phase
noise level of —148 dBc at 1 kHz
and a floor of =170 dBc at 100
kHz offset. The harmonics are
down —26 dBc and spurious are

down —70 dBc.
Techtrol Cyclonetics, Inc.
INFO/CARD #233

Microwave Oscillator
The MOMO is a miniature
ovenized microwave oscillator de-
sign to supply a 10 dBm signal
into 50 ohms (13 dBm typical)
with center frequencies to 1.3
GHz. It measures 1.35" square
by 0.58'" high and requires less
than 3 Watts steady state power.
The phase noise, based on 1.0
GHz, is typically =136 dBc at 10
kHz, —120 dBc at 1 kHz and —94
dBc at 100 Hz.
Greenray Industries, Inc.
INFO/CARD #232

Low Cost VCOs

The series 180 oscillators are
pin compatible with TO-8 type
oscillators. Specifications include:
+13 dBm typical power output,
frequency stability of 150 ppm/de-
gree C, harmonics of greater than
15 dBc, spurious of >70 dBc and
input power of +15 VDC at 50 mA.
EMF Systems Inc.

INFO/CARD #231

HIGH VOLTAGE
15KV

Teflon® Trimmer Capacitors

[&

* Range: To 85pF
* Sealed: To 40 psi

* DC Working Voltage: 7,500

e DC Withstanding Voltage: 15,000

* Mounting: PC Horizontal & Panel

For additional information contact:

Voltronics =

CORPORATION —=xz=
100-10 FORD ROAD + DENVILLE, NJ 07834
(201) 586-8585 <+ FAX:(201) 586-3404

(

Teflon is a registered frademark of E.I. DuPont Co.

INFO/CARD 69

M/A-COM Omni Spectra now offers
OSX board-to-board coaxial connec-
tors to interconnect printed circuit
boards with minimal PCB pitch. The
mated connector pair yield 0.28 inch
(7.11 mm) nominal separation between
the printed circuit boards, and still
provides 0.010 inch (.254 mm)
stand-off per connector for optimum
board cleaning. Other features of
the OSX board-to-board connectors

include:

Goax Board-to-Board

Frequency

Range: dc-6 GHz
Impedance: 50 Ohms Nom.
VSWR: 1.25 Max .@ 4 GHz

1.35 Max. @ 6 GHz
Insertion Loss: 0.1 dB Max./1000 MHz
Connector

Durability: 500 insertion/
withdrawal cycles
Temperature
Range: —65°C to +165°C

M/A-COM Omni Spectra has your inexpensive solution to
coaxial board-to-board connections. Call today for your
free OSX Connector Brochure.

OMNI SPECTRA

M/A-COM Omni Spectra ¢ 140 Fourth Avenue  Waltham, MA 02254-9101

Tel: USA (617)890-4750 » UK (0344)869595 * Japan 03(226)1671

INFO/CARD/|97
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HCMOS Clock Oscillators

Need Clock Oscillators
or Crystals?
Call 714-991-1580

Quartz Crystals —

50 Khz to 200 Mhz
250 Khz to 70 Mhz

3.50 Mhz to 50 Mhz

Fast Service -

3 weeks or less

Special frequencies
our speciality

CAL CRYSTAL LAB, INC. « COMCLOK, INC.
1142 No. Gilbert, Anaheim, CA 92801 « FAX 714-481-8825

S OI9IS

INFO/CARD 71

TTL Clock Oscillators I

ﬁ

TTL and HCMOS Half Size and Surface Mount also avallable on request

Filter Design Software

Intusoft introduces the FiLTERMasTER Design Series.

FiLterRMaAsTER - Passive s the first program In the series and
performs synthesis and analysis of passive LC reactance filters.

Vanious TYPeS AND APPROXIMATIONS
FuterMaster can synthesize filters with lowpass, highpass,
bandpass or bandstop responses. Approximations include
Elliptic (Cauer), Butterworth (maximally fiat), Chebyshev
(equi-ripple), Inverse Chebyshev, or Bessel (flat-delay).

CowpLeTe User ConTROL
Complete manipulation of the suggested filter is possible with
the reverse/dual, Norton/Impedance, and Pi-to-Tee transtor-
mations. User-entered component values are also permitted.
Pole/zero output of the filter transfer tunction is provided.

PoweRfFuL GRAPHICS AND INTERFACES

cluding transmission characteristics (amplitude, phase, and
group delay), pulse/step time responses, input/output reflec-
tion factors, and input/output impedances. FILTERMASTER in-
| cludes a special interface to Intusott's complete line ot SPICE
based circuit simulation tools including the SpiceNer sche-
matic entry program and the IsSeice simulator. This allows the
FiLterMasTer designed filter to be simulated using Monte
Carlo statistical analysis routines and with all your other
\electrical circutt designs.

I

Call Or Write For Your Free Demo and Information Kit!

30 Day Money Back =4
Guarantee int CA 90733-0710

Tel. (310) 833-0710 Fax (310) 833-9658

P.O. Box 710 San Pedro,

FuteAMAasTER provides complete graphical filter analysis in- |

INFO/CARD 96
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Surface Mount

Oscillator

A reduced size, surface
mount, HCMOS compatible crys-
tal oscillator is available from
Connor-Winfield. The HSM531/
536 is available with a frequency
range of 1.8432 MHz through

70.000 MHz. Stabilities are either
+50 ppm or +100 ppm, over a
temperature range of 0 to +70
degrees C. Pricing for prototype
quantities of 25 pieces at 50 MHz
is $11.25 each.

Connor-Winfield Corp.
INFO/CARD #230

»_AMPLIFIEF&S

Ultra-Broadband RF

Amplifier

The model 603L RF power
amplifier produces up to 3 Watts
of linear Class A output over the
frequency range of 0.8 to 1000
MHz. Gain is 40 dB nominal and
the amplifier features low har-
monic and low intermodulation
distortion; all harmonics are more
than 18 dB below the main signal.
These amplifiers are useful for
EMI/RF1 testing, broadband com-
ponent and system analysis, and
general laboratory applications.
ENI
INFO/CARD #229

Medium Power
Amplifiers

New ultra broadband medium
power amplifiers, using distrib-
uted technology, operate from 0.1
to 8.0 GHz with a power output
of +23 dBm minimum at 1 dB

compression point. The VSWR is
2:1 maximum, gain flatness is
+1.5 dB maximum and 4.5 dB
maximum noise figure. Power
supply is +18 V minimum.

Miteq

INFO/CARD #228

Low Noise Amplifier
The model 310 amplifier covL
ers 10 kHz to 1 GHz with a typical
noise figure of only 1.8 dB. The
gain is 32.5 dB at 100 MHz with
a flatness specification of +0.5
dB maximum from 25 kHz to 800
MHz. Output power at 1 dB gain
compression is +11 dBm, and the
third order intercept point is at
+23 dBm. The amplifier meas-
ures 3.6’ x 4.3"” x 7.2 making it
useful for applications such as
spectrum analyzers, EMI/EMC
test systems and near field
probes.
Sonoma Instrument
INFO/CARD #227

L-Band Application
The model CPHC128148-5/
1665 is a solid state, Class A
linear power ampilifier operating
over the frequency range of 1200-
1400 MHz. The power output is 5
watts at 1 dB compression and
small signal gain is 30 +2 dB. The
power amplifier is unconditionally
stable under any combination of
input or output VSWR and is
protected against thermal over-
load and output VSWR.
Power Systems Technology
Inc.
INFO/CARD #226

~ SIGNAL
~ PROCESSING

Increased Stability

A new line of equalizers offers
electrical stability with tempera-
ture variation and vibration. Reso-
nant frequencies remain constant
as temperature varies over the
operating range of —55 to +125
degrees C. VSWR performance
is as low as 1.40:1 over multi-
octave bandwidths. The line also
offers stepped and variable loss
elements.
Semflex, Inc.
INFO/CARD #225

IF Power Dividers

Two new |F power dividers
offer phase and amplitude bal-
ance as well as high isolation.
Model 432-26-2 operates from S
MHz to 1 GHz with a minimum

April 1992



NOT ONLY

R.F. POWER AMPLIFIER MODULES

1 MHz TO 1000 MHz
5 WATTS TO 20,000 WATTS
SOLID STATE - TUBE - HYBRID
AIR COOLED - LIQUID COOLED - CONDUCTION COOLED

R.F POWER AMPLIFIER SYSTEMS

* N.M.R.

e E.C.M.

e RADAR

* DIATHERMY

e F.M. BROADCAST

* PLASMA ETCHING

e COMMUNICATIONS OTHER PRODUCTS

O.E.M. R.F. MODULES
* POWER SPLITTERS

e LASER EXCITATION

e INDUSTRIAL HEATING * POWER COMBINERS
e FILTERS
e MRI - MEDICAL IMAGING * DIRECTIONAL COUPLERS

e CUSTOM AMPLIFIER DESIGN
e MEDICAL STERILIZATION

¢ CYCLOTRON EXCITATION ——
4

— —
— W

R.F. SOLUTIONS INC.

16055 Caputo Drive, Morgan Hill, CA 95037, Phone (408) 778-9020, FAX (408) 779-4832
INFO/CARD 72

* TELEVISION BROADCAST




RF products coninwes

isolation of 24 dB. Model 432024-
2 operates from 10 to 500 MHz
with a minimum isolation of 27
dB. SMA connectors are stan-
dard and the components are
available from stock.

Loral Microwave-Narda
INFO/CARD #224

Microstrip Mixers

Four new microstrip compat-
ible carrier mixers are available
from Magnum. Two of the mixers,
an upconverter and a downcon-
verter are available in miniature
configuration. All of them operate
from —54 degrees C to +100
degrees C and have an input
power of 200 mW at +25 degrees
C or 100 mW at +100 degrees C.
{F is DC to 1.1 GHz and LO power
is +10 dBm.
Magnum Microwave
Corporation
INFO/CARD #223

8-Way Power Divider

New power dividers operate
from 30 MHz to over 500 MHz
with very low insertion loss, 11
dB per port including loss due to

power split, with less than 0.5 dB
amplitude imbalance. Port to port
isolation is greater than 20 dB
and maximum average power
handling capability is 1 Watt mini-
mum. Connector options are type
N or SMA.

Microwave Solutions, Inc.
INFO/CARD #222

Easy Solder Joint

Inspection

Two size chip attenuators are
offered with metallized ground
planes to allow fast, easy solder
joint inspection. Model
TS0300W1 and TS0500W1 have
a wrapped ground with full ground
plane metallization. Both models
operate from DC to 18 GHz, with
maximum VSWR of 1.30:1. At-
tenuation accuracy is +0.5 dB or
five percent for each value from
1to 20 dB.
EMC Technology, Inc.
INFO/CARD #221

SEMI-
CONDUCTORS

Low Noise Analog

Filters

The MAX274 is an 8th order
filter with four independent cas-
cadable sections and the
MAX275 is a 4th order filter with
two independent sections. The
fiters can implement bandpass
or lowpass filter responses and
has user-programmable center

frequency and Q. Total harmonic
distortion is less than —86 dB.
The MAX274 comes in 24-pin
narrow plastic DIP and CERDIP
as well as 28-pin small outline
packages. The MAX275 comes
in 20-pin plastic DIP, CERDIP and
small outline packages.

Maxim Integrated Products
INFO/CARD #220

SPDT GaAs Switches
Two new low cost single pole
double throw GaAs monolithic
switches are available in plastic
surface mount packages for op-
eration from DC to 3 GHz. The
MGS-70008 is a reflective switch,
with the switched terminal in the
off state terminated to ground and
the MGS-71008 is an absorptive
switch, with the switched termi-
nals in the off state terminated
into an internal 50 Ohm load.
Avantek
INFO/CARD #219

PIN Diodes

The HIPAX™ series of PIN di-
odes are designed as equivalents
to many Unitrode PIN diodes. The
M/A-COM series features a full
face bonded, passivated PIN di-
ode chip in a thermally symmetri-
cal package for high power per-
formance. Package options in-
clude bondable chip, axial lead,
studded and a non-roliable sur-
face mount device.
M/A-COM Semiconductor
Division
INFO/CARD #218

‘Cellular Isolators & Girculators
#4357 Delivery

M/A-COM offers a complete

¢ 3rd Order Intermod As

selection of 3 and 4-port circu-
lators and isolators covering
400 MHz to 1.9 GHzin popular
cellular bandwidths. They
feature high power operation
and meet critical harmonic
and intermodulation specs.

Call or write today for our
NEW Ferrite Products
catalog.

Low As - 75 dBc

e 200 W CW Standard
Higher Values Available

¢ 60 dB Isolation Typ.
(4-Port)

¢ 0.3 dB Insertion Loss Typ.
(4-Port)

e SMA, N, TNC, SMB
Connectors and Drop-in
Configurations

¢ Monitor Options Available
(Foward and Reverse)

~ “ RADAR PRODUCTS DIVISION

Radar Products * South Avenue © Burlington, MA USA e Tel: 617-272-3000 ext. 1733

INFO/CARD 73
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RF tutorial

The Smith Chart and its Usage

in RF Design

By Neal C. Silence
Microwave Engineering Consultant

The Smith® Chart is a design and
analysis tool that can provide insight into
the impedance and reflection character-
istics of an RF circuit. An understanding
of this tool and its use can enhance the
performance of an RF engineer in the
design, development, integration and
test of RF and microwave circuits. The
purpose of this tutorial is to explain the
analytical basis of the chart, not to
provide step-by-step manipulation in-
structions.

any people mistakenly ignore the

Smith Chart as a design tool
because they feel that the large commer-
cial CAD programs are all they need.
However, a quick look at these pro-
grams reveals that they make extensive
use of the Smith Chart. To use these
programs effectively, an understanding
of the chart is needed.

The Smith Chart is particularly valu-
able in that phase of design when
modification of the impedance character-
istics of the circuit is required. Even
when purely numerical methods can be
used, the Smith Chart’s graphical rep-
resentation can add an intuitive insight
that saves considerable design time.

What is the Smith Chart?

The chart, as shown in simplified form
in Figure 1, is a graphical representation
that provides a transformation between
the complex reflection coefficient (S11),
in a polar format, to the real and
imaginary parts of the impedance or
admittance. In this form, it is ‘ideally
suited for the solution of transmission
line problems, which was the main
objective of its creation. Translation
along a transmission line is represented
solely by a change in the phase of the
reflection coefficient, which becomes a
simple rotation of a constant-length
vector on the Smith Chart.

The chart has the property of being
able to graphically display the entire
range of real and imaginary values of
input impedances (or admittances) of a
network. This characteristic turns out to

RF Design

be a valuable asset of this design and s A

analysis tool.

Transmission Line Analysis

The following equations describe trans-
mission line characteristics (refer to r =re
Figure 2):
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Figure 1. The Smith Chart.
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=— Reference Plane

Figure 2. Circuit diagram of a
transmission line terminated with
an impedance.

I = Complex reflection coefficient

o = Magnitude of the reflection
coefficient

© = Phase of the reflection coefficient

A = Wavelength in the transmission line

I = Transmission line length in degrees

Input impedance of a transmission line.
A transmission line of characteristic
impedance Z, terminated by an arbitrary
impedance fL, will have an input imped-
ance Z, as described by equation (1). A
lossless line is assumed, which is a good
approximation for most applications.
However, this equation can be very
cumbersome to use. For example, if one
wants to know the length of line that will
transform the load to a real value, the
computation can be quite complex. With
a lossless line, the magnitude of the
reflection coefficient remains constant

Figure 3. Reflection coefficient
coordinates.

as its fength is changed (equation 3).
One could use this property to find
values of Z, that solve this problem.
Reflection coefficient. The reflection
coefficient is nothing more than a mathe-
matical representation of the reflected
voltage wave with respect to the incident
wave at a specified port of a circuit. It is
identical to the S parameter Sii, where
“i"” is the port number of the circuit.
Equation (2) defines it in terms of a circuit
input impedance referenced to the trans-
mission line characteristic impedance.
For any circuit, the reflection coeffi-
cient can be represented graphically at
any frequency as shown in Figure 3.
Since reflection coefficient is a complex
value, it can be represented in either

LOCUS OF
CONSTANT
RESISTANCE

r=0,/—

LOCUS OF
CONSTANT —
REACTANCE

Figure 4. Smith Chart configuration.
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polar or rectangular coordinates. Polar
coordinates are the preferred choice,
as translation along the transmission
line is obtained by simply rotating the
vector. The Smith Chart adds an overlay
coordinate system for impedance as
represented by equation (4), and prob-
lems such as transforming a complex
impedance to a real value become quite
easy to solve.

Construction of the chart. Since there
is a multiplicity of impedances in use
and because the Z, of waveguide cannot
be uniquely defined, it is common
practice to normalize impedances and
admittances when using the Smith
Chart. By normalizing Z, as shown in
equation (5), equations (2) and (4)
become (6) and (7):

25w (5)
ZO 0 ZO

r=2-1-y4+jy ©)
2N J

K ot e . ‘

z-—1_r IR 7)

Substituting equation (6) into (7), we can
eventually get:

r N 1
[u—1+r] +V2=(1+r)2 ®

This equation represents a circle of
radius 1/(1+r) with its center at u=r/(1+r)
and v=0. From this, a family of circles is
obtained that represent a loci of con-
stant resistance with their centers on the
u axis of Figure 3 and a common point
at u=1 and v=0. For a range of r from
zero to infinity all circles are contained
within a circle described by a reflection
coefficient of magnitude 1 and variable
phase, which is also the circle for r=0
(the outer circle and maximum boundary
of the chart, as in Figure 1).

The derivation of equation (8) can also
yield the loci of constant reactance:

O RN
(u—1)2+[v—;] 5 (9)

Again, a family of circles is obtained.
However, this time the centers lie along
a vertical line at points of u=1 and v=+1/x.
Since the radii of these circles are 1/x,
they also have a common point of u=1
and v=0. Figure 4 identifies a pair of
constant resistance and reactance cir-
cles along with their centers and radii.
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Series C
On Coastant
Resistance Circles

Series L
On Constant
Resistance Circles

(a)

0.104 wavelength

on outer scale
RED = Impedance Chart

GREEN = Admittance Chart

Shunt €
On Constant
Conductance Circles

Radlus = Magnitude of 1
Refiection Coetficient

Shunt L
On Constant
Conductance Circles

®)

~d rotates reflection

40 + j22.50 \
{0.8 + j0.45 normalized) *.__

S0 ohm transmission line
0.1 wavelength long

coetficient vector
through this angle.
“

0.204 wavelength
on outer scaie

.
775 ¢ j2se

\ {1.5 + j0.5 normalized)

Normalized
50 + j0Q = 1.0

Figure 5. (a) Reactance changes along constant resistance and conductance circles; (b) rotation of impedance
through a length of transmission line.

Properties of the Smith Chart

Range of values. For a passive cir-
cuit, the magnitude of the reflection
coefficient is less than or equal to
one. This implies that all possible values
of input impedance of such a circuit
will lie within the unit reflection coeffi-
cient circle. For an active circuit, the
reflection coefficient may be greater
than one. For cases of this nature,
the input impedance will have a neg-
ative resistive component. Using this
property, the Smith Chart can be used
to analyze the stability of amplifier
circuits.

Pure real and pure imaginary values.
An impedance consisting of a purely
resistive component lies only on the
u axis of the reflection coefficient. On
the other hand, pure reactance values
occur only on the reflection coeffi-
cient unit circle (outer edge) of the chart.
This latter property provides a conven-
ient tool for determining the length of
an open or short circuited transmission
line that will provide a specific resis-
tance.

Modification of values. If one adds
series resistance to a load impedance,
then the impedance moves along a
constant reactance circle. Conversely,
adding reactance will move the imped-
ance value along a constant resistance
circle (see Figure 5a). If one adds or
subtracts transmission line length, then
the impedance is transformed along a
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circle with its radius determined by the
magnitude of the reflection coefficient.
The angle of rotation is dependent on
the wavelength of the added transmis-
sion line (Figure 5b). These properties
are heipful in determining what type of
circuit element is needed to obtain a
match.

Impedance and admittance repre-
sentation. The chart can be used to
display impedance or admittance. The
inversion process from one to the other
is accomplished on the chart of Figure
1 simply by: 1) relocating the data
diametrically across the chart at the
same distance from center (as if the
reflection coefficient was rotated 180
degrees), and 2) changing the sign of
the imaginary component of the immi-
tance (i.e., positive values of reactance
are in the upper half of the chart while
positive values of susceptance are in the
lower half. Note that the phase angle of
the voltage reflection coefficient is dis-
played correctly only when impedance
coordinates are used.

There is a version of the Smith Chart
available that always shows the reflec-
tion coefficient correctly. This chart has
both impedance and admittance, and
care is required to keep them from
causing confusion. Figure 5a includes
such a chart to illustrate reactance
changes on both constant resistance
and constant susceptance circles.

Radial and circumferencial scales.

For convenience of use, several scales
are provided with most Smith Charts.
Radial scales are usually provided at the
bottom of the chart; most commonly
including reflection coefficient, VSWR
and return loss. The normalized resis-
tance values marked off to the right from
the center of the chart also are equiva-
lentto VSWR. The circumferential scales
most often provided are reflection coef-
ficient phase angle and fractional electri-
cal wavelength. The latter is scaled in
wavelengths toward the load and toward
the generator. A zero reference is
located at a reflection phase angle of
180 degrees.

Application Examples

Lumped element matching. A 75 + |25
ohm load is to be matched to a 50 ohm
transmission line. On a chart normalized
to 50 ohms, the normalized impedance
of the load is 1.5 + j0.5, as plotted in
Figure 6. The elements required are
determined by following the constant
reactance lines in both the impedance
and admittance portions of the chart.
From the load, we can follow the
constant susceptance line to the point
that lies at 1 + j0.8 (normalized) on the
impedance chart. This route ‘‘travels”
from values of —0.2 to —0.49 for a net
change of 0.29 in the direction corre-
sponding to a shunt inductor. On the
impedance chart, the path from 1 + j0.8
to 1 + j0.0 corresponds to a series
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Figure 6. Lumped element impedance matching example.

capacitor with a normalized impedance
of —j0.8. De-normalizing to a 50 ohm
system, we see that a shunt inductor of
0.29 x 50 = 14.5 ohms is placed across
the load, followed by a series capacitor
of 0.8 x 50 = 40 ohms to the 50 ohm line.

Impedance matching using a single
stub tuner. In this exampie, it is desired
to match the same 75 + j25 ohm load to
a 50 ohm transmission line using a
single short-circuited stub. The parame-
ters that need to be determined to solve

this problem are the position of the stub
on the transmission line and its length.
The normalized load impedance Z1 is
1.5 +j0.5. Since the susceptance of the
stub will be added in shunt, the imped-
ance Z1 will be converted to its corre-
sponding admittance of Y1 = 0.6 — j0.2.
This admittance will lie on the unit
conductance circle. The admittance ob-
tained here is Y2 = 1 +j0.58. The length
of the line is obtained from the chart’s
circumferential fractional wavelength

XN
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scale. For this problem, the length is
0.195 times the operating wavelength
of the transmission line. To obtain a
match, a susceptance of —0.58 must be
added by the stub. This value is ob-
tained by transforming a short circuit
(infinite conductance) through a iength
of line equal to 0.166 wavelengths along
the outer circle of the chart in a
clockwise direction from the intinite
conductance and susceptance point to
a susceptance of —0.58 as shown in
Figure 7.

Conclusion

The Smith Chart is a very useful design
and analysis tool that has withstood the
test of time. This chart, which is nothing
more than a mapping of constant reac-
tance and resistance of the impedance
plane onto the complex reflection coeffi-
cient plane, is one that every RF engi-
neer should be familiar with.

Readers may want to do a second
reading of the material presented here
alongside instructions on the mechanics
of data manipulation on the chart, such
as those found in Reference (6).

Smith® is a registered trademark of
Analog Instrument Company, P.O. Box

808, New Providence, NJ 07974. Tel.

(908) 464-4214. This company supplies
charts in various configurations, and has
Mr. Smith’s book on the chart (Refer-
ence 1). RF
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CAD Program for Analysis
and Synthesis of Stripline,
Microwave Circuits

By Przemyslaw Miazga and Dariusz Lubecki

Technical University of Warsaw

Stripline circuits, transmission lines
between conducting plates, have not
been as popular as microstrip, with its
single ground plane. But these circuits
are becoming increasingly important,
especially in multi-layer printed circuit
board construction. This program, an
entry in the 1991 RF Design Awards,
helps design stripline circuits.

he program STRIPLINE is a de-

signer’s tool for calculating dimen-
sions and impedances of the following
stripline (tri-plate strip transmission line)
circuits:

¢ single and coupled stripline

¢ low-pass filters

¢ band-pass filters (coupled or

branched)

¢ band-stop filters (branch type)

e hybrid couplers

e branch couplers

The program also computes parame-
ters of the equivalent circuits of stripline
discontinuities — open end, hole, gap,
step in width, bend, paralliel TEE junc-
tion and rectangular slot. Line losses
can also be calculated.

The program operates on IBM PC/XT/
AT/386 compatible computers with an
EGA or Hercules card. Operating sys-
tem DOS/MSDOS 3.1 or higher is re-
quired. A mouse driver is not supported.
The source code was written in C and
the program was compiled with Turbo
C++ compiler v.1.01.

No installation is required. Before
running the program you should only
check the hardware specifications for
the distribution copy. To run STRIPLINE
type: STRIP, then press Enter.

Basic Program Usage

STRIPLINE is based on a system of
pul-down menus. You can navigate
among them using ‘hot keys’ — cursor
keys and highlighted letters in the main
menu. The Enter key chooses the
highlighted option, Esc returns to the
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main menu, and used from there, quits
the program. During calculations ‘hot
keys' are accessible only after all calcu-
lations are finished and final results are
displayed. Comments describing what
data is to be entered are given in the
program. Some parameters have prede-
fined values. Figure 1 is the screen
display for the stripline lowpass filter
option. The menu categories can be
seen across the top of the display.

Main Menu Functions
Substrate: Allows you to input sub-
strate parameters:

g, - relative dielectric permitivity
u, - relative magnetic permitivity
d - substrate plate height [mm]
t - metal film thickness [mm]

Stripline: ref. [1,2]

Analysis - analysis of single and cou-
pled stripline

Synthesis - synthesis of single and
coupled stripline

Losses - calculation of stripline losses

Open-end - calculates effective ca-
pacitance of open-ended stripline

Hole - calculates reactances of
equivalent circuit of a symmetric hole in
a center strip

Gap - calculates reactances of equiva-
lent circuit of a gap in a center strip

Step in w. - calculates parameters
of equivaient circuit of a symmetric step
in width

Bend - calculates parameters of equiva-
lent circuit of bend of a center strip

TEE - calcuiates parameters of

{Substrate stripline Options

Coupline

l’!m colplers |

1
1

|
t
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Figure 1. Screen display of the lowpass filter calculation option.
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equivalent circuit of symmetric parallel
TEE junction

Rect. slot - calculates reactances of
equivalent circuit of symmetric rectan-
gular slot in a strip

Options: lets you predefine limits for
strip width and slot in a coupled lines

Filters: calculates dimensions for follow-
ing filters [3] with either Chebyschev or
Butterworth characteristics:

Low pass filter - on a stepped line
Band pass filter - coupled type

Band pass filter - branch type

Band stop filter - branch type

Letter X denotes that open-end disconti-
nuity effects are considered.

Couplers: calculates dimensions for ring
or hybrid couplers, [3].

This short note only describes the
capabilities of the program. It is recom-
mended that the user examine the
references for understanding of the
physical phenomena and mathematical
analysis used for these computations.

Comments and technical support ques-
tions should be directed to the authors
at the address given below.

This program is available on disk from
the RF Design Software Service. See
page 98 for ordering information. RF
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A Small, Low Cost BPSK
Demodulator

By David M. Benzel

Lawrence Livermore National Laboratory

BPSK (Binary Phase Shift Keying) is
a popular modulation system which is
used because of its relative ease of
implementation, its predictable behavior
under various noise and propagation
conditions, and its well known theory of
operation. BPSK modulation of a carrier
is accomplished by a number of simple
means, where a reference phase can
be used to represent a digital 1, and the
complimentary phase can be used to
represent a digital 0.

H owever, the demodulation process
is not as simple; detecting a signal
which varies in phase requires a-priori
knowledge of the reference phase. A
design can quickly evolve into large,
complex and power hungry circuits
involving precision delays, multiple
phase locked loops, etc. In many appli-
cations this is not a problem and may in
fact be necessary, especially when de-
signing for optimum noise performance
and lock-up time.

Sometimes, optimum noise perform-
ance and lock up time is not of the
utmost importance. For hand-held or
remote receiver applications, other fac-
tors can drive the design. The goals of
this project were, therefore, three-fold:
1) reduce circuit size as much as
possible, consistent with surface mount
devices, 2) reduce circuit complexity
and therefore, cost and 3) reduce power
consumption for use in low power appli-
cations. These goals must be met while
producing a circuit which performs ade-
quately in the presence of noise, and
which can achieve reasonable lock-up
time.

Theory of Operation

A BPSK signal can be represented as:
fS|g(t) = A cos (w, + 6,) (1)
where w_ is the carrier frequency and
where 6, = 0 for a **1”’ bit and n for a
“0” bit. To demodulate this BPSK
signal, it can be multiplied by a refer-
ence oscillator signal:

RF Design

fe) = B cos (w_ +6) )

where @, is the constant phase
difference between the reference oscil-
lator signal and the original modulator
phase. The result of this multiplication
is:

i A RS
’\n—.—"

- —
.

Completed circuit.

\Y

o

AQB- [cos 6, + h.ot’s]

(3)
fora*'1" bit

@)

for a “‘0” bit

= AZB' [cos 6, + h.ot’s]
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Figure 1. Transfer function of the
phase demodulator.

Higher order terms are ignored, since
we are only interested in the DC levels
which represent the bits. Obviously, 8,
must not equal n/2 or 3n/2 for there to
be an output, and should ideally be 0 or
n for maximum demodulator output
voltage. The transfer function of this
phase demodulator circuit is shown in
Figure 1.

This is just fine for demodulation,
when given a reference VCO which is
already locked in frequency to the BPSK
signal. But, how can the reference VCO
be locked to this BPSK signal, when the
phase is constantly changing with the
data?

Figure 2. Transfer function of the
reference phase recovery circuit.

As shown earlier, the output volt-
ages of the multiplier differs only in
sign, not in magnitude, depending
on which bit is being demod-
ulated. So, passing the output of
the multiplier through an absolute
value circuit, and then a low pass
filter, produces an output whose
value corresponds to 8, only, to the
nearest half cycle, and is represented
by:

AB
Vv T N cos 0, )

fora ‘“1” ora ‘0"’ bit
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Figure 3. PLL schematic.
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This is just the value needed for an error
signal to control the reference VCO. The
transfer function of this reference phase
recovery circuit is shown in Figure 2.

The reference signal is therefore
generated by a VCO which is phase
locked to the incoming BPSK signal.
With the exception of the absolute value
circuit, this is just a standard PLL circuit.
Note that the PLL will lock to either the
“1” or the ‘0" phase, and that there is
no way to tell which. This is usually
resolved by sending polarity defining
data headers, or by using polarity insen-
sitive differential data encoding and
decoding.

Data output, after filtering out the
higher order terms, is seen directly at the
output of the multiplier. Integrating the
data over bit intervals improves perform-
ance in the presence of noise (1).

Prototype Circuit Design

To keep size and power consumption
down, an NE602 is used as the heart of
the PLL, as shown in the schematic,
Figure 3. The NE602 is a low power IC
which contains a Gilbert cell multiplier,
which is used as a saturated phase
detector, and an oscillator stage, which
is in a vari-cap tuned, Colpitts VCO
configuration. The IF and VCO fre-
quency is 455 kHz.

Note that the NE602 has differential
phase detector outputs. These differen-
tial signals are filtered to remove the
2w, terms, and are passed through the
dual diode chip, D2. The output of D2 is
the desired phase detector absolute
value signal, V.V, is fed to the loop
amplifier and loop filter.

Signal levels into the multiplier are
intentionally set at a relatively high level.
The IF input signal should be about 120
milli-Volts for saturated phase detector
operation. An ideal saturated phase
detector has a transfer function which
is linear with phase, and is not depen-
dant upon input signal level variations.
The measured transfer function for this
circuit is shown in Figure 4, and is fairly
linear.

The design of the PLL is straightfor-
ward. The measured response of the
phase detector, from Figure 4, is K, =
1.36 Volts/nrad. Referring to Figure 4,
the desired 20 kHz lock range is defined.
The desired lock range is shifted toward
the upper half of the phase detector
transfer function in order to ensure an
adequate output voltage difference be-
tween bits. After all, if 6, = n/2 or 3n/2,
the loop will be locked, but the bit output
voltage will be 0!
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Figure 3a. Final component values.

This 20 kHz lock range corresponds
to a phase detector AV = 0.36 Voits. The

time constant, T,, can now be deter-
mined from (2):

where w_now stands for 1/2 the capture
range. The capture range, 2w, is cho-
sen to be 8 KHz. K, is the loop gain as
shown, and K, K, and A are as above.
From this equation, 1, = 240 usec. The
loop filter components for the prototype,
a simple first order RC filter, were
chosen accordingly.

Note that all other time constants in
the loop, R7 and C12 for instance, are
chosen to be much shorter than t,. This
ensures that the dominant response of
the loop filter will be the desired first
order response. Unintended poles near
7, are an often overlooked source of loop
instability.

The data output of the phase detector
first passes through an integrator whose
time constant is chosen to be less than
1/5 the bit width, giving the integrating
capacitor time to charge to very nearly

loop amplifier gain, A, is:

1Volt _ 20 KHz _
B BBMONe. . ©)

the ultimate bit voltage. The integrator
is followed by a low power, single supply
operational amplifier, the LM358. Hys-
teresis is added to reduce the risk of
noise showing up in the output data
near zero crossings. Also, hysteresis
allows for a longer integration time

2w =2 J}:i: (7)

The measured response of the VCO is
K, = KK, ®)

K, = 2n(5 x 10%) rad/Volt. The loop filter
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DATARADIO T-MODEM 96
The Designers
Radio Modem

T-MODEM 96 is a ransparent, asynchronous,
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Figure 4. Measured transfer func-
tion.

before a bit decision is made, thereby
reducing the bit error rate in the pres-
ence of noise. Data output is from 0.1
Volts to 6.3 Volts.

This prototype circuit, as designed
above, and tested with a signal genera-
tor, performed with close to expected
results. Deviation from predicted values,
by chance, moved in the direction of
larger lock and capture ranges. For this
prototype circuit, actual capture range
was measured at 10.4 kHz, and actual
lock range was measured at 28.5 kHz.
These values were valid for either a
CW signal, or a 2400 Baud BPSK signal.

The Final Circuit

Of course, in the real world, the
demodulator circuit will not get nice,
ideal signals. Real signals will have their
bandwidth modified by IF stages. Real
signals will have noise.

Final component values, shown in

Figure 3, were chosen with the demodu-
lator circuit driven through the IF stage
to which this circuit will be connected.
Also, input signal levels were varied so
that performance in the presence of
noise could be optimized.

During final circuit test, it was found
that the loop could loose lock during bit
transitions, even with relatively high
signal to noise ratios. This problem was
caused by the limited bandwidth of the
IF section, which caused amplitude and
phase distortion of the BPSK signal at
bit transition time. It is not surprising
that the loop was upset at bit transition
time, since the 240 usec time constant
of the prototype loop filter is shorter than
the bit width of 833 usec.

Increasing the time constant, t,, of the
loop filter to the milli-second range
prevented the loop from loosing lock
during bit transitions. Lock range was
unaffected since the lock range, 2w, is
equal to K, and is not a function of the
loop filter time constant (3). However,
capture range, as shown above, is a
function of 1, and is reduced when 1, is
increased.

The final circuit employs a first order,
lead-lag RC filter (4). This type of filter,
when implemented correctly, retains the
characteristics of the long time constant
filter, formed by R3 and C7, which is
useful for foop stability during bit transi-
tions and for noise immunity. However,

! Quieting 5dB 8dB
' Lock Range 3.7kHz 6.7kHz
Capture Range  3.7kHz 6.7kHz
Data Noisy Noisy

RPN

10dB 15dB 20dB
7.2kHz 9.8kHz 14.0kHz
7.2kHz 9.7kHz 129kHz |
Usable Good

Good J

Figure 5. Measured lock and capture ranges.
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ARCQO TRIMMER CAPACITORS
VK200-20/4B RF Choke....
565006538 Fervite Bea.
Brosdband HF Transformers

Add 9 3.50 for shipping and handiing.
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Figure 6. Typical data output for
20 dB receiver quieting.

the capture range is increased since the
ultimate attenuation of the loop filter is
limited by R2. It was found that a first
order, lead-lag loop filter, with 1, = 2
msec and with 1, = 42 usec produced
the best results.

Construction, Adjustment and
Results

The final circuit is constructed on stan-
dard PC material. Since the frequency
of operation is low, 455 kHz, no special
circuit layout was required. Operation is
stable, and component values, with the
exceptions noted below, are not critical.

There are three components which
must be adjusted for correct circuit
operation. A VCO capacitor must be
trimmed, and two offset pots must be
adjusted.

The VCO center frequency is set by
the following procedure. The D1, R7,
C2 node is connected to a 2 Volt source.
Then, C6 is chosen to produce a 455 kHz
VCO output frequency. This sets the VCO
to the IF frequency when the control
voltage is in the middle of its range.

Trim pot R1 is used to set the offset
voltage for the loop filter. It is most easily
set by adjusting for phase lock at 455 kHz.
The pot can then be tweaked to ensure
lock over the correct range of IF frequen-
cies, which should be at least +10 kHz
for a noiseless, full bandwidth input.

Figure 5 shows measured lock and
capture ranges, and output data integ-
rity, for the final circuit, when driven by
a receiver, as a function of CW receiver
quieting. Actual BER measurements
were not yet made at the time of writing.

Trim pot R9 is used to set the offset
voltage for the output data amplifier.
With a square wave BPSK signal ap-
plied, R9 is adjust for symmetrical data
output.

Figure 6 shows typical R8, C11 inte-
grator output and LM358 data output for

RF Design

Figure 7. Output traces of circuit.

20 dB receiver quieting. Figure 7 has three
traces, the upper trace is one output of
the NE602 phase detector, the middle
trace is the same signal after low pass
filtering, while the bottom trace is the
output of D2, the absolute value circuit.

Conclusion

The evolution of this circuit pro-
ceeded from the initial concept of a
small, low cost BPSK demodulator,
through the prototyping stage, where
design tradeoffs were explored, the final
circuit. The final circuit was optimized
while being driven with noisy, real world
signals. This circuit has met all design
goals, and has been performing well in
the system for which it was designed. RF
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Dual-directional couplers

Five models handle power up to 15 kW,
matched to AR amplifiers and antennas.

L —— i

Ultra-broadband E-ﬁéld monitor
One sensor, isotropic monitoring to 300
V/m for the 10-kHz-to-1000-MHz band.

Power combiner/dividers
Combine signals from four amplifiers or
divide one into four outputs.
High-power rf matching
transformers

Match 502 input to 12.5 or 200Q
output. Up to 2000 watts cw.

Fiberoptic CCTV system
Interference-free video transmission
from hostile EMI environments.
Broadband fiberoptic links

Three analog telemetry systems from
30 Hzto 1.1 GHz.

TEM cells
Test objects 15 cm wide to 750 MHz,
and objects 30 cm wide to 375 MHz.
Computer interface
Isolated TTL or IEEE-488 interface
permits remote operation of high-
power amplifiers.

- b

Accessory kit
Fabricated cables, coax adapters,
connectors, cables, fuses, lamps.

Find out more about AR accessories;
talk to one of our applications engineers.
He'll answer the phone when you dial,
toll-free,

100-933-8181

AMPLIFICR
RESCARCH

160 School House Road, Souderton, PA 18964-9990 USA
215-723-8181 » TWX 510-661-6094 * FAX 215-723-5688
569

INFO/CARD 79




RF product report

RF Signal Generators Go Digital

By Liane G. Pomfret
Associate Editor

F signal generators, the primary

piece of test equipment for engi-
neers designing and testing radio re-
ceivers, have branched out into new
areas and incorporated new technolo-
gies. The market focus is changing and
is reflected in the use of more digital
technologies. New applications, com-
bined with a shifting market focus are
keeping the RF signal generator market
active.

While manufacturers are holding the
line on cost, they're also improving
the features available. For Wayne Kerr
this means increasing frequency range
and operator versatility in modulation
and sweep facilities. Marconi Instruments
now offers a family of low noise genera-
tors based on their standard performance
generators. As a result, customers can
buy a normally high priced product for
mid range prices. The Fluke Philips Divi-
sion of John Fluke Manufacturing offers
a 50 MHz function generator based on
the fact that there are not that many
50 MHz generators on the market.
Each company has shaped its own
approach, based on its analysis of
customer needs.

The general state of the RF signal
generator market mirrors the rest of the
RF industry. For companies who have
spread their products around and offer
an extended product line, business is
pretty good. Companies who offer only
a limited line or sell almost exclusively
to the military are feeling the squeeze.
Overall, the market has held up well
despite the gloom and doom predictions
of forecasters. However, several manu-
facturers noted that they've seen a lot
of ‘‘tire kicking’’ but very little in actual
sales. Comments such as this are
indicative of the overall soft test equip-
ment market.

The need for traditional signal gen-
erators will remain strong for years to
come. However, manufacturers are now
having to include more in their products
for the same price, such as IEEE-488
control capabilities and pre-programmed
standard test configurations. Defense
customers who are now ‘‘required to do
more with less,’’ are pushing for greater
value in the generators they do buy.

96

In some cases, prices have dropped
so much that signal generators are
now considered commodity items. There
are still the high performance, high
priced models which continue to sell into
their niche markets, but there are also
models available for benchtop or pro-
duction testing at a much more reason-
able cost.

The military market, a large part of
RF signal generator business, is in a
decline, but the growing communica-
tions market is picking up the slack.
Sales into the military market are still
good, but manufacturers realize that
they won't stay strong and have refo-
cused their attention on telecommunica-
tions. With the increasing popularity of
mobile and digital cellular and personal
communications networks, manufactur-
ers of mixed signal or pure digital signal
generators are finding a very good

market. By their nature and because
increasing demand for spectrum space,
these technologies have to use digital
or mixed signal techniques, such as
direct digital synthesis for fast frequency
switching and fine resolution. Instru-
ments with complex phase and ampli-
tude modulation capabilities are re-
quired for new digital communications
applications.

Commercial communications holds
the largest market share at the moment
for signal generators. Introductions of
analog/digital or pure digital signal gen-
erators have been well received be-
cause of the number of new communica-
tions technologies that require digital
testing. In addition to commercial com-
munications there are other areas show-
ing increased signal generator usage.
Avionics, both military and commercial,
are showing an increase. Programs
such as the light helicopter and the
advanced tactical fighter are using sig-
nal generators in the VXlbus format.
Similarly, the Boeing 777 project is also
using VXIbus signal generators.

While some of these applications
have been around for a while, there are
other, more unusual applications ap-
pearing. For instance, General Motors
is putting together a VXlbus testing
system to help verify that the microproc-
essors in their cars aren't affected by
external radiation sources. Another un-
usual application calls for the testing of
a submarine cable repeater. While this
sounds out of the realm of applications
for a signal generator, it involves many
of the same procedures used in radio
receiver testing.

The future for RF signal generators
promises change. New technologies
and new applications will force manufac-
turers to look at their products carefully
and reevaluate their marketing strate-
gies. Older, analog technology will con-
tinue to be the mainstay of engineers for
a while to come, but digital and VXlbus
technology will become strong competi-
tors over the next few years. F

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

RFEXPO

PIRCOCTEEIDITTNCG S

Successful engineers like yourself are con-
stantly searching for information to keep
them up-to-date on the rapidly changing
world of electronic technology. Twice a
year, this vital information is presented in
the technical sessions and complete tutorial
series at the RF EXPOs.

If you were unable to attend the show or
a particular session — you can now obtain
the same information in the RF Expo Pro-
ceedings. You'll find almost every paper
that was presented at the show,

——Hurry, supplies are limited.——

published in the proceedings. Topics
covering:

* PIN diodes, transistors and
other RF components * Direct
Digital Frequency synthesizers =
amplifier and oscillator design

* test methods = and
many other essential RF topics.

Don't miss the opportunity to purchase
your own copy of the RF Expo Proceedings
today. Set prices are available at discounted
rates.

Please send me the following Proceedings:

[] RF Technology Expo 92
1 RF Technology Expo 91
[] RF Technology Expo 90
[[] RF Technology Expo 89
"] RF Technology Expo 88
] RF Technology Expo 87

Name
Title
Company Name

Address

Bldg. No. y L’ M/S

Gy - " State _zp

Country

Price:

Postal Code

[J RF Expo East 9!
(] RF Expo East 90
[C] RF Expo East 89
[J RF Expo East 87
[[] RE Expo East 86

$145 each — outside U.S. add $30.00 to total order for shipping charges.

Save 20%

Take all 11 for $1,280
A savings of $315

Payment: (Payment must accompany order)

[] Check enclosed
Osinmy: OVl [JAE
Card #

Signature

(1 Mc

Exp

Date

SEND TO: RF EXPO PROCEEDINGS
6300 S. Syracuse Way, Suite 650

Englewood, CO 80111
OR FAX TO: (303) 773-9716

THE EASY WAY

TO ADD HIGH
DYNAMIC RANGE

ELISRA HIGH DYNAMIC
RANGE AMPLIFIERS

*0.5 to 1,000 MHz frequency range
* up to 100 dBm 2nd order intercept
point
* Integrated into multicouplers and
modular RF matrices

[
.

When you are in the market for advanced
microwave components, Elisra is the
address. A state-of-the-art division
exclusively dedicated to microwave and
related technologies.

Benefit from:
o experience o flexible design
* production facilities
¢ on schedule delivery
¢ a full range of products
Ask about our competitive prices

today.
I. .
f electronic
||ff systems Itd.
U.S.A, Eximin (212) 9477077.Germany,Telemeter
Gmbh (0906) 4091. England,Marlow Electronic Ltd
(0628) 890552. Denmark Tage Olsen a/s
(042) 658200. France]nformate 1-43072888.
Italy, Sistrel (06) 5040273. Spaln, Anatronic S.A
(91) 5424455, Switzerland, Tclemeier AG
(054) 219525. Australla, RF Devices Lad

(02) 6078811. Japan, AmTechs Co. (03) 34849281,
Isruel,Elisra Microwave Division (03) 7545639
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RF software

Amplifier Program

SW.LF.T. Enterprises has announced the
latest release of the design tool ASP (Ampli-
fier Simulation Program) Version 3.11 for
interactive development of weak signal solid
state amplifiers. Various auto or manual
routines allow the developer to optimize for
noise, gain, output VSWR while providing
input/output matching circuits. ASP Version
3.11 is IBM compatible, requires DOS 3.2 or
higher, 256K and EGA monitor. Price is $75
plus shipping.
SW.LF.T.
INFO/CARD #210

Automatic Testing

AutoCAT™ 3.0, a software package for
the automatic testing of electronic products,
assemblies and components is now avail-
able. AutoCAT 3.0 interfaces directly with
measuring instruments through |EEE-488
and RS-232 ports. The user can create any
test program desired using the create mode
and selecting the testing steps. Collected
data can be graphed, printed and transferred
to most spreadsheet or database programs.
It requires an IBM 386 or compatible, 640K
of memory, a 360K floppy drive, graphics
card and IEEE-488 or RS-232 interface cards.
NEOS Technologies
INFO/CARD #209

Microstrip Filter Design
MSPCF is a new software tool for the
design of parallel coupled line microstrip
bandpass filters. Filters with 2 to 15 resona-
tors can be designed using an accurate
microstrip coupled line model which includes
cover effects. The software can also write
microstrip circuit files for the MMICAD™,
Touchstone®, and Supercompact™ circuit
analysis programs. Graphics and tabular
outputs of the filter response with dissipative
losses are included.
Mez-Tech, Inc.
INFO/CARD #208

Upgraded EDA Suite

EEsof’'s Version 3.5 software suite has
been released. The upgrade has added new
capabilities to OmniSys® and JOMEGA™. For
OmniSys, the upgrades include a new set of
noise sources and multi-signal excitation,
providing realistic multi-path and signal plus
noise analysis capability. JOMEGA now in-
cludes extensive circuit model libraries, in-
cluding a 220-part silicon bipolar transistor
library with parts from Avantek, HP, Motorola,
NEC, Philips, Siemens and others. An air-
core inductor set and a large-signal power
MOSFET model are also included.

EEsof, Inc.
INFO/CARD #207

MMICAD Upgrade

MMICAD Version 5.0 is now avail-
able. The software can now run under
Windows 3.0 as a DOS application, perform
conditional analyses using logic flow
statements, and import files from Touch-
stone. MMICAD is also equipped with
oscillator design capabilities, intuitive user-
defined model support that needs no pro-
gramming and flexible Monte Carlo vield
analysis.
Optotek Limited
INFO/CARD #206

Distance to Fault Software

A new fault analysis software can
diagnose mismatches in long transmission
line runs. The Distance-to-Fault software
locates mismatches to within 0.1 percent of
the total distance and displays return loss
amplitude for a single mismatch to an
accuracy of +2.5 dB. The software runs
on an MS-DOS computer, with Wiltron
5400A scalar measurement systems, or with
562 scalar network analyzers using Wiltron
6600B or 6700B Series signal sources.
Frequency coverage is 1 MHz to 40 GHz,
depending on the scalar analyzer model and
source used.
Wiltron
INFO/CARD #205

Easy TESLA Block Diagram
Slmulatlon Runs on Your PC

@ Nonlinear time simulation with built-in spectrum analysis
lets you test with noise, multipath and adjacent channeis

@ Use TESLA to simulate modems, radios, cellular, GPS,
spread spec, DSP, HDTV, radar, controls, audio & more!

@ Over 60 analog & digital blocks: Filters, VCO, Mixer, RFamp,
Laplace, A/D & D/A Converters, BER tester, Noise, S&H,
Integ&dump, 5-Function Generator, Phase meter, & more!

@ Add new blocks with MODGEN option—BBS user library

@ Use OrCAD® to input biock dnagrams—mns under TESLA

FREE APPLICATION NOTE

TESOFT Inc, PO Box 305  CALL FOR WORKING DEMO DISK
$635

Roswell GA 30077 TESLA Simulator
Phone 404-751-9785 MODGEN Model Generator ~ $495
FAX404-664-5817 Symbols for OrCAD/SOT®  $195
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RF Design Software Service
Programs from RF Design, provided on disk for your convenience

This Month's Program: RFD-0492

“"CAD Program for the Analysis and Synthests of Stripline Circuits™” by P Miazga and D Lubecki Pro:
gram computes parameters and dimensions for tri-plate stnphne transmission line sections, filters and
couplers, plus discontinuities, tees. holes and other special structures {C. compied and source code}
NOTEN This program requires a coprocessor and EGA or Hercules graphics

March'’s Programs: RFD-0392

tions. (C. comprled version and source code)

“QSPLOT Utility Displays S-Parameter Data™ by David Lovelace of Motorola A quick method of displaying
S-parameter data without circuit analysis software For checking data accuracy and comparing specifica-

"“A Program for the Design of Single-Stage RF Amplifiers’” by Thomas Stanford Uses S-parameter data
to plot gain and stabtiity circles on a Smith chart. allowing the user to choose impedances for desired
performance Also has two-element matching network synthesis [QuickBASIC, comprled)

Call or write for a listing of all available programs
We accept VISA, MasterCard and American Express! \When ordering by mail, please
include card number, correct name, and expiration date
Order by telephonel Call (303) 770-4709 to place your credit card order. Occasionally,
you may reach an answering machine, but your call will be returned promptly.

Each month's program(s) ....S 15.00

Annual subscription ..

Price includes shipping to US. or Canadian addresses. Orders from other countries must add
$8.00 per order for extra shipping and handling. Specify 3%z or 5% inch disks

..$130.00 postpaid

. postpaid, with article reprints and any
author’s notes.

{S170 Foreign, Air Mail).... get each ASAP

on a bank located in the US.

Check. money order, VISA, MasterCard or American Express accepted for ail orders. Pur-
chase orders from US. and Canadian companies accepted for orders of $100 or more. All
foreign orders must be pre-paid, with payment via charge card, check or bank draft drawn

RF Design Software Service
P.O. Box 3702
Littleton, Colorado 80161-3702
US.A.
(303) 770-4709
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The RF Design
Handbook Series —

Collections of the Besf Articles on These RF Topics:

Oscillator Design Handbook

You can benefit from the contributions of more than 30 top RF engineers as they share their
expertise on oscillator theory, design and applications. Analytical topics and practical circuits
are presented for crystal oscillators, LC circuits and VCOs. Along with traditional designs,
this book includes some unique approaches not found anywhere else.

Filter Handbook: Volume 1 — Applications

The best practical filter circuits from RF Design are collected in this book, allowing you to see
how the best engineers solved their design problems. Essential information on active, passive,
lumped element, microstrip, helical and SAW filters will help make your filter design tasks
easier.

Filter Handbook: Volume 2 — Design

Do you need to brush up on filter theory and analysis? This book offers fundamental and
advanced material on classic Butterworth, Chebyshev and elliptic filters, plus notes on filter
implementation, including filter performance with real, not ideal, components. Another
highlight is a tutorial series on SAW filter basics.

FILTER HANDBOOK i
O T A mstions Power Amplifier Handbook

A Cattction from Ky This book is loaded with practical circuits for power amplifiers operating from HF through
L-band, from a few watts to over a kilowatt, with clear explanations of how these circuits

were designed. Articles on high power couplers, combiners, biasing techniques and VSWR
protection will help simplify the design of your next power amplifier system.

————————— COUPON - — - — — — — — —COUPON — — — — — — — —
Yes, ship me all (QTY) sets of the 4 different Handbooks, at $69.00 per set,
plus $5 postage, per set.

Yes, ship me (QTY) copies of the Oscillator Design Handbook,
at $25.00 per handbook,*

copies of the Filter Handbook Vol. 1, at $25.00 per handbook*
copies of the Filter Handbook Vol. 2, sy $25.00 per handbook*
copies of the Power Amplifier Handbook, at $25.00 per handbook*

w

Yes, ship me (QTY)
Yes, ship me (QTY)
Yes, ship me (QTY)

*plus $3.00 postage
Non U.S. orders, please double shipping chorges.

w

{ ) Bill my company...signed PO enclosed. SE AN ot
{ ) Check enclosed...payable to RF Design. eI NG e
( )IM™MC { ) Visa ( )Amex  exp. date

Card # signature

Ship to: Name Company 2%

Address i A SRR S .

City State Zip _

Telephone v

Prepayment required.

Mail order to: RF Design, Circulation Dept., 6300 S. Syracuse
Way, #650, Englewood, CO 80111, or call 303/220-0600 or
FAX your order to 303/773-9716 TODAY!




Return Loss Bridges

RLBI50 bridges are a high accuracy low
cost solution to SWR measurements. They
can be used with spectrum analyzer/tracking
generator for swept SWR measurements.
EAGLE RLBs have these features:

o Frequencys: .04 Mhz to 1.0 GHz

o RF reflected port

e High Power rating: Five watts

e Rugged construction

e High Directivity: up to 45 dB

Model RLB150B1 .04-150 MHz......$259.00
Model RLB150N3B 5-1000 MHz....$349.00
Model RLB150N3C 5-1300 MHz....$399.00
FREE application note: "High Performance
VSWR measurements ", call and ask for it!

W I C HITA
P.O Box 9446

(316) 942-5100
Wichita, KS 67277 Fax:(316) 942-5190
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RF literature

Cable Assembly Brochure
Penstock now has a fast fax brochure to

help engineers design their own cable assem-

bly. The four-page brochure details the

| custom services available in addition to

custom cable assemblies.
Penstock, Inc.
INFO/CARD #204

Filter Products Catalog

Lark Engineering has released a 96-page
filter products catalog. The catalog features
RF and microwave filters covering the fre-
quency range of 50 kHz to 18 GHz. Charts

| and graphs are presented showing the fre-

quency ranges for standard and special filters
of each type.

Lark Engineering Company

INFO/CARD #203

Test and Measurement

Instrumentation

The 1992 Fluke and Philips test and
measurement catalog is now available.
The 440-page catalog breaks the product
lines of the two companies into 17
major categories and includes an introduction
section highlighting new products. Descrip-
tions, photos, specifications, ordering informa-
tion and customer support services are

included as well as application literature,
sales offices, technical centers, and dis-
tributors.

John Fluke Mtg. Co., Inc.

INFO/CARD #202

Power Amplifiers Catalog

A 15-page catalog presents data
sheets, performance features, outline draw-
ings, new product developments, and techni-
cal application notes on LCF's RF power
amplifiers. Frequencies from 1 MHz to 2 GHz
and power ranges from 1 W to 1 kW are
covered.
LCF Enterprises
INFO/CARD #201

Capacitor and Inductor
Catalog

Sprague-Goodman Electronics is now
offering a four-page short form catalog of
their complete line of trimmer capacitors and
specialty inductors. Also featured is the
company’s line of insulated tuning tools.
Catalog C-100A incorporates product fea-
tures, specifications and photos, plus capaci-
tor application information and a trimmer
capacitor comparison chart.
Sprague-Goodman Electronics, Inc.
INFO/CARD #200

QUICK - TURN

e
A

Rk design

REPRINTS
REPRINTS
REPRINTS
REPRINTS

CLOCK OSCILLATORS - CRYSTALS

. 913-764-6400
s 913-764-6409

HHYBRIDS

INTERNATIONAL, LTD.
311 NORTH LINDENWOOD ¢ OLATHE, KS 66062

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, Suite 650, Englewood, CO 80111
(303) 220-0600
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ADC Application Note

A 25-page application note is avail-
able from Datel titled, ““Subranging ADCs."”’
The note covers the architecture, design
considerations, parameters, and testing of
subranging analog to digital converters. The
note is broken down into three parts:
the architecture of the subranging ADC,
dynamic specifications of subranging ADCs
and a section titled ‘‘Classical tests are
inadequate for modern high-speed con-
verters.”’
Datel, Inc.
INFO/CARD #199

INMARSA Technical Brief
QUALCOMM has released a 12-page
technical brief entitled Successful Inte-
gration of QUALCOMM VLSI Products in
INMARSAT. The brief describes the
application of frequency synthesis and for-
ward error correction technology for the
INMARSAT digital communication services.
Topics addressed include: an introduction
to the fundamentals, system perform-
ance and configurability, low power dissipa-
tion, full-duplex operation and cost effective-
ness.
QUALCOMM, VLSI Products Div.
INFO/CARD #198

General Electronics

Newark Electronics has published a
1200-page catalog containing detailed,
technical information and dimensions on
over 100,000 products from 2500 manu-
facturers. Catalog 112 features twenty new
manufacturers and more than 15,000 new
products. Other features include an ex-
panded 24-page, 4-color product section and
an easy to follow *‘how to’’ section for using
the catalog.
Newark Electronics
INFO/CARD #197

Spectrum Analysis Books
Two books are available from Joint
Management Strategy. Modern Spectrum
Analyzer Theory and Applications consists
of 11 chapters, appendix, bibliography
and index. It is a reference for practicing
engineers and can be used as a text
in a course on the frequency domain.
Modern Spectrum Analyzer Measurements
consists of eight chapters, bibliography
and index. This volume is primarily a
supplement and is intended to bring the
reader up-to-date in the field of spectrum
analysis.
JMS
INFO/CARD #196
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® Currents from 30 to

® Variable and Fixed
Construction

designs.

over 350 standard types.

VACUUM
CAPACITORS

CoME

® Voltages from 3 to 100 kV

1100 A

® Capacitance from 3 to 6600 pF

These high vacuum Swiss precision
capacitors are designed for long, reliable
operation even in the most severe in-
dustrial environments. Modular design
allows for quick and economical custom

Please ask for our 50 page catalog with

Inmark Corporation
4 Byington Place
Norwalk, CT 06850
Tel: 203-866-8474
Fax: 203-866-0918

INFO/CARD 83

Advertising Index

3L Global Electronics . o 2201 INWISOREE s sl SRt el et ) o & § ra 82 Q-bitCorp. ...... .18
Aerospace Consulting . ..102 JFW Industries, Inc 93 QUALCOMM, Inc. .72
Alpha Industries, Inc. . .41 Kalmus Engineering Quality Microwave
American Technical international Ltd. ... .. . ...33 Interconnects, Inc. ...... ... ... .30

Ceramics Corp. . . . .12 Kintronic Laboratories, Inc. .. ......63, 73 RF Design Software Service .98
Amplidyng-Inc i b ot e 8 K&L Microwave ........ I S-T 54, ¢ ‘RE PaGmesmes . .. ... . a9
Amplifier Research ... ... ........68 95 Lark Engineering Co...... ... .. . .601 |REsSOlutions;lncs .. ... i ... 65, 83
Analog & RF Models . x ..102 Leader Instruments Corp. .. ... .49  Richardson Electronics Ltd. . .. .44
AT&T Microelectronics . ..34-37 Lindgren RF Enclosures .#80) SSawteRElImCh b, . e .28
TE (1] (=1 e ) 0 T 2692/ Lo CUERIN CIETER RN LT ST R P ST e st A ot T, .90
Bliley Electric Co. . .......... ..32 M/A-Com Anzac Operation ...108 Solitron Microwave .. .. ... .. 52
Cal Crystal Lab, Inc . .. ........... ... 82 MA-Com Omni Spectra . . . .. 53, 81 Sprague Goodman....... e
California Eastern Laboratories 19, 21 M/A-Com Radar Stanford Research Systems . . A )
@olleraftle i e o L g ..38 Products Division . . . .. ..84 Stanford Telecom . ........ .. 5R58
Comlinear Corp. . .......... ..17 MI/A-Com Semiconductor Steinbrecher . .. .. ..... .. ..74
Communication Concepts, Inc. .94 Products Division . . ... ...... 42, 43 Surcom Associates, Inc. = op
DAICO Industries, Inc. . .. ... Sadr P IViaABeIIDCY e 57, 73 SW.I.FT. Enterprises .. .102
DATARADIO . ... .. s O VTR R T T T e M b 2 A 48 Teledyne Microwave. . 50, 59
Dynatech Microwave Molex, Inc. ... .67 Temex Electronics, Inc. sl

Technology, Inc. ...46 Motorola — TeSeAInER LT aa e ..98
Eagle.......... ..100 Semiconductor Products, Inc. ... ..... 9 Thomson-ICS Corp. . . 3L
Eagleware ... ............... .14 Noise/Com, Inc. ............... 7,62 Time & Frequency Ltd. . ..23
EESCIRRES:+ & 4 : a2 R OSCllateien has., M h UL, Ut .40 Trak Microwave Corp. . .. 10-11, 56
E.F. Johnson, Inc. .. Pt i o il 47 Philips — Trompeter Electronics, Inc. Feah o e 102
EG&G Frequency Products . . . .47 Discrete Products Division ..40 Trontech, Inc. . .29
Elisra Electronic Systems Ltd. . ... ... .. 97 Picosecond Pulse Labs . ... .. 102  Voltronics Corp. . .81
b e AR IONRE S b - s i 90 |PolyPhaser €orps. . ... ...... coqvmon.t 8 SWerlatoneslne . o futs o o . ..6
Hybrids International, Ltd. .. ... .. .61, 100 Power Systems Technology, Inc. 107 Wide Band Engineering Co., Inc. . q M)
IFR Systems, Inc ... ................. 3 Programmed Test VWHIONFGOok:, T . B i, 1 R e .69-71
IR COIRILS,. ks Chpbiah s et 101 SOUICESTUNGY £ v. ob et o 0l o 25,64 W.L. Gore & Associates, Inc. .78

RF Design 101



RF design
MARKETPLACE

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

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

1 ' PICE
Quality doesn't cost... DAlo, B SEICE
It pays... I[.g«'f.; « BIPOLAR, FET, DIODE
\“'o_’&!% o NON-LINEAR MODELS
g 8 TSE2D o CLASS C POWER
B MOD% " , op0, LOGIC, OPAMPS
A TROMPETER 6987 N. Oracle Rd., Tucson, AZ 85704
ALAALINAIRLL PHONE (602) 575-5323 FAX {602) 297-5160
INFO/CARD 89 INFO/CARD 90

RF and Microwave Design and
Development

Analog design from DC to several GHz
Prototype development
simulation, optimization, anulysis

. Circuit board layout using PCAD
PICOSECOND Your schematics or ours
Fast turnaround
PULSE LABS . Technical writing
H . Proposal assistance
. Custom software development

Aerospace Consulting

P.O. Box 536, Buckinghum, Pa. 18912
BlAS TEES 10 kHZ o 44 GHZ (215) 345-7184  FAX (215) 345-1309 YO U R
Model [Risetime [Low Freq.|insertion |Voitage |Current INFO/CARD 92
Cutoff Loss Max | Max

s520A| 20ps | OC | 048 | 15V] 30 mA PR DUCTS
[5530A 28ps | 25 kHz | 0298 | 200V| 10mA

5531 | 28ps | 750 kHz | 02 dB | 1500 V| 20 mA
(5532 | 28ps | 150 kHz | 02 dB [1000 V| 20 mA

5535 | 32ps | 10kHz | 028 | SOV| 10mA % DESIGH TOOLS % FOR

5540 8ps [ 160 kHz | 06 dB 50 V{100 mA ASP 3.11 Weak Signal Amp Designs. Interactive & Auto
555(7)80 20ps | 100 kHz | 09 d8 50V 500 mA Routines, NF Opt., Plots, Matching, K, Library & more.
(<50 mA) PLL3 and PLL2 Interactive Phase Lock Loop Design. O N LY
e + et Dynamic BODE Plot, Phase Margin, Damping Factor,
5555 20ps | 100 kH_Z1 09d8 . 50 V500 mA Lock in Freq, & Times, Loop BW, VCO Poles, & more.
5575A| 32ps | 10 kHz | 06 dB 50 V (500 mA Programs include Help & Docs. For »DOS 3.2 EGA
(<20 mA) ASP $75 PLL2, PLL3 ea. $35 + $3 S/H 7.5% IL.Tax

5580 | 32ps | 10KkHz | 10dB | 50V |1 Amp | SW.LET. Enterprises

St 955 Concord Lane

5590 | 150 ps | 10kHz | 0.1 dB 50 V 1500 mA M.O. Hoftman Ests., IL. 60195 MC Mo.
P.O. Box 44 + Boulder, Colorado 80306 « USA i 706-776-2119 ]

Telephone: (303) 443-1249 - Telefax: (303) 447-2236 INFO/CARD 93

INFO/CARD 91
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If your aim is set on the state-of-the-art in solid state RF/Microwave Power Amplifiers
& Sub-Systems, you can set your sight on PST. Our extensive selection of standard
designs is strongly supported by a broad spectrum of advanced technological expertise

available for customized design and development including: multi-octave/frequency

agile systems, remote control IEEE 488 Bus, computer-aided circuit design, thermal

protection, built-in test diagnostics, modular maintainability. And, behind the technical

know-how, there’s our total commitment to full customer cooperation —team-working

together to assure on-time delivery of high performance, cost-effective products to meet

your applications from EW, communication and radar to laboratory and RFI/EMI testing.
To learn more, call the first name in power — call PST.

POWER SYSTEMS TECHNOLOGY INC.

A COMTECH COMPANY 105 BAYLIS ROAD, MELVILLE, NY 11747
INFO/CARD 84 TEL. 516-777-8900 » FAX 516-777-8877




RF Transformers

3 kHz to 1000 MHz

UNBALANCED/BALANCED
i) FREQUENCY INSERTION LOSS

MODEL # Ratio MHz 3dB 2d8 1d8

3 S, _MHz MHz MHz
ET1-1T 1 .05 - 200 .05 - 200 .08-150 2-80
ET1-6T 1 .003 - 300 .003 - 300 .01-150 02 - 50
ET2-1T 2 07 - 200 07-200 A-100 5-50
ET2.5-6T 25 01-100 .01-100 0250 5-20
ET31T 3 .05 - 250 .05-250 1-200 5-70
ET41 4 2-350 2-350 35-300 2-100
ET4-6T 4 .02 - 250 02 - 250 .05-150 1-100
ET5-1T 5 .03 - 300 .03 - 300 .6-200 5-100
ET81T 8 .03-140 03-140 10-90 1-60
ET131T 13 3-120 3-120 .7-80 5-20
ET16-6T 16 03-75 03-75 .06 - 30 1-20
ETMO-1-1T 1 .05 - 200 .05 - 200 .08-150 .2-80
ETMO-5-1T 5 .3-300 .3-300 6-200 5-100

INFO/CARD 45

Get the Lowest Price Without Sacrificing Quality.

BROADBAND IMPEDANCE TRANSFORMATIO!
ANZAC transformers offer low insertion loss, fast rise times fi
pulsed signals, and extremely wide bandwidth. They are
offered in unbalanced to unbalanced, unbalanced to
balanced, and balanced to balanced configurations, and hav:
impedance ratios from 1:1 to 16:1.

UNBALANCED/UNBALANCED
i 1‘ | o | rreauency
L8 1 e "

ET1-1 il 15-400 15- 400

ET1-6 1 01-150 01-150

ET1.5-1 iES! .1-300 1-300

ET2.56 25 01-100 01-100

£T46 4 02 - 200 02 - 200

ETS-1 9 15-200 15 - 200

ET16-1 16 3-120 3-120

ETMO-1.5-1 1+6 .1-300 .1-300

ETMO-4-6 4 02 - 200 02 - 200
BALANCED/BALANCED

Q FREQUENCY INSERTION LOSS ‘
MODE 3dB
b (Ree ] oW ] We e e

ETT1-6 1 .004 - 500 .004 - 500 .02 - 200 1-50

ETT2.5-6 25 .01-50 .01-50 025-25 05-10

ETT4-1 3 .05 - 200 .05 - 200 2-50 1-30
OPTIONS

* MIL qualified models are available.
* Package options include plastic with flat leads, bent leads,
or gull wing, and relay headers.

For more information on this product or our complete line of affordabl
high quality components, Call 617-273-3333 or fax us at 617-273-1921.

ANZAC

COMPANY

TR e

In stock for immediate delivery from FE"E TﬂfK

1-800-736-7862






