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B LARGEST SELECTION

B INDUSTRY PIONEER

NCRONAVE CORPORATYON

483 McLean Boulevard » Paterson, New Jersey 07504 e (201) 881-8800 ¢ Fax: (201) 881-8361
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Time domain composite video wave form
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17;( AN930 |

WITH AN IFR SPECTRUM ANALYZER

In addition to being a full-featured 22 GHz spectrum
analyzer, the AN930 is a powerful measurement tool
that can peform frequency or time domain analysis
on the comr plex signals found in many modern
communications systems.

A 30 MHz resolution bandwidth filter combined with
a powerful set of time domain measurement functions
provides the AN930 with a unique ability to capture and
analyze puked and digital transmissions that previously
has been unavailable in any other spectrum analyzer.

A built-in sensitive FM/AM receiver with modulation
measurement scales enables direct measurements of
FM deviation or AM percent modulation. The accompa-
nying high-juality audio output aids in identification
of unknowr or interfering signals.

RENT DIRECTLY FROM IFR TRy
Call 316/522-4981, Ext. 207 for details “’5”

Other standard AN930 features include an automatic
limits test function for unattended detection of random
or intermittent signals, a built-in frequency counter for
precise frequency measurements, RS-232 and IEEE-488
interfaces, and operation from DC power sources.

Optional features including a built-in 2.9 GHz tracking
generator, quasi-peak detector, high stability time base,
and a rechargeable battery pack add even greater
flexibility for solving your unique measurement
requirements.

Contact IFR or your local

IFR representative for more
information or to arrange for a
demonstration of the AN930.

IFR SYSTEMS, INC.

10200 West York Street / Wichita, Kansas 67215-8935 U.S.A.
Phone 316/522-4981 / TWX 910-741-6952 / FAX 316/522-1360
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DEMODULATORS

115MHz to 1880MHz from $19.95

I&Q Modulators and Demodulators....another smart offering from
Mini-Circuits that's pushing industry standards to new heights (and

prices to new lows)!

unit-to-unit.

We're redefining what VALUE is all about!

;’(k]
10 -#{%07] [0} pnr 1/Q MODULATORS

MIQA case 4 x 8x 4in
MIQY case Bx 8x 4 n
MIQC case 8x 8x 4in
MIQS case 8x 4x.2 n

INFO/CARD 3

[JMini-Circuits

CUSTOM PRODUC NEEDS. . Let Our Experience Work For You.

For high speed assembly operations, I&Q Modulators and
Demodulators are available in tape and reel format, so you can bank
on consistent assembly performance for production efficiency time

after time ... and with prices starting at just $19.95, these powerful and

compact units truly are the next generation of value on the market today.
So, call your Mini-Circuits distribution center at a number listed
below for guaranteed onz week shipment or, turn to our applications
department with your special specs for custom units at catalogue prices.

Ty NV CARRIER  SIDEBAND HARM
e REQ L REJ REJ SUPPRESS
(MHz { dBc) dB (dBc) Typ
MODEL NO 1, o Typ Typ 3xI/Q  5x1/Q
MIQA-10M 9 1 0 M 40 58 68
MIQA-21M 2 01 50 40 48 65
MIQA-70M 7 6 01 38 38 48 58
MIQA-70ML 66 7 5 01 38 38 48 58
MIQA-91M 86 9 : 01 38 38 48 58
MIQA 100M 95 105 5 01 38 38 48 58
MIQA-108M 103 11 5 01 38 38 48 58
MIQA-195M 185 5 01 38 a8 48 58
MIQC-88M : 5.7 01 41 34 52 66
MIQC-176M 10< 176 55 01 3¢ a7 70
MIQC-895M 868 895 80 01 4 4 52 58
MIQC 1785M 1710 1785 90 03 35 38 40 65
1QC 1880M 180% 1880 90 0 35 35 40 65
O MIQY-70M 5 0 4 a7 60
O MIQY-140M 7 58 02 45 60
1/Q DEMODULATORS
CONV AMP PHASE HARM
FREQ LOSS UNBAL UNBAL SUPPRESS
(MHz) (dB) (dB) (Deg) (dBc) Typ
MODEL NO f t x o Typ Typ 3/Q  5x1/Q
MIQA-10D 9 1 60 010 015 1 50 65
MIQA-210 20 23 61 015 015 0 64 67
MIQC-895D 868 895 80 020 015 1 40 55
O MIQy-1250 1 35 ( 59 67
O MIQY-70D 73 0 52 66
O MIQY-1400 1 43 ) a7 70
O NON-HERMETICALLY SEALED

P O Box 350166. Brooklyn. New York 11235-0003 (718) 934-4500 Fax (718) 332-4661
For detailed specs on all Mini-Circuits products refer to ® THOMAS REGISTER Vol 23 ¢ MICROWAVES PRODUCT DIRECTORY ¢ EEM e MINI-CIRCUITS' 740-pg HANDBOOK

Infuse your cellular, radar and communication system project
with the powerful new 1&Q Modulator and Demodulator, surface
mount and plug-in units. Units so reliable, the specified statistical
data on performance holds up with rock-solid repeatability

PRICE
$
QTYy
(1-9)
4995
3995
3995
4995
4395
4995
4995
4995
4995
5495
9995
9995
9995
1995
1995

PRICE
$

QTYy
1-9)
4995
4995
9995
2995
1995

1995

S



WHRT DO THESE FILTERS HAVE IN COMMON?

Jununung

Hz HAIrpIin Sanoodss on [ erton

THEY WERE DESIGNED WITH THE NEU =MFILTER=

COMPLETE SET OF DISTRIBUTED STRUCTURES
* Llowpass, bandpass, highpass & bandstop
# Microstrip, stripline, coax & slabline (machined)
* €dge coupled, end coupled, direct coupled
+ Hairpin, combline, interdigital, elliptic, stepped-Z

START TO ART * Design began at 11AM on four
+ Complete design including synthesis & simulation microstrip filters and HPG files were
# Output layout to plotters & laser printers ready for board suppliers by 1 PM. Using

T-Tech's Quick Circuit milling platform,
boards were ready for test by 5FM.
=M/FILTER= files were tested by several
=OSCLUATOR= STATE-OF-THE-ART ALGORITHMS board suppliers to insure compgtibility.
* Automatic end, bend, tee and cross absorption

# Corrects dispersion & differential phase velocity

* Accurate design bandwidth

E =FILTER= +* N-coupled line models
_

=SuperStar=

ST <®  €AGLEWARE

=SCHEMAX = et bl o Lt o Eagleware Corporation # 1750 Mountain Glen + Stone Mtn, GA 30087 # USA

INTEGRATED SOFTWARE TOOLS  ourmr maonc on temea TEL (404) 939-0156 # FAX (404) 939-0157

INFO/CARD 4

=M/FILTER= # HPG and DXF files ready for board suppliers
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Medium Power Bipolar Design
Using the NE46134 Nonlinear
Model

Once out of the small-signal regime, deter-
mining a transistor's input and ouput imped-
ances becomes difficult. In this article, a non-
linear transistor model is used to determine
the input and output impedances of the
NE46134. The results of the non-linear mod-
eling are compared to impedances derived
with other theoretical models and with the
performance of an operating, "hand tuned”
amplifier.

— Lynne Olsen and Brian Kirk

cover story

34 Simulating a QPSK Modem
This article demonstrates the use of TESLA, a block-level simulator, to per-
form fast, accurate evaluation of a QPSK modem design. Intersymbol inter-
ference, bit error rate and even occupied bandwidth can be evaluated.
— Don Miller
tutorial
48 Receiver Basics — Part 1: Performance Parameters

The first part of this receiver tutorial presents the parameters that are used
to specify and characterize receiver performance. — Gary A. Breed

design awards

60

62

67

Software for Lumped Element Design
This software entry to the 1993 RF Design Awards contest designs lumped-
element circuits for VHF frequencies and below. Routines for designing
power dividers, matching networks, bandpass filters and attenuators are
among the those incorporated into this program.

— M. Saroja

Broadband Transmission Line Transformer Family

Matches a Wide Range of Impedances

The family of broadband transmission line transformers introduced here
achieves impedance matching flexibility that is not possible with existing
designs, such as the well-known Guanella devices. — Donald A. McClure

RF Expo West Program and Short Courses Schedule
Presented here are the courses and sessions offered at the tenth RF Expo
West. Courses start on March 21, while technical sessions amd company
exhibits begin on March 22.

RF Design
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DECADES AHEAD

HIGH POWER
DUAL DIRECTIONAL f
COUPLERS

WERLA
ﬂnrw:,?,’:’ﬁ Ine.

MULTI-OCTAVE
BANDWIDTH

TYPICAL
SPECIFICATIONS

FREQ. RANGE .....
INS. LOSS ...............
FLATNESS
DIRECTIVITY
VSWR ML

80-1000 MHz

0.1db

+/-0.5db

. 20 db min
1.2:1max.

MODEL C3240
COUPLING ......ccoveee. 40db nom.
POWERCW ....cc..ccon. 200 watts

MODEL C3271

COUPLING ..o 50 db nom.
POWERCW ..o 1500 watts
BROADBAND HIGH POWER

* DIRECTIONAL COUPLERS
* POWER COMBINERS
* HYBRID JUNCTIONS

P.O. BOX 47 » ROUTE 22 » BREWSTER, N.Y. 10509
914-279-6187 » FAX 914-279-7404
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RF editorial

Announcing
the 1994

RF Design
Awards
Contest

By Gary A. Breed
Editor

Get ready for the new, improved and
updated 1994 RF Design Awards Con-
test!

We are ready once again to recognize
the innovation and hard work that
results in new ideas and better ways for
RF engineers to get the job done.

We have held the RF Design Awards
Contest every year since 1986. In that
time, the Grand Prizes have gone from
a $500 programmable calculator to
$20,000+ instruments and software
packages! In 1991, we expanded the
contest into two separate contests, one
for circuit design and one for design
software. Also, each year the winners
have been presented to the RF engi-
neering community in the July issue.
After examination of past contests and
consideration of all the factors surround-
ing them, we have made a few adjust-
ments.

The only major change is a return to a
single contest — we decided that judg-
ing one contest, and determining one
Grand Prize winner is enough! However,
the single contest will allow either circuit
design or design software entries. The
entry rules for each type of entry are
very similar to past years’ contests (see
page 25), but we are implementing
some new judging criteria.

The primary goal of the judging is to
determine which entry makes the
biggest contribution to the art and sci-
ence of RF engineering. This might be
“the greatest good for the greatest num-
ber,” or a more specialized development
that advances the state of the art. We
want to recognize the efforts of an RF
engineer whose work has the greatest
significance for the profession.

/9

This year, the Grand Prize is once
again, well, grand! Hewlett-Packard’s
CAE group will present the winner with a
Touchstone/Libra for Windows package
from their EEsof operation. This has a
value well over $20,000, something to
really shoot for!

To encourage all types of entries, we
completing a line-up of the best-ever
collection of second and third place
prizes, plus honorable mention prizes.
There is no excuse to hold back your
entry because “it can't win.” Lots of
entries will be winners!

The other significant change is in our
timing. The Grand Prize winner will be
featured on the cover of our November
issue, and will be presented with his or
her prize in person at RF Expo East in
Orlando. The prize presentation will be
followed by presentation of the winning
entry at a special awards session.

The deadline for entries is July 29.
Entries must be postmarked by this
date, and received no later than August
5. So, read the rules and look over the
prizes on page 25, then get to work —
you’ve got less than seven months to
perfect that idea!

February 1994



WHAT YOU VE BEENHALIING FOR!

WORLD’S FIRST

Technology of the Future 14 Octave 250
Available Today SOLID-STATE RF Amplifier

MODEL 122FC

° ——— .

* Instantaneous bandwidth, no warm-up
* Fully protected
* No VSWR shutdown, drives mismatched loads
* ALC gain leveling & power limit set

, .
5 a &> 6—
¢ All front panel controls available via remote connector
« I[EEE488 / RS232 interface capability
* 19" rack mountable, weight 50 kg
' o US $19,950.00

250 Watts CIW
01-220 MHz

¥ )

The World's Most Complete
Line of RF Power Amplifiers

1-800-344-3341
(206) 485-9000 m (206) 486-9657
21820-87th S.E. » Woodinville, WA 38072  USA

Paris, France
1-4645-0945  \NFO/CARD 6 w 1-4645-2403



Typical spatial scan at
selected frequency.
Red = high emissions;
blue = low emissions.

Spectral scan identifies
key frequencies for

further study.

!

TRV O/ Y et i 'y

Catch emissions problems at
board level, where compliance

fixes are least costly.

I\, [ 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

‘; ’ AMPLIFICR
= RESECARCH

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
EMV ¢ Munich, 89-612-8054 * London, 908-566-556 * Paris, 1-64-61-63-29
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Richardson Electronics is Your
Global Partner in RF Technology

Offering solutions to customer problems for
more than 40 years, Richardson Electronics,
Ltd. has grown into one of the world’s
premier suppliers of RF devices.

Richardson Electronics, Ltd. has
available from stock the wide o
range of RF & Microwave
semiconductors and modules

from Philips components.
Richardson is your source for *
Philips quality products from
Discrete Semiconductor stock. Call Richardson with all

P your Philips RF needs today.
» Wideband Transistors

PHILIPS

Quality RF & Microwave Semiconductors and Modules

o Technical Expertise
e Experience

¢ |nventory

e Market Knowledge

+ Video Transistors
* RF Power Transistors
» Microwave Transistors

Modules

« Widsband Amplifiers
* Video Amplifiers
» CATV Amplifiers
» RF Power Amplifiers

Our industry-leading RF
suppliers . . .

(M) moToRoLA

&y7 sGS-THOMSON

e Supplier Literature
Application Information

Amphenol’

» Wideband Transistors /

. + Video Transistors MAE
&~ 7 |

* RF Power Amplifiers
EF JOHNSON

* Microwave Amplifiers

o
o

Design Support - Extensive Inventory -

Market Knowledge 5 PHILIPS

- RF PRODUCTS
Committed to the RF Market— Chss

Richardson
Electronics, Ltd.

40W267 Keslinger Road @
LaFox, lllinois 60147
(708) 208-2200

U.S. (800) RF POWER
CANADA (800) 348-5580
UK. (0522) 542631
FRANCE (1) 34-26-4000
ITALY (055) 420-10-30
SPAIN (1) 528-37-00
GERMANY (089) 80-02-13-1
JAPAN (3) 3874-9933
SINGAPORE (65) 298-4974

% PINEAPPLE

TECHNOLOGY

Latin America and other international inquiries, contact Corporate Headquarters at (708) 208-2200
INFO/CARD 8




RF courses

Principles of Pulse Doppler Radar:

High, Medium, and Low PRF

February 15-17, 1774, Atlanta, GA

Phased-Array Radar System Design

April 19-22, 1994, Atlanta, GA

Principles of Electronic Counter-Countermeasures

April 26-28, 1994, Atlanta, GA

Information: Georgia Institute of Technology, Continuing Edu-
cation Tel: (404) 894-2547.

Information: CEI-Europe/Elsevier, Mrs. Tina Persson. Tel: (46)
122-175-70. Fax: (46) 122—-143-47.

RF & Microwave Measurements & Applications

March 7-10, 1994, San Diego, CA

Navstar/GPS: Design Applications

August 1-3, 1994, Washington, DC

High Speed & Microwave Devices & Applications
October 24-27, 1994, Boston, MA

Information: University Consortium for Continuing Education,
16161 Ventura Boulevard, M/S C-752, Encino, CA 91436.
Tel: (818) 995-6335. Fax: (818) 995-2932.

Antennas: Principles, Design, and Measurements

March 9-12, 1994, St. Cloud, FL

Information: Northeast Consortium for Engineering Education,
Central Florida Facility - Management Office, 1101 Massachu-
setts Ave, St. Cloud, FL 94769, Kelly Brown - Registrar. Tel:
(407) 892-6146. Fax: (407) 957-4535.

Satellite Communication Systems

April 18-22, 1994, Cambridge, UK

VSAT Networks

April 20-21, 1994, Cambridge, UK

Mobile Cellular and Microcellular Telecommunications
April 20-22, 1994, Cambridge, UK

DSP Without Tears

February 2-4, 1994, Albuquerque, NM

February 9-11, 1994, Falls Church, VA

April 6-8, 1994, Chicago, IL

May 11-13, 1994, Richardson, TX

May 18-20, 1994, San Jose, CA

Information: Z Domain Technologies, Inc., 325 Pine Isle Court,
Alpharetta, GA 30202. Tel: (800) 967-5034, (404) 664-6738.
Fax: (404) 442-1210.

Introduction to Fiber Optic Communications

February 1-4, 1994, Toronto, Canada

Information: Learning Tree International. Tel: (800) 421-8166,
(703) 893-3555, (203) 417—8888.

oFixed Attenuators
eTerminations

*Rotary Attenuators

*Programmable Attenuators

eSwitches
sMatrix Switches

QALY
JInnovation

EXCELLENCE
PERFORMANCE

Reliability

JFW Industries, Inc.

5134 Commerce Square Drive
Indianapolis, Indiana 46237
Tel. 317-887-1340

Fax 317-881-6790

INFO/CARD 9
12

JEW celebrates

I5 years as
the innovative force
in the industry!

February 1994



NO One stocks More

RF & Microwave Transistors,
Semiconductors
and Modules

Richardson
Electronics, Ltd.

CANADA (800) 348-5580

1-800-RF POWER (us.a,) e g s

FRANCE (1) 34.26.4000
ITALY (055) 420.10.30
40W267 Keslinger Road s Lok S D

i I GERMANY (089) 8002 13 1

(708) 208-2200 SINGAPORE (65) 298-4974
INFO/CARD 10




GIGATRONICS
6080A & 6082A

SYNTHESIZED
RF SIGNAL
(GENERATORS

Hewlett-Packard makes a couple of
very good RF synthesizers. And if
you can afford the luxury of paying
$30,000 or $40,000 for the name,
by all means, call HP right now.
They'll be happy to take your order,
and your money.

However, if you're looking for
an RF synthesizer with outstanding
performance and proven reliability
for about half the price, you'd better

call Giga-tronics.

-

i |
i
= 2

¢ {A \"‘-

© 1993 Giga-tronics Incorporated

Here's why:
Performance.
Check the charts. Invirtually every
category, the Giga-tronics 6080A
and 6082A RF Synthesizers meet or
exceed the specs of the HP machines.
And they use the same GPIB com-
mand set, for direct replacement
without expensive new software.
Experience.
Granted, Hewlett-Packard has been

around a long time. But, Giga-tronics

Giga-tronics Presents The Alternative
To $30,000 And $40,000 RF Synthesizers.

is no Johnny-come-lately.
Giga-tronics has a [3-year history
of building test and measurement
gear for the most demanding
requirements. Ve've shipped
thousands of instruments for use
in the testing of radar, EW and
communications systems.
Reliability.
Making reliable RF synthesizers is
usually no fluke.

However, in this case, it is.

The Giga-tronics 6080A and 6082A RF Synthesizers give you great

performance and proven reliability for a lot less money.



Hewlett- . . Hewlett- ) )
Specifications Packard lggog(;’ :ICS Packard Glg:[;;rzo;\ucs
HP 86424 HP 86428
Frequency
Range .1 to 1057 MHz 0l to 1056 MHz 110 2115 MHz 1102112 MHz
Switching speed <85 ms <100 ms <85 ms <100 ms

Spectral Purity*

Spurious <-100 dBc <-100 dBc <-94 dBc <-94 dBc
Subharmonics None None <45 dBc <-45 dBc
Phase Noise*
@ 20 kHz offset <-134 dBc/Hz2 <-131 dBe/Hz <-125 dBc/Hz <-125 dBe/Hz
Residual FM*
3103 kHz BW <2H <|.5H <SH <3H
Both the 6080A and 6082A were |23 2EW) k : - o
P . ! Output
originally introduced in 1990 by John | ¢, ;s +16t0-140dBm | +I7t0-140dBm | | +16t0-140dBm | +13 to-140 dBm
F|uke Manufacturing CompanY. To Accuracy +| dB >-127 dBm +| dB >-127 dBm +| dB >-127 dBm £| dB >-127 dBm

Reverse Power Protection 50 Watts/50 Vdc 50 Watts/50 Vdc 25 Watts/25 Vde | 25 Watts/25 Vdc
date, thousands have performed

Amplitude Modulation
flawlessly in the field. Depth 0-99.9% 0-99.9% 0-99.9% 0-99.9%

For added confidence, the Distortion @ 30% <% <1.5% <2% <|.5%

s ] Frequency Modulation
instruments incorporate self-

Max. Deviation* 3 MHz 4 MHz 3MHz 8 MHz
testing, internal diagnostics and Distortion <% | <1% @ 50% Dev. <% <1% @ 50% Dev.
modular design for easy fault Phase Modulation ’

Max. Deviation® 100 Rad. 40/400 Rad. 200 Rad. 80/800 Rad.

isolation and repair.

Pulse Modulation

Service. Onloff >40 dB >40/60 dB >40/80 dB >80 dB
s . |
If a problem occurs, Giga-tronics Rise/fall time <400 ns <15 ns (Typ 75 ns) <400 ns <15 ns {Typ 7.5 ns)
Minimum Pulse Width <2 ps <30 ns <2 ps <30 ns
technical support staff can often Internal Modulation Source | | 20 Hzto 100 kHz | 0.1 Hzto 200 kHz | | 20 Hzto H00KkHz | 0.1 Hz to 200 kHz
help you find and fix the problem Level Range 0to 3 Vpk 0to 4 Vpk 0to 3 Vpk 0 to 4 Vpk
LT Waveforms Sine Sine/Sq/Tri/Pulse Sine Sine/Sq/TrifPulse
R PN Programmable Yes Yes Yes Yes
If you need to return an instru- Memory Locations (NVM) | | 51 Full Funcion | 50 Full Function | | 51 Full Function | 50 Full Function

ment for repair, we can service it U5 List Price 030 - $41.680 $2950
at our factory in California, or at |

one of our worldwide sales and

service centers. The question is not why Giga-tronics is so much less,

But at Giga-tronics, customer
: but rather, why Hewlett-Packard wants so much more.
service starts even before you

b ‘Specifications for both the 6080A and the HP B642A are at | GHz. Specifications for both the 6082A and the HP 86428 are at 2GHz
ecome a customer. Prices and specifications for the HP 8642A and HP 8642B are from the Hewlett-Packard 1993 catalog.
Prices for the Giga-tronics 60B0A and 6082A are U.S. list prices.

Whether you're looking to buy

one unit or one hundred, you'll get So, if you're interested in paying T 2 'ﬁ-n-\--“,q:‘:wﬁ?{-tlfzrﬁ
the same assistance, including a a lot less for great performance E=ad = ramtmaipereavier st
demonstration at your facility. and proven reliability, backed by p 2

. . : Giga-tronics Incorporated
Price. a worldwide network of service
Considering all this, the real ques- and support, call us toll free at - e
tion is not why Giga-tronics is so 800 726 GIGA (4442). We'll send Pleasant Hill, California 94523
much less, but rather, why Hewlett- you more information and arrange Telephone 800 726 4442
Packard wants so much more? for a demonstration. Telefax 510 680 7736
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TRANSMITTERS

s 1,249.00 8ach ($978.00 each at 100 units)

45-Day Delivery for the First Unit of our Standard
2-Watt. Single Frequency, AC Coupled Transmitter
in any of the following configurations:

Telemetry. Video, or Digital

L, L/S. or S Band
SMA. N, or TNC
RF Connector

mgltal

OTHER PRODUCTS:

Receivers » Beacon Transmitters
Command Encoders & Decoders

Amplifiers « VCOs
(Rack Mount Available)

OTHER TRANSMITTERS AVAILABLE IN ANY
COMBINATION OF THE FOLLOWING FEATURES:

+ Telemetry. Video, or Digital Call for Price and Delivery
* 2,5.0r 10 Watts . ’ , :
b Binglb Fe Ayl Cotuaload Starting from Single Piece Price of

. Frtle)qluency Bands: s 1’793_00 each

= 1435 to 1540 MHz (L Band)
D2 =1710 to 1850 MHz (L/S Band)

= 2200 10 2299 MHz (Lower S Band) Call our engineers with your

E2 = 2300 0 2400 MHz (Upper S Band) specific requirements
* AC or DC Coupled
« SMA, N, or TNC RF Connector * Options: Pre-Emphasis, Subcarrier(s),
* 9 Cubic Inch(3.5"x2.5" x 1.0") or Extended Temperature, Multiple Bit Rate,
11 Cubic Inch (3.5" x 2.5" x 1.3") Other Special Requirements

Y EY £rirser NESEmRLF, NE
2705 Old Highway 40 West TEL: (702) 345-2705

P.O. Box 189 FAX: (702) 345-2484
Verdi, Nevada 89439-0189 USA
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RF calendar

March

April

May

RF Design

14-17

20-24

22-24

29-30

12-14

12-15

23-24

23-26

The Second International Symposium on Digital Audio
Broadcasting

Toronto, Canada
information: DAB Symposium '94, 126 York Street, #401,
Ottawa, Ontario, Canada, K1N 5T5. Tel: (613) 594-8226.
Fax: (613) 565-2173.

National Association of Broadcasters ‘94

Las Vegas, NV
Information: NAB ‘94 Convention, 1771 N Street, NW,
Washington, DC 20036-2891. Tel: (800) 342-2460.
(202) 342-4972. Fax: (202) 775-2146.

RF Expo West

San Jose, CA
Information: RF Expo West, Registration Coordinator,
6151Powers Ferry Rd. NW, Atlanta, GA 30339. Tel: (800)
828-0420. Fax: (404) 618-0441.

IEEE SCV EMC ‘94

Santa Clara, CA
Information: David Hanttula, Chairman Santa Clara Valley
EMC ‘94, P.O. Box 2102, Cupertino, CA 95015-2102. Tel:
(415) 390-1071.

Second International Conference on Ultra-Wideband,
Short-Pulse Electromagnetics

New York, NY
Information: Lawrence Carin, Weber Research Institute, Poly
technic University, Six MetroTech Center, Brooklyn, NY
11201. Tel: (718) 260-3876. Fax: (718) 260-3906.

Second International Conference on Computation in
Electromagnetics

Nottingham, UK
Information: CEM 94 Secretariat, IEE Conference Services,
Savoy Place, London WC2R 0BL, UK. Tel: (071) 344-5478 or
5477. Fax: (071) 497-3663.

EMC/ESD International
Anaheim, CA
Information: EMC/ESD International, Registration
Coordinator, 6151 Powers Ferry Rd. NW,
Atlanta, GA 30339.
Tel:( 800) 828-0420. Fax: (404) 618-0441.

Microwave & Millimeter-Wave Monolithic Circuits
Symposium

San Diego, CA
Information: Richard B. gold, Pacific Monolithics, 245 Santa
Ana Court, Sunnyvale, CA 94086-4512. Tel: (408) 732-8000.
Fax: (408) 732-3413 .

IEEE MTT-S International Microwave Symposium
San Diego, CA

Information: MTT-S Symposium 1994, c/o LRW

Associates, 1218 Balfour Drive, Arnold, MD 21012

.
>
Surftrim”

Surface Mount
Trimmer Capacitors

* 2 sizes:

32x45x1.6 mm

4.0 x 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
| Goopman

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

INFO/CARD 13
Please see us at RF Expo West '94, booth 718

Sprague-Goodman

Airtrim®
Air Dielectric
Multiturn Trimmers

* Q (min): 5000 at 100 MHz

» Nine mounting styles including
surface mount

* Designed to meet MIL-C-14409D

* Operating temp: -65°C to +125°C

* Standard cap ranges: 0.35 to 3.5 pF,
0.6 to 6 pF, and 0.8 to 10 pF

* Multitum resolution

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

¢ Rated voltage: 250 VDC

* Self-resonant frequency: >5 GHz

« Insulation resistance: >10° MQ

Phone, fax or write today for

Engineering Bulletin SG-660.

Tﬁﬁiﬁﬁﬁﬁi
{Goooman |

\
134 Fulton Ave., Garden City Park, NY 11040
Phone: 516-746-1385 « Fax 516-746-1336

INFO/CARD 14
Please see us at RF Expo West '94, booth 718



RF news

Semiconductor Junctions
Measured — NIST and Digital Instru-
ments of Santa Barbara, Calif., using sil-
icon junctions from SEMATECH as
samples, are developing scanning
capacitance microscopy (SCM) to pro-
duce images of the sample’s electrical
character. The Semiconductor Industry
Association's Technology Roadmap
identifies nanoscale junction profiling as
essential metrology for the development
of integrated circuits. Theoretical SCM
modeling research is being coupled with
the practical measurement and calibra-
tion techniques possible with an atomic
force microscope. This technology is
expected to affect the semiconductor
industry by giving developers a critical
tool for improving integrated circuits. For
technological information, contact
Joseph J. Kopanski, A305 Technology
Bldg., NIST, Gaithersburg, MD 20899-
0001. (301) 975-2089.

Capacitance Standard In Develop-
ment — NIST has developed a new
standard of capacitance based on
counting electrons as they charge the
capacitor at 0.1 Kelvin. Metrological
applications require errors lower than 1
ppm and NIST has demonstrated an
electron pump that operates with errors
slightly lower than 1 ppm. The device is
microfabricated from a linear array of
five ultra-small tunnel junctions, each
with dimensions of 40 nanometers. For
a copy of a paper discussing the experi-
ment, contact Sarabeth Moynihan, Div.
104, NIST, Boulder, CO 80303-3328.
(303) 497-7765. Ask for paper No. 43-
93.

Cellular Interface Standard — The
Telecommunications Industry Associa-
tion’s (TIA) TR 45.4 subcommittee has
the task of defining and developing a
standard interface between cellular
Base Station Subsystems (BSS) and
Mobile Telephone Switching Offices
(MTSO), to be used throughout Pan
America. The Interface Specification
submitted by Motorola will support RF
interfaces for AMPS (IS-533), NAMPS
(1S-88), USDC (1S-54), CDMA (1S-95)
and other functions including Intersys-
tems Operations (I1S-41). The proposed
interface, developed by Motorola and
other cellular equipment suppliers,
would enable any vendor’s base station
to work with any cellular switch.

World Communications Develop-

ment — In November of 1993 the
World Telecommunication Advisory
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Council (WTAC) recommended to the
ITU to proceed with the feasibility phase
on WorldTel—a funding and develop-
ment organization tc promote worldwide
telecommunication expansion. The
study, expected to bz conducted in early
1994, will focus on the establishment of
a commercially run organization whose
goal is to cut the widening gap between
the information-rich industrialized coun-
tries and the information-poor develop-
ing countries. WTAC reported that the
prospects for reducing the gap without
an international effort are very slim.
WorldTel is to act as a multinational (not
purely intergovernmental) organization
and will have no institutional linkage to
the ITU. However, the study is expected
to be undertaken urder the auspices of
ITU with the support of the WorldTel
Working Group of WTAC. It will be
financed by contributions from interest-
ed sponsors who will be provided with
the opportunity of reviewing the study at
the draft stage.

Voluntary Standards Seminar —
The Federal Interagency Committee on
Standards Policy, chaired by Stanley |.
Warshaw, director of NIST’s Office of
Standards Services, will hold a one-day
seminar on the Oct. 1993 revisions to
the Office of Management and Budget
Circular No. A-119. This meeting is for
private-sector and public interests to dis-
cuss the revisions’ affect on the stan-
dards’ community. The seminar is Feb.
23, 1994, 9 a.m. in t1e auditorium of the
Department of Commerce, 14th Street
and Constitution Avenue, N.W.; Wash-
ington, DC 20230. Contact: Office of
Standards Services, A603 Administra-
tion Bldg., NIST, Gaithersburg, MD
20899-0001. Phone: (301) 975-4000.
FAX: (301) 963-2871.

BBS has SPICE Models and
Application Notes — intusoft has
setup a SPICE Bulletin Board on Com-
puServe Information Service. The BBS
also contains software utilities and
demonstration software and is under the
CADD/CAM/CAE Vendor forum an on-
line electronic service. On CompuServe
type “Go CADDVEN” at any prompt and
select the “All CACD/CAM/CAE" sec-
tion. The Intusoft CompuServe address
for e-mail is 71564,3147. Internet users
can send Intusoft e-mail via:
“71564.3147 @ compuserve.com”.

FM Data Broadcasting Proposals
— The NAB and thz Electronic Indus-
tries Association (EIA) sponsor the

National Radio Systems Committee
(NRSC) which sets technical standards
for broadcasters and manufactuers. Pro-
posals are being sought by the High-
Speed FM Subcarrier Subcommittee of
NRSC for the new standard that would
allow the 6,000 FM radio stations to pro-
vide high-speed data broadcasting to
fixed and mobile receivers. Cars, for
example, would have real-time access
to traffic information with data broadcast
receivers.

NSI Awards Diamond Depositions
Contract — Applied Science and
Technology, Inc. was awarded a Phase
Il contract from NSF for microwave plas-
ma diamond depositions at high growth
rates. ASTeX will concentrate on gas
phase chemistry changes at high power
densities, techniques to control film mor-
phology and increasing the growth
rates, all of which will lead to higher
deposition rates. This will make dia-
mond coatings more cost effective per
carat for use as heat sinks for thermai
management, coatings for cutting tools,
and free standing thick infrared optics.

Johnstech Moves Headquarters
— A producer of test sockets Johnstech
International's news address for their cor-
porate and manufacturing headquarters
is: 1210 New Brighton Blvd., Minneapo-
lis, MN 55413-1614. Phone: (612) 378-
2020. FAX: (612) 378-2030.

RF Power Components New
Address — RF Power Components,
Inc. has moved to 125 Wilbur PI.,
Bohemia, NY 11716. Phone: (516) 563-
5050. FAX: (516) 563-4747.

Harris Farinon Canada Moves —
As of Jan. 3, 1984, Harris Farinon will
have moved 10 km west of their original
location to 3 Hotel de Ville, Dollard-des-
Ormeaux; Quebecz, Canada H9B 3G4.
The new numbers are: (514) 421-8400.
FAX: (514) 421-4222. Telex: 05-821893.
Customer Service: 1 (800) 465-4654.

Geleco RF Business Acquired by
LBA Technology — The RF systems
of Geleco Electronics, Limited of Toron-
to, Canada has been purchased by LBA
Technology, Inc. of Greenville, North
Carolina, supplier of medium wave
broadcasting antenna systems. Geleco,
producers of antenna tuning units and
RF equipment fo- radio broadcasting,
will have their assets and inventory relo-
cated to the expanded LBA Greenville
manufacturing facility.

February 1994
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Telecommunication Chip Sets —
Analog Devices, Inc. and Aware, Inc.
have formed a development partnership
to design and build chip sets that will
support the emerging standard for
asymmetric digital subscriber line,
ADSL. This is a new ANSI-standard
technology which increases the usable
bandwidth of telephone lines to bring
video-rate services into the home.

These services would include distance
learning, video on demand, remote
healthcare consultation, and telecom-
muting. The products will be available in
mid-1994 to telecom OEMs. Data rates
of 1.5-20 megabits oer second can be
achieved. Three companies have
agreed to use the Analog/Aware chip
sets in ADSL products: AT&T Network
Systems, Morristown, NJ; Westell, Inc.,

UALCOAM

All your synthesizer functions
working in unison and perfect
harmony from the Synthesizer
Maestro...

VLSI Products
7

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

INFO/CARD 16
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Oswego, IL.; and Newbridge Networks,
Kanata; Ontario, Canada.

Cadence Sells Automated Sys-
tems Division — This sale will allow
Cadence Design Systems, Inc., San
Jose, CA, to focus on software that
automates and enhances the design of
ICs and electronic systems. Cadence
sold its Automated Systems Inc. (ASI)
Division, at the end of 1993, to a corpo-
ration formed by certain ASI manage-
ment personnel. ASI manufacturers and
provides design services for complex
PCBs and is headquartered in Brook-
field, Wis.

Small Business Research Con-
tract — Superconductor Technologies
Inc. (NASDAQ: SCCON), which supplies
high-temperature superconductor (HTS)
products and services, received a
$742,000 Small Business Innovative
Research contract to build supercon-
ducting switches for electronic warfare
(EW) subsystems. The new contract
allows ST! to intecrate cryogenic switch-
es with super conductor filters.

Radio Links

Eliminate leaseline and wireline
costs

Aggressively priced with quantity
discounts available

Transmitter and receiver links in
VHF, UHF and 300 MHz are
designed spec fically for high-
performance cata transmission

Utility data system accommodates
audio inputs (modem tones) or
TTL-level digital inputs

RS-232 radio modems available in
VHF, UHF and spread-spectrum
(unlicensed) frequencies

A two-way radio manufacturer for
more than 30 vears

Aerotron-Repco Sales, Inc.
| 1-800-950-5633

2400 Sand Lake Road
Orlando, Florida 32809

Dealer Inquiries Invited
INFO/CARD 17
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i 1.512 MHZ CLASS A BROADBAND POWER AMPLIFIER
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Miicom
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Milcom's Newest RF Power MOSFET Distributed Amplifier
1-512 MHz, 50 Watts Class "A" Design

The newest introduction in amplifiers

is not for the narrcw-minded. For a
range of 1 - 512 MHz, you won't find
another 50 watt amp offering such

a wide range and exclusive versatility.
You might say it blows the market
wide open.

In fact, nothing beats it as an
instrument for semi-conductor, passive
component, EM.I. development or
production testing. It even produces
exceptional results in fields as diverse as
laser modulation and medical research.

And it's no wonder. Excellent output
VSWR provides constant power into
any load. And with features like a built-
in power meter, external ALC output,

and totally enclosed RF modules for low
E.M.L, this 50 watt amplifier sets a new
standard for the industry.

So before making your next amplifier
purchase, take a good look at the new
50 watt wide band amp from Milcom
International. Because seeing really is
believing. Give us a call at (714) 554-1710
for more details.

We Design and Manufacture RF Power Amplifiers
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RF industry insight

Fast Si, New Design Tools and Porta-
bility Demands Bring ASICs to RF

By Andy Kellett
Technical Editor

ew RF designers would have even

thought of implementing a new
design on a single semiconductor chip a
decade ago. It would have been possi-
ble to implement a complete design,
after several expensive design itera-
tions, on a single chip, (or two), of very
expensive GaAs. But the need to do so
just wasn't there. Today, RF Application
Specific ICs (ASICs) have appeared at
the confluence of three circumstances:
the need for small but complex radio
transceivers, the emergence of silicon
processes with high f, and the availabili-
ty of fast computers and design software
which can reliably predict the behavior
of RF integrated circuits.

“A driving force behind ASICs is wire-
less communications,” says Mojy Chian,
Senior Principal Engineer at Harris Semi-
conductor's CAD group, “you want to
make a high-frequency product, you want
to make it sophisticated, but at the same
time you want it to fit in a shirt pocket.”
Performance requirements and time-to-
market have traditionally driven use of
ASICs says ASIC & EDA magazine
Senior Editor, Kella Knack.

Integration provides several benefits for
RF applications besides reduced size,
says Jack Guedj, Marketing Manager
and Applications Engineer for Raytheon’s
high speed communications products.
Among them are better performance,
lower power consumption, easier board
design and better reliability. There are
several ways to arrive at integration: tran-
sistor array ASICs, standard cell ASICs,
custom design ASICs and application
specific standard products. Strictly speak-
ing, an ASIC is any IC designed to per-
form most or all of the functions for a sin-
gle end-use. However, when most people
think of ASICs they think of one of the
species of ASIC that are at least partly
designed by the customer.

Picking a type of ASIC requires a bal-
ance of design effort and performance.
Transistor and tile arrays allow designers
to connect individual transistors and pas-
sive components, and because the cus-
tomer only specifies the metalization lay-
ers, development time is fast. However,
the placement of components is not opti-
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mal. Standard cells reduce both die size
and interconnects by providing pre-
designed function blocks. Not only are
the number of interconnections reduced,
but so is the risk associated with creating
a custom design from scratch says
Guedj. Normally a few versions of any
type of function (a mixer or amplifier for
example) are available, but designs still
must be adapted to the tiles that are
available. A third aporoach is a fully cus-
tom ASIC. This type of ASIC allows opti-
mal placement of components and mini-
mizes die area. This approach requires
the most effort on the part of both the
ASIC customer and manufacturer, but as
Chian points out, "Typical RF ASICs are
small, so transistor-level design is not a
far stretch."

Another way to shrink a circuit is to use
an application-specific standard-product
IC. AT&T Microelectronics produces
standard lines of chips, “focusing on the
world-wide digital communications stan-
dards,” says Phil Carrier, Marketing Man-
ager for AT&T's Wireless RFICs. Chips
designed for specific applications from
the start are important, says Carrier,
because,“In subsc-iber, hand-portable
terminals every mA counts.” Other manu-
facturers acknowledge that ASICs are
not the best choice in every instance. “In
general, if there’s a good chip-set that
does the job ASICs don’t compete,” says
Bill Dennehy, Director of Marketing for
ASICs at Harris Semiconductor.

Some companies are both producers
and users of ASICs. While Stanford Tele-
com does offer standard products, their
ability to produce their own ASICs helps
them to sell items at the system level,
says Charles Frank, Managing Director
of ASICs and custom products. “We are
unique in being able to combine digital
communications expertise with ASIC
implementation expertise.”

Fast Silicon

Integrating complex RF circuits could
only be dreamed about until a few years
ago says Dr. Charles Leung, President of
Bipolarics. New processes have pushed
silicon’s f, above 10 GHz. “Small is the
key for fast silicon devices,” says Leung

“RFIC processes have features as com-
plex as the most advanced DRAM. In
addition, we deal with the subtleties
involved with RF transistor design,” says
Dr. Leung. Sevzral companies have
developed high-frequency silicon
processes and offer them for ASIC man-
ufacture. Despite all the attention given to
high-speed silicon processes, GaAs is
still used in high-frequency ASICs.

Design Tools

Another key to the emergence of RF
ASICs is the availability of design tools
capable of accurately predicting an
ASIC's behavior before it is fabricated.
Most of the time, the ASIC customer is
given models of the transistors or tiles
that make up the ASIC and they produce
a schematic based on those models. The
ASIC manufacturer then translates those
schematics to silicon (or GaAs) using
their own tools and proprietary knowl-
edge of their process. IC design and RF
design tools are only beginning to work
together in a seamless way. An analog
extension to the VHDL design language,
called VHDL-A is in the works, but it
mostly addresses low-speed analog and
mixed-signal designs. Another develop-
ing high-level language for IC design is
tailored for RF IC design and is called
MMIC Hardware Development Lan-
guage, (MHDL).

Harris Semiconductor has already
managed to incorporate RF tools into an
IC design system. Called Fastrack, Har-
ris’ new system uses Cadence Design
Systems' IC design framework and
incorporates a number of RF tools such
as S-parameter analysis, noise analysis
and large-signal distortion analysis. The
combination of RF and IC design makes
for some new measurements says Chian,
“for instance, measurements of the statis-
tical distribution of third order intercept
point.” Harris takes a “hard line” on mak-
ing sure ASIC designs are manufac-
turable says Harris' Dennehy.

The tools, processes and demand for
monolithic RF systems are just now con-
verging. The extent to which future RF
designs will be done on a single piece of
semiconductor remains to be seen.  RF
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SPECTRUM OF THE QPSK CARRIER
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TESLA is the easiest way to get
fast answers to design problems.
Itdoes full nonlinear, mixed ana-
log & digital simulation. Built-in
spectrum analysis shows you the
results. TESLA has the power to
handle multiple modulated car-
riers, complex demods, and any
kind of modulation. You can test
spread spectrum with multi-
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acquisi from multiple
mixers and amplifiers, PLLs with
complicated loopfiltersand digi-
tal phase detectors—virtually
anything you can do in the lab!
But the most important thing is
that it's easy to use. You build
your system in OrCAD from our
intuitive library of blocks like fil-
ters, mixers, and vco's. TESLA

PC Block
Diagram
Simulator

¢¢We were doing threshold
noise tests on an instanta-
neous frequency measuring
device...TESLA was on-
target—the closest of all
our techniques of analy-
sis. I;,impressed a lot of
folks. -—B.G. Goleta, CA

from the frequency or time do-
mains. We guarantee results.
You get the best tech support in
the business and a 30-day trial.
At $695 it’s a steal! Ask about
TESLA's powerful options.

Call today for a demo package:

800-631-1113

U.S. and Canada
Intl: 404-751-9785  Fax404-664-5817




RF featured technology

Medium Power Bipolar Design
Using the NE46134 Nonlinear Model

By Lynne Olsen and Brian Kirk
California Eastern Labs

This article presents a method for
determining the source and load imped-
ances of a medium power amplifier using
a nonlinear simulator and optimizer. The
amplifier is designed to produce 27.5
dBm output power at the 1 dB gain com-
pression point (P1dB) while conjugately
matching the input for maximum power
gain. This method is compared to two
other methods: using measured load pull
data, and calculating the optimum load
impedance from small signal S-parame-
ters [4]. The nonlinear model was devel-
oped by California Eastern Laboratories
for the NEC NE46134 medium power
bipolar junction transistor (BJT) using the
nonlinear simulators LIBRA and
XTRACT, both developed by EEsof™.

he benefits of using a nonlinear sim-

ulator [8] to evaluate output power,
intermodulation distortion, harmonic dis-
tortion, time-domain wave forms, and
other nonlinear responses have always
been apparent. However, only in the last
decade have nonlinear simulators
become computationally efficient and
cost effective enough to be used for
power design. This advance is due pri-

Method I's 'L

Cripps' B Ropt
SPICE, opt C A
SPICE,conj D A

DESIGN E B

Figure 1. Power contours and
impedances on the Smith Chart.
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marily to: ) the implementation of har-
monic balance algorithms, 2) the drastic
price reduction in computer hardware
with an accompanying increase in com-
puting power, and 3) the availability of
nonlinear models that are robust enough
to accurately predict the nonlinear
responses required. However, power
modeling is still in its infancy.
Narrowband, medium power amplifier
design consists of determining the opti-
mum load impedance, T, (opt), that will
provide the maximum output power.
Next, the device is terminated with this
load impedance and the source is conju-
gately matched to provide maximum
gain. In this article, the impedances are
represented as ref ection coefficients.
[, (opt) can be determined using one of
several methods. The easiest is for the
circuit designer to use measured load-
pull data, (if it is available from the device
manufacturer). If load-pull data is not
available, a second method developed
and documented in 1983 by S.C. Cripps
[2,4,5] can be used Cripps’ method not
only determines T (opt), but also can be
used to generate approximate power
contours. This method uses small-signal
S parameters, which are fairly easy to
measure, to approximate the large-signal
output impedance of the device. The third
method detailed in this article uses a non-

linear model and a nonlinear simulator
and optimizer. The optimizer is used to
perturb the source and load impedances
until the desired power and gain specifi-
cations are achieved.

The amplifier design specifications are:
P1dB = 27.5 dBm
G1dB=7dB
Frequency= 900 MHz
Bandwidth = 40 MHz

The NEC NE46134 was chosen
because of its useful bias range, excel-
lent dynamic range and high output
power. This device is available in a low
cost surface mount package (the NEC
34), as well as in chip form. The NEC 34
package is similar to the industry stan-
dard SOT-89 package style.

For this design, the critical specifica-
tion is to achieve 27.5 dBm output
power at 1 dB gain compression [6]. The
NEC NE46134 is biased at 12.5 V, 100
mA to provide best linearity at 27.5 dBm
output power.

Measured Load-Pull Data

Load pull-data, also referred to as
large signal impedance data, can some-
times be obtained from the manufactur-
er. The load-pull data provides load
impedances that correspond to different
output power levels. For any output

S22 of device
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Figure 2. Load impedance derived
using Cripps approximation at
12.5V, 100 mA, 300 MHz.
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Figure 4. SPICE optimization to determine source

and load terminations.

power less than maximum, there is a
locus of impedance values that form a
closed contour on the output impedance
plane. For maximum output power, the
contour converges to a single point.

Once the load pull contours are
obtained, the designer notes the source
and load reflection coefficients corre-
sponding to the desired output power
level and gain specifications. Then the
input and output matching networks are
developed and the circuit is buiit and
tested. No load-pull data was available
from NEC at the time of this writing.

Cripps Approximation

A widely used approximation method
documented by Steven Cripps uses
small-signal S-parameters to determine
' (opt). Although Cripps’ technique was
developed to obtain power contours for
GaAs FETs, we have found the tech-
nigue works well with bipolar junction
transistors also. The key to successfully
implementing the approximation is to
develop an accurate mode! for the out-
put of the device over the frequency
range and bias of interest, as demon-
strated in California Eastern Laborato-
ries’ application note AN-PF-1007 [10].

This method entails calculating the
optimum load impedance for the maxi-

AR

{461d.501)

Figure 5. Matching networks.

28

Figure 7. Final schematic including matching net-

works and layout parasitics.

mum output power. At 12.5 V, 100 mA,
the optimum load -esistance, R, =
12.5 V/100 mA= 125 ohms as shown in
Figure 1. This impedance point is then
rotated to the output impedance plane of
the package. The equivalent output cir-
cuit is generated from small-signal S-
parameters. Figure 2 shows the output
impedance that results from this rota-
tion, I, (opt) = 0.43€/66.13°. The output
of the device is terminated with this load
reflection coefficient and the new input
reflection coefficient, S11°, is calculated.
The input is then terminated with the
conjugate of S11° (S11°=0.63 /-170.3°).
Power, gain, and intermodulation distor-
tion using these terminations are simu-
lated as shown in Table 3. P1dB is 27.1
dBm with an associated gain of 9.5 dB.

The design task then becomes an
impedance maichiny exercise to trans-
form the 50 ohm source impedance to
S11 conjugate, and to transform the 50
ohm load impedance to I (opt). Addi-
tional power contours can be developed
using this approximation. Several have
been provided in Figure 1. These con-
tours assist the des/gner in determining
the degradation in output power if the
output matching network does not
exactly provide I, (opt).

Nonlinear Simulation

Before delvirg into nonlinear simula-
tion, a brief review of small-signal ampli-
fier design is provided to note the simi-
larities between small-signal linear
amplifier design and large-signal nonlin-
ear power design. For small signal
design, the S-parameters are used in
the well known power gain equations
[2]. These power ga n equations charac-
terize the bilateral, linear relationships of
the device ard are implemented in
many linear simulators. The simulators
automate the task of calculating and
plotting constant gain circles. Constant
gain circles are verv similar to load-pull
contours. Both consist of impedance
values plotted on the Smith Chart. The
difference is that gain circles are circles
of constant gain anc the power contours

are contours of constant power. Theo-
retically, a nonlinear simulator could be
used to generate power contours, since
the nonlinear simulator can vary the
source and load impedance and calcu-
late the corresponding output power.
The maximum output power contour
converges to a sirgle point on the Smith
Chart. Since the commercially available
computer-aided engineering programs
haven'’t automated this process, gener-
ating these contours is fairly time con-
suming.

Using a nonlinear simulator and opti-
mizer to determin2 the source and load
impedances for this design problem at a
single frequency and bias range is
straightforward. All we have to do is
input the nonlinear model parameters
and design goals, and have the optimiz-
er vary the source and load impedances
until our design goals are achieved. The
next step is to design the input and out-
put matching networks using actual fab-
rication technology, re-simulate the cir-
cuit with expected layout parasitics and
then, build the circuit. If your measured
and simulated results differ, then re-
evaluate the device and component
models and add any overlooked
layout/fabrication parasitics.

Nonlinear Model

The nonlinear model for the NE46134
[1] is shown in Figure 3 and is used to
predict the behavior of the device under
various power conditions. The nonlinear
model consists of the nonlinear chip
model using Gummel-Poon [3] parame-
ters embedded in the NEC 34 package
model.

Simulation and Optimization

The circuit description consists of the
nonlinear model, the DC biasing circuitry,
the AC input, and the optimizable termi-
nations indicated as “source matching”
and “load matching” in Figure 4. The DC
biasing circuitry provides Vce = 125 V
and Ic = 100 mA. The AC input provides
a 900 MHz signal with a power sweep
from O to 30 dBm n 5 dBm steps.
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Figure 6. Layout of the amplifier printed circuit

board, top view.

Now for the terminations. There are
many circuit configurations that can be
used to define the optimizable termina-
tions. The configuration we chose, a sin-
gle L or C in series with a transformer,
provides expedient optimization conver-
gence. This expedience is obtained
because the two optimizable variables,
N and L (or N and C), singly effect either
the real or imaginary term of the com-
plex impedance, but not both. For exam-
ple, modifying the turns ratio N of the
transformer moves the impedance along
the constant reactance contour. Modify-
ing the L or C moves the impedance
along the constant resistance circle.
Whether you use L or C depends on
which half of the Smith Chart you think
the optimum load impedance is in. If
you're not sure whether to use an L or
C, both can be used (a series L, C or
shunt L, C) at the expense of increased
optimization time.

After you define the topology for the
terminations, optimize the source and
load impedances simultaneously until
the design specifications are achieved.
The resulting source and load reflection
coefficients are used to develop the
input and output matching networks.
The initial matching networks and final
matching networks after bench tuning
are shown in Figure 5.

30

Fabrication

The matching networks derived from
the nonlinear optimization method were
used for the actual circuit design. The
circuit board layout is shown in Figure 6.
The substrate used is 10 mil thick, 1/2
ounce RT/DUROID 5006 with a dielec-
tric constant of 6.0. The high dielectric
constant and small substrate height
were chosen to minimize line lengths.

Using RT 6006 Duroid substrate
material without a heat sink is not rec-
ommended, otherwise the maximum
allowable junction temperature could be
exceeded during operation.

Measured and Simulated Results
The circuit was fabricated and three
devices were secured in the amplifier test
circuit and measurzd. The initial test
results were compared to the design
specifications. At 90C MHz, the small-sig-
nal gain was higher than the expected 8
dB (8.54, 8.81 and 9.26), the output
power was lower than the expected
27.5dBm (25.9, 25.32, 26.35), and the
input return loss wasn’t very good consid-
ering the input was designed to be conju-
gately matched. Tunng on the bench [7]
to achieve 27.5 dBm output power result-
ed in modifications to the input and out-
put matching circuits as indicated in the
schematic of Figure 5. The original 7.32

Figure 8. Measured versus simulated S-parameters.

pF shunt input capacitor was changed to
1.8 pF, and a 5.5 pF shunt capacitor was
added to the output. To explain the mea-
sured versus simulated discrepancies,
we begin by examining the data used in
the original design and simulation of the
source and load terminations.

The S-paramete‘s used for the Cripps
approximation and the development of
the nonlinear model in the SPICE opti-
mization were measured on 30 mil thick,
5880 RT/ DUROID. The PC board used
for the amplifier, however, has a higher
dielectric constant and places the collec-
tor tab of the device within 10 mils of the
ground plane. Th s configuration intro-
duces a parasitic capacitance of approxi-
mately 0.7 pF between the collector tab
and ground. This parasitic capacitance
and other layout parasitics were added to
the simulation file. Figure 7 is a schemat-
ic representation of the complete amplifi-
er, including pertinent layout parasitics.
Figure 8 shows the measured versus
simulated S-parameters for the initial cir-
cuit design shown in Figure 5, and the
measured versus simulated S-parame-
ters after adding layout parasitics as
shown in the schematic of Figure 7.

For additional comparison, the nonlin-
ear model and optimizer were used to
obtain the load impedances for maxi-
mum output power, instead of using an
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S-parameter file as in Cripps approxima-
tion. The input was then terminated with
the resulting conjugate of the large signal
St1.

All of the preceding discussed source
(I';) and load (I') reflection coefficients
are included in Table 1. The different
techniques referred to in Tables 1
through 7 are:

1. Cripps - use small signal S-parame-
ters to determine the load impedance
and match the input to the small signal
S11 conjugate.

2. SPICE,opt - SPICE optimization of
the source and load simultaneously.

3. SPICE, conj - nonlinear optimiza-
tion of the load for maximum power and
match the input to the large signal S11
conjugate.

4. DESIGN - matching networks used
for the initial amplifier layout are the ter-
minations.

5. DESIGN, final - Simulation includ-
ing matching networks and layout para-
sitics, final simulation.

Also included in the tables are the 2nd
and 3rd order intermodulation distortion
products.

The formulas used for comparing
magnitude and phase differences are:

Mag. difference =

= (Cripps ~SPICE)/SPICE (1)

Phase Diff.= ()]
(180 - [Cripps|) + (180 - [SPICE])

’ SPICE

Using the preceeding formulas, we
find the load impedances for Cripps and
SPICE,opt differ by only 3% in magni-
tude and 7% in phase. The source
impedances for Cripps and SPICE,conj
are fairly close as expected, differing by
3% in magnitude and 12% in phase.
The source impedances obtained by
simultaneously optimizing the source
and load (SPICE,opt) differ from those
obtained using Cripps’ method by 19%
in magnitude and 51% in phase. The
large difference between the these two
methods is the result of differing con-
straints. Gain at P1dB is constrained to
7.0 dB in the method that simultaneous-
ly optimizes source and load imped-

ances, while Cripps’ and the SPICE,conj
method terminate the input with S11’s
conjugate to maximize gain at P1dB.

The source impedances of the
DESIGN and SPICE,conj designs differ
by 6% in magnitude and 18% in phase.
The differences in load magnitude and
phase are 9% and 30%, respectively.
Power simulations are included in
Tables 2 through 6.

A comparison of the measured, simu-
lated, and data sheet P1dB and G1dB
are included in Table 7. The simulated 1
dB compression power levels are very
close to the measured and data sheet
values (27.2 dBm to 27.5 dBm). G1dB,
however, varies from 7.0 dB to 9.6 dB.
As is to be expected, the three methods
which conjugately match the input yield
the higher gains of 9.5 dB (Cripps), 8.8
dB (SPICE,conj) and 9.6 dB (DESIGN).
The G1dB from the SPICE optimization
(7 dB) and the measurement (7.2 dB)
are very close to the NEC data sheet
specification of 7.0 dB. The entire ampli-
fier G1dB simulation including matching
networks and layout parasitics is 7.8 dB,
8% higher than the measured value of
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7.2 dB. This difference is because the
amplifier parasitics were optimized to
produce the lowest comprehensive error
(including all S parameters, not just gain)
over a 40 MHz band (880 MHz to 920
MHz) instead of at a single frequency of
900 MHz. The parasitics were optimized
to achieve 7.2 dB gain at 1 dB power
compression at 900 MHz at a slight sac-
rifice to the overall error. The final ampli-
fier measurement and simulations cover

the 800 MHz to 1000 MHz band.

Using a nonlinear model and simula-
tor/optimizer took about four hours total
to arrive at the source and ioad imped-
ances. Two of the hours were used to
input the circuit and optimization criteria;
another two hours were used for the
optimizer to converge using a 386/33
MHz computer with a co-processor. This
technique is valid only if the nonlinear
model is accurate for the operating con-
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Technique T, (mag, ang) [ r (mag, ang)
CRIPPs 0.63,-170.3 | 0.438,66.13
SPICE, opt 0.75,-125.8 | 0.453,614
SPICE, conj 0.646, 168.8 | 0.453,61.4
DESIGN 0.6¢, -159.6 | 0.499, 43.27
DESIGN, final 0.1€5,-176.7 | 0.59, 83
Table 1.
Pin Pout Gain 2nd 3rd
(dBm} | (dBm) (dB) IMD IMD
=5 < 8 —46.4 -94
0 8 8 -36.5 -79
5 13 8 -26.6 —64
10 18 8 -16.5 —48.5
20 27 1 71 04 —6.9
20.3 2748 72 2.3 —6.5
25 27.6 2.6 8.2 =3
Table 2.
Pin Pout Gain 2nd 3rd
(dBm) | (dBm) (dB) IMD IMD
-5 253 10.53 —42.2 -86.4)
0 10.53 12.63 -32.3 ~71.6)
5 15.52 19:52 -22.2 -56.1
10 20.5 12.5 -12.3 —40.3
15 25.4 12.4 -3.5 -19.3
17.6 271 9.54 3.6 —6.4
20 275 A 10.2 4.6
24 27.9 3.9 84 5.6
25 28.1 k¥l 8.7 4.9
Table 3.
Pin Pout Cain 2nd 3rd
{dBm) | (dBm) (dB) IMD IMD
=5 4.8 98 —44 —89.5]
0 9.8 98 -34.1 -74.9
5 14.8 98 —24 =59.5
10 19.8 98 -14.1 —44 3]
18.5 27.3 88 2.6 0.3
20 27.5 74O 5.4 =3
Table 4.

ditions being simulated.

Cripps’ technique took about four
hours to determine the output equivalent
circuit from manufacturer supplied S-
parameter data, set up the linear circuit
file and rotate R_ , to the final load
impedance value.

Production Resuits

A production amplifier using the NEC
NE46134 was built and tested by M/A-
COM. The amplifier exhibited excellent
thermal performance and high linearity
using a 25 mil aluminum nitride sub-
strate mounted on a carrier. The dielet-
ric constant was 8.8. M/A-COM was
able to fit 70 circuits on a 2.0 inch by 2.0
inch substrate. Mask costs were less
than $150.00 and the substrate costs
less than $ 1.00 for each amplifier in
small quantities. Since linearity was the
key design specification, the device was
biased at 12.5 V, 100 mA with the input
power reduced to achieve an output
power somewhat less than 0.5 watts.

Conclusions
1) Both technigues, Cripps approxima-
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Pin Pout Gain 2nd 3rd
(dBm) | (dBm) (dB) Harm Harm
=5 5.64 10.64 —41.3 -87.4
0 10.64 10.64 -31.3 -72.7
5 15.63 10.63 -21.2 -57.4
10 20.6 10.6 -11.3 —42.1
15 25.5 10.5 -1.8 -23.1
17.6 27.2 9.6 -12.5 0.9
20 27.5 75 —2.9 4.2
25 279 2.9 -1.6 -1.5
Table 5.
Pin Pout Pout Pout 3rd
(dBm) (dBm) (dBm) (dBm)
(17, #1) (01QS) (18, #2)
0 8.15 7.82 8.12
5 12.95 12.63 12.90
10 17.90 17.53 17.87
20 — 27.04 —
20.3 27.50 sden —
20.37 — — 27.5
20.93 — 27.7 R —
26 29.58 29.75 29.75
Table 6.
P1dB |[G1dB | Simulation
(dBm) |(dB} conditions
NEC data sheet [27.5 7.0 1 GHz sim.
SPICE, opt 27.3 7.0 900 MHz opt.
ICRIPPs C 95 900 MHz meas|
S-parameters
SPICE, conj 273 88 900 MHz
optimization
DESIGN 27.2 9.6
DESIGN, FINAL |27.5 b 4
Measured LN 17|27.5 i

Table 7.

tion and nonlinear optimization, yield
similar results.

2) Using a SPICE optimizer allows
the circuit, and changes to the circuit,
to be better understood and evaluated.
For example, changing the substrate
for thermal considerations can effect
the small signal gain and power com-
pression characteristics of the device.
A properly modeled device and circuit
can predict the effects of these
changes.

3) With the introduction of more effi-
cient nonlinear simulators in the last
decade, power amplifiers, and their lay-
out parasitics, can be simulated prior to
fabrication. The accuracy of the simula-
tion depends mainly on the accuracy of
the nonlinear device model and the
designer’s ability to properly model the
overall circuit being built, including fabri-
cation parasitics.

4) After fabricating the initial circuit, it
became apparent that the computer
simulation and measured data were
very different. The circuit was tuned on
the bench until the measured data
agreed with the design specifications
and simulated results. The differences
between measured and designed quan-
tities are attributed to omission of the
layout parasitics in the initial design. If

RF Design

the layout parasitics had been included
when determining the source and load
reflection coeffieients, the initial mea-
sured data would have more closely
agreed with the simulation.

5) SPICE simulators permit the
designer to predict linear as well as non-
linear behavior such as power compres-
sion curves and third order intermodula-
tion prior to circuit layout.
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Simulating a QPSK Modem

By Don Miller
MCC Panasonic

This paper shows how time domain
simulation can provide insights into the
operation of a QPSK modem, insights
that are unobtainable with frequency
domain tools. SPICE-type tools were not
used in the simulations outlined here.
TESLA, one of the available block level
simulators, was used instead. Tools
such as these animate the behavior of
all the system blocks in parallel. The
blocks interact just as they would in the
lab. This is much faster than circuit sim-
ulation, which solves large matrices of
circuit equations. Unlike steady-state
nonlinear simulators, a tool like TESLA
easily handles complex digital logic and
long sequences of data.

F Engineers are comfortable analyz-

ing the performance of their designs
in the frequency domain. For many
probiems this makes sense because
most RF components are characterized
as a function of frequency. The effects
of most filtering, (and even some nonlin-
ear blocks, such as mixers), are easier
to understand in the frequency domain.
Often, however, the baseband perfor-
mance of a design is not so easily ana-
lyzed in the frequency domain.

Just as an oscilloscope will be favored
over a spectrum analyzer for observing
some aspects of system behavior in the
lab, alternative software tools will be
better suited for simulating some
aspects of a design. If a system is linear
and time invariant, then linear simulation
will be the tool of choice. Nonlinear sys-

tems that need be analyzed only in the
steady-state case are good candidates
for harmonic balance analysis. Time
domain simulation is a tool that is useful
for simulating systems where transient
behavior must be studied or where fre-
quency domain analysis provides little
intuitive insight. For example, spectral
analysis may show distortion, but a time
plot shows the actual clip point of a
waveform. However, employing a time
simulation tool does not prevent us from
looking at frequency domain behavior.
This is provided for by the Fast Fourier
Transform.

Modulator

The block diagram of a QPSK RF
modem is shown in Figures 1 and 2.
Figure 1 details the modulator section.
Data and clock signals from the random
bit generator go to a data stream split-
ter. It separates each pair of bits into
two parallel data streams, each running
at half the input data rate. Encoding is
applied to the bit streams to determine
the mapping of the bit pairs to the output
carrier phase state. The resulting bit
pairs, which define the current “symbol”,
are filtered with low pass filters having
carefully controlled time responses. The
resulting analog waveforms are applied
to a quadrature modulator to generate
the QPSK signal.

Demodulator
The demodulator circuit in Figure 2
operates almost | ke a modulator in

reverse. The quadrature demodulator
drives filters which can be identical to
the ones in the modulator. The filtered
signals are sliced with a comparator,
decoded, and serialized into the same
data stream as was transmitted. If only it
were that easy! In reality the demodula-
tor is much more complicated than the
modulator. Carrier recovery is the prob-
lem. The local oscillator signal used in
the quadrature demodulation process
needs to be synchronized with the
incoming carrier frequency (which is
suppressed). Often, the demodulator is
part of a special phase-locked loop,
called a Costas loop, that recovers the
carrier. The mixers in the demodulator
are part of the phase detector, so the
input signal level affects the phase
detector sensitivity, (Kg). This means
AGC is required! After the data is
decoded, we must provide a bit rate
clock to the device that is using the data
we are delivering. This is yet another
PLL! Luckily, we can “ship” clock and
carrier to the demod from the modulator
during our simulations until we are ready
to add the carrier and clock recovery cir-
cuitry. This enables us to keep things
simple at first and then add complexity
as we are satisfied with the basics. Our
ability to pick and choose between the
real and ideal worlds enables us to sim-
ulate only as much of the system as we
care or need to. The simulations here
will carefully ignore clock recovery and
AGC, while illustrating how filter effects
and carrier recovery may be analyzed.

data
9.6kB
random + (bit |

bit symbol
clock clock data
filters

|stream 1 }+45
bit |stream Siream2. Ecodlng {) > out RFin
generator ——s splmer M

[

Symbol
and bitclock
- IECONED) bit clk
<]-| i % symbol clk
_____ v
- * data
—» I 1
decoder| | serializer
clock
quadrature y >
modulator data ¥ data 2x4.8k8
filters slcers

Quadrature Demod (w/carrier recovery)

Figure 1. Block diagram of a QPSK modulator.
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Figure 2. Block diagram of a QPSK demodulator.
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5T,

Figure 3. Impulse responses of
filters with and without inter-sym-
bol interference.

Filter Performance

After confirming that the data stream
splitter and coder operate properly, the
first real analysis task on the modulator
side will be to confirm proper operation

Encoding
o -

"eye" observation
for filter test

* 7 -

2 |

; Tx "eye” observation

=

Figure 4. Simulation block diagram

of the low pass data filters. If the filtering
in a data link is optimum, the intersym-
bol interference (ISl) will be zero. Any
ringing from the previous symbols or
precursors from future symbols will pass
through zero at each sample point. Fig-
ure 3 shows the impulse response for
the filtering in a system with zero IS,
and one with significant ISI. Note that for
the filter with zero-ISl, the zero cross-
ings of the impulse response coincide
with the sampling points. If our filters
have significant 1S], then the nonzero

R Modem Fiter Cancade

1w

|
L0 S0 o ) e
V(s X “,0

Figure 5. Eye diagram of system
in Figure 4.

residual time response of the previous
symbol will add to the pulse resulting
from the next symbol. This interference
adds to the uncertainty in interpreting
the state of a particular symbo).

We can check the filtering in our simu-
lated modem by doing a simulation with
the baseband output of the transmit low-
pass filters cascaded into the receive fil-
ters. A block diagram of this simulation
is shown in Figure 4. The output of the
receive | or Q channel filter can be
observed using a symbol rate timebase
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in Lissajous fashion. This display is
called an eye pattern. Wide eye open-
ings are indicative of low ISI. The eye
pattern shown in Figure 5 was generat-
ed by simulating the system in Figure 4
with TESLA. The simulation was done
for 300 ms with a 1 ms time-step. The
data from 0 to 100 ms was omitted in
the plot to keep start-up transients from
corrupting the eye pattern. Significant

ISI in the simulation output would have
indicated that the filters needed work,
but things look OK.

We can observe the actual QPSK sig-
nal (Figure 6) by simulating the entire
modulator as shown in Figure 1. The
transmit eye pattern can be observed as
well. Significant ISI will be seen in the
transmit eye, since only half of the sys-
tem filtering is present (Figure 7). This
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Figure 6. Simulated QPSK signal
in the time domain.

simulation was for 1 second at a 1 ms
time step (one million points). Only 200
ms of the data was plotted. The full sec-
ond of simulation was necessary so that
ample RF output simulation data could
be stored to disk for the upcoming sys-
tem bit error rate tests.

The quadrature demodulator can be
tested quickly by using an imported local
oscillator from the modulator in lieu of
the carrier recovery system in Figure 2.
If the | and Q channels are displayed in
an XY fashion, the phase and amplitude
trajectory of the QPSK signal will result.
Once the operation of the quadrature
demod is confirmed, the carrier recovery
circuitry (Costas loop) can be added and
debugged.

Carrier Recovery Performance
This system is a second order phase
locked loop, and the same methods as
used on frequency synthesizers can be
applied. The des gner must be aware
that the phase modulation on the carrier
has spectral components that go quite
low in frequency, so the bandwidth of
the loop must be quite small. In a real
system, switched time constants and/or
sweep acquisition circuitry may be nec-
essary for accepteble lock times. These
types of systems can be simulated with
TESLA, but the fast acquisition problem
will be ignored here. The system simula-

xie®
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Figure 7. Transmitter eye diagram.
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tor will let us set initial conditions so that
we can simulate only the locked case, or
just the time period immediately sur-
rounding the lock instant. Figure 8 is a
composite of four TESLA plots showing
the receive constellation in the unlocked
state approximately one second before
acquisition, nearing the correct frequen-
cy as the constellation spins slower a
few tenths of a second later, the constel-
lation on frequency just before phase
lock, and finally the locked constellation.

Bit Error Rate Performance

The real gauge of modem perfor-
mance is the bit error rate (BER) in the
presence of noise. The simulator has a
BER tester model that can be used to
this end. It is important to simulate the
system at the highest error rate possi-
ble in order to keep the simulations
short. In the case of QPSK, the varia-
tion of BER versus the signal to noise
ratio (usually expressed as the energy
per bit divided by the noise in a one
hertz bandwidth, (E,/N,) is published
and generally available. The BER of our
demod with an input E;/N, of 5.7 dB is
about 102 (Figure 9). The difference in
E,/N, (for a given BER) for a real
modem and an ideal one is referred to
as the implementation margin. An ideal
QPSK modem will have a BER of 102
with an input E;/N, of 4.3 dB. Our radio
therefore has an implementation margin
of 1.4 dB. This degradation in perfor-
mance could be due to the small
amount of ISI resulting from the system
filters, the nonzero bandwidth of the
Costas loop, or a characteristic of the
coding scheme. The coding scheme
used here was differential QPSK. The
phase of each symbol is interpreted

Figure 8. Receive constellation at
various stages of signal aquisi-
tion and locking.
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based on that of the previous one.
Unfortunately, this means that any error
more or less automatically causes an
error in the next symbol. This doubles
our bit error rate. Without this degrada-
tion, the E,/N, would have been 5.2 dB.
This leaves only 0.5 dB error that must
be accounted for elsewhere (I feel bet-
ter about my filters already!).

Occupied Bandwidth

The tools at our disposal have been
valuable for looking at things in the time
domain, but sometimes we really need a
frequency domain tool. For example, if
we need to look at the transmitter occu-
pied bandwidth, an oscilloscope type
display just would not do much for us.
The simulator's FFT facility gives us the
tool we need for the task. Figure 10
shows the results of TESLA’s FFT com-

xu® BER Test
020 yyy e — 713
T Ve

”ns

o1e 4

-
» B 40 -0 ~ 1.00
TIME x 10

Figure 9. Simulated bit error rate
for the modem.

putation on the transmitter output time
data. The result is the spectral output of
the transmitter.

Conclusions
Outlined here is the sum of well less
than a week of total engineering time. A
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Figure 10. QPSK spectrum.

simple QPSK modem was designed,
and several aspects of the design were
evaluated. Without touching a single
electronic component, we have some
idea of the BER performance we can
reasonably expect and how long it
would take to “lockup” with the loop filter
chosen. If modifications need to be
made to meet the requirements, we can
do it on the simulation before we start
burning up time in the lab.

Time domain simulation can be used
as a valuable tool to study the effects of
design decisions well before the hard-
ware prototyping stage. The skeleton of
a system can be simulated using ideal
components to test concept, and then
models of the real world components
can be substituted to study the overall
effects on the system. With the cost of
computer horsepower plummeting, and
the cost of lab time (and time to market)
shooting through the roof, many designs
can benefit from the initial substitution of
keyboard for oscilloscope and spectrum
analyzer. RF
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921 Louisville Road + Starkville, MS 39759

The rugged 3CXI500A7 tube in this HF P e e o L

amplifier delivers over 750 watts of continuous 8 am. - 4:30 p.m. CST. Monday-Friday
power or up to 4 KW of pulsed ouput power. Prices and Specificabons subject to change @ 1993 Ameritron, Inc

INFO/CARD 32

Now you can get the high Q of an air
core inductor. Plus the convenience
and cost savings of a true surface
mount component.

Coilcraft springs come in values
from 2.5 to 43 nH with Qs at high
frequencies that reach 200 and higher.

Need more Q? Try our new
surtace mount spring inductors.

220 Our 2% tolerance versions can help
Q you elj}llninate circuit thlninglaltogither‘i
They’re tape and reel package
280 7/1’/ and have a jacket with a flat top for
/ 2 auto insertion. We even tin the leads

180 / for reliable soldering.
Q / Order our $60 C102 Designer’s
fod Kit with 10 spring values. Or call us

B for our complete RF and surface
mount product catalogs.

140 - b
a gl

200 400 600 800 1000 &‘W
MHz  MHz MHz MHz MHz

1102 Silver Lake Road, Cary IL 60013
800/322-2645 FAX 708/639-1469

INFO/CARD 33

39



RF products

Bi-Phase Modulators

The Components and Subsys-
tems division of Alpha Industries
introduces the MX1016 and
MX1017 Bi-phase Modulatror
Series. the MX1016 series cov-
ers the 0.5 to 2 GHz band with 4
dB minimum insertion loss. The
MX1017 series covers the 2 to
18 GHz band with insertion loss
of 5.5 dB maximum. Bi-phase
erroe is 0.75 dB and 7 degrees
for both units. Rise time is 10 ns,
maximum and switching speed is
10 MHz. With a volume of 0.5
cubic inches, these units utilize
carefully matched diodes and
proprietary microstrip baluns to

yield broad band performance
superior to quadrature-hybrid-
based methods. Integrated
MMIC drivers are available for
either TTL or ECL inputs. The
drive waveform is shaped to give
—60 dBm switching spurious in
the RF band for the MX1016 and
~70 dBm for the MX1017. Units
without drivers are also avail-
able. Power requirements are +5
V and -15 V at 40 mA each.
Dimensions are 1.00 x 1.00 x
0.50 inches, without the field-
replacable SMA connectors.
Alpha Industries

INFO/CARD #250

Dual-Frequency
Synthesizers

Three new synthesizers from
Philips Semiconductor feature
two independent frequency loops,
direct drive to a voltage controlled
oscillator, operation at supply
voltages as low as 2.7 V, plus an
auxiliary output port or DAC to
control other handset functions.
Current consumption is typically
only 10 mA. Operating over 400
to 1100 MHz, the UMA1015M’s
two RF dividers and phase com-
parators share a common refer-
ence divider, which operates up

to 35 MHz. The UMA1018M has
two completely independent syn-
thesizers, one operating up to 1.2
GHz, the other, to 300 MHz. The
UMA1020M is a 2.4 GHz version
of the UMA1018M, and can oper-
ate at that frequency on a 2.7 V
supply rail. All three synthesizers
are controlled via a high-speed 3-
wire serial interface. All are sup-
plied in 20-pin, SSOP surface
mount packages.

Philips Semiconductor
INFO/CARD #249
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RFIC Test System

Hewlett-Packard has an-
nounced an RF Integrated Circuit
(RFIC) test system that provides
complete, single-insertion 0.5- to
5-second test times for RFICs
used in wireless communications.
The HP 85119A RFIC test sys-
tem gives semiconductor manu-
facturers test throughput up to
ten times that of rack-and-stack
R&D equipment, according to

HP. With the test system, all com-
binations of common RFIC func-
tions can be tested including
amplifiers, mixers, modulators,
demodulators, switches and
VCOs. The HP 85119A contains
a high-speed receiver, a highly
repeatable test set, a measure-
ment director and other hardware
and software components to cre-
ate a complete test solution.
Price is based on the configura-
tion desired, a tailored RFIC test
system can be delivered in 20
weeks.

Hewlett-Packard Co.
INFO/CARD #248

Compact, High
Performance
OCXO

Oak Frequency Control
Group’s 4840 OCXO is designed
to provide performance and ver-
satility in a compact, two-inch
square by 0.75 inch package.
The 4840’s temperature stability
is excellent at +6 x 1079 from —20
to +70 °C, and aging is only +7 x
1010 per day. Output level is 10
dBm, and power consumption is
3 W at 25 °C. Output is within
0.010 ppm of final frequency in 5
minutes. Designed to meet the

needs of component engineers
involved with today’s fastest
growing applications, the 4840
covers 7 to 15 MHz and offers
multiple options, including Sine or
HCMOS outputs, 12 or 15 V sup-
oly, and electronic or mechanical
frequency control adjustment.
Small quantity orders are avail-
able in 4 to 6 weeks, and large
Juantities in 10 to 12 weeks.

Dak Frequency Control Group
INFO/CARD #247

Surveillance

Receiver

The MR-203 receiver from
Maxim Signal Products features
10 Hz tuning resolution, 1 ppm
internal synthesized frequency
accuracy and third-order intercept
point of +5 dBm, typical. A high-
performance tracking preselector
operates over the HF/VHF/UHF

frequency range, giving the MR-
203 a typ cal performance of 90
dB image and IF rejection with
spurious signals at less than
—110 dBm. In addition to an 8
MHz wide IF output, six other IF
bandwidths, ranging from 500 Hz
to 200 kHz, are standard. Detec-
tion modes include AM, FM, CW,
SSB, and Log. Manual, spectrum
search, band sweep and channel
scan operation are all controlable
via a serial interface. In the stan-
dard conf guration, the receiver
draws less than 5 W. An optional
low-power model draws only 2 W.
The MR-203 operates from 9 to
32 VDC over temperature ranges
of —20 to +50 °C, in 100% con-
densing humidity.

Delfin Systems, Maxim

Signal Products Div.
INFO/CARD #246
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Product
Spotlight:
Switches

75 Ohm Switches

JFW Industries announces
an addition to their RF switch
line. Model 755-134 is a solid
state, 75 ohm 1P2T switch with
an operating frequency range
of 0.3 to 600 MHz. Minimum
isolation is 80 dB, and switch-

e

>

c%'.b(

¢

inally. The switch’s PIN diodes
are field replaceable with no
soldering required. The switch
is qualified to MIL-STD-202 and
is sealed against moisture.
Norsal Industries, Inc.
INFO/CARD #243

SPDT

RF/Video Switch

The DG643, a dual single-
pole, double-throw switch,
offers typical on-resistance of
only 8 ohms and very low on-
state capacitance of 10 pF. The
switch from Siliconix offers a -3

28

ing speed is 60 MUs. The
device requires +12 VDC (100
mA). RF input power is rated at
+13 dBm (operating), +27 dBm
(non-destructive).

JFW Industries, Inc.
INFO/CARD #245

Cellular Switches

A series of electromechanical
switches developed for cellular
frequency band applications is
oftered by Narda. These prod-
ucts include SPDT, multi-throw,
and transfer switches. Exam-
ples of members of this family
are model 020-A0-A1D-0CO, a
SPDT unit for switching redun-
dant components in cell and
microcell equipment, model
042-B347-A1D-0C2, a latching
SP4T unit with TTL-control for
switching operating systems at
the cell site, and model 063-
D1234-D2B-0C1, a TTL-con-
trolied, normally open SP6T
unit with type-N connectors and
indicator circuits for system
ATE.
Loral Microwave - Narda
INFO/CARD #244

High Power

Reflective Switch

A SP2T reflective, high
power switch for the 1.02 to
1.1 GHz frequency range is
offered by Norsal Industries.
The switch handles 4 kW puls-
es at 0.15% duty cycle with 35
dB minimum isolation. It is
switched by a +12 V control
signal, and draws 400 mA nom-

dB bandwidth of 500 MHz and
has a 75 mA current capability.
In 1000-piece gquantities, the
device is priced at $1.80 for a
16-pin plastic DIP and $1.96 for
a SO-16 package.

Siliconix

INFO/CARD #242

Electromechanical
Switch Line

KW Microwave has added a
coaxial electromechanical
switch line to its family of prod-
ucts. The typical frequency
range for the switches is DC to
26.5 GHz. These muiti-throw
switches are available in up to
six throw positions, with latch,
fail-safe, indicator and TTL
options.

KW Microwave Corp.
INFO/CARD #241

SP10T Switch

Model DS0820 from Daico
Industries is a SP10T PIN
diode non-reflective switch that
features an operating frequency
of 10 to 1500 MHz. The switch
requires 15 mA at +5 V. Its
insertion loss is 0.95 dB from
10 to 500 MHz, and 1.6 dB
from 500 MHz to 1500 MHz.
Switching speed is 3.0 MUs
(50% control to 10%/90% RF).
Isolation is 46 dB to 1000 MHz
and 42 dB from 1000 MHz to
1500 MHz, with VSWR of 1.3:1.
The TTL-controlled switch
comes in a 38 pin DIP package.
Daico Industries, Inc.
INFO/CARD #240

For RF,
Use EF...EF Johnson

RF Subminiature Connectors
SMA, SMB & SMC

New Surface Mounts

l‘zEFlohnson“

COMPONENTS

299 Johnson Ave., Waseca, MN 56093

1-800-247-8256
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Features
® Directivity: >50 dB typical

Internal reference
RF reflected port
High power rating: 5 watts

Rugged construction

°

(]

°

® Swept measurements
°

¢ .04 Mhzto 3.0 GHz

Return Loss Bridges

Return Loss Bridges are a low cost solution for swept SWR measure-
ments. These bridges can be used with a spectrum analyzer/tracking
generator or service monitor. Being a self contained unit, no external
attenuators, amplifiers, comparators or detectors required. Five watt
power rating, unmatched in the industry, protects YOUR bridge from
power coming down the feedline during antenna measurements at
crowded sites. Rugged nickel plated brass enclosures assure excellent
durability and shielding.

FREE application note, "High Performancet VSWR Measurements",
call and ask for it!

Application note covers the uses of return loss bridges such as: tuning
antennas, receivers, cavities, duplexers, isolators, and pre-amps. The
relationship of VSWR, return loss and reflection coefficient is also dis-
cussed.

RF Design

Model Freq Range MHz Directivity | Price
RLBI150B1 040 to 150 45dB $259.00
RLBISON3A 5 to 1000 35dB $329.00
RLB150N3B 5 to 1000 45dB $389.00
RLB150N3C 5 to 1300 45dB $425.00
RLB150NSA 5 to 3000 40dB $579.00
RFTOSONM?2 DC-3000 reference load |40 dB $125.00
CCS050-NNS Coaxial cable set 3 ft NA $31.00

Phone: Voice: (316) 265-2050

CAGRF " i s
P.O. Box 9446 Wichita, KS 67277
INFO/CARD 35 4




THE VCXO WITH
PULLABILITY FROM
'RALTRON.

VG 7023

Raltron manufactures its
compact VC 7025 Voltage
Controlled Crystal Oscillator
to meet your Phase Locked
Loop specifications, deliver-
ing deviation sensitivity or
pultability of up to +100
PPM/V. Big performance in
a small package. At a price
you've been looking for.

Raltron manufactures a
complete line of the highest
quality VCXO's to both
standard and custom
specifications.

Call or fax your specs to Sandy Cohen.

RALTROI

ELECTRONICS CORP.

2315 NW 107 AVENUE
MIAMI, FLORIDA 33172 U.S.A.
FAX (305) 594-3973

TELEX 441588 RALSEN

(305) 593-6033

ONLY RALTRON HAS IT ALL

Crystals / Crystal Oscillators
Crystal Filters / Ceramic Resonators

INFO/CARD 36
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AMPLIFIERS

Muliti-Channel

Cellular Amplifier

A multi-channel, solid-state, lin-
ear class-A amplifier module from
Microwave Power Devices is
designed for low intermodulation,
multi-carrier operation. Model
LWAB880-50 operates over 869 to
894 MHz with linear output of 47
dBm (at 1 dB gain compression).
Third order intercept is 54 dBm. A
built-in digital attenuator provides
30 dB of control via TTL lines.
Microwave Power Devices, Inc.
INFO/CARD #239

Class AB Amp

AML announces a Class AB
multi-channel power amplifier for
cellular base station applications.
Model APB8596200 is a 200 W

INFO/CARD 37

PEP ampiifier with 25 MHz instan-
taneous bandwidths from 850
MHz to €60 MHz. Intermodulation
products measured in a two-tone
environment at 50 W per tone are
-30 dBc min. The amplifier oper-
ates at +26 VDC. A power supply
is optional, and the amplifier is
offered in 19-inch, 24-inch and
compact chassis configurations.
AML, Inc.

INFO/CARD #238

Booster Amplifier

An AB linear booster amplifier
covering the range of 100 to 500
MHz anc delivering 200 W mini-
mum into a 2:1 load VSWR has
been released by Power Systems
Technology. Model BME 1858-
200/2997 exhibits fow harmonic
distortion (—23 dBc typical) com-
bined with high eficiency (23%
typ.). The amplifier accepts 5 to 10
W input and faithfully reproduces
an output at the 200 W level, while
operating from conditioned vehicu-
lar power of +26.5 to +30 VDC.
Power Systems
Technology, Inc.
INFO/CARD #237




TEST
EQUIPMENT

Pulse Modulator
Marconi Instruments has intro-
duced a puise modulator for test-
ing civilian and military radar. The
6145 adds pulse modulation capa-
bility to the integral synthesized
signal generator of the company’s
6200 series Microwave Test Sets,
as well as any other microwave
source. The modulator covers 70
MHz to 20 GHz and has 5 dB of
insertion gain. On/off ratio is
greater than 70 dB, and rise/fall
times are less than 5 ns. Price of
the 6145 is $6185.
Marconi Instruments, Inc.
INFO/CARD #236

Noise Figure Meters
Maury Microwave announces
the availability of the MT2075C
and MT2075C06 noise gain ana-
lyzers. The MT2075C has uncer-
tainty better than +0.05 dB and the
capability of accepting signals in
the range from 10 to 2047 MHz.

-

Option 06 adds a high-speed
processor that reduces measure-
ment time by a factor of more than
four.

Maury Microwave Corp.
INFO/CARD #235

SIGNAL
PROCESSING
COMPONENTS

Voltage Variable

Attenuator

A voltage variable attenuator
covering 30 to 1000 MHz has
been added to Hybrid-Tek's prod-
uct line. The HTAA102 features a
high third order intercept point of
+40 dBm, while maintaining a
dynamic range of 15 dB. The

¢ EXPERIENCED SALES STAFF

PHONE

* CRYSTAL ANALYSIS
* EXPEDITE SERVICE
* CUSTOM CRYSTALS TO YOUR SPECS
¢ MICRO-BALANCED/LAB CRYSTALS

* SOON TO BE ISO 9001 CERTIFIED

o LIFETIME CRYSTAL GUARANTEE

Call or FAX for more information about Crystals,
Elements, Oscillators and Accessories.

WHEN QUALITY COUNTS. ..

INTERNATIONAL CRYSTAL MANUFACTURING. CO., INC.

948 Years Experience!

When reliability and accuracy count, call us. 948
years of combined employee crystal experience
and 43 years of service to businesses like j—
yours translates into our dedication to
the quality products and customer satis-
faction that you deserve.

* ENGINEERING AND DESIGN SUPPORT

24-HOUR FAX

1-800-725-1426 * 1-800-322-9426
P.O. BOX 26330 » OKLAHOMA CITY, OK 73126
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Manual Step Attenuators

For price list and FREE catalog, contact:

K Av Kay Elemetrics Corp.
12 Maple Avenue, PO Box 2025

837 50Q | DC-1500MHz | 0-102.5dB | .5dB Steps
839 50Q  DC-2000MHz | 0-101dB | 1dBSteps
1/839 50Q | DC-1000MHz | 0-22.1dB | .1dBSteps
847 75Q | DC-1000MHz 0-102.5dB .5dB Steps
849 75Q | DC-1500MHz | 0-101dB | 1dB Steps
1/849 752 | DC-500MHz | 0-22.1dB_ .1dBSteps
860 502 | DC-1500MHz | 0-132dB | 1dBSteps
. 865 6000 DC-IMHz | 0-132dB  1dBSteps

New Low Prices 870 | 750 | DC-1000MHz | 0-132dB | 1dBSteps

s e Programmable Attenuators
Impressive Accuracy 4440 500 | DC-1500MHz 0-130dB | 10dB Steps
Quick Delivery 4450 50Q | DC-1500MHz | 0-127dB | 1dB Steps
1/4450 50Q | DC-1000MHz | 0-165dB | .1dB Steps
B Long Operational Life 4460 50Q ' DC-1500MHz 0-31dB  1dB Steps
4480 50Q | DC-1500MHz 0-63dB | 1dB Steps
4540 50Q | DC-500MHz = 0-130dB | 10dB Steps
4550 50Q DC-500MHz 0-127dB 1dB Steps
. 1/4550 500 DC-500MHz | 0-165dB | .1dB Steps
L 450 | 500 DCS500MHz | 0-31dB | 1dBSteps
FAX: (201) 227-7760 4580 50Q DC-500MHz 0-63dB 1dB Steps
INFO/CARD 39
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Serenade’ PC for Windows™

Super-Compact’, Microwave Harmonica®, and Microwave Scope®
RF, Microwave, and Lightwave Circuit Simulators

Integrated with Schematic and Layout Editors
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Compact
Software’

201 McLean Boulevard
Paterson, NJ 07504
Tel: (201) 881-1200

FAX: (201) 881-8361
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Super-Compact”
Linear Circuit Simulator

Microwave Harmonica®
Nonlinear Circuit Simulator

Microwave Scope®
Lightwave Circuit Simulator




Serenade® PC for Windows™

File

By RN = oo . ) MICROWAVE SCOPE PC V6.0
gdit_ _S_elti‘ngs Anaiyze Reports Utilities Window Help

T

Open

AN ANMEEANNEEEEIBRE

Prirt Accm | Vorob | Linear | Naniin Ana | Tune | Tie {<asad | Sraph rame; Lock

Super-Compact, Microwave Harmonica, and Scope for Windows allow you to interact with
powerful linear and nonlinear circuit simulator “engines” using superbly intuitive and easy-to-use
interfaces. Simple menus, dialog boxes, and “fill-forms” are used, in addition to a new netlist
editor, to make the product very easy to learn and use.

Simulators link to Serenade Schematic and Layout Editors

Serenade PC is a suite of CAD tools for schematic entry and automatic generation of circuit and
subsystem layouts. Each engine can be used as a stand alone or inside a design system.

* Schematic Editing

* Netlist Extraction

* Schematic Back-Annotation

* Symbol Editing

* Layout Generation and Editing

In order to receive complete literature and a free demo software kit, please fax or send this page to
Compact Software, or to the representative in your country.

European Support Center

Austria, Denmark, Finland, France, Germany, Italy, Luxembourg,
Norway, Portugal, Spain, Sweden, Switzerland

Technical Software Service (Germany)

FAX: 49-7309-3275 - PHONE: 49-7309-5075

Belgium - See The Netherlands
Ireland - See United Kingdom

Israel
U.S.LE. Ltd.
FAX: 972-3-93-02558 - PHONE: 972-3-93-45979

Japan
Seki Technotron Corp.
FAX: 81-3-3820-1433 - PHONE: 81-3-3820-1714

The Netherlands
BF| Ibexsa Electronics, S.A.
FAX: 31-20-65-31-353 — PHONE: 31-20-65-350

South Africa
Microwave & Electronic Technology
FAX: 27-12-663-2978 - PHONE: 27-12-663-2975

Taiwan
Evergo Corporation
FAX: 886-2-712-2466 - PHONE: 886-2-715-0283

Turkey
Momentum Projects & Consulting
FAX: 90-1-257-7663 - PHONE: 90-1-257-7170

United Kingdom
BFi Ibexsa Electronics, S.A.
FAX: 44-622-882469 - PHONE: 44-622-882467

Name:

Title:

Company:

Address:

Fax #:

Phone #:

Interested in:
___ Super-Compact
___ Microwave Harmonica
___ Microwave Scope
__ Serenade Schematic Editor
__ Serenade Layout Editor
Platform:

__Workstation RE

CSBQOO1F

Compact Software®
201 McLean Boulevard * Paterson, NJ 07504

Tel: (201) 881-1200 - FAX: (201) 881-8361
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attenuator has control voltage
range of 0 to +10 V and draws
only 20 mA. The HTAA102 is
available in TO-8 and surface
mount flat pack packaging, and in
50 ohm versions.

Hybrid-Tek, Inc.

INFO/CARD #234

Cellular Filter

K&L’s dielectric resonator filter
is centered at 882 MHz. The 3 dB
bandwidth is 26 MHz. The filter is
capacitively coupled and induc-
tively loaded to provide more
than 80 dB rejection at 740 MHz
and 1024 MHz. Insertion loss is
2.2 dB maximum at mid-band.

The unit is protected in a solid
housing measuring 1.6 x 0.83 x
0.6 inches, with a drop-on laser
sealed cover.

K&L Microwave, Inc.
INFO/CARD #233

Wideband Mixer

The RMS-30 mixer covers the
200 to 3000 MHz frequency
band, and has IF response down
to DC. The RMS-30’s surface
mount package is all ceramic and
measures 0.25 x 0.31 x 0.275
inches. The mixers have all-weld-
ed internal construction and can
withstand temperatures from =55
to 100° C. The RMS-30 is offered
for off-the-shelf delivery at $6.95
in gty. of 10 to 49, and includes a
5-year guarantee.
Mini-Circuits
INFO/CARD #232

Step Attenuator

The 3200 series programmable
step attenuators are designed for
use in automatic test equipment
and OEM systems operating in
the DC to 2 GHz range. This
series is available in four stan-

dard attenuation ranges and cell
configurations. Power rating is 1
W avg., 50 W peak. Standard
connectors are SMA female, and
SWR is 1.25 from DC to 1 GHz,
and 1.35 from 1 to 2 GHz.

Lucas Weinschel
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SAW Filters

Two new SAW, coupled-res-
onator filters, the RF1210 and the
RF1211, operate at 303.875 and
315 MHz, respectively. Both fil-
ters have 1.2 dB insertion loss, a
3 dB BW of 600 kHz and selec-
tive nulls placed 10.7 and 21.4
MHz below their center frequen-
cies. The RF1210 and RF1211
are available now, and cost $2.71
each the 1000's.
RF Monolithics, Inc.
INFO/CARD #230

SEMI-
CONDUCTORS
Capacitive-Load

Op Amps
Linear Technology's CLOAD™

high speed op amps are based on
a new topology that prevents
oscillaticn with capacitive loads. In
addition, this topology results in
very high slew rate with lower sup-
ply currents, lower noise, lower
input bias current, lower input off-
set voltage and less drift than pre-
vious ci-cuits. The first members
of this {amily are available with
gain bandwidths of 12, 25, 50 and
70 MHz and in single-, dual- and
quad-op amp versions.

Linear Technology Corp.
INFO/CARD #229

Class AB, 1 GHz,

5W MOSFET

The WRLS0945 provides 5 W
of class AB output power with
10.0 dB of gain from a 12.5 V
supply. This device will withstand
a 30:1 mismatch at rated power
output at 925 MHz. The transis-
tor is packaged in a high-dissipa-
tion, ceramic SO-8 surface
mount package. Pricing at 100
pieces is $27, with delivery from
stock.
RF Products, Inc.
INFO/CARD #228

HF POWER AMPLIFIERS

Hier Revingiiry, Gonmerciar Quauiry

¢ 1.8 to 30 MHz
¢ 1500 to 10,000 Watts

HENRY HF Power Amplifiers
have been the reliability
standard for 30 years.
Thousands a~e in use at
commercial, government,
and military installations
around the world.

If you require trouble-free,
24-hour-per-day, year-round
operation, call or write today

PREVIOUSLY

WHY PAY
TOP DOLLAR

FOR THE BEST. ..
WHEN YOU CAN

BUY AT A

DISCOUNT FROM

for prices and specifications.

TOLL-FREE (800) 877-7979

HENRY RADIO

2050 Scuth Bundy Drive
Los Angeles, CA 90025

Phone (310) 820-1234
FAX 310-826-7790

46
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A ccutest
Instru nmnts>

P.O. BOX 130/Route 526,
Clarksburg, NJ 08510

CALL TODAY
1-800-524-0747

(CATALOG AVAILABLE)

INFO/CARD 42

February 1994



Designing
telecommunications
equipment? Heres how to
put your world on a string.

Quite simply, tap into the proper sources. Because,
while in one sense the world’s a lot smaller, it can
seem pretty big when the support you need is on the
other side of it.

It needn’t be that way in passive com-
ponents. Because Murata’s always nearby.
Whether you're building Global Positioning
Systems in Singapore, RF modems in Milan,
or telephone systems in Thailand.

And we'’re there in a big way. With the
technical expertise that -
ensures speed and flexibility = "
in meeting new design ‘ G 9
requirements. With the : :
high-volume manufacturing Y
and distribution resources ,
that-in getting parts where s
and when you need them—shriﬁk the
world to “neighborhood” size. And, of
course, with undisputed Murata quality,
backed by our unique 1.0 QRS (100% quality,
reliability, service) program.

Oh, yes—product line breadth. You'll
find our line, the largest, from chip caps to
piezoelectric gyroscope systems, can make
a world of difference in calculating the eco-
nomic rewards of vendor reduction efforts.

Call or write for details: Murata
Electronics North America, Marketing
Communications, 2200 Lake Park
Drive, Smyrna, GA 30080; 1-800-831-9172, Fax:
1-404-684-1541. Because, if it’s the telecommunica-
tions world you're after, you’ll want to string along

with us.

MURATA ELECTRONICS NORTH AMERICA, INC.
INFO/CARD 43
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RF tutorial

Receiver Basics — Part 1:

Performance Parameters

By Gary A. Breed
Editor

Receiver designs range from the sim-
plest TRF remote control units to ultra-
high performance communications and
surveillance receivers. This tutorial, the
first of two parts, introduces the funda-
mental performance concepts that
receiver designers must understand.

Performance drives the design of
receivers. Once the basic functions
of frequency range and modulation
types have been defined, the design of
a receiver will be determined by the
requirements for sensitivity, distortion,
noise, dynamic range, and other perfor-
mance parameters. These fundamental
parameters are identified and presented
here. For detailed information on any of
these parameters, readers should inves-
tigate the references given at the end of
the article, as well as other sources.

Signal Level Specifications

Sensitivity — This is the “generic” term
for the ability of a receiver to pick out
weak signals. It is not a specification,
but rather a descriptive term.

Signal-to-Noise Ratio (S/N) — S/N is
the ratio of the level of the signal to the
level of the noise. Many specifications
are written for Signal-Plus-Noise to
Noise ratio (S+N)/N, the level by which
the signal exceeds the noise level, since
(S+N)/N is readily measured.

Noise Figure (NF) — A figure of merit
which is simply the ratio (in dB) of the
S/N of the output versus the S/N of the
input of a circuit or system. Accurate
measurement of NF requires a calibrat-
ed noise source (a known noise level).

Minimum Discernible Signal (MDS) —
This is one specific measure of sensitivi-
ty, which includes the bandwidth of the
system. The accepted method of mea-
suring MDS is with any automatic gain
control functions disabled. A signal is
applied and the generator is adjusted
until the signal-plus-noise is 3 dB above
the no-signal noise level. At this point,
the applied signal power is equal to the
no-signal noise power, since their sum
is two times the latter. Noise power is
proportional to the square root of band-
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width, so an MDS measurement will be
different at differing bandwidths, even in
the same receiver. Therefore, MDS per-
formance specifications must include
the measurement bandwidth.

Desensitization Level — Where MDS
was a weak signal, desensitization is a
strong-signal specification. Typically, a
desensing of 1 dB is specified, the level
of a strong signal which reduces a near-
by weak signal by 1 dB. Usually, this
means that the strong signal has begun
to saturate the mixe- diodes or an ampli-
fier transistor.

Third Order Intercept Point — This
specification is a figure of merit for inter-
modulation distortion (IMD). Nonlineari-
ties are measured by introducing two
signals that are close together in fre-
quency, then increasing their levels and
observing the level of the two close-in
third order distortion products (2F1-F2
and 2F2-F1). Square-law behavior is
predominant, so the slope of desired
versus third-order signals is 3:1 (in dB);
for each 1 dB increase in the test sig-
nals, the IMD increases by 3 dB. With
this kind of slope, at some point, the
IMD would equal the test signal. This is
physically impossible, since the circuit
will go into compression before this
point is reached, tut if the levels are
plotted in the square-law region, the
lines can be extended to the imaginary
intersection, which is the intercept point.
As the intercept point increases, so
does the range of signals that do not
create high IMD levels. Specifications
must note whether they are referenced
to signal levels at the input or the output
of the circuit or device.

Dynamic Range — This defines the
range of signals thal a receiver can han-
dle with a specifiec performance. This
may be the range from MDS to 1 dB
compression, or blocking dynamic
range. It may also be the range from
MDS to the point where third order IMD
equals MDS, which is spurious-free
dynamic range (SFDR). In some cases,
it may be specified as the difference
between MDS and a leve! with specified
IMD (e.g. —40 dBc).

Unwanted Signal Specifications

Image Rejection — The first mixer
stage responds to be either the sum or
difference of the desired signal and the
local oscillator. The signal that repre-
sents the opposite case is undesired,
and must be kept from reaching the
mixer by filtering. The measure of the fil-
ter's performance is image rejection,
with measurement usually made by
applying an image signal at the input
and increasing its level until it is
detectable. A test signal within the
desired receiver passband is then
applied and its level adjusted until it is
the same as the earlier image signal.
The difference in amplitude of these two
test signals is the image rejection.

IF Rejection — A signal that is within
the IF passband may find a path past
the filters and mixers and be coupled
into the IF circuitry. IF rejection is the
measure of attenuation between the
receiver input and the IF circuit. Mea-
surement is the same as image rejec-
tion, except that an IF signal is applied
as the first test sicnal.

Spurious Rejection — Signals at any
other frequency than those noted above
are considered spurious. They are iden-
tified by sweeping a test signal across a
band at least as wide as the receiver's
intended tuning range, while tuning the
receiver through its entire range.
Exhaustive testing is needed to find all
possible frequency combinations, but
sweeps made a several different fre-
gquencies within the receiver tuning
range will usually identify any significant
problems. Measurement is done in the
same manner as image and IF rejection.

Internally-Generated Spurious Signals
— With the antenna input terminated,
the receiver is tuned through its entire
range. Any internally-generated signals
will be detected as if they were weak
CW signals. Typical specification of
internally generatad spurious signals is
a maximum level, equivalent to a speci-
fied external signal level.

Unwanted Modulation Rejection —
AM rejection in an FM receiver is a com-
mon application cf this specification, as
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well as AM carrier feedthrough in a SSB
receiver. Measurement is made by the
equivalent level method noted above.

Overall Performance

System Gain — The overall gain must
be sufficient to provide an output at a
usable level when the input is the MDS.
For example, with an MDS of —120 dBm
to drive an audio output of 0.1 watt (20
dBm), the power gain must be 140 dB.

Synthesizer Resolution — How fine
must the tuning steps be? In analog-
tuned receivers, coverage was continu-
ous, but with digital frequency synthesis,
discrete step sizes are required. Specifi-
cations may require steps as small as 1
Hz or 10 Hz, while some channelized
receivers will only need 25 kHz per step
resolution.

Synthesizer Switching Time — This
may also be described as synthesizer
settling time after switching to a new fre-
quency. This specification is not critical
in fixed-frequency or channelized
receivers, but it is all-important in fre-
quency-hopping, frequency-agile and
continuous-tuning receivers. Some
receivers may switch a synthesizer
between the transmit and receive
modes. Specifications will reflect
demands for turnaround time.

Phase Noise — Related to all types of
oscillators and synthesizers, phase
noise is specification of spectral purity,
usually given in dB/AHz (a power density
function) at a particular offset from the
center frequency. A specification of
-120 dBc/NHz at 10 kHz offset means
that noise energy a: in a one Hz band-
width 10 kHz away from the carrier fre-
quency should be 120 dB lower than the
carrier. In a very sensitive receiver, too
much phase noise will cause reciprocal
mixing or mask weak signals.

Frequency Stability — This simple
specification defines the allowable fre-
quency drift over time. In some cases,
the specification follows regulations for
the radio service deing received. In
other cases, the modulation type and
bandwidth usually dictate stability
requirements. Spread spectrum systems
and some very narrow band modes typi-
cally require the greatest stability.

Demodulation Linearity — Accuracy of
demodulation may include harmonic and
intermodulation distortion specifications
for audio signals or differential phase
and gain requirements for video signals.
Digital signal demodulation is usually
not separated from full-system perfor-
mance, which is measured in terms of
bit error rate (BER).

Electromagnetic Interference (EMI) —
Ideally, electronic equipment only per-
forms its intended function, no more, no
less. In practice, however, most elec-
tronic equipment will generate electro-
magnetic energy at more than one fre-
quency. A receiver’s oscillators can be a
source of unwarted radiation, with a
maximum level given as part of the
receiver specification. Part 15 of the
FCC Rules and Regulations includes
limits on radiation from electronic equip-
ment, and is the most common specifi-
cation in the U.S. Specifications are typi-
cally given in field intensity (mV or nVv
per meter at a specified distance).

Electromagnetic Susceptibility (EMS)
— Any electronic circuit will be affected
by external electromagnetic fields, if
those fields are strong enough. Suscep-
tibility to external fields is a performance
issue that has not been widely
addressed outside of military applica-
tions. Proposals have been put forth that
would specify that electronic equipment
perform in the prasence of 1 V/m or 3
V/m fields.

Summary

Receiver desigr is a major topic in RF
engineering. This short tutorial has
attempted to identify the overall perfor-
mance specificat ons that an engineer
may need to address for a particular
design. RF
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RF Expo West ‘94 — A Special Focus On
Data Communications

RF and digital technologies
were once considered to be
separate, but that has all
changed!

Transmission of digital
information using RF is an
integral part of many new
communications systems,
including digital cellular, PCS,
advanced paging, RF identifi-
cation and data collection sys-
tems. In addition, advanced
digital networks, both wireline
and fiber optic, have unique
hardware and system perfor-

mance requirements that
involve high-frequency and
high-speed design techniques.

To meet the needs of engi-
neers designing tomorrow’s
digital communications sys-
tems, we have added a special
set of sessions covering Data
Communications and integrat-
ed it into our comprehensive
program.

These sessions at RF Expo
West make our conference an
even greater value for th2
attending engineers!

SPECIAL COURSES

RF Expo West will feature five highly popular special courses March 21, 1994 through March 24, 19%4.
CEUs are available for all special courses (except Digital Modulation) through the Georgia Tech School

of Electrical Engineering.

March 21, 1994 — Introduction to RF Circuit Design Part 1:
Fundamental Concepts (CEUs Available)

This course presents the fundamental concepts of RF systems, components,
transmission lines and impedance matching. RF system concepts of gain,
bandwidth, linear and nonlinear circuits and amplifier classes are followed
by the network concepts of resonance, bandwidth Q and maximum power
transfer. Practical components, their models characterization and specifica-
tion are then discussed. Transmission line theory, traveling wave behavior,
the Smith chart, and practical realization of transmission lines are dis-
cussed, covering the concepts of impedance, loss, dispersion and physical
construction. The final topic is impedance transformation networks, includ-
ing lossless and lossy elements, graphical and analytical design, phase shift
and bandwidth considerations, balanced networks and attenuators.

Instructors are Dr. Robert K. Feeney and Dr. David R. Hertling of the Georgia

Tech School of Electrical Engineering

March 21, 1994 — Digital Modulation and Spread Spectrum

(for Personal Wireless Communications)

This advanced-level class covers an essential topic for designers of new
wireless communications systems — the transmission of digital informa-
tion.The course begins with principles and system architectures for complex
1-Q, QPSK, pi/4 DQSK, FQPSK, and other modulation schemes. Standards
for specific cellular and PCS standards are introduced. A theoretical analy-
sis of spectral and power efficiency follows, including adjacent channel
interference, linear/nonlinear amplification and BER performance.
Advanced modulation techniques such as 16-QAM, trellis coding and mul-
tilevel digital FM are presented. A section on spread spectrum covers pseu-
do-noise sequences, correlation, direct sequence, CDMA and slow frequen-
cy-hopping (TDMA) principles. The near-far problem and operation in
mobile environments are discussed. The course concludes with a discussion
of performance in complex mobile, cellular and PCS systems. The instruc-
tional level assumes a BSEE and experience in RF design.

Instructor: Dr. Kamilo Feher, professor, University of California — Davis.
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March 22-24, 1994
San Jose Convention Center
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March 22, 1994 — Introduction to RF Circuit Design Part 2:

Active Circuit Design (CEUs Available)

Active circuits are covered in this course, from basic models to advanced
computer-aided design methods, from simple two-pcrt concepts to large
signal amplifiers and oscillator design. The two-port model includes defini-
tion of power gain, noise, cascaded elements and terminations. Scattering
parameters used to describe two ports are introduced. including their defin-
ition and physical meanings. Computer-aided design and analysis using
SPICE and commercial software is described noting models, analysis tech-
aiques and optimization methods. S parameter based design of amplifiers is
presented, followed by large signal amplifier design and the large signal
concepts of dynamic range, intermodulation distortion and load pull. Non-
reciprocal networks (couplers, combiners and hybrids: are introduced, and
the course concludes with oscillator design fundamentals.

Instructors : Dr. Robert K. Feeney and Dr. David R. Hertling, Georgia Tech School
of Electrical Engineering.

March 23, 1994 — Filter and Matching Network Design:
L-C and Distributed Circuits — HF to Microwaves
(CEUs Available)

This course is designed for the practical engineer, packing a wealth of prac-
tical and useful information on these passive RF circuits into eight hours.
Engineers with all levels of experience will benefit from the review of fun-
damental information on filter response and classic topologies for filters
and matching networks, followed by design methods fcr implementation of
L-C and distributed element filters and matching networks, from low radio
frequencies to microwaves. Key performance parameters such as group
delay and phase characteristics are covered, as are techniques for imple-
menting the design of these networks using modern computer-aided syn-
thesis, analysis and optimization.

Instructor: Randy Rhea, Eagleware

March 24, 1994 — Oscillator Design Principles

(CEUs Available)

Learn the fundamentals of oscillator design. Historically, oscillator design
ha been obscured with pages of equations for particular configurations. In
this course, basic concepts are applied to design various oscillators using a
unified approach. Attendees learn how to evaluate oscillator designs accu-
rately. L-C distributed element, SAW and crystal oscillators are studied.
Also considered are output level, starting time, harmonic levels and phase
noise performance.

Instructor: Randy Rhea, Eagleware.
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Schedule of Events

Monday, March 21, 1994 Tuesday, March 22, 1994

7:00 a.m.-6:00 p.m. 7:00 a.m.-6:00 p.m.

Registration Open Registration Open
10:00a.m.-6:00 p.m.
Exhibit Hall Open

8:00 a.m.-5:00 p.m. 8:00 a.m.-5:00 p.m.

Special Courses

8:30-11:30 a.
Morning Sessions
Session A-l: RF Data Communications ]
*FQPSK, A Modulation that Outperforms Pi/4 DQPSK in
Both Radiation Effects and Battery Power Dissipation
While Maintaining Equal Capacity
¢ Theory and Development of a Digital Amplitude
Modulator
* A QPSK Demodulator IC for Compressed Video
Applications
Session A-2: Power Amplifiers I
*Low Cost RFIC Power Amplifiers for Wireless Applications
*HF and VHF Linear Power Amplifiers Using SSTS and
Session A-3: Filter Design

Special Courses

SLAMs
sComparative Study of Rpur Broadband Microwave
Amplifier Concepts
e Dielectric Filter Design
*Microstrip Techniques and Filter Design
*SAW Resonator Oscillator Design Utilizing Linear RF
Simulation
11:30 a.m.-1:30 p.m.
Deli Luncheon served in Exhibit Hall

1:30-4:30 p.m.
Afternoon Sessions
Session B-I: Oscillators
eInjection Lack
*Oscillator Dlesign for Lowest Phase Noise

Ssesion B-2 Product Design and Manufacturing
¢Improving Product Design/Development by Identifying
Key Customer Values and Product Features
sFilter Designed for Manufacturing

Session B-3: RF Materials

« A High Power RF Package Using Aluminum
Nitride Ceramic

*Microwave Based Mdasdrements of Layered Homogeneous
Dielectric Medium

*Conducting Solutions/Liquids 2# a New Transmission
Medium for Microwaves

5:00-6:00 p.m.
Cocktail Reception
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Schedule of Events

Wednesday, March 23, 1994

7:00 a.m.-6:00 p.m.
Registration Open

10:00 a.m.-6:00 p.m.
Exhibit Hall Open

8:00 a.m.-5:00 p.m.
Special Courses

Morning Sessions

8:30-11:30 a.m.
Session C-I: Data Communications I1
*IF Amplifiers and Quadrature Demodulators for Digital
Communication Receivers
* An FSK Modulation Data Receiver for 900 MHZ Using a Low
Cost Silicon Monolithic IC Chip Set
* A Low Power Spread Spectrum CMOS RFIC Operates at a
Center Frequency of 2.45 GHz for Use in Radio
Identification Applications
Session C-2: RF Power II
*Linearisation Techniques for RF Amplifiers
*Some Improvements on the Feedforward Technique
* Amplitude Modulation in Class E Power Amplifiers
Session C-3: RF Components
Equivalent Circuits

*RF Circuit Components: Measurements, De-embedding and

*SMD Component Evaluation for RF Circuit Design

*Numerical Simulation of Silicon Hyperabrupt Diodes for
VCO and Filter Applications

1:30-4:30 p.m.
Afternoon Sessions
Session D-I: Wireless Communications
*The Design of UHF and VHF Loop Antennas
*Techniques for Open Loop Modulation of a Wideband VCO
for DECT
* A Covert Video Communications System

Session D-2: Synthesizers
*Frequency Synthesizer Technology in the Nineties
*Modulation Domain Analysis of Oscillators and PLLs
¢NCO - The Next Generation Oscillators

Session D-3: Communications Systems
*LINK 16: Tactical Advantage in the 21st Century
* A Simple Technique for Assessing HF Automatic Link
Establishment Radio Interoperability
*The Art of CW Rejection in ESM Receivers
5:00-6:00 p.m.
Cocktail Reception

6:00-7:30 p.m. Ham Radio Reception

San Jose Hilton and Towers

Thursday, March 24, 1994

8:00 a.m.-1:00 p.m.
Registration Open

9:00 a.m.-1:00 p.m.
Exhibit Hall Open

8:00 a.m.-4:00 p.m.
Special Courses

8:30-11:30 a.m.
Morning Sessions
Sesson E-1: Data Communications IIT
*Multi-Mode Radio Transceiver Design
*Design an Infrared Data Link Using an Integrate:
FSK Transceiver
*Data Communications by Means of
Reflective Transmission
Session E-2: Circuit Design Methods

*Ground Current Control in RF and High Speed
Digital Circuits

*Design Microstrip Components With a Dielectric
Cover Without Buying Additional Software

*Crosstalk Between Coupled Transmission Lines,
and Circuit Theory Approach Versus Field
Theory Approach in Shielding Evaluation

Session E-3: Integrated Circuit Solutions
* Three-Paper Session on RFIC Design Solutions

WEST

March 22-24, 1994
San Jose Convention Center
San Jose, California



'Special Events

Don't Miss The

Ham Radio Reception!

Now a standing-room only tradition at the RF Expos,
the next Amateur Radio Reception will be held on
Wednesday night, March 23, 1994, at the San Jose Hilton
and Towers. This lively evening of munchies, drinks and
oustanding door prizes is a popular gathering place — giv-
ing you the opportunity to see old friends and make new
ones.

Deli Luncheon

A deli luncheon will be served in the Exhibit Hall on
Tuesday, March 22, 1994 from 11:30 a.m. until 1:30 p.m. All
full, 3-day registrants will receive one luncheon ticket.
Additional tickets will be available for purchase.

Cocktail Receptions

A time to socialize with fellow attendees and exhibitors,
a cocktail hour will be held in the Exhibit Hall on Tuesday,
March 22, 1994 and Wednesday, March 23, 1994 from 5:00
until 6:00 p.m. each evening. Drink tickets for the event are
included with all full, 3-day registrations.

See San Jose

San Jose has a light rail system, operating seven days a
week from 6:00 a.m. until midnight. Trolleys run every 10
minutes weekdays and Saturdays, and every 15 to 30 min-
utes during the evening, Sundays and holidays. Tickets can
be purchased from the machines located at light
rail stations.

RF Expo West—

In the Heart of Silicon Valley

RF Expo West is attended by electronics engineers and
engineering managers working with radio frequencies.
Engineers new to high frequency circuits benefit from the
fundamental and tutorial programs offered. Senior engi-
neers receive updates on the latest developments in high
frequency technology.

Register Now To Guarantee Your

Early Registration Discount

(must be postmarked by March 11, 1994)

Send registration form to:
Argus Trade Shows
RFEW Attendee Registration
6151 Powers Ferry Road, NW

Atlanta, GA 30339-2941

Or Call:
Registration Coordinator: Linda Croy
(800) 828-0420
Fax: (404) 618-0441

San Jose
Capital of Silicon Valley

Hotel Accommodations

The Fairmont Hotel San Jose will be the headquarters
hotel for RF Expo West. A special room rate of $105 single
and double will be available for reservations made prior to
February 20, 1994. Reservations made after this date cannot
be guaranteed at the group rate, but the hotel will make
every effort to accommodate any late requests.

Fairmont Hotel San Jose

170 South Market Street

San Jose, CA 95113

(408) 998-1900

Additional accommodations are available at:
San Jose Hilton and Towers
300 Almaden Boulevard
San Jose, CA 95110
(408) 287-2100
Rates: $85 single/$105 double

Car Rental Information

Avis has been selected as the official car rental company
for RF Expo West 1994. To take advantage of the special dis-
counted rates, please call 1-800-331-1600 and identify your-
self as an RF Expo West attendee or refer to file number

B155437.
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March 22-24, 1994
San Jose Convention Center
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Please enter letter in box)

Wednesday, March 23, 1994 8:00 a.m. - 5:00 p.m.

SC4) Filters and Matching Network Design..............coooioorcvveriininiceinnnncl
Thursday, March 24, 1994 8:00 a.m. - 4:00 p.m.
SC5) Oscillator Design Principles ..o

Special Course Fees:
$275 for one course.
$465 for two courses
$660 for three course
$770 for four courses

Number of Courses Special Courses Subtotal §,

A Broadcast, CATV Video Equipment RF Expo P roceedlngg Ava'la.ble
B Instrument & Test Equipment Plea;e check the appropriate box in
C  Govt, Military, Aerospace EXM & EW Equipmen Section D.
D Communications Equipment )
E Component Manufacturer $70 Registered Attendees
K Lab & Consultants $145 Non-Attendees
G Other - 5
FEESZ Early Bird Registration Regular Registration Amount Circle the sessions
(Prior to March 11, 1994) | (After March 11,1994) | Due you plan to attend.
[0 3-Day Pass (includes sessions/exhibits) $250 $325 $ il st besinoticommit
O 1-Day Pass (includes sessions/exhibits) $100 $125 $ o BV ehenhoa
O Exhibits Only Pass (for duration of show) $20 $35 $ y y B
O Proceedings (registered attendees only) $70 $70 $ sions, but is necessary for
O Proceedings Only (non-attendees) $145 $145 planning seating arrange-
O Special Courses(use subtotai from Box F) N/A $ ments.
TOTAL AMOUNT DUE $ B TEN T
A 20 % discount will apply to registrants after the first four full émid registrants from the same com- b e
pany. In order to quality for the discount, all registration fees and forms must be received at the same
time. Does not apply to'special courses. Tues, | Al BI
3/22/%] A2 B2
A3 B3
SPECIAL COURSES:
(Registration cut-off March 11, 1994. After that date, registration taken on a space-available basis.) Wed, | QI D1
Registration Fee includes: lunch, RFEW Exhibits pass, textbook, and class notes where applicable. 3/23/94] C2 D2
Please check a D3
Monday, March 21, 1994 8:00 a.m. - 5:00 p.m. 4
SC1) Digital Modulation and Spread Spectrum [ | Thurs. | El
SC2) Introduction to RF Circuit Design, Part L. L] 3/24/94) K2
Tuesday, March 22, 1994 8:00 a.m. - 5:00 p.m. i3
SC3) Introduction to RF Circuit Design, Part Il ...l

MAIL this completed
Regstration Form to:
Argus Trade Shows
RFEW Attendee Registration
6151 Powers Ferry Rd. NW
Atlanta, GA 30339
Registration information contact:
Registration Coordinator : Linda Croy
(800) 828-0420
Fax: (404) 618-0441

Authorized Signature

Enclosed is a check for $ Check#
Charge: $ to: [J Am Ex
Account#
Name of Card Holder -

Visa

METHOD OF PAYMENT: Checks or Credit Cards ONLY (NObilis issued and NO POs accepted)
(Make all checks payable to Argus Trade Shows)

[J Master Card
Exp. Date

CANCELLATION POLICY: No refunds or credits will be issued to no-show registrants. Argus Trade .
will not assume any responsibility for penalties imposed by other groups in the event that the conference/tradeshow is cancelled

for any reason. This cancellation policy is strictly enforced. NO exceptions.

Shows and Argus Inc.

——————ee e S




March 22-24, 1994

San Jose Convention Center

San Jose, California
V\/ES T

Don’t Miss It!

Sponsored by RF Design magazine

Produced and Managed by The RF Industry’s Premiere
Argus Trade Shows

6151 Powers Ferry Road Showcase for

Atlanta, GA 30339 e New Trends

e New Technologies
e New Techniques




SURFACE-MOUNT or PLUG-IN ... 8375

Expose Mini-Circuits’ TUF-mixers to 250°C for five minutes, or to the extreme shock
and vibration stresses of MIL-M-28837, or to 200 cycles of thermal shock from -55° to
+100°C....they'll survive without any change in specs. They are mighty tough mixers!

Available with LO drive levels from +7 to +17dBm, performance features include very
low conversion loss flat over the entire band, high isolation (L-R, L-1), and well-matched
VSWR at all ports.

All-welded internal and external construction is used to assemble and package the
TUF-unitinits tiny 0.5 by 0.2 by 0.25 in. metal case, for plug-in or surface-mount* assembly.

TUF-Ultra-Rel™ mixers are guaranteed for five years and boast unprecedented
“skinny" sigma (&) unit-to-unit repeatability as shown in the Table.

Tough, tiny, and with tight repeatability ... Mini-Circuits’ Ultra-Rel™ TUF-mixers with a
five-year guarantee, priced from $3.95 ... available only from Mini-Circuits

ULTRA-REL MIXERS

5YR GUARANTEE

with extra long life due to unique HP monolithic

diode construction, 300°C high temp. storage, 1000 cycles
thermal shock, vibration, acceleration, and mechanical
shock exceeding MIL requirements

actual size

SPECIFICATIONS

Model [X0) Freq. @& Conv. Loss Isol.
Power LO/RF _(dB) L-R
(dBm) (MHz) X b (dB)
TUF-3 7 015-400 498 034 46
TUF-3LH 10 48 037 51
TUF-3MH 13 50 033 46
TUF-3H 17 50 033 50
TUF-1 7 2-600 582 019 42
TUF-1LH 10 BIOEON)7, 50
TUF-1MH 1) 63 012 50
TUF-1H 17 59 018 50
TUF-2 7/ 50-1000 573 030 47
TUF-2LH 10 52 03 44
TUF-2MH 13 6.0 025 47
TUF-2H 17 62 022 47
TUF-5 7 20-1500 658 040 42
TUF-5LH 10 69 027 42
TUF-5MH 113 70 025 41
TUF-5H 17 7:50 NOMY, 50
TUF-860 7 860-1050 62 037 35
TUF-860LH 10 6:3)0010.27. 35
TUF-860MH 13 68 032 35
TUF-860H 17 68 031 38
TUF-11A 7 1400-1900 6.83 0.30 3
TUF-11ALH 10 70 020 36
TUF-11AMH 13 74 020 33
TUF-11AH Uy 73 028 35

*To specify surtace-mount models, add SM atter P/N shown
B X = Average conversion loss at upper end of midband (fy/2)
6 = Sigma or standard deviation

WE ACCEPT AMERICAN EXPRESS AND VISA

P.O.Box 350166, Brooklyn,New York 11235-0003 (718) 934-4500 Fax (718) 332-4661

Distribution Centers/NORTH AMERICA 800-654-7349 e 417-335-5935 Fax 417-335-5945

EUROPE 44-252-835094 Fax 44-252-837010

For detailed specs on all Mini-Circuits products refer to « THOMAS REGISTER Vol. 23 ¢ MICROWAVES PRODUCT DIRECTORY e EEM e MINI-CIRCUITS' 740-pg HANDBOOK

INFO/CARD 46

F145REVG



RF design awards

Software for Lumped Element Design

M. Saroja
ISRO Satellite Centre

This 1993 Software Contest entry is a
package of routines for the design of
lumped element circuits, including
power dividers, matching networks,
bandpass filters, attenuators, etc. The
package, dubbed RFDSK (RF Design-
ers Software Kit) by the author, is writ-
ten in GWBASIC and will run on any
IBM or compatible PC.

At RF and lower microwave frequen-
cies, transmission line methods (e.g.
microstrip) are too large to be practical,
and lumped element design is used.
References 1-4 were used as the basis
for this program, which is intended to
help designers construct various pas-
sive circuits in this frequency range. As
long as the Q of the components used is
high enough, circuit performance should
approach that of well-made distributed
designs.

Power Divider Example

It is best to illustrate program usage
with an example. Let us design a 2-way
power divider with the following specifi-
cations:

*
Source impedance: 50 ohms
Load impedance: 50 ohms
Frequency range:  9-11 MHz

When the program is run, it first gives
an .introduction, then displays the Main
Menu. Selection 1 is for a power divider.
Input values are then entered, or default
values (in brackets) can be selected by
just pressing ENTER. For example,

source and load defaults are 50 ohms.
Now, the program calculates preliminary
parameters such as center frequency
and bandwidth, then it asks the user to
validate the information. If the bandwidth
is more than 20 percent, a warning is
given. Input parameters can be changed
at this stage, if desired.

The program uses the tank capaci-
tance value as the basis for calculation.
After entering a value or selecting the
default value, the tank inductance is cal-
culated and the design proceeds. If the
coupling capacitors are too small, as in
the case of very narrow band, high fre-
quency designs, the design procedure
can be repeated until a realizable value
is achieved.

The choice of either maximally flat or
Chebyshev response can be selected
by entering a ripple value — zero for
maximally flat, or the chosen value for
Chebyshev response. Once the value
has been entered, the program calcu-
lates the individual component values
for the corresponding circuits. The pro-
gram also calculates midband insertion
loss based on the unloaded Q of the
coil, VSWR, bandwidth, etc.

RFDSK gives element values for both
tank and pi type sections with perfor-
mance and input parameters listed for
reference, a shown in Figure 1. The cir-
cuit of the prototype power divider is
given in Figure 2.

Conclusion
This program has been used to design
lumped element N-way power dividers,

impedance match ng networks, Butter-
worth and Chebyshev filters, and attenu-
ators. Simple data entry allows anyone
to use the program, yet it provides suffi-
cient latitude in selected component val-
ues to generate realizable designs. The
program has been used in the success-
ful design of circuits for HF and VHF
radar systems — including RF and IF
amplifier matching networks and filters.

This program is available from the RF
Design Software Service; see page 73
for ordering information.
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Figure 1. Power divider output screen.
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RF transformers

Broadband Transmission Line
Transformer Family Matches a
Wide Range of Impedances

By Donald A. McClure

The family of broadband transmission
line transformers introduced here
achieves impedance matching flexibility
that is not possible with existing
designs, such as the well-known
Guanella devices [1]. In 1972, the
author prepared a patent disclosure
document [2] describing this method,
but a patent application was not filed
and the information was not made pub-
lic. After more than twenty years, and
with his personal retirement, the author
now presents this transmission line
transformer family for industry-wide dis-
semination.

To begin, we should review the exam-
ple of a typical Guanella transformer
shown in Figure 1. A number of trans-
mission lines of equal length and char-
acteristic impedance are all connected
in parallel at one end and all in series at
the other. These connections provide
voltage transformation ratios that are
equal to the number of lines used, and
impedance transformations that are the
squares of those simple integers. The
impedance ratios are thus restricted to
4,9, 16, 25 and so forth, or their invers-
es. These ratios may be useful, but it is
often frustrating that other ratios can not
be attained without cascading Guanella
structures.

We shall see that Guanella devices
constitute a special case of a more gen-
eral connection scheme that can provide
voltage ratios of any rational number
without the need to cascade two or
more transformers. Rational numbers
are defined to be of the form m/n, where
m and n are integers. For lack of a bet-
ter name, it is convenient to term these
m/n devices as RAVOR transmission
line transformers — the name being an
acronym of RAtional VOitage Ratio. In
the same vein, devices made in the
Guanella connections could be called
IVOR transformers for Integer VOitage
Ratio. The IVOR devices are clearly a
special case of the RAVOR family in
which either the m or n integer is 1. The
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Ru=22.=32,
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Z,
Z1=1/3 Z,
)l %
i

Figure 1. A simple 1/3 voltage ratio Guanella transformer as an example

of prior art.

existence of the RAVOR family has gen-
erally been overlooked except for a
rather recent article [3] in which some
connections were derived in an entirely
different manner from the method
described here.

Transmission Line Connections

If a group of equal-length transmission
lines of equal characteristic impedance
are connected at one end in arbitrary
combinations of parallel and series, how
should the lines be connected at the
other end to obtain frequency-indepen-
dent behavior of the input and output
impedances? Calculations of input
impedance based upon equality of input
and output powers, or simply physical
experimentation, will quickly show that
the connections at the output end can-
not be arbitrary with respect to the input
end without the producing mismatches
and frequency-selective behavior. With
some possible trivial exceptions, broad-
band behavior can be achieved in only
two ways:

1) Output connections are exactly the
same as the input connections. This
arrangement results in no voltage or
impedance transformation and does not
constitute a transformer, but it can be
useful to achieve a composite cable of
some Z, other than that of the con-
stituent cables.

2) Output connections are exactly the
opposite of the input connections. That
is to say, that any transmission lines or

groups of transmission lines which are
connected in parallel at one end of the
transformer must be connected in series
at the other end, and vice versa.

This second method of interconnec-
tion describes tae family of RAVOR
transformers. Figure 2 shows an exam-
ple of the RAVOR devices, a trans-
former with a voltage ratio of 5/2, con-
structed to provide transformation from
50 to 8 ohms. This transformer will oper-
ate over decades of frequency with low
loss and low standing wave ratio (SWR).

The General Principle

The series-parallel interchange inter-
connection of transmission lines having
equal length and equal characteristic
impedance, Z,, causes the driving port
and load port impedances, Z, and Z,,
respectively to be related in the follow-
ing manner (neglecting time delay):

Z, =Kz,
Zy = %ZO = By ac ; it follows that:
Ry & KZO—; Zy =22 and:
Z,=\2.Z,

The characteristic impedance of the
lines is the geometric mean of the input
and load impedances. The coefficient K
is the quotient of two integers, the val-
ues of which are determined by the way
in which the transmission lines are con-
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Figure 2. RAVOR transformer providing 50 to 8 ohm transformation.
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|

LINE 4 E
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Figure 3. Input connection of Figure 2, with each line terminated in Z,,

showing voltage distribution.

nected. It is also the voltage transforma-
tion ratio of the transformer.

The coefficient K can always be
expressed in the form m/n, where m and
n are integers, and is thus a rational
number.

Current-Voltage Duality

A current-voltage duality exists
between the two ends of the trans-
former, resulting from the series-parallel
interchange of connections between one
end and the other. One way of express-
ing the duality is that the input current
loop equations and the output voltage
nodal equations have exactly the same
form and coefficients, shown as follows:

Input Loop equation: V, — |, KZ, =0
Output Nodal equation: I, - V, KY, =0

where: Input current

Load current
o= 12,

ly
Iy
7

Similar equations apply to a lossless,
conventional transformer of turns ratio
K, which would also exhibit duality.

The duality relationship causes the
voltages and currents to be distributed
among the termination ends of the lines
so that each line operates as though it

64

were terminated in its characteristic
impedance. Thus, the transformers can
operate over extreme bandwidths, limit-
ed at the high frequencles only by the
stray inductances of the end connec-
tions. The low frequency limit Is deter-
mined by the amount of inductive reac-
tance that can be attained along each
conductor so that the input and and out-
put ends are effectively isolated from
one another and common-mode cur-
rents are nil.

To illustrate how the series-parallel
interchange results in properly terminat-
ed lines, Figure 3 depicts the same input
connection as in Figure 2, but with the
output of each line terminated in a resis-
tance equal to the Z, of the line. Five
volts of RF is applied to the input.
Because lines 1 and 2 each present 2
volts to their respective loads, the loads
may be paralleled to yield a composite
load of 10 ohms with no effect at the dri-
ving end. The currents in the loads of
lines 3 and 4 are the same, hence the
loads and lines may be respectively
series connected to obtain 2 volts
across 40 ohms. Now, the 3 and 4
series combination provides 2 volts, as
does each of lines 1 and 2. Therefore,
the series 3-4 combination may be par-
alleled with lines 1 and 2 to give a total
output of 2 volts. The 40 ohm load of the

3-4 combination acts in parallel with the
10 ohm load of the 1-2 combination to
yield a composite load impedance of 8
ohms.

It is apparent from the above discus-
sion that the indiv dual 20 ohm resistors
of Figure 3 can be replaced by a single
8 ohm load if the lines are connected as
in Figure 2. No change will occur in the
input voltage dist-ibution or impedance
when the substituzion of a single load is
made, provided that there is sufficient
inductive reactance along each conduc-
tor to isolate the voltages at the load
end from those at the input end.

End-to-End Isolation

If 5 volts were applied to the input of
the transtormer of Figure 2, 2 volts will
appear at the output, leaving a 3 Volt
drop along the center-conductor of the
upper-most cable, which could cause a
large, unwanted current to flow. Such
currents are reduced to insignificant val-
ues by making each conductor have a
high inductive reactance throughout the
intended frequency range. The low-fre-
qguency reactance can be enhanced by
winding the lines into individual coils, or
by winding them on, or surrounding
them by, high permeability materials
such as ferrite. For the 2 MHz to 100
MHz range, winding each coaxial cable
on a ferrite toroid having an initial per-
meability of about 125 works well. For
proper operation, there shouid be no
magnetic or electric coupling between
the transmission lines.

Impedance Calculations

With confidence that the lines making
up the transformers are properly termi-
nated, the driving point impedance may
be written by inspection of the input con-
nections. In the case of the connection
in Figure 2, writing in general form:

2,=27,+ 22—0 = gzo ; therefore:

K=
2

The above example illustrates the way
in which the ratio K = m/n = V,/V,
appears in the impedance equations. A
similar inspection of the output end
yields:

b4
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Connection Notations

There are so many possible trans-
former configurations that it is conve-
nient to use a system of shorthand nota-
tion to describe the connections without
sketching the cables and wiring. The
device of Figure 2 is fully described,
except for impedance levels, by the
symbology:

28
> S
2P
which means: two lines are connected in
series to form a group; two other lines
are paralleled to form a group; then the
two groups are connected in series. The
opposite end of the transformer is con-
nected in the opposite fashion and need

not be described. In this case it is denot-
ed by:
2P
b
28

The transformer connections are com-
pletely defined by either the input or out-
put end notations above.

Table 1 lists voltage ratios and corre-
sponding connection schemes for values
of K with a denominator up to 9. Equiva-
lent ratios (e.g. 2/3 and 4/6) are not
duplicated. The author has determined
connections for ratios up to a denomina-
tor of 13, a total of 57 different voltage
ratios. Of these, only 12 can be achieved
by a single-stage Guanella transformer,
which means the RAVOR principle pro-
vides 45 additional ratios to choose from!

Also, all of the transformers of the
RAVOR family, including the Guanella
types, may be used as baluns (BAL-
anced to UNbalanced converters)
because of the necessary isolation from
input to output.

While all ratios of the form m/n are
theoretically realizable with this class of
transformer, there are obviously practi-
cal limits to the number of transmission
lines that can be used. As of this writing,
the author has conducted a systematic
search for all the connection possibili-
ties up to and including six lines. Some
ratios resulting from the use of more-
lines have also been found for the pur-
pose of knowing the simplest connection

for all of the ratios shown in Table 1.
Using six lines, there are 53 different

RF Design

- 6P
6

o) 3P

= > 8
6 2P

1

— 7P

Z

Voltage Connections Minimum | Voltage Connections Minimum
Ratio K No. Lines Ratio K No. Lines
1 S 25
= 2P+ 2 = >s 5
2 7 2P > P
1
1
— S 3 6 2P
3 — > S 5
7 1 > P
2 2P 28
- >s 3
3 1 1
— 8P* 8
1 8
= 4p* 4
4 3 2P
= > 5
3 3s 8 1 > P
- >P 4 2P
4 1
6 28
1 - > P 5
-— 5P* 5 8 1 > S
5 1

¥ uap
— S 7
8 1 > P
2P > -

2P
1
— 9pP* 9
9

o |~
nNow
(7)) B 0]
T
o
o

© |
o

*Guanella (integer) ratios

Table 1. Voltage ratio and connection data for RAVOR transformers
with fractional ratios through a denominator of 9.
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Figure 4. 5/7 ratio RAVOR configuration approximating a 1:2 impedance

transformation (Z, = 70 ohms).
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Figure 5. The 2/3 ratio RAVOR is a simpler but less accurate way to

approximate a 1:2 transformation.

combinations that can be made, not all
of them useful. Using seven and eight
lines, there are hundreds of connections
and corresponding ratios, but to use
such a large number of lines and ferrite
cores is to reach beyond the limits of
practicality.

Configuration Selection

As an example of the use of Table 1,
postulate that it is desired to make a
transformer that will provide a 50 ohm to
100 ohm conversion. The voltage ratio,
K, is found to be V50/100 = 0.707. Look
through Table 1 to find a ratio that
approximates 0.707. The ratio 5/7,
which in decimal form is 0.7143, differs
from 0.707 by only about 1 percent and
is thus an excellent approximation.

Because 5/7 is a ratio of two prime
numbers, it is already in its lowest form.
Table 1 indicates the connections for the
low impedance end of the transformer
and five transmission lines are required.
The configuration is sketched in Figure
4. The Z, of the lines is chosen to be 70
ohms, the geometric mean between 98
and 50 ohms.

A test transformer using the configura-
tion of Figure 4 was constructed using
five equal lengths of 50 Ohm cable (RG-
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196), each wound on a ferrite toroidal
core of Indiana General type Q1 materi-
al which has an initial permeability of
about 125. The frequency response of
the test transformer was essentially flat
from 3 to 300 MHz, and the voltage
transformation ratio was 5/7, as expect-
ed.

For some purposes, a less accurate
approximation to a 1/2 impedance ratio
than that provided by the five-line con-
figuration of Figure 4 would suffice.
Returning to Table 1, it is seen that the
simplest structure to approximate the
0.707 voltage ratio is the three-line
device which yields a K of 2/3, or 0.667.
The connection is sketched in Figure 5.

If the transformer of Figure 5 were
loaded with 100 ohms at the output as
shown, and the line Z, were chosen to
be 66.67 ohms. also as shown, imped-
ance at the input (left) end would be
44.44 ohms. In a 50 ohm system, the
transformer would thus introduce an
SWR of 1.125:1, which may be a tolera-
ble number.

Summary

The article describes the theoretical
basis for, and the general principles of,
a class of broadband RF transmission-

line transformers having voltage trans-
formation ratios of rational form, m/n,
where m and n are integers. The
described configurations overcome the
simple integer transformation ratio limi-
tations of the older Guanella designs
which represent a special case of these
principles. The theoretical basis of oper-
ation is viewed in the light of current-
voltage duality due to the series-parallel,
parallel-series interchange of connec-
tions between the ends.

Design tools are provided in the form
of a configuration selection procedure,
and a table of ratios and the corre-
sponding connections. These aids
enable the reader to determine quickly
the required number of transmission
lines and the connection scheme to
obtain the desired transformation. The
table lists 19 rational ratios and their
connections, in addition to 8 Guanella
integer ratios and connections. Two
examples of configuration selection are
included.

With regard to synthesis of a trans-
former configuration, it can be shown
that the connections for any ratio can be
determined by using a continued frac-
tion expansion, but sometimes connec-
tions requiring fewer lines can be found
by the use of partial fractlon expansions.

Future articles are planned, covering
synthesis, construction and measured
performance of RAVOR transformers.
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An I-Q Demodulator IC for Compressed
Video Applications

Eric Bausback

California Eastern Laboratories

Session A-2: Power Amplifiers |

Low Cost Antenna Interface RFIC for Wire-
less Applications

Peter S. Bachert

RF Micro Devices, Inc.

HF and VHF Linear Power Amplifiers Using
S§STs and SLAMs
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Dr. Gerald Miller
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Wednesday, March 23
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for Digital Communication Receivers
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An FSK Modulation Data Receiver for 900
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Five Short Courses Offer Formal Training

large-signal amplifier design is the major
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8:00 a.m. to 5:00 p.m.

Oscillator Design Principles — Randy
Rhea, instructor. Another beginner to
intermediate level class, covering the
design of oscillator circuits. The instruc-
tor's unified approach removes the mys-
tery from oscillator design. Thursday,
March 24, 8:00 a.m. to 4:00 p.m.
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DESIGN SOLUTIONS
FOR THE RF INDUSTRY

The best of RF technology, quality, and
design comes from Silicon Valley Power
Amplifiers, a leading manufacturer of high-
performance amplifiers and components.

AMPLIFIERS
Part Number | Power Qutput { Gain | Frequency
Watls dB | Range MHz
V-1000 1000 60 100-200
U-1000 1000 60 225-450
C-500 500 60 100-500

MODULES
Part Number | Power Output | Gain | Freguency
Watts dB | Range MHz
10-150-4 4 36 10-150
10-100-25 28 40 10-100
10-100-100 100 40 10-100
80-220-300A 300 60 80-220
220-500-300A 300 60 220-550
100-500-25 25 30 100-500
100-500-100 100 40 100-500
100-500-150 150 10 100-500

This high-quality hardware is backed by:

o Excellent service o Customized design
eFastresponse o Expert technical support
o In-stock delivery o Standard/special parts

For a free catalogue describing our
complete range of power amplifiers
and modules,
call 408.986.9700 today!

Silicon Valley
POWER

AMPLIFIERS
The RF People

1530 O'Brien Drive A Menlo Park, CA 94025

408.986.9700 A Fax 408 .986 .1438
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Mihai Albulet, Sergiu Radu
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Les Besser, Besser Associates
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Lester E. Polisky, Sentel Inc.
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David Wortendyke
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The Art of CW Rejection in ESM Receivers
Sherman R. Vincent, Raytheon
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Multi-Mode Radio Transceiver Design
Dr. A. Bateman, University of Bristol

Design an Infrared Data Link Using an Inte-
grated FSK Transceiver
Gaylene Phetteplzce, Motorola

Data Communications by Means of Reflective
Transmission
Claude A. Sharpe Texas Instruments

Session E-2: Circuit Design Methods

Ground Current Control in RF and High
Speed Digital Circuiis

Earl McCune

RF Communications Consuliting

Design Microstrip Components With a Dielec-
tric Cover Without Buying Additional Software
Denis Jaisson, S.A.T.

Circuit Theory Approach Versus Field Theory
Approach in Shielding Evaluation

Sergiu Radu, Mihai Albulet

Technical University 1AS|
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Integrated Circuit Solutions

Digital Processor Performance and Integra-
tion
Mark Gill, Analog Devices

RF/IF Processes end Circuits for Wireless
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Bob Clark, Analog Devices

Digital Receivers ar.d DDS for Base Stations
Scott Berhorst, Analog Devices
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or, to get more information, call:
800-828-0420.
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RF product report

The RF Coupler:
A 20th Century Workhorse

By Ann Marie Trudeau
Assistant Editor

RF couplers are considered a mature
product, so RF designers probably
haven't expected any modifications for
what is now considered a basic tool.
Nearly everything that could have been
done to a coupler has been done. But
now, designers are having to look at this
taken-for-granted item. The reason for
this turnaround is that the marketplace
is being inundated by cable TV, cellular,
the future personal communication net-
work, and the magnetic resonance
imaging (MRI) industries. RF designers
have had to take another look at cou-
plers to see what can be changed so
that the industry can respond to the
market demands for smaller, more con-
sistent and cheaper couplers.

Cellular Market

The cellular industry affects compa-
nies which in turn have changed their
manufacturing techniques to meet the
customer’s need for low cost products.
Automatic testing of base stations is a
focus of the RF industry and companies
are responding in various ways.

Arthur Butts of RLC Electronics said
that the worldwide market for RF cou-
plers could easily be $50 million.
Presently their clients want high end
applications for the cellular industry, pri-
marily for the systems which involve cel-
lular base stations. Butts said that at
least one company selected RLC direc-
tional couplers because of their maxi-
mally flat 32 dB.coupling response in
processing the signal.

Mini-Circuits’ Director of Engineering
Radha Setty said that customers can't
afford to tune components during high-
speed volume production and this has
led to their innovative approach of
putting what would normally be consid-
ered a customized coupler on the shelf
as a standard part. The savings are
passed on to the customer.

“That means that we have to produce
components that are surface mount,
smaller, and provide very repeatable
performances,” he said. Setty felt that
the cellular RF coupler market will lend
itself more to surface mount, high per-

RF Design

formance couplers.

They have also responded to higher
power in a smaller size by designing the
coupler so it didn’t have to dissipate any
heat. Setty said that Mini-Circuits is
researching RF magnetics to get more
accurately repeatable performances.

Jerry Moore, director of marketing for
Sage Laboratories, said that Sage man-
ufacturs caseless hybrids called Wire-
line™ and Wirepac™ for the cellular
industry. He’'s aware that surface
mounts do reduce cost but he had some
reservations. “There are some applica-
tions where surface mounts don't give
you the best trade off,” Moore said.

MRI Use Grows

But, to show that companies are diver-
sifying their coupler markets Sage Labo-
ratories also uses Wirline couplers in
Magnetic Resonating Imagery (MRI).
The MRI creates detailed images of the
human body, requiring very high mag-
netic fields to do so. This creates prob-
lems for the RF connector because
most low frequency couplers have fer-
rites, or magnetic material, in them. “So
they came to us and we made a coupler
that they can use that does not have
any ferrite material in it,” Moore said. “It
solves their problem because it can be
used in these high magnetic fields. This
is an interesting aspect of our product.
The coupler is 70" long, but because it
looks like a piece of cable we coil it
tightly so that it takes up only six to eight
inches of space,” he said.

Another company totally agrees with
the effect of MRI on the trade. “Up and
coming are the devices for these scan-
ner machines,” Bob Wells, lead engi-
neer of Lorch Electronics, said. “That’s a
major chunk of a new market.”

Wells said that they had to go to pack-
aging that was essentially non-magnetic
except for the pin contacts and they are
brass plated so that there wasn’t a mag-
netic contact.

A Need
No single testing measuring or instru-
ment can fit all applications, so there will

always be a need for RF couplers.
According to John Yochum, contract
manager for Bird Electronics, “I think
there is always going to be a market
place for RF couplers, the reason being
that until suppliers like us can produce
products that would meet everybody's
needs then there wouldn't be a need for
an RF coupler.” Bird, well known
throughout the industry, produces the
couplers that are used in their
wattmeters.

Interesting Applications

Lossy coax is used in tunnels and
subways in Europe and is made with
slots in it so it radiates a little bit, accord-
ing to Glenn Werlau of Werlatone Inc.
Used on ships or in confined spaces
where a radio signal can't radiate or be
piped around using an extremely wide
bandwidth. Werlatone sells RF couplers
that split off the power to different com-
partments or levels.

A company that has original coupler
patents from the 1950s certainly has
seen changes from those days. Tony
Ramsden, Vice-President of Marketing
says that Merrimac Industries responds
to a stronger market because more sig-
nals are monitored in radar systems,
communication’s transmitters and auto-
matic test systems. “We got a large cor-
ner of that market and it's used in the
automatic measurement of chips which
are still in the wafer form,” he said.

Also, the military still has requirements
that have to be met and John Duncan of
Tele-Tech said that military radio appli-
cations are the company’s biggest RF
coupler demand but sees that the only
advancement for RF couplers would be
an improvement in materials for stripline
couplers. “A coupler is as old as a
dinosaur,” Duncan said.

RF Summary

However, unlike the dinosaur the RF
coupler is not extinct but has turned into
a modern day workhorse. Plodding,
steady, unseen for the most part, but
doing its job because the industry is
counting on it. RF
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ASIC/MMIC Design. Modems, Communications DSP.
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1) BSEE - to design analog/RF circuitry for receiver/transmitters in 300-900
MHTZ - P-Spice
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##-o-r-t-u-n-e
PERSONNEL CONSULTANTS OF RALEIGH, INC.
P.O. Box 98388R ¢ Raleigh, NC 27624-8388

Phone: 919-848-9929 « Fax: 919-848-1062
Stan Deckelbaum

INFO/CARD 61

) g

(oo Y= Jan )
e Jam Lo 7 C
=y <= ... YOUR CAREER
QOQ Cellular Engineers: Design/develop Ri and analog circuils for high capacity cel- '
OO0 lular systems. Requires mimmum of 2 years 3xpenence m any of the foliowing: |
DD DSP, ASIC Design, Cae D p , Digitad Moducl 1, Digital Mobile Com-
munications, Channet Equal Tral Receiver Sy or Audio
Design, Digttal Signal Processing. |
Sales : Responsible for sales, promotion and technical support
within a specified geographical region with tha support of field sales representa-
% tives. Identifies new opportunities and coorcinates efforts 1o secure contracts.
Responsible for ensuring that field sales rep-esentatives are sallslymg the cus-
\__J tomer's needs and providing technical traning. This position requires a BS degree

n electrical engineering with 1-3 years experience in the RF components industry.
This person could be a design engineer with a desire to begin a sales career.

Product Marketing Manager: Our client, a well known microwave firm, seeks an experienced profes-
sional to perform classical marketing functiens for a product line: i.e., develop shor and long term

business plan, determine marketplace, etc. Excellent comp d along with

benefits.
Consumer Electronics Engineer: Design and p of Q!
horn antennas, X and Ka-band Gunn Diode oscillators, mixers. VCQ's filters/receiver front ends.
BSEE

Filter Design Engineer: B.S. (prefer M.S. or Ph.D.). Minimun 3Jears experience in the filler ])
design and development of Broad Band, comb-line, strip line, interdigial, low pas and high pass
filters, multiplexers, diode switches, (phase shifters), attenuators and microwave sub-systems
desirable

RFIC Design: MS or PhD in Electrical Engineering with minimam 5 years related experience pre-
ferred. The candidate should have a good knowiedge and experience in Linear Bipolar High Fre-
quency IC design and measurement techniques in design IC’s ike Amplitiers, Mixers, Oscillators,
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RF career opportunities

AxonN Corp. is the leading supplier of high
performance, low cost, embedded spread
spectrum technology. Axonn’s Fortune 500

Interested in
placing an ad in

q A I\ customers integrate our SW and HW designs RF DEesiGN
AI‘OKR into an impressive array of innovative, very MARKETPLACE?
high volume applications. Our designers work
hand-in-hand with engineers worldwide to create future product lines. Contact:

Axonn continually researches new, patentable RF communication
It you want challenge, variety, design creativity and the
growth available in a smaller company, call or FAX your resume.

techniques.

SENIOR & STAFF RF DESIGN ENGINEERS

Hands-on design experience required with frequency synthesizers, receiver
design, transmitter design and 900 to 2400 MHz. Must be proficient with
RF modeling software such as Touchstone or Eagleware and familiar with
surface mount. 5 to 10 years experience required for Senior position.

Phone: (504) 282-8119
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RF products & services

Fax: (504) 282-0999

Michael Applegate
6151 Powers Ferry Rd. N.W.
Atlanta, GA 30339
Phone: (404) 618-0217
Fax: (404) 618-0342

RF products

ANALOG & RF MODELS

SPICE models from DC to 10 GHZ
Full non-linear models including:
RF pin diodes, class C, opto, & logic.
We also do measurements and consulting.

Give us a call at (602) 575-5323
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O.E.M. Electronic Products

¢ Computerized * RF Systems

* Spread Spectrum Communications

* Custom, RF/Digital ASICs * 14 Year History
* Harris and Hitachi Authorized Design Center
* Complete, Fulltime Professional Staft

% LOCUS, Inc

1842 Hoffman St., Madison WI 53704
TEL 608/244-0500 FAX 608/244-70528

COMTRONIX SYSTEMS, INC.
CUSTOMIZED
SOLD STATE*HIGH POWEREDs VHF/UHF

AMPLIFIERS

DESIGNED AND BUILT TO YOUR SPECIFICATIONS

UP TO 200 WATTS
HIGHEST QUALITY/BEST PRICES

CALL OR SEND FOR INFORMATION  TEL413/785-1313 FAX 413/739-1352
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NOVA rr Systems, Inc.

The Complete RF/Microwave Solution
l — RF/Microwave Systems
— Custom Design/Consulting
— Simulation Software
— Synthesizers (PLL/DDS)
— Complete Lab/Machine Shop
' — TDMA/CDMA/Spread Spectrum

-

International Inquiries Welcome
1740 Pine Valley Dr. Vienna, VA 22182
(703) 255-2352
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1142 N. Gflbert Anahelm CA 92801 . FAX 714 491 9825
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Need Clock Oscillators or Crystals? Call 1-800-333-9825 ¢ 714-991-1580
Quartz Crystals 50Khz to 200Mhz
TTL Clock Oscillators 250Khz to 70Mhz
HCMOS Clock Oscillators 3.5Mhz to 50Mhz
Tri-State, Half Size and Surface Mount also available on request
Fast Service - 3 weeks or less
Special frequencies our specialty
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RF products & services

« STD. 5 AND 10 MHZ OCXO

* TCXO * VCXO « TC-VCXO

* VCO's * CLOCK OSCILLATORS

« CUSTOMIZED CRYSTAL FILTERS
STD. 10.7 MHZ. 21 .4 MHZ and 45 MHZ

* L/C FILTERS
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RSG-10

SIGNAL GENERATOR

The $2495 profit generator
Quality crafted in the USA

Finally, a synthesized signal generator that's [ = .
designed to help you generate more than just signals. The Ramsey RSG-10, is the signal gen-
erator you can afford, the signal generator that's designed tc do what a signal generator is
meant to do- provide a very stable, accurate, easy to control signal from 160 Khz to 1.0 Ghz.
For the price, you wouldn't expect any more. But, there is more to the RSG-10. An intelli-
gent microprocessor controlled/programmable memory, for example, can store up to 20 of
your most commonly used test set-ups. And unlike other units. just one touch of the memory
exchange button is all it takes to quickly shift from one test set-up to another. You get more
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Cal! or Fax requirements.

16406 N. Cave Creek Rd. #5
Phoenix, AZ 85032-2919
Phone & Fax (602) 971-3301
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work done, easier and faster.
At $2495, the Ramsey RSG-10 is your profit generator.

RAMSEY ELECTRONICS

793 CANNING PARK\VAY. VICTOR. NY 14584
Fax (716] 9244555
TELEX: 466735 RAMSEY Ci

ORDER DIRECT—CALL 1-800-446-2295
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WHERE COMMUNICATION
MEETS INNOVATION

It's right here at Philips Semiconductors. Our RF and Data Communications products are truly cutting-edge, and we have the
resources and dedication to keep the innovations right on schedule—which is to say, ahead of their time. The ideas generated
here are truly improving people's lives, from cellular telephone breakthroughs to the latest networking advancements. So if
you're looking for an exciting environment where communication meets innovation, join Philips Semiconductors in one of the

following opportunities.

SENIOR RF CIRCUIT
DESIGN ENGINEERS

Primary responsibilities include product definition, circuit de-
sign and production release of integrated circuits for the RF
communications market. In addition to a MS/PhD in EE, your
skill set should include knowledge in linear bipolar high fre-
quency IC design and measurement techniques and excellent
communication and project leadership skills.

SENIOR TEST ENGINEERS

You will define and develop test plans and strategies for
mixed signal products, generate and develop ATE hardware/
software, debug new silicon, and work closely with the new
product introduction team. A background with RF and
Synchromaster is a plus.

RF BASEBAND/MODEM
ENGINEER

Design and debugging of baseband modulator/demodulator
and radio control circuitry on board level wireless data prod-
ucts is your primary focus. This will involve implementation of
wireless data modem circuits using Philips IC technology and
integration of a complete solution in a team environment. Ex-
perience in modem and digital modulator/demodulator design
is essential; knowledge of cellular or wireless LANSs is a plus.

PRODUCT ENGINEER

Responsibilities include characterization and yield analysis for
new RF products and sustaining products released in full pro-
duction to include cost reduction activities. RF expertise is
highly desirable.

RF DESIGNER

Primary responsibility will include RF systems and circuit de-
sign and debugging on board level wireless data products to
include implementation of transmitter and recsiver circuits us-
ing Philips RF IC technology. You need experience in UHF/Mi-
crowave circuit design. Knowledge of cellular or wireless LAN
design and FCC type acceptance is a plus.

Unless otherwise indicated, the above positions require a
BS/MSEE or equivalent and a minimum of 3-5 years of related

experience.

Philips Semiconductors offers competitive compensation and a
comprehensive benefits package. Please send your resume to:
Philips Semiconductors, Staffing Department RFD, MS 07,

811 East Arques Ave., Sunnyvale, CA 94088-3409, or fax to
(408) 991-2256. We believe in maintaining a safe work environ-
ment for all employees and require pre-employment drug and
alcohol testing. Philips Semiconductors is a division of Philips
Electronics North America Corporation, and aa Equal Opportu-
nity Employer. Principals only, no phone calls, please.

Philips
Semiconductors

PHILIPS

PHILIPS
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RF software

Spectrum Sharing Software
Comsearch introduces the third generation
of their spectrum sharing software. The
UNIX"-based software allows potential bid-
ders on PCS spectrum to select a PCS tech-
nology, define a range of PCS technical para-
meters and thus identify areas in any market
where spectrum is limited. The software
incorporates both demographic analysis and
databases containing data on every type of
antenna and radio used in the 1.9 and 2.1
GHz bands today.
Comsearch
INFO/CARD #196

Radio Modem OS

An operating system for radio modems fea-
tures an Adaptive Dynamic Access Protocol
(ADAP), and a novel power conservation fea-
ture. TurboLink 2.2 from Monicor Electronic
Group extends portable modem battery
charge by as much as 65%. Its ADAP drops
inactive nodes from the network poll cycle,
increasing data throughput and access time.
In addition, TurboLink 2.2 extends the maxi-
mum number of portable network modems
from 49 up to 99. Price is quoted at $40 per
portable unit plus a nominal labor charge for
upgrades performed by the factory.

Monicor Electronic Corp.
INFO/CARD #197

New SPICE Models

Comlinear's latest library of SPICE models
includes their CLC522 wideband variable-gain
amplifier, the CLC532 high-speed 2:1 analog
multiplier, and the new ultra-low noise, wide-
band op amp, the CLC425. Software release
MMD.04 is supplied without charge on a 5.25
inch IBM PC-compatible disk.

Comlinear Corp.
INFO/CARD #198

Power Meter Calibration
System IIA from Lucas Weinschel allows a
user to perform automatic calibration and
transfer of calibration factors for the most
commonly used power sensors and power
meters. Both analog and digital power meters
can be calibrated with or without the IEEE-
488 bus options. Typically, a 10 MHz to 18
GHz power sensor can be calibrated at all
standard NIST calibration frequencies in less
than five minutes. The software runs on both
the HP-9000 Measurement Controler and
IBM compatibles with IEEE-488 bus inter-
face.
Lucas Weinschel
INFO/CARD #199

Expanded Design Family
Release 6.0 of MicroSim’s Design Center
family of products includes an analog, small-
circuit simulator, which runs in extended DOS
memory. The program simulates approxi-
mately 100 transistors, and requires a mini-
mum of 1 Mb of extended memory. Cost is
$1495 and includes “Probe”, a mid-analysis
waveform analysis tool.
MicroSim Corp.
INFO/CARD #200

RF Design

RF Design Software Service

Programs from RF Design, provided on disk for your convenience

This Month’s Program — Disk RFD-0294

‘Software for Lumped Element Design” by M. Saroja. This program helps design power
dividers for equal or unequal impedance loads, impedance matching networks, bandpass
filters and attenuators, all using lumped elements {resistors, capacitors, inductors). {The pro-
gram is written in GWBASIC {not compiled), and will run on virtually any MS-DOS compati-
ble computer).

January programs — Disk RFD-0194

“Programs Help Design Vacuum Tube Amplifier Output Circuits” by Thomas Crawford. Pro-
grams in this set are designed to compute the output matching network component values
for Class AB1, AB2, B and C power ampilifers. L, Pi and Pi-L network programs are included.
(written in GW Basic, compiled versions and source code included)

SPECIAL OFFER!
RF Design Editorial Index: 1978-1993
Alisting of all articles published in the 15-year history of RF Design, sorted by topic, includ-
ing title, author, issue and page number. This special package includes a hard-copy listing,
plus a text file on disk, ready to be loaded into your favorite word processing program for
sorting and browsing — provided in I1BM or Macintosh format (specify). Postpaid — ship-
ment by First Class or Air Mail.
All at a special price of just $12.00! ($15.00 Foreign)
Order #RFD-INDEX

Each month's disk of programs.......... $15.00 each......... postpaid to U.S. and Canada

(other foreign add $8.00 per order)

Order by mail or by telephone at (303) 770-4709. You may reach an answering
machine, but your call will be returned as soon as possible.

Payment may be by check, money order, VISA, Master Card or American Express.

All orders under $100 and all foreign orders [outside U.S. and Canada) must be pre-

paid. Foreign payment must be either by charge or by a check drawn on a bank
located in the U.S

RF Design Software Service
P.O. Box 3702
Littleton, Colorado 80161-3702
303-770-4709

All prices and terms subject to change without notice

FREQUENCY PRODUCTS
ELECTRO DYNAMICS CRYSTAL CORP.

Crystals Oscillators

* Microprocessor » Hybrid Clock

= Military Spec/QPL + TCXO

» Communication + VCXO

* Custom Crystals * Custom Oscillators

9075 Cody Overland Park KS 66214
Phone (800) EDC-XTAL  Fax (913) 888-1260
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RF recruitment

ENGINEERING
PROJECT & DESIGN ENGINEERS

Exciting Developments
In Broadband Technologies.

GENERAL INSTRUMENT, INC. is known for excellence in the design and development of broadband technologies for the

Cable Television industry...and for the creativity, hard work and foresight of our employees. We are looking for skilled

Engineers interested in developing the next generation of two way, digital cable systems, interactive video, television/
telephony interface and a variety of other new and exciting products.

SENIOR PROJECT ENGINEER

We seek an individual w*h 10 years of experience in project management and a BS Degree or the equivalent. A Master’s
Degree would be helpful. You will work in the area of signal processing to include RF and DSP, therefore exposure to
microprocessors and CATV would be desirable.

SENIOR DESIGN ENGINEER
We seek someone with experience in broadband RF circuit design who possesses a familiarity with low noise, linear RF
amplifier and passive filter design with circuit techniques up to 1 GHz.

If creating innovative cable television and broadband products excites you, consider joining us. We offer a competitive
compensation package and a full range of benefits. Please forward your resume, specifying position applying for, to: Ed
Zakrzewski, Employment Manager, Dept. RFD, General Instrument Corp., P.0. Box 668, Hatboro, PA 19040. An Equal
Opportunity Employer M/F/D/V

@ General Instrument

Where Innovation Is A Tradition
INFO/CARD 53
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WAITTS
1-2GHz

BANDWIDTH

Class A Linear Power Amplifiers For Advanced Performance
Plus Super Solid State Reliability: 30,000 Hrs. MTBF

i . Automatic
Circuit Protection

& Built-In
Thermal Protection

B Modular Maintainability |

® Reduced Spares |
Inventory

® |EEE 488 Bus (option)

24
{om
I

These new generation Series AR rack-mount instruments are truly the state-of-the-art
in Class A linear power amplifiers for RF/microwave applications. The Model
AR1929-100, for example, delivers 100 watts over an instantaneous bandwidth of
1-2GHz. Design and performance features include excellent linearity, wide dynamic
range and a 50dB gain rating. Other AR models offer power outputs from 2 to 100 watts
and frequency ranges from 1-500MHz to 1-2GHz. All models include a built-in power
supply, forced-air cooling, and completely modularized design for maximum
maintainability — common, pre-aligned spare modules allow easy field replacement plus
reduced spares inventory. They are ideal TWT replacements, for applications such as
EMI/RFI susceptibility testing, frequency-agile multi-carrier ECM/EW jammers, fast rise
time pulse amplifiers, and broadband sweep generator boosters.

Write or call for complete tech information — ask for Product Data 1010B — or to
inquire about any of our other product areas: Class AB, C, narrow band and pulsed;
powers up to T0KW; frequencies up to 4,000 MHz.

POWER SYSTEMS TECHNOLOGY INC.

A SUBSIDIARY OF COMTECH 105 BAYLIS ROAD, MELVILLE, NY 11747
TELECOMMUNICATIONS CORP. TEL. 516-777-8900 » FAX 516-777-8877

INFO/CARD 54




Unique
HMIC™
silicon

process.

When
chances

From cellular base stations to automotive sensors, from

the global positioning system to pen-based computers,

. you'll find M/A-COM’s components, subsystems and

. systems wherever you find today’s most

~ \\ advanced RF and microwave technology.

Since we combine technological

expertise with high-volume, low-cost

manufacturing capabilities, M/A-COM

is the partner of choice for the world’s most

competitive companies.

We cover the spectrum.

Our semiconductor-based design,
manufacturing and packaging technologies
offer customers unequalled advantages.

We use predictive, physics-based,
computer-integrated modeling and design
methods to reduce development risk and
expense. And link on-wafer testing with
continuous flow manufacturing to cut production costs
and enhance performance.

As a result, our products surpass both market and
budget requirements.

are you’]l

Microwave coaxial
surface mount connector.

We speak digital.

We are creating the seamless communications and
transportation networks of tomorrow.

As applications for wireless
technology increase, the interface

M/A-COM's GaAs technology
sets the industry standard.
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youre out in front,

gt there it

between microwave and digital technology becomes
increasingly important. Our high-speed digital signal
processing capabilities transparently link
microwave technology to the digital world. Our
expertise in areas such as miniaturization, voica
and data compression, and end-to-end systems
modeling and simulation is creating the
integrated, multifunction solutions which
will be the standards of the wireless indus

Switch,

Limiter
Choose your partner. and LNA
The most important technological choices 129
are made in the earliest stages of the common
medium.

product development process, and
demand an understanding and awareness
of each system and its technological needs.
This is when M/A-COM’s strengths and
experience are of greatest benefit. Our” .,
expertise, our ability to adapt to the changing
needs of both commercial and government indugtries,
and our commitment to our customers make us your
best choice as a technology partner. A partner you can
count on to help you get to your destination first.
To learn more, call us at 1-800-366-2266. In Europe,
+44 (0344) 869 595. In Asia, +81 (03) 3226-1671.

HMIC is a trademark of M/A-COM, Inc
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