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High-Volume Commercial
Applications to 6GHz.

Alpha’s high-volume, low-cost Schottkys
are available in configurations ranging
from base monolithic chips or surface-
mount packages to chip-on-board
architectures.

Featuring the same advanced
technology that goes into our high-rel
military devices, Alpha’s Schottkys offer
the highest levels of repeatability, to-
gether with proven dssign and the latest
automated producticn equipment.

Specific functions involve mixing,
detection and high-power switching.
Applications include. ..

® Wireless Communications

® PCNs

® Cellular Handset & Base Stations
B [dentification & Security Tags

® Bar Codes

Take advantage of traditional
Alpha high-frequency performance at
competitive prices with the industry’s

largest selection of high
volume, low-cost Schottky
diodes. Call us today!
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ALPHA Industries, Inc.
20 Sylvan Road, Wobu-n, MA 01801
Tel (617) 935-5150 ¢ FAX (617) 935-4939
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PULL THE PLUG

ENT ctly
E ...and you’re on the way.

Ext.

veﬂ- » Operate your IFR Spectrum Analyzer from any available 12 to 30 volt
DC power source or from its optional built-in rechargeable battery pack. Of course, either
analyzer may also be powered from any 106 to 266 volt 50 to 400 Hz AC source. = If your
RF testing needs call for a digital, synthesized
spectrum analyzer that performs equally well in the these built-in options:
laboratory or in the field, specify a true portable, a Tracking Generator
an IFR A-7550 or A-8000. = AM/FM/SSB Receiver
] Al ® Quasi-Peak Detector
» JEEE-488 or RS-232 Interface

M

IFR SYSTEMS, INC.

10200 West York Street

Wichita, Kansas 67215-8935 US.A.
Phone 316/522-4981
TWX 910-741-6952
FAX 316/524-2623

For even greater flexibility add

s ]
A-8000 10 kHz to 2.6 GHz o-=a
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POWER
SPLITTERS
COMBINERS

the world's largest selection
2KHz to 10GHz from $2%

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

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

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

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

&

L »
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finding new ways ...
setting higher standards

- - ) - ™
V/E ACCEPT AMEFICAN EXPRESS AND VISA

P.O.Box 350166, Brooklyn,New York 11235-0003 (718) 934-4500 Fax (718) 332-4661
Distribution Centers NORTH AMERICA 800-654-7949 » 417-335-5935 Fax 417-335-5945  EUROPE 44-252-835094 Fax 44-252-837010
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For detailed specs on all Mini-Circuits products refer to
¢ THOMAS REGISTER Vol. 23 ¢ MICROWAVES PRODUCT DIRECTORY
e EEM o MINI-CIRCUITS' 740-pg HANDBOOK
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DAICO High Density MICS (HDMICS) are thin film ADVANTAGES:

hermetically sealed hybrids consisting of any one ¢ Cost

of a number of switches, attenuators, phase * Component count

shifters, MMICS, threshold detectors, couplers or * Size

amplifiers. ¢ (Customers) Reduced materials handling
DISADVANTAGE:

* Can't be used to keep lab door open on hot days.

DAICO INDUSTRIES, INC.
é 2453 E. Del Amo Blvd., Rancho Dominguez, CA 90220
Telephone 310/631-1143 » FAX 310/631-8078

WE ACCEPT VISA AND MASTERCARD

SWITCHES  ATTENUATORS  PHASE SHIFTERS ~ MMICS  BIT DETECTORS  COUPLERS  MODULATORS  AMPLIFIERS
INFO/CARD 4



RF design

featured technology

29

41

contents

April 1993

A Robust Signaling Technique
for Part 15 RF Control Network

Applications

A signaling technique based on direct
sequence spreading features very fast syn-
chronization for rapid channel access and
relaxed carrier frequency accuracy require-
ments. — Greg Magini

Frequency Translation of a
Baseband Signal

Upconverted broadband signals present diffi-
cult filtering problems due to the proximity of
both the LO and undesired sideband, partic-
ularly if amplitude and phase distortion are to
be minimized. This article describes a tech-
nigue for upconverting a broadband signal
(15 to 45 MHz chirp signal) to an IF cen-
tered at 180 MHz.

— Eric A. Adler, Edward A. Viveiros

and John T. Clark

cover story

48

Radios for the Future: Designing for DECT
A new 2 GHz radio architecture which complies with the Digital European
Cordless Telecommunications (DECT) standard can be implemented with a
new chipset from National Semiconductor. The applicability of DECT-like
systems under U.S. standards is also discussed.

— Benny Madsen and Daniel E. Fague

tutorial

62

A Basic Review of Feedback

By employing feedback, a designer can make his circuit less sensitive to
changes in gain. Feedback can also result in oscillation, both wanted and
unwanted. This tutorial explains basic feedback principles. — Gary A. Breed

design awards

65

70

An RF Swept Filter for Medical Ultrasound Systems
A swept filter in which signal and control signals are kept isolated is present
ed in this 1992 RF Design Awards Contest entry. — Alexander Pummer

A Resistive Attenuator Calculation Program
Pi- and T-type resistive attenuators are synthesized and analyzed in this pro-
gram, as is @ minimum attenuation L-pad. — Jouni Verronen
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HIGH POWER
COUPLERS

k E=3
» -

MULTI-OCTAVE
BANDWIDTH

FREQ. RANGE 1-1000 MHz
POWER TO 100 Kw

TYPICAL SPECIFICATIONS
MODEL €2838
FREQUENCY RANGE.......30 - 100 MHz

COUPLING ........ooiiinrincens 60 db NOM
FLATNESS .......c.ccoovnunenn +0.5 db MAX
DIRECTIVITY ....coceorniniiins 20 db MIN
VSWR (ML)........ovvvinrinnens 1.15:1 MAX
POWER .....cocenvuesvuemuonnne 50 Kw MAX
CONNECTOR............covvurenne 3-1/8 EIA

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

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

WERLATONE INC.

DECADES AHEAD

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

It All
Comes
Down
to Price

By Gary A. Breed
Editor

his issue has an emphasis on spread

spectrum (SS) systems and other
wireless applications. Engineers with a
military background will consider SS to
be a high performance, complex trans-
mission method that is jamming-resis-
tant and secure. Researchers investigat-
ing commercial applications will be con-
cerned with error-correction algorithms
and interfaces with existing analog and
digital systems.

However, design engineers are work-
ing on a very different problem — mak-
ing such communications systems fit
cost goals! Everyone in the industry has
spent plenty of time examining the huge
new markets for RF-based devices. The
result is a classic case of “Catch 22" —
many markets won’t materialize unless
the prices are low enough, and the
prices can’'t be lowered without the
economy of scale offered by a large
market.

| believe that many companies looking
for a piece of these new RF markets
have not yet realized how overwhelming
the issue of cost really is!

For example, let's look specifically at
remote utility meter reading. Here is a
promising application that could result in
the manufacturing of tens, or hundreds,
of millions of transponders. Fewer
employees are needed for meter read-
ing, and bills can be sent (and collected)
on a shorter turn-around, improving
cash flow. But for the utilities to justify
the investment, a certain cost-per-unit
threshold must be crossed. At present,
however, it is not possible to make
these transponders at the right price.

So, how does a design team get the
cost cut down to the right size? A little
bit can come from elegant design, cre-
ative manufacturing methods, and effi-
cient management — but that's not

b

enough. The real cost savings will come
from reducing the component count;
integrating the RF, baseband and digital
functions into as few devices as possi-
ble. The first steps of this process are
underway, as manufacturers reduce the
size of devices, and offer new devices
addressing front-end, signal processing
and local oscillator design with higher
levels of integration. But a big step is yet
to be taken before we reach the $15
remote meter reader or the $99 pocket-
sized personal communicator.

Designing circuits to be directly buiilt
on silicon (or other substrates) is the
focus of major efforts in ASIC design,
analog/RF/digital modeling software and
passive component design (e.g., filters).
An optimist will say that the road is
clear, its just a matter of the speed that
we can muster. A more cautious observ-
er could easily point out that the neces-
sary commitment to specific markets
and technology has not yet been made.

I’ll take the optimist’'s view. Enough
visionary entrepreneurs in companies
large and small are ready to make a
commitment — the rewards are too big
to let them go by. Let’s encourage them
to go ahead at full speed; assuring that
the RF boom contirues.

April 1993



DROP-IN - CASELESS - HYBRIDS AND COUPLE
From 25 MHz to 18,000 MHz
Miniature 0.050 Dia. Wireline™ Hybrids °

Wireline™ and Wirepac™ are
90° hybrid and coupler product
lines which use Sage Labor-
atories, Inc. patented, bal-
anced, twin conductor tech-
nology. These caseless products
provide unequaled design and
layout flexibility at an af-
fordable price. Coil 1t to reduce
coupling length, shape it to

Repeatability and Reliability
are excellent. Couplers and
hybrids have no internally
soldered joints or parts. The
manufacturing processes have
been qualified for space
environments. Wireline™ and
Wirepac™ are performing de-
manding hybrid functions on
such space programs as SCS
Superbird and TIROS. The
quality is designed in, so com-
mercial programs run without
delays or failures.

Average Power ratings from
60 to 500 WATTS, strictly a
function of outline diameter.

MC (3 I K¢ L(
o o
I OSHINA 11 [HA 145 [NA
(1] 100 200 0 500
| WATTS WATTS WATIS \A.\ ™ WATTS
ACTUAL SIZE

fit around layout obstacles and
even loop it to jump over
circuit traces.

Couplers by the foot, a great
design tool for engineers. HC
and JC Wireline™ may be pur-
chased in bulk 5 foot lengths,
then cut and trimmed to the

DROP-IN QUADRATURE COUPLERS AND HYBRIDS
PART FREQ MID BAND | INSERTION | ISOL. | VSWR
NUMBER MHz COUPLING LOSS

VHCﬁB2-5.93 225-400 2.7 dB 0.3d8B 20dB 1.2:1 |
jCB2-2.80 | 440-880 2.7dB 03dB_ | 20dB | 1.2:1 |
LCB2-2.63 | 500-1000 2.7dB 02d8 | 30dB | 111
MCB3-206 | 810990 | 2.8dB 0.3dB | 20d8 | 1.21
(,( Bo- ’()6 1 810-990 7).;3 dB | o01dB | 30 dB | SR
KCB2-131 | 1000-2000 | 27dB | 0.2dB | 30dB [ 1.1
_HCB1-1.00 | 1710-1990 3.0dB 0.2dB 1‘ 20d8B [ 1.2:1 |
GCBO-1.00_| 17101990 | 1025d8 | 0.1dB | 30dB | 1.21 |
MCB3-0.14 | 9000 18000 i 2.8 dB 0.3 dB 20dB | 1.2:1 f

Many Wireline™ family stan-
dard products are available.
Octave and narrow band prod-
ucts with three form/power
factors. The new miniature MC
Wireline™ hybrids offer sig-
nificant size reduction without

sacrifice of reliability or per-
formance. The new GCB6

10 dB coupler provides octave
performance with 20 dB direc-
tivity. Above are just a few of
our product offerings.

For PCN, CELLULAR, SAT-
COM and RADAR applica-
tions, choose WIRELINE™
and WIREPAC™ DROP-INS.

New 10 dB Wirepac™ Couplers

correct quarter wavelength for
optimum frequency response.
Need a second iteration, just
cut another length. The
coupling curves are virtually
text book.

100,000 unit Production
quantities, no problem. Sage
has developed a state of the art
laser trimming process which
precisely cuts the length and
trims the leads. Thousands per
week are being delivered for
Cellular and PCN applications.

To learn more about the
popular alternative to flatpak,
caseless and printed circuit
components, call or FAX to-
day for your FREE Samples,
Designers Guide and handy
Coupling Slide Rule. Tell us
your frequency, we’ll cut you a
coupler. Also, ask about our
other telecommunication and
radar products.

jsage

LABORATORIES, INC.

11 Huron Drive
Natick, MA 01760
Tel: (508) 653-0844
FAX: (508) 653-5671

ELECTROMECHANICAL - SWITCHES, ROTARY JOINTS AND PHASE SHIFTERS
CONNECTORIZED - PASSIVE RF AND MICROWAVE COMPONENTS
CASELESS DROP-INS - WIRELINE", WIREPAC™, HYBRIDS AND COUPLERS

INFO/CARD 6



INTRODUCING . ...

1992 Edition

THE INTERNATIONAL
DEFENSE ELECTRONICS SYSTEMS HANDBOOK

(incorporating The International Countermeasures Handbook)

The First Edition of the International Defense Electronics
Systems Handbook (IDESH) is a concise, yet compre-

hensive guide to the electronics systems deployed DgFEENISNETEIjRE'gﬂIOONNIéé
worldwide in the full-spectrum of applications — from / }

bmarine to satellite-based systems. Split into twel ‘
:;str:;tg‘peec?ﬁzaseec'tiZn:S:;\e sz::t;rtﬁok F;1;scl)nir(:clucejevsea { SYSTEMS HANDBOOK
Foreword by renowned authority, Dr. Robert Costello, on Y

the current state and the possible future of the defense
electronics industry.

The individual sections of the Handbook cover the
following categories of defense electronic systems:

¢ antisubmarine warfare

e command control, communications, computers and
intelligence

imagine and night vision
navigation and identification
radar/sonar
simulation/training

unmanned vehicles
space-based systems

e field/flight line test equipment
* computers and peripherals

e electronic warfare

THE INTERNATIONAL DEFENSE ELECTRONICS
SYSTEMS HANDBOOK — 1992

YES! Please send me __ copies of the IDESH 1992 edition at
$195 each.

[ ] Bill my company (PO enclosed)
[ ] Payment enclosed

Number of Copies

[ ]Charge my: [ ]MC [ ]Visa [ ]AE __ $ 300 ea. US. postage
Card No. EXP $18.00 ea. Int’l Air Mail
Signature $ Total Enclosed

Name:

Title: Phone:

Address:

City: State: Zip:

Country:

Cardiff Publishing Company, 6300 S. Syracuse Way, Suite 650, Englewood, CO 80111,
(303) 220-0600, FAX (303) 773-9716
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RF letters

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

We received many letters responding to
the questions raised by Robert Orban
concerning EMI rejection by consumer
equipment and the power level of ama-
teur radio transmitters (“Letters,” Febru-
ary 1993 issue). Excerpts of several let-
ters are included here.

— Editor

Who’s to Blame?

Editor:

.. .It's easy to blame the messenger
for the bad news, and the “news” is that
the consumer is often victimized by
poorly engineered, shoddily manufac-
tured electronic equipment that works
great on the showroom floor but fails in
short order when exposed to the real
world environment. Blaming ham radio
operators for this problem is akin to
American automakers blaming their loss
in consumer confidence on the Japan-
ese auto industry, and not the least bit
on themselves.

W.J. Kleronomos
Lyons, CO

Editor:

. . .The situation is not as simple as
Mr. Orban suggests. A recent study
done by the FCC Field Operations
Bureau concluded that “Operating
power of 100 watts or less can cause
interference,” and “Simply reducing the
transmitter power does not alleviate
interference in most cases.” The prob-
lem is not one of excess power over-
whelming an otherwise well designed
device, but rather it is the situation
where a poorly designed device collaps-
es in the face of an RF field.

To limit amateur operations to a power
level of 10 watts would be contrary to
the FCC’s stated intentions, impractical
and punitive to the amateurs, and the 20
dB reduction in near-field levels would
not guarantee elimination of interference
problems.

Stephen J. Root
South St. Paul, MN

The Cost of EMI Performance

Editor:

. . .Low EMI susceptibility, like quality,
is free when it is an initial design consid-
eration. It is quite expensive when it is
an afterthought implemented with multi-

RF Design

ple layers of cut and try bandaids.

James Long
Consulting Engineer
Sunnyvale, CA

Editor:

.. .| am appalled by the dominant con-
cern about increasing costs for manu-
facturers, when they make little effort to
design their products with anything other
than minimum parts count and minimum
cost as their goals. | have, on numerous
occasions, solved both amateur and
commercial broadcasting interference
problems to consumer equipment with
the addition of parts that would cost a
manufacturer no more than two dollars
to incorporate in their designs . . .

The real issue is not whether we
should “tax” consumers to “permit a few
amateurs to indulge in their hobby,” but
rather, why should all of us be subjected
to inferior designs which not only
increase susceptibility to interference
from all sources, but give consumers
products which perform marginally!
These same products routinely cause
interference to licensed services, both
amateur and commercial.

Jack Parker
KOZZ AM and FM
Reno, NV

Editor:

.. .l recall one experience designing
automotive electronics, where company
policy was more “leave it out” than “mini-
mize cost sensibly.” This led to numer-
ous design cycles when the real world
intruded into the wide open receiver
front end. It also led to a half-million dol-
lar loss; all because materials cost was
“God.” Spend the lousy few bucks up
front, and you will save big later on by
having a conservative design that will be
producible.

Harold Chase
VVH Electronics Co.
Pepperell, MA

How Do You Get 9 V/im?

Editor:

. . .| calculated that 9 V/m could only
be obtained by approaching the driven
element of a 20-meter antenna to within
three feet. | thought my answer must be
off so | took my field strength meter to
the local 1 kW broadcast station on 920
kHz and had to approach the antenna
within three feet to obtain the same 9
V/m. The 9 V/m came from some stupid

statement made by the FCC in RF
Design for August 1992. [Actually, it is a
worst-case measurement, as noted in
Robert Weller's August article — Editon

As for the cost of such a product, Mr.
Orban is way off base here. | agree with
his eight-to-one cost of component to
retail price ratio, but in one of my
designs the prototype RFI components
cost seven dollars, for which the produc-
tion cost was fourteen cents. If a manu-
factured product cannot be engineered
to FCC Class B standards for less than
that, get a new design engineer who
understands RF protection!

Cliff Buttschart
Estero Systems
Morro Bay, CA

Photo Credit

The photo accompanying March’s
“Product Report” should have been
credited to AVX Corporaton. The photo
depicts the ACCU-F chip capacitor from
AVX.

Quartz Crystals:
Precision AT Cut from
1.0 to 275.0 Mhz

Crystal Filters:
Discrete and Monolithic
from 3.0 to 120.0 Mhz

 THE SOLUTION |

¢ Patented Tuning Process

o Complete Clean Room
Capability

e Standard and Custom
Specifications

e Through Hole and
Surface Mount

- g
Quartztek, Inc.
20 S. 48th Avenue

Phoenix, AZ 85043
602-272-7944 Fax 233-2440

|
|
|
=l
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SIEMENS

RF Pe

Announcing

the most advanced

RF transistors for
mobile communications.

SCI-1009

rformers

Siemens announces a full range of
high-performance RF transistors offer-
ing increased gain, reduced noise,
and lower power consumption. Best of
all, these advanced devices cost less

than devices you may currently be using
Call 1-800-77-SIEMENS, ext. 310 for a
complete data kit on mobile communica-
tions devices (including a data sheet about
Siemens surface mount GaAs MMIC).

Type Max Ratings | Characteristics Application

Uceo le F Gpe Uge/le
NPN 900 MHz | 900MHz | f Oto above 3 GHz

8V 8V
v mA dB dB V/ImA

BFP 180 8 3 19 15 110 3/0.2 to 2.5 paging system
BFP 280 8 10 1.4 18 1 to 5/0.2 to B low-noise pager
BFP 181 12 20 1.3 19 110 8/0.5 to 10 low-ncise pre-amplifier
BFP 182 12 35 W 19 1 to 8/1 to 20 low-noise amplifier
BFP 183 12 65 1.2 19 110 8/2 to 28 low-noise amplifier
BFP 193 12 80 1.2 19 3 1o 8/5 to 40 low-distortion output stage
BFP 196 12 120 14 18 3 1o 8/30 to 100 low-d stortion output stage

Our tightly graded range of devices ensures matching your application as closely as possible to the
optimum operating point. (This data is for the SOT143 package. However, devices are available in al

packages pictured.)
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The 4th IEE Conference on Telecommunications
Manchester, UK

Information: ICT 93 Secretariat, Conference Services, |EE,

Savoy Place, London, WC2R 0BL, United Kingdom.

Tel: 071-240 1871. Fax: 071-497 3633.

Symposium on Ceramics for Wireless Communication
Cincinnati, OH

Information: Henry O’Bryan, AT&T Bell Laboratories.

Tel: (908) 582-6980. Fax: (908) 582-2521.

The NAB Multimedia World Conference and Exhibition
Las Vegas, NV

Information: NAB, 1771 N Street, NW, Washington, DC

20036-2891. Tel: (202) 429-5350. Fax: (301) 216-1847.

SUPERCOMM ‘93 International Conference
and Exhibition

Atlanta, GA
Information: Henry Weinland, United States Telephone
Association (USTA), 900 19th Street NW, Suite 800,
Washington, DC 20006-2190. Tel: (202) 835-3100.
Fax: (202) 835-3248.

41st International Relay Conference

Newport Beach, CA
Information: Pete Walsh, (202) 457-4932 or National
Association of Relay Manufacturers (NARM) Headquarters,
(414) 351-4548.

Electro

Edison, NJ
Information: Electronic Conventions Management,
PO Box 92275, Los Angeles, CA 90009-2275.
Tel: (800) 877-2668. Fax: (310) 641-5117.

IEEE 1993 International Conference on Acoustics,
Speech and Signal Processing

Minneapolis, MN
Information: Professor A.K. Katsaggelos. Tel: (708) 491-
7164. Fax: (708) 491-4455.

EMC/ESD International 1993

Denver, CO
Information: Renae Fierros, Cardiff Publishing Company,
6300 S. Syracuse Way, Suite 650, Englewood, CO 80111.
Tel: (303) 220-0600, (800) 525-9154. Fax: (303) 773-9716.

IEEE Circuits and Systems Symposium

Chicago, IL
Information: Electronic Industries Association, EIA
Components Group, 2001 Pennsylvania, Avenue N.W.,
Washington, DC 20006-1813. Tel: (202) 457-4930.

1993 Annual Assembly Meeting of the Radio Technical
Commission for Maritime Services

San Diego, CA
Information: Katy Ackland, RTCM Assembly Publicity
Chairperson, COMSTAT Mobile Communications, 950
L’Enfant Plaza SW, Washington, DC 20024. Tel: (202) 863-
6097. Fax: (202) 488-3814.

Sprague-Goodman
-Jf.m. il

Glass and Quartz
Pistoncaps’

* Designed to meet MIL-C-14409D

¢ QPL modeis

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

» Cap ranges: 0.5-3.0 pF to 1.0-120 pF

* Zero backlash multiturn adjust
mechanism

* Operating temp: -55° to +125°C
(models to + 200°C)

* Qto 1500 at 20 MHz

* Wide variety of configurations for PC
and panel mounting

» Voltage ratings from 500 to 5000 V

Phone, fax or write today for
Engineering Bulletin SG-205A.

SPRAGUE
G00DMAN
134 Fulton Ave., Garden City Park, NY 11040

Phone: 516-746-1385 « Fax: 516-746-1396
INFO/CARD 9

Sprague-g”dman
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Ceramic Dielectric
Trimmer Capacitors

Rugged 5 & 7 mm types
Operating temp: -55° to +125°C
Cap ranges: 1.3-2.0 pF to 12-160 pF
Miniature types suitable for hybrids
Operating temp: -25° to +85°C
3 series: 20x 1.2 mm; 3.0 x 1.5 mm,;
5.0x2.0mm
Cap ranges: 2.5-10 pF to 5.5-40 pF
Microwave types
Operating temp: -55° to 85°C
Cap ranges: 0.5-2.0 pF; 1-4.0 pF; 2.0-10 pF
Q > 500 at 100 MHz
Plastic encased 4 x 4.5 mm and 5 mm types
Designed for volume applications
Surface mount and printed-thru-hole modeils
Cap ranges: 1.7-3.0 pF to 10-50 pF
Phone, tax or write today for
Engineering Bulletin SG-305B.

SPRAGUE
GooomaAn

134 Fulton Ave., Garden City Park, NY 11040

Phone: 516-746-1385 ¢ Fax: 516-746-1396
INFO/CARD 10 13




RF courses

Digital Switching
April 29-30, 1993, Madison, WI
Cellular Radio
May 11-14, 1993, Madison, WI
Information: The University of Wisconsin-Madison, Engineering
Information. Tel: (800) 462-0876.

Phased-Array Radar System Design
April 13-16, 1993, Atlanta, GA
Infrared/Visible Signature Suppression
May 18-21, 1993, Atlanta, GA
Information: Georgia Institute of Technology, Continuing Edu-
cation. Tel: (404) 894-2547.

Synthetic Aperture Radar: Design, Processing, and
Applications
April 26-30, 1993, Los Angeles, CA
Advanced Communication Systems Using Digital Signal
Processing
April 26-30, 1993, Los Angeles, CA
Microwave/Millimeter-Wave Monolithic Integrated Circuits
May 11-14, 1993, Los Angeles, CA
Integrated Services Telecommunications Networking:
High-Speed, Local, Metropolitan, and Wide-Area Networks
May 17-21, 1993, Los Angeles, CA
Information: UCLA Short Course Program Office. Tel: (310)
825- 1047. Fax: (310) 206-2815.

Microwave System Engineering
April 26-30, 1993, Washington, DC
Simulation Modeling
April 13-16, 1993, Washington, DC
Communication and Radar Systems: Detection, Estima-
tion, & Geolocation Techniques
April 14-16, 1993, Washington, DC
Grounding, Bonding, Shielding and Transient Protection
April 20-23, 1993, Washington, DC
lonospheric Radio Propagation: Principles and Application
April 20-23, 1993, Washington, DC
Communication Satellite Engineering
April 26-30, 1993, Washington, DC
Satellite Communication Engineering Principles
May 5-7, 1993, Washington, DC
New HF Communication Technology: Advanced
Techniques
May 10-14, 1993, San Diego, CA
Modern Radar Technology: Monopulse Tracking Tech-
niques and Other High-Performance Developments
May 24-28, 1993, Washington, DC
Analog/RF Fiber Optic Communications
May 26-28, 1993, Washington, DC
Information: The George Washington University, Continuing
Engineering Education, Merril A. Ferber. Tel: (202) 994-8522
or (800) 424-9773.

Chemical Vapor Deposition for Microelectronics

April 21-23, 1993, Princeton, NJ
Modern RF & Microwave Techniques

April 20-23, 1993, Phoenix, AZ
Navstar/GPS

June 2-4, 1993, Monterey, CA
Information: University Consortium for Continuing Education,
16161 Ventura Boulevard, M/S C-752, Encino, CA 91436.
Tel: (818) 995-6335. Fax: (818) 995-2932.

14

Vacation School on Digital Techniques in Radio Systems
April 18-22, 1993, Leeds, UK
Sixth Vacation School on Microwave Measurements
May 2-7, 1993, Malvern, UK
Information: The Institution of Electrical Engineers, Savoy
Place, London WC2R 0BL, United Kingdom. Tel: 071-240
1871. Fax: 071-497 3633.

Satellite Communication Systems: Techniques and Tech-
nology for Communications and Broadcasting

April 19-23, 1993, Cambridge, United Kingdom
Combined Coding and Modulation Techniques

April 20-21, 1993, Cambridge, United Kingdom
Mobile Telecom Systems: Switching, Fixed Network Inter-
connections

April 20-23, 1993, Cambridge, United Kingdom
Aspects of Modern Military and Commercial Radar

May 10-14, 1993, Cambridge, United K ngdom
Low Sidelobe Antennas

May 10-14, 1993, Cambridge, United K.ngdom
Modern Microwave Techniques: Measurements, Signal
and Network Analysis, Microwave Products and Systems
Characterization

May 10-14, 1993, Cambridge, United Kingdom
Information: CEI-Europe/Elsevier, Mrs. Tina Persson. Tel: (46)
122-175-70. Fax: (46) 122-143-47.

Radar Simplified EW Receivers

May 4-6, 1993, Washington, DC
ELINT Analysis, Adaptive ECCM Signal Processing for
Radars, Electromagnetic Propagation

May 11-13, 1993, Washington, DC
ELINT Interception, Elint/EW Applications of Digital Signal
Processing, Radar Vulnerability to Jamming

May 18-20, 1993, Syracuse, NY
ELINT/EW Data Bases

June 1-3, 1993, Washington, DC
Information: Research Associates of Syracuse, Incorporated,
Hancock Army Complex, 510 Stewart Drive, N. Syracuse, NY
13212. Tel: (315) 455-7157.

1993 High-Speed Digital Symposium

April 22, 1993, Los Angeles, CA

April 27, 1993, San Diego, CA

April 29, 1993, Phoenix, AZ

May 25, 1993, Dallas, TX

May 27, 1993, Austin, TX

June 2, 1993, Burlington, MA

June 4, 1993, Washington, DC

June 8, 1993, Boca Raton, FL
Information: Hewlett-Packard Company, Microwave Instru-
ments Division (MID). Tel: (800) 765-9200.

DSP Without Tears

June 7-9, 1993, Norcross, GA

June 16-18, 1993, San Jose, CA

June 23-25, 1993, Chicago, IL
Advanced DSP With a Few Tears

June 10-11, 1993, Norcross, GA
Information: Z Domain Technologies, Inc., 325 Pine Isle Count,
Alpharetta, GA 30202. Tel: (800) 967-5034, (404) 664-6738.
Fax: (404) 442-1210.

April 1993
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$2000 GIFT CERTIFICATE
or BIG SCREEN TV.

Ten 2nd place winners will receive $100 CASH each.
PENSTOCK is looking for the most unique RF and MICROWAVE wireless application using
v OO parts. Your design should be laid out in Block Diagram form.

The design should show where PENSTOCK TOKO AMERICA components fit in. A brief description (under 500 words) of the product
and application (along with a color photo of a working prototype) should be included.

Your design will be judged on its application to any of the following technologies: COMMUNICATIONS/TELECOM, INSTRUMENTATION,
MEDICAL, COMPUTER & NETWORKING, CONSUMER APPLICATIONS, DATA SYSTEMS, AUDIO, VIDEO & IMAGING SYSTEMS.

Your entry should include the coupon below (photocopy OK). PENSTOCK reserves the right to exclude any company and/or person from this contest due to conflict of interest.
Once the Grand Prize and 2nd Place Winners are chosen, PENSTOCK may publish the Design/Applications in journal form to be used as training and promotional materials.

Prototyping/Sample Kits—[li"=
Priced from $59.00

F) l
Design Using
[ TOKO

) D
<4 9% i ‘:)\ 3 L
e CONLY e - |4
“ -1~ A
A {(

N 'Qkx_‘-t:',' i

1 ENTRY COUPON Smveets 5 sz ronrooc me g ene
Name
Company
Address
City State Zip
Phone FAX

Design/Product/Application

Offices Nationwide.
Phone:
1-800-PENSTOCK

INFO/CARD 11

1 agree to all the terms of the Design Contest and have not worked for any Penstock distributed companies past or
present. | am including a description & photo of a working prototype. | agree to aflow Penstock to publish my work.
Signature Date

Send To: PENSTOCK DESIGN CONTEST 520 Mercury Drive, Sunnyvale, CA 94086
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RF news

RFID Used to Track Ostriches and Emus

Texas Instruments RFID technology is
now being used by breeders of ostriches
and emus to track and identify the valu-
able birds, without putting either handler
or bird at risk. The Texas Instruments
Registration and Identification System
(TIRIS) is being used to identify the
birds, which can sell for as much as
$40,000 for a breeding pair of ostriches,

for medical, genetic and insurance pur-
poses. Traditional methods of restraint
and identification can not only be harm-
ful to the animal, but also places breed-
ers themselves at risk of the bird’s pow-
erful kick.

A small transponder, 32.5 x 3.85 mm,
is implanted under the skin beneath the
bird’s wing when it is as young as three

/

CELLULAR
SOLUTIONS

For cellular base station applications, these amplifiers offer
unchallenged performance, with guaranteed specifications over
temperature (call for complete data sheets). The QBS-141 and
-142 also offer soft-fail designs, with completely redundant power
supplies and RF circuits. Fault detection circuitry indicates (by
increased current and/or LED indicators) if a failure has occurred.

Typical Specifications (25°C)

~

Specification QBS-133 QBS-141 QBS-142
Gain (dB) 33 40 33
Frequency (MHz) 824-849 824-849 824-849
Noise Figure (dB) 0.8 F2 152
3rd Order OIP (dBm) +38 +45 +42
VSWR Input/Output VSRS 1.2:1/1.2:1 201/
DC Voltage (Vdc) 15 19-31 19-31
DC Current (mA) 220 800 425
DC Power Connector Solder Pin Filtered 9-pin Filtered 9-pin
D-sub D-sub
RF Connectors SMA()) SMA () SMA ())
Q-bit Corporation

2575 Pacific Avenue NE, Palm Bay, Fiorida 32905

B 407/727-1838 o & 407/727-3729 /

INFO/CARD 12
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Dr. Brent Robbins of Folsom Animal
Hospital identifies an emu using
TIRIS™ radio frequency technology
from Texas Instruments.

months old. The transponder transmits
an unalterable identification number
back to a hand-held reader when inter-
rogated. A specially designed long-
reaching antenna on the reader, com-
bined with a read range in excess of two
feet, allows the breeder to accurately
identify the bird from several feet away.
Dr. Robbins of the Folsom Animal Hos-
pital, who is training breeders to use the
RFID technology, notes that while the
bird must initially be restrained when the
transponder is inserted, it feels no pain
because the transponder is injected into
an unsensitive part of the skin.

Ostrich breeding is becoming a rapid
growth industry in the U.S., and the
TIRIS technology allows serious breed-
ers to protect their investment.

Call for Papers — The Sixth Interna-
tional Conference on Electronic Engi-
neering in Oceanography has issued a
call for papers for their conference to be
held July 19-21, 1994 in Cambridge,
United Kingdom. Some of the suggested
topics for papers include: monitoring
networks; remote sensing, satellite,
radio and acoustic; satellite navigation
and communication; sonar systems and
applications; and standards, measure-
ments and test facilities. A synopsis of
approximately 500 words, indicating the
appropriate topic area and key novel!
aspects of the paper, should be sent to
Louise Bousfield, EEQO ‘94 Secretariat,
Conference Services, Savoy Place, Lon-
don WC2R OBL, United Kingdom by
August 15, 1993.

Search and Rescue Effort Aided
by Satellite System — The lives of
eleven fishermen were saved when the
406 MHz Emergency Radio Beacon on
board their vessel, Cape Aspy, was trig-
gered, and began transmitting an emer-

April 1993
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Wireless 7
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at Your
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9 y Performance NCO Demodulator The STEL-2210 Block
PN Coder Diaital Matched The STEL-1175 The STEL-2110A can be Phase Estimator allows
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STEL-1032 Triple PN The STEL-3310 64-Tap et Dt esa i ton demodulation of signals coherent demodulation
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For further information on these or any other
product oftered by Stanford Telecom. please
contact us today.

For sales support outside the
continental United States.
please contact your

Mr Mick Mercer

International Sales
Representatives.

UniTrp Kevenon:
8Kl IBE\SA Flettronies Lid

Phone +44 122 882467
FAX +44622 882409

STANFORD ASIC

eETE FT S TR ] Custom
FELELUAV Broducts
Mwision
GERMANY Frasex: ITALY (NORTH):
Electronw 2000 P2M MicreElt Sp A

Mr. Chonstisn Strevcher
Phowe +49 89 45 110 250
FAX: +49 8945 110 129

Jaran:

Marubun Corporation
Mr. Toshs Ishizawa
Phone +81 3 36399821
FAX +8133661-7433

Phome: +91 22 204-1787
FAX: +91 22 2029463

Mr Philippe Resoter
Phowe: +33 1 3062 64 64
FAX 33130624010

Mr Franco Cugusi
Phone 439 2 481-79
FAX: 4392 481-35%4

Phone +972 3 5334389
FAX: 4972 3 $33.9%2
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FAX +36826 22 86

2421 Mission College Blvd.
Santa Clara. CA 95056-0968
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gency signal on January 31, 1993 when
the ship sank. The signal was detected
by a geostationary satellite and transmit-
ted to the ground station STARLUT,
developed and manufactured by CAL
Corporation and owned by the Depart-
ment of National Defence. The informa-
tion was decoded and the identity of the
ship confirmed. Another Local User Ter-
minal manufactured by CAL was able to
further assist the rescue efforts by

informing rescue personnel of the loca-
tion of the vessel within two kilometers.
The search and rescue team, using the
beacon information, were able to locate
and pull the survivors to safety from a
life raft.

New Commercial GPS System
On-Line — Pinpoint, a nationwide
high-accuracy satellite positioning and
location network was recently

RF Sub-
systems

1

VCO:
Q3500 Series
150-3200 MHz Range
in Octave Bandwidth

}

PHASE LOCKED LOOP:

Q3036 1.6 GHz
150dBcfHz Phase Noise

Today's wireless communication systems
require high performance, low power, smalil
size, quick time-to-market, and affordable
pricing.

QUALCOMM answers your tough needs
with complete VLSI sub-systems on a single
chip.

With QUALCOMM, your communications
design can take advantage of the world’s most
advancea VLSI devices including: Viterbi and
Trellis Codec Systems, Variable Rate Vocoders,
Voltage Controlled Oscillators (VCO), Phase-
Locked Loop (PLL) and Direct Digital (DDS)
frequency synthesizers.

You Know What Your
Wireless Communication System
Needs to Succeed...

1/Q Mixer

Q2334 Dual Direct Digital Synthesizer

...and so do we!

Q1601
VOCODER:
FEC SYSTEM: Q4400 Variable Rate
Q1601 low-cost, 10 Mbps with near-toll
Viterbi Decoder quality speech
-Available Jan 93

QUADRATURE OSCILLATOR:

And, you can expect complete applications
engineering and system-level support from the
engineers behind the QUALity COMMounications
name.

To learn how your design can succeed with
QUALCOMM's VLSI solutions, please call or

* QUALCOMW
m VLSI Products Division

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

INFO/CARD 14

18

announced. The new service will permit
a user to determine his geographic posi-
tion within a few feet using signals from
U.S. navigational satellites and trans-
missions from local FM radio stations.
Pinpoint is the result of a strategic
alliance between Magnavox Electronic
Systems Company and CUE Network
Corporation. Magnavox and CUE have
developed techn ques to enhance the
accuracy of GPS for high-precision
applications, by measuring errors in the
satellite signals and transmitting correc-
tion data through FM radio subcarriers.
Subcarriers are unused frequencies
within a station’s licensed bandwidth.
This technique 's called “differential
GPS” and it improves positioning accu-
racy from about 300 feet to 15 feet or
better. Following the initial introduction
in Los Angeles, the service will be
expanded to as many as 50 additional
cities across North America.

ICC Approved by ITI — International
Compliance Corp recently received their
Certificate of Assessment from Interfer-
ence Technology International, Ltd. to
provide EMC testing services for specifi-
cations implemented by the EC Direc-
tive on EMC.

Scientific Atlanta Division To
Receive 1SO 9001 Certification —
Scientific Atlanta’s Electronic Systems
Division has passed the final assess-
ment audit for cenification to 1ISO 9001.
ISO 9001 is a stringent international
quality standard initially designated as a
requirement for suppliers to meet in
order to do business in the European
Economic Community.

TRM Awarded Million Dollar Con-
tract — Technical Research and Manu-
facturing, Inc. has been awarded a mil-
lion dollar contract from Allied Signal
Aerospace Company, Bendix Communi-
cations Division, for the design, develop-
ment and marufacture of RF and
microwave components in the RF Distri-
bution Unit for the E-Scan Secondary
Surveillance Radar. The first field use of
the ESSR system is for precision run-
way monitoring at U.S. airports.

Park Air To Supply FAA with
Emergency Transceivers — The
Federal Aviation Administration recently

For More Information On

Giga-tronics Products Circle
INFO/CARD #15
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So, moving up to this level of speed and performance
is as easy as unplugging that old box and plugging in your
new 8540 Series Power Meter. Think about what all this
will do for your ATE productivity as well as for your

company'’s bottom line.

FAST, EASY PEAK POWER MEASUREMENT
Now, an easy-to-use CW power meter can also measure
pulsed RF signals with the simple addition of a peak
power sensor.

There are no time-consuming, unreliable duty cycle
corrections, and you'll get the same accuracy and speed
you'd get with a much-more-expensive dedicated peak
power meter.

View the pulsed signal’s amplitude profile on a scope

and see the exact power measurement point on the

pulse. Measure the overshoot. Measure the droop.
You'll be confident of your peak power readings
without sacrificing any of the benefits of having an

incredibly fast CW power meter.

ONE OR TRUE TWO CHANNEL
OPERATION
If a single-channel meter is what you need, the Model
854l is the meter for you. But if you need two-channel
capability, prepare yourself for a pleasant surprise:
With the Model 8542, you can see readings from
both channels simultaneously

Use one line for CW and the other for peak
measurements, and see both readings at the same
time. Or display readings in dBm on one line and mW

on the other for gain and output power.

N

8542 Power Meter

1FREQ CORR
——

- OFFSET
— ;
w—CAL FACTOR
—

The 8540 Series features intelligent design and sophisticated software
The result is a simplified front panel and extensive built-in capabilities
that prevent many common operational mistakes that typically lead to

inaccurate measurements.



The Secret Is The Sensors.

Surface Mount technology assures
greater sensor accuracy and reliability

The Giga-tronics 8540 Series delivers incredible
performance by taking full advantage of the speed and

dynamic range of diode sensors.
Just look at the incredible

4 improvement in speed you'll get
with Giga-tronics’ diode sensors.

What’s more, Giga-tronics has solved
the challenge that previously limited
diode sensors to the “‘square law”
region—below —20 dBm—by

utilizing a built-in power sweep

calibration system. So you get

speed and dynamic range without sacrificing accuracy.

For incredible versatility, we offer a full range of

CW and Peak sensors tailored to your specific
needs. Our sensors cover frequency ranges from
10 MHz to 40 GHz with up to 90 dB dynamic range.
There are | to 50 Watt high power sensors, too.
Use our diode-based True RMS sensors to accurately

measure the | dB gain compression power of amplifiers,

while our low VSWR sensors give you unequalled CW
measurement accuracy. Or connect a Precision Return

Loss Bridge and measure return loss by using just a

single channel.

So why wait? Get the truly incredible Giga-tronics

Cut yOU! measurement time and
8540 Series Universal Power Meter, and start measuring reduce switching complexity by
. . . using one Giga-tronics 90 dB sensor
CW and peak power in a fraction of the time. instead of the two 50 dB sensors
Call us toll free at | 800 726 GIGA. Outside the you were once forced to use.

U.S. call your local Giga-tronics representative, or call
001 408 734 5780. We'll send you more information or

arrange for an incredible hands-on demonstration.

Giga-tronics Incorporated
488 Tasman Drive
Sunnyvale, California 94089
Telefax: 408 747 1265

> 1993 Giga-tronics Incorporated
GT-072-A
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SIMPLE, INTELLIGENT OPERATION TREMOTE
The 8540 Series has only half as many controls =~ GFIB :3:3(
as other power meters, but don't let that fool s
you. Intelligent design and sophisticated software
give you easy access to extensive built-in
capabilities.

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

A two-line LCD display shows prompts for

instrument

settings,
as well as
measurements.
While a 20-
segment LED bargraph
shows instrument

status and also acts

as a peaking display.



Incredibly Fast
CW Measurements

From —70to +20dB

Without Changing
Sensors.

8542 Power Meter




An Incredible Power Meter
At A M Incredible Price.

UNIVERSAL POWER MEASUREMENT
Incredible is credible when describing the 8540 Series of
Universal Power Meters.
From Giga-tronics, the new power in power meters.
For the very first time, you can make CW and peak
power measurements quickly and accurately with a
single meter—a Universal Power Meter.
And all for about the same price you’d pay for the

competitor’s CW only power meter.

POWER MEASUREMENTS INSTANTLY
Imagine seeing display updates instantly: measurement
speeds over the GPIB exceeding 200 readings per second

and an exclusive

Burst Mode
capturing more
than 2,000 readings in the
same tick of a clock.

And because the
8540 Series uses
diode sensors, you
can measure all the
way from —70 to +20 dBm with the
same sensor, and without range
changing delays.

If you're worried about having to
write new code for your computer controlled testing,
don’t be: The 8540 Series uses the same GPIB command
set as HP’s 436A, 437B and 438A.
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chose Park Air to supply the new Den-
ver International Airport with UHF and
VHF transceivers and specially
designed remote control units. The units
will provide the air/ground emergency
communications for the airport in the
event of a primary communications fail-
ure.

Scientific-Atlantic Receives
Contracts — Scientific-Atlanta recently
received two contracts. The first contract
was for $3.2 million from NASA to modi-
fy one of three transportable ground
stations currently being produced for
NASA. The modified equipment will be
deployed by NASA as a participant in
the Canadian Government’'s Radarsat
microwave radar earth imaging program
and will be used to receive microwave
radar image data from polar orbiting
satellites.

The second contract, with CEMEX
calls for the initial installation of a Very
Small Aperture Terminal network to link
CEMEX's headquarters with 50 of its
cement and concrete distribution cen-
ters and manufacturing facilities
throughout Mexico. CEMEX will operate
a private satellite master station at its
Monterrey headquarters. Installation of
the private hub and the 50 VSATs will
be completed by June.

Micro-Coax Awarded Follow On
Contract — Micro-Coax has been
awarded a follow-on contract for In-A-
Cable filters by the Defense Systems
and Electronics Group of Texas Instru-
ments. The contract award is an exten-
sion of a long-standing contract with TI
for the High-speed Anti-Radiation Mis-
sile (HARM) program. The filters are
designed into the missile’s guidance
system. The amount of the contract
award was not released.

Radian Receives DOE Contract —
Radian Corporation recently completed
negotiations with a U.S. Department of
Energy laboratory to supply a 50 MHz
radar wind profiler system. This is the
first radar profiler that DOE has pur-
chased for use at Atmospheric Radia-
tion Measurement Program (ARM) sites.
ARM is a segment of the DOE Giobal
Change Research Program. Multiple 50
MHz and 915 MHz profilers will be
required at each ARM Cloud and Radia-
tion Testbed (CART) site. The CART
sites, located worldwide, will be devel-
oped at the nominal rate of approxi-
mately one every 18 months.

RF Design

Flam & Russell Delivers System
to Sandia — Flam & Russell, Inc.
recently delivered a turnkey Antenna
and Radar Cross Section (RCS) Mea-
surement System to Sandia National
Laboratories. The system, an advanced
version of the FR959, makes use of the
new HP 85330 Multiple Channel Con-
trolier to perform fully polarimetric RCS
measurements and multiple port anten-
na measurements.

KW Microwave Relocates — KW
Microwave has announced the re-
location of their facility to Carlsbad,
California. The new address is 1985
Palomar Oaks Way, Carlsbad, CA
92009. Tel: (619) 929-9800. Fax: (619)
929-9899.

Lucas Awarded Contracts — Lucas
Aerospace was recently awarded two
contracts. The first was from Hughes

Application Specific

Bipolars

NE683 Low Power Consumption. Low Noise
NE856 High Gain. Low Cost. Low Noise for |.-band
|NE243 _630mW for high C-Band oscillators

o/%-

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

We offer a wide selection of NEC

% Part Series  Description
| NE161 Medium Power, Low Noise for UHF/[.-Band

‘.\'Eb-{"’(HS K-Band oscillators over MII. Temp ranges
% NEG45/681 Low Noise, Cost Effective for 1. S Bands

Bipolar Transistors with
screening for Commercial
through Space applications.
They're available in chip
form and a variety of pack-
ages including Micro-X and
tape and reel.

CEL can also provide

the support and characterization data
you need to accurately determine your

circuit's performance using NEC parts.

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

NEC

write or circle the number below.

& California Eastern Laboratories B

4590 Patrick Henry Dr., Santa Clara, CA 95056 1964

hone (408) 988 3500  FAX (408) 988-0279

Western (408) 988-7846  Eastern (410) 667-1310 Canada (613) 726-0626

©1991 California Eastern Laboratories
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m‘ neWS continued

Aircraft Co., Systems Sector to provide
low-power and medium-power ampli-
fiers. Under the terms of the contract,
which is valued in excess of $3 million,
Lucas Zeta will manufacture, integrate
and test the amplifiers. The second con-
tract was awarded to Lucas Aul, a sub-
sidiary of Lucas Aerospace Communica-
tions Business. The follow-on contract
calls for Lucas to provide AN/SRQ-4
Radio Terminal Sets to the U.S. Navy’s

Light Airborne Multi-Purpose System
(LAMPS) program. This brings the total
value of the contract to date to $25.7
million.

Amp Achieves ISO Certification —
The AMP Aerospace and Government
Systems Sector’s Federal Systems busi-
ness group has received International
Standards Organization (ISO) 9001 cer-
tification. The sector joins 10 other busi-

engineering of shielding solutions.

and certification testing.

A recognized industry standard, our
screened enclosures are well-suited
for applications where maximum
performance is required in a “hear-
through, see-through” environment.
All DEl enclosures are fully
assembled and tested at the factory
to verify RF performance.

Analysis and Containment.

What's The Word For
Shielding Protection,
Performance & Value?

Lindgren. A name that means total capability in the science and

Founded in the early 1950’s Lindgren has grown to become the largest
shielding company in the industry. We offer a full spectrum of services,
including consultation, design, engineering, fabrication, on-site installation,

Our approach to providing effective, state-of-the-art shielding systems
relies on our understanding of the science of
shielding, our experience and a company-
wide commitment to quality products
backed by responsive, personal service.

And, unlike
many of our
competitors,

Bickd . Some of the nation’s most demanding
Shielding 1S OUr'  gnechic chambers are fabricated by
on/y business. Lindgren’s LectroMagnetics Division. We

0 Stiot hold 28 patents associated with the science
ur product o shielding and have an established track

line offers the
industry’s most comprehensive variety of
shielding solutions: DEI Enclosures, Welded
Enclosures, Modular Cell-Type Enclosures, In-
Place Shielding, Single-Shield 3 Oz. Copper
Systems, Anechoic Chambers, Single-Shield
Pan-Formed™ Enclosures, RF Doors, Waveguide
Air Vents, RF Filters, RF Windows, and Low Frequency Magnetic Field

For more information on the products behind the name or a quote on
your next shielding project, call (708) 307-7200.

& Lindgren

Number One In Shielding Solutions:*

400 High Grove Boulevard * Glendale Heights IL 60139 USA
(708) 307-7200 « FAX (708) 307-7571

record for on-time delivery.

©1993 Lindgren. lnc,J
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ness units in AMP as adherents of the
ISO 9000 international quality manage-
ment and assurance standard.

AMD and Rochester Sign Afterlife
Pact — Advanced Micro Devices, Inc.
and Rochester Electronics, Inc. have
entered into an agreement that will allow
AMD’s customers to continue to buy IC
products that AMD has discontinued.
The agreement provides Rochester with
all residual products (i.e., wafers, dice,
finished goods) and access to selected
tooling and process recipes for discon-
tinued AMD devices. The agreement
covers military and commercial sole-
source and multiple-source products.

SBIR Awarded to HiTc — HiTc
recently announced that they have
received a Small Business Innovation
Research Program (SRIB) grant from
NASA for a process to produce useful
quantities of bulk high temperature
superconductors. The process uses
HiTc’s 3-P technique which starts with
melt textured growth generated powder
which is subsequently magnetic-pinning-
site refined to provide completely phase-
pure, clean grain boundary bulk materi-
als.

Ray Proof Ltd Moves — Ray Proof
Ltd has moved its RF interference tech-
nology operation from Enfield, North
London to new premises near Steve-
nage, Herts. The 47,000 square foot
facility houses all aspects of the compa-
ny’s activities, including design, manu-
facturing, marketing and support ser-
vices. Their new address is Boulton
Road, Pin Green Industrial Area, Steve-
nage, Herts SG1 4TH, England. Tef:
(44) 0438 747477. Fax: (44) 0438
747170.

MPD Moves Operations —
Microwave Power Devices recently
announced its move to an 85,000
square foot facility. The new address is
49 Wireless Boulevard, Hauppauge,
New York 11788. The telephone num-
ber remains the same and the fax num-
ber is (516) 231-8081.

LEMO Rf Established — LEMO
recently announced the establishment of
LEMO Rf as a company to meet the
requirements of the specialty
RF/microwave high frequency connec-
tor/component market. They may be
reached at 345 Tesconi Circle, Santa
Rosa, CA 95401. Tel: (707) 578-8811.
Fax: (707) 578-0869.
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The 48 cent solution.

Wideband Amplifiers — From $.48 each
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RF industry insight

The Technology of
Personal Communications

By Gary A. Breed
Editor

he promise of huge new markets for

RF-based personal communications
is the main force driving the RF industry
right now. The development of these
new markets depends on many factors
— government regulations, national and
international frequency allocations, tech-
nical operating standards, and of
course, eventual acceptance by the cus-
tomer. Rather than reexamine the politi-
cal and regulatory side of personal com-
munications, this short report will note
the changes in engineering techniques
and RF components that are required if
engineers are to design cost-effective
personal communications products.

Digital Cellular

The Pan-European GSM system has
brought digital cellular from the lab to
production. Digital modulation tech-
niques have created new requirements
beyond the current analog FM cellular
systems. Linearity is the main change —
low level and power amplifiers must uti-
lize class A or AB to accurately transmit
the QPSK digital modulation that is part
of GSM, as well as coming U.S. and
Japanese systems. Transistor manufac-
turers and power amplifier module mak-
ers have been busy creating products
with the required linearity, while
addressing the additional matter of effi-
ciency for reduce power consumption.

Filtering is another part of a digital cel-
lular system that needs a change from
analog transmission. Delay characteris-
tics are now of paramount importance.
Uniform group delay (linear phase)
places new constraints on filter designs,
especially because this type of perfor-
mance results in less selectivity for the
same order of filter. The flexibility, small
size, and high frequency operation of
SAW filters appears to give that technol-
ogy an edge in digital cellular IF filtering.

Modulators are one more area of
development. Matched, monolithic mod-
ulators and demodulators are generally
the best solution for high performance |
and Q channel processing. Preampli-
fiers, buffers and baseband filtering on
the same chip adds a degree of contro!
and consistency.

26

Mobile Voice and Data

Transmission of data on channels nor-
mally used for voice can be viewed in
two ways — short term and long term. In
the long term, digital cellular will be a
truly digital system, and traditional multi-
plexing techniques will allow data and
voice to share the same system.

In the short term, however, transmit-
ting data on an analog cellular system
raises some problems that are not sig-
nificant with voice-only communications.
Data rate is one area of concern. The
limitations of the modulation bandwidth
and IF performance are part of the prob-
lem, placing a firm upper limit on trans-
mission channel capability. Multipath
propagation (signals bouncing around
and arriving at different times) is another
problem. Digital systems will have error-
correction schemes to alleviate this
problem, but any digital-on-analog sys-
tem must include it external to the radio
equipment.

These problems, the protocols of
sharing voice and data on the same
channels, plus provisions for error-
checking are included in several sys-
tems already in use (e.g., Mobitex and
others). These interim solutions provide
at least modest capabilities until a fully
digital cellular infrastructure is in place.

DECT/CT-2/PCS/PHP

This issue’s cover story on page 48
announces one company’s commitment
to the Digital European Cordless Tele-
phone (DECT) system. The British CT-2,
Japanese Personal Handy Phone (PHP)
and the roughly outlined U.S. Personal
Communications Service (PCS) are all
in a period of rapid development. Many
companies and independent analysts
believe that this type of service will be
the best market possibility in the near
future — it fits between cellular and
cordless phones in cost and capability.

The problems are similar to digital cel-
lular, since these are all digital systems
with RF portions that are not radicaily
different from one another, or from digi-
tal cellular systems. The unique areas of
engineering problem-solving are in
power consumption and cost. Where a

cellular telephone can be considered a
“professional” product, this family of
products is certainly intended to reach
the consumer market. Price of the fin-
ished product is a major factor, while the
convenience of long operating time is
another. One additional factor is that
most of these systems will operate in
the 1.7-1.9 GHz range, twice the fre-
quency of the cellular band.

High level integration, 3-volt device
technology, miniature packaging and
highly automated manufacturing have
seen dramatic increases in activity in
companies pursuing advanced cordless
telephone products. All this must be
accomplished in systems that operate at
around 2 GHz. Celiular technology
required 900 MHz devices, but at twice
the frequency, refinements or new
processes must be brought to bear.

Multi-Function Systems

Recently, we have seen some highly-
publicized announcements of units
callied “personal digital assistants” or
something in a similar vein. The most
publicized are from Apple Computer and
EO Systems, but others are in the
works, as well. These systems integrate
notebook computers, cellular telephones
and software intended to put all the
information needs of a busy business
person in one package. From an RF
engineer’s perspective, most of the
same concerns noted above are in play,
along with increased pressure for minia-
turization and low power consumption.
Another new addition is interface
requirements among the various func-
tional components — radio link, comput-
er, phone, data network, and operating
system software.

All of these new applications present
new problems for RF engineers and
their digital, mechanical, software and
manufacturing counterparts. For most
companies, the challenges are welcome
because, if met properly, they can mean
profitability and success. RF

For reprints of this report, call Cardiff
Publishing Company at (303) 220-0600.
Ask for the Circulation Department.
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You don’t always get
what you pay for.

With PTS synthesizers, you get more.

Because we're synthesizer specialists, we give

e i Wi e. ;
you mone,for yeur.money i more Ways than on All of our synthesizers feature low power

From our economy PTS x10, to our space- consumption, low spurious output (as low as
saving PTS 310, to our top-of-the-line PTS 1000, -75 dBc), low phase noise, and fast frequency
we have more models to cover your source needs switching (as fast as 1 psecond).

from, 100°KHZ to/1 GHz. And all of our models are available, at a lower

price, in a remote-only OEM configuration for
* OCXO, TCXO or external standard, easy integration into your OEM system.
choice of resolution from
100 KHz to 0.1 Hz,
DDS with phase-
continuous switching,
* digital phase rotation,
BCD or GPIB Call or FAX us for your

remote control, A - copy, or for immediate
and almost a hundred : engineering assistance.

others to let you specify a

synthesizer so well-tailored

to your requirements that

it's like having one custom made for you.

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

Our priority in design and manufacturing is to

make our synthesizers more reliable, and this

has led to a demonstrated MTBF of 25,000

hours. That’'s why we can back them with our

all-inclusive 2-year warranty, along with a flat-

rate service charge for eight years following the P.O. Box 517 Littleton, MA 01460
warranty period. 508/486-3008 FAX 508/486-4495
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RF featured technology

A Robust Signaling Technique
for Part 15 RF Control Network
Applications

By Greg Magin
Intellon Corporation

In 1985 the Federal Communications
Commission revised the Part 15 rules
and regulations governing non-licensed
RF communications devices to permit
coherent spread spectrum operation.
The FCC allows power output levels of
up to 1 Watt spread over at least 500
kHz of bandwidth in three different fre-
quency bands: 902-928 MHz, 2400-
2483.5 MHz, and 5725-5850 MHz (1).
The high power spread spectrum opera-
tion can provide reliable non-licensed
communications while reducing the
potential for harmful interference.

he FCC Part 15 rules allow the use

of direct sequence, frequency hop-
ping, and hybrid spread spectrum meth-
ods. A new digital signaling technique
has been developed for operation under
the current spread spectrum provisions
which is called Spread Spectrum Carrier
Technology™. The approach is opti-
mized for low cost Carrier Sense Multi-
ple Access (CSMA) RF packet networks
where many users or nodes share the

same channel frequency. Based on
direct sequence spreading, the system
features very fast synchronization for
rapid channel access. The spreading
and correlation techniques have been
designed to relax the carrier frequency
accuracy requirements of the radio link.

A simple limiter based receiver can be
used to recover the transmissions. The
transmission and reception processing
can be performed by a single digital
Application Specific Integrated Circuit
(ASIC), Figure 1.

There are many potential applications
for Spread Spectrum Carrier (SSC)
Technology ranging from commercial to
residential environments. The system is
optimized for the rapid transmission of
moderate length controt type messages
in a packet format. Early applications
include: remote utility meter reading,
load management, security systems,
Heating Ventilation and Air Conditioning
(HVAC), and vending machine network-
ing. The growing demand for data com-
munication and control systems will pro-
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Figure 1. Block diagram of modem ASIC.

RF Design

vide many future opportunities for this
new approach.

The Electronic Industry Association
(EIA) has adopted SSC as the Con-
sumer Electronics Bus (CEBus) home
automation communication standard for
RF links (2). CEBus is intended to pro-
vide a low cost packet based contro!
network environment over which con-
sumer appliances and devices can com-
municate. The CEBus committees have
defined standards for various media
including: radio frequency, AC power
line, coaxial cable, infrared, and twisted
pair. The protocols employed over the
various media have a common interface
to reduce software requirements and to
facilitate bridging between media.

Signal Generation

The CEBus network transfers informa-
tion from point to point in the form of
short packets, as shown in Figure 2.
The packets typically begin with a brief
On Off Keyed (OOK) preamble during
which channel access and contentions
are resolved. Once the channel is
secured the packet body containing
address, control, or data is sent using
Phase Shift Keying (PSK). The CEBus
RF standard utilizes pulse width encod-
ing to represent the symbols “1”, “0”,
End Of Field (EOF), and End Of Packet
(EOP). The minimum symbol period is
defined as the Unit Symbol Time (UST).
The duration of the UST is 100 mS dur-
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Figure 2. Typical packet timing.
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dcto 3GHz .. ST1%5

lowpass, highpass, bandpass

¢ |less than 1dB insertion loss ® greater than 40dB stopband rejecticn ®surface-mount ® BNC, Type N, SMA available
* 5-section, 30dB/octave rolloff ® VSWR less than 1.7 (typ) ®rugged hermetically-sealed pin models ®constant phase
* meets MIL-STD-202 tests ®over 100 off-the-shelf models ®immediate delivery

low Pass, Plug-in, dc to 1200MHz

| Passband | Stopband, MHz |  Passband I Slopband MHz
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g + loss<1dB | >2008 > 400B No | loss<1dB = 2oae __>4008
*LP- 5 DC5 | 8-10 10-200 % LP-250 | DC-225 320- 400 " 400-1200
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5 Price, (1-9 qty), all models plug-in $1495, BNC $3295, SMA $3495 Type N $3595
2 f
H Surface-mount, dc to 570MHz
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i ABLP-933 1 DC-560 1866-2490 2430 ‘ 1.31 221 ’ 009 02 028
3 ABLP-1870 DC-850 3740-6000 5000 1451 291 005 01 015
Price, (1-9 qty), all models plug-in $1995, BNC $3695, SMA $3895, Type N $3995
NOTE A -933 and -1870 onty with connectors, at additional $2 above other connector models
- . T e -
gk high pass, Plug-in, 27.5 to 2200MHz
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HIGH PASS o Noy ol (S AURE, o <iaDdBailue SUOBE L [RATHA __No | <40d8 <200B | <108 | Typ
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© * HP-100 DC-40 40-55 90-400 181 * HP-800 DC-350 350-440 600-1600 201
° *HP-150 DC-70 70-95 ‘ 133-600 [ 181 *HP-700 [ DC-400 400-520 700-1800 161
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Length

Symbol Duration in UST's
one 100 us 1
zero 200 us 2
EOF 300 us 3
EOP 400 us 4

Table 1. Periods of four CEBus
encoded symbols.

ing the packet body. The four CEBus
encoded symbols have the periods
shown in Table 1.

The channel rate is specified at
10,000 USTs per second. The variable
length symbol encoding means that the
effective bit rate is dependent on the
message content.

For the RF media, symbols are encod-
ed using two UST states, Phase 1 or
Phase 2. Each state is divided into
seven sub-states, Figure 3. The sub-
states each consist of a specific carrier
spreading sequence of 360 chips. There-
fore, each UST contains 2520 chips
used to spread the carrier. The basic
chip rate is 25.200 MHz which yields a
chip time of 39.6825 nS. Each resulting
sub-state is 14.2857 mS duration.

There are two possible sub-states.
The 360 chip sequence can be transmit-
ted in either a forward or reverse direc-
tion. The complete UST is encoded
using one of two complimentary maxi-
mal length coding sequences of forward
(F) or reverse (R) sub-states. Phase 1 is
FFFRRFRandPhase2isRRRFF
R F. The 360 chip sequence was
designed to distribute the transmit ener-
gy very evenly. The resulting waveform
approximates a frequency sweep from
4.2 to 6.3 MHz, as shown in Figure 4.
The sequence has good correlation
characteristics and is tolerant of moder-
ate frequency offsets.

An additional Phase Modulation Func-
tion (PMF) is used to further modify the
sub-state sequence of each UST. The
15 bit PMF sequence is the maximal
lengthcode 1010110010001 11.
Each bit of the PMF is XORed with the
chips of a sub-state sequence causing
all the bits of that sub-state to be invert-
ed or normal. This results in 180 degree
phase shifts which further improve the
spectral energy distribution.

The combined effect of the main 360
chip sequence, the 7 chip forward-
reverse sequence, and the 15 chip PMF
sequence is a smooth spreading of the
transmit energy over a 2.1 MHz band-
width. The overall spectral distribution is
quite rectangular. The energy peaks are

32

TP T TATATE TH] s
ATRTATF[F AP ] a2

o =t

M

| L
1118001110001 110011801100

E

110011001100

Arvares wt-ame Pua)
oratng seqarce
1800111000111

FL ] Rl
me=ws
o -

Figure 3. UST and sub-state tim-
ing.

approximately 3 dB above the average
transmit energy. A transceiver employ-
ing these spreading techniques has
been reviewed and certified by the FCC.

Figure 5 is a detailed block diagram of
the signal generator. The 25.2 MHz sys-
tem clock is divided and provides all of
the timing for the generation process. A
6 bit counter is used to address a ROM
which contains both of the 360 chip (bit)
waveform sequences. The data input
is used to pass or invert the output of
the 70K forward/reverse sub-state
sequence generator. This line is used to
select which sequence will be clocked
out of ROM by controlling the MSB. A
shift register is used to convert the par-
allel output of the waveform ROM into a
25.2 MHz serial bit stream. This bit
stream is passed or inverted by the 15
long PMF sequence to form the TX out-
put. This simple state machine can be
fabricated using any of the modern logic
techniques.

The ASIC has a single logic level TX
waveform output bit. The output wave-
form is over-sampled at a rate of 25.2
MHz. The majority of the output energy
lies between 4.2 and 6.3 MHz. A simple
L-C filter is adequate to clean up the
ASIC output. This filtered output is
referred to as the transmit baseband
and is capable of driving 50 ohm loads
directly.

Signal Correlation and Detection

The ASIC provides all of the correla-
tion, synchronization, tracking, data
decoding, and CRC functions required
to recover the spread signal, see Figure
1. The baseband signal from the receiv-
er front end is first bandpass filtered by
a simple L-C filter and then amplitude
limited. The limited signal is applied to a
zero crossing detector which converts
the signal into a serial digital stream.
These bits are shifted into a shift regis-
ter which forms the input of the correla-
tor. The correlator provides detection of
both the forward and reverse direction
sub-state waveforms.

Forwaro Sub-alate Waveform
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e
Froad2 My Fread disu

Reverse Sub-stste Wavelorm

Traso Tome » 14285 40
Crep 360
Freq a2y
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Figure 4. Forward and reverse
sub-states.

Figure 5. Transmit processor.

The correlation information is used to
establish timing synchronization and
maintain tracking of the sub-state sym-
bols. Estimations of the sub-state sym-
bol quality and value are determined
and are passed to the unit symbol pro-
cessing circuits. -ere the unit symbol
timing synchronization and tracking
occur. The UST value is passed to the
data decoder which determines if a
ONE, ZERO, EOF, or EOP was trans-
mitted. The CRC is verified at the end of
the packet and the information is deliv-
ered to the micro-processor interface.

The digital sigral processing which
occurs within the ASIC permits high per-
formance reception with simple receiver
front ends. The spreading sequence and
the correlator work together to permit
relaxation of the transmitter and receiver
local oscillator frequency accuracy
requirements. The RX input to the ASIC
can be off frequency by as much as plus
or minus 350 kHz before performance
begins to degrade. This means that low
cost Surface Acoustic Wave (SAW) res-
onators can be used for both the trans-
mit carrier oscillator and the receive local
oscillator. The correlation is also phase
insensitive and a moderate amount of
phase jitter is not catastrophic.

The FCC Part 15 rules also specify
that the receiver of a spread spectrum
system be able to coherently re-assem-
ble the spread information (3). The rules
call for at least 10 dB of processing gain
in direct sequence based systems.
There are many different ways to define
process gain (4). The FCC however, is
interested in the ability of the receiver to
reject interference. Therefore, the
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process gain is typically determined by
measuring the jamming threshold with
the spreading code enabled and dis-
abled. These new signaling techniques
are highly integrated and the system
can not function with the spreading dis-
abled. This makes verification of the
process gain a more complex problem.
A transceiver employing SSC technol-

ogy at 915 MHz was submitted for
examination by the FCC. The Authoriza-
tion and Evaluation Division of the FCC
cooperated to arrive at a suitable mea-
surement method. The system was able
to demonstrate more than the required
10 dB of process gain. With this ground
work completed, certification of future
products should be straightforward.
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Figure 6. Baseband transmit
spectrum before filtering.
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Figure 7. Baseband transmit
spectrum after filtering.

Frequency Conversion for
Transmission

The spread spectrum baseband signal
is generated in the 4.2 to 6.3 MHz
range. This low frequency baseband
signal can be transmitted directly across
various media such as AC power wiring
or coaxial cable. The energy spreading,
interference rejection, and quick network
access features improve the perfor-
mance of non-radio applications as well.
To use SSC technology for radio links,
conversion of the baseband signal to
higher frequencies is essential.

The TX output bit of the ASIC is basi-
cally the output of a one bit over-sam-
pled D to A converter. The sampling rate
is equal to the system clock frequency
of 25.2 million samples per second. The
resulting output spectrum shown in Fig-
ure 6 contains a fair amount of energy
outside of the desired 4.2 to 6.3 MHz
frequency range. The ASIC output driver
is capable of driving a 50 ohm load to
2.5 Volts peak-to-peak. A simple 50
ohm passive 5 pole bandpass filter, like
that shown in Figure 7, can be used to
clean up the unwanted energy. Low Q
surface mount parts with 10 percent tol-
erance are sufficient. The resulting fil-
tered baseband signal is ideal for direct-
ly driving a passive double balanced
diode mixer.
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The filtered baseband signal is typical-
ly applied to the IF port of the balanced
mixer, Figure 8. The Local Oscillator
(LO) port of the balanced mixer is driven
with the desired carrier or center fre-
quency. In this manner, the spread
spectrum baseband signal PSK modu-
lates the RF carrier. The resulting modu-
lated signal, shown in Figure 9, contains
energy sidebands located approximately
5 MHz below and above the carrier fre-
quency. The LO signal feed through is
attenuated by the balance of the mixer.
Typically both sidebands are amplified
by a linear power amplifier before trans-
mission via the antenna.

Both of the sidebands contain similar
copies of the spread spectrum informa-
tion. Only one sideband signal is actual-
ly required to convey the message. The
classic single sideband generation tech-
niques of filtering or image rejection may
be used to eliminate one of the two side-
bands. The signal will then occupy one
half of the original bandwidth. Since the
single sideband signal contains only one
frequency component at any instant in
time, class C amplification may be used.

The resulting efficiencies could offset
the additional complexities incurred for
SSB operation.

Down Conversion for Reception

To recover the spread spectrum mes-
sage, the radio frequency signal must
be down converted to the 4.2 10 6.3
MHz baseband range. In this system, it
is not necessary to phase lock the
receiver LO to the transmitter’s carrier.
The time typically required to lock onto
carriers of differing frequency would add
considerable delays to the network.
Since the receive LO is not phase
locked to the carrier of the incoming
DSB signal, destructive cancellation of
the sideband information will occur. For
this reason, selection of one sideband
and rejection of the other sideband is
essential. Any of the classic single side-
band down conversion techniques may
be employed. The unwanted sideband
need only be suppressed by 20 dB to
avoid destructive cancellation of the
information.

The requirement for single sideband
down conversion carries some additional
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Figure 8. Transmitter block dia-
gram.
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Figure 10. Single conversion
receiver block diagram.

benefits. Once one of the sidebands has
been selected and converted down to
baseband, only a simple bandpass filter
and a limiter are required to complete the
receiver analog chain. Single sideband
reception carries the additional system
benefit of frequency diversity. The lowest
cost transmitter implementations will
transmit both sidebands which are sepa-
rated in frequency by 10 MHz. This fre-
quency separation provides relief from
multi-path nulls and interference. A
selectable sideband receiver can pick
the sideband which yields the best per-
formance at the time. The frequency off-
set of the sidebands from the carrier by
5.25 MHz provides a tremendous benefit
in terms of RF link LO accuracy require-
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Figure 11. Double conversion
receiver block diagram.

ments. If the sidebands started right at
the carrier (as they do in classical direct
sequence PSK systems), a slight LO fre-
quency offset would cause “folding” of
the sideband energy and destructive
cancellation of the message information.
With the sideband energy spaced far
from the carrier, moderate frequency off-
sets are not destructive.

There are several methods that can be
used for single sideband down conver-
sion of the RF signal. Probably the sim-
plest implementation is the single conver-
sion scheme in Figure 10. This approach

Figure 12. Image rejection receiv-
er block diagram.

relies on a low loss narrow band RF filter
for sideband rejection. A low cost helical
or SAW based filter can be employed to
achieve sideband selection. The LO can
be implemented with a simple SAW res-
onator oscillator circuit. The mixer may
be active or passive and need not be bal-
anced due to the wide separation in RF
and baseband frequencies. A simple L-C
bandpass filter passes the 4.2 to 6.3 MHz
baseband signal and determines the
receiver noise bandwidth.

The double conversion method places
the sideband selection filter at a lower
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Getting on the CEBus

The signaling techniques described in
the article were developed by Intellon
Corporation. The RF Modem ASIC is
available from:
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5150 West Highway 40
Ocala, FL 34482

Tel: (904) 237-7416

CEBus Product Development
Seminars are offered by:

The Training Department
5755 SW Natchez
Tualatin, OR 97062

Tel: (503) 692-8296

The EIA Home Automation System
standard for CEBus EIA/IS-60 is avail-
able from:

Global Engineering Documents
2805 McGaw Avenue

Irvine, Ca 92714

Tel: (714) 261-7892

Papers concerning consumer electron-
ics and home automation are published
by:

IEEE International Conference
on Consumer Electronics
Diane D. Williams

Conference Coordinator

67 Rasberry Patch Drive
Rochester, NY 14612-2868

intermediate frequency, Figure 11. Sim-
ple L-C or helical bandpass filters fabri-
cated for the 50 to 300 MHz range may
be employed. The double conversion
process can yield much better rejection
of the unwanted sideband and other
spurious signals. The additional com-
plexity may be acceptable for high per-

formance receivers.

Image rejection down conversion is
another possible method of sideband
selection, as shown in Figure 12. This
technique employs two mixers driven by
a quadrature LO at the center frequen-
cy. The resulting 1 and Q baseband sig-
nals are combined in a low frequency

quadrature hybrid circuit. Either side-
band may be selected by switching the
output of the baseband hybrid. The LO
hybrid could be a printed micro-strip
structure or a surface mount pre-pack-
aged phase shift network. The base-
band hybrid can be made using small
torroid cores or active phase shift cir-
cuits. The unwanted sideband can be
rejected by the required 20 dB using low
cost components. The amplitude and
phase balance requirements on the |
and Q path set the limit of sideband
rejection at about 30 dB.

All of the receiver implementations
require a high gain limiter stage to pro-
vide the majority of the system gain. The
baseband frequency range of 4.2 to 6.3
MHz is easily accommodated by many
of the available IF amplifier/limiter ICs.
Gain of 90 dB is typical and is sufficient
for a high performance receiver. By
placing most of the gain at low frequen-
cies, receiver parts’ cost can be kept
very low. The limiter is able to respond
to rapid variations in signal levels more
easily than AGC based designs. The
limiter stage provides a low impedance
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output of 100 mV peak-to-peak to the
ASIC RX input.

As discussed, the suppression of the
unwanted sideband should be at least
20 dB to prevent destructive cancella-
tion of the message information. This
will yield good performance in low cost
implementations. A strong interfering
signal located in the area of the unused
sideband can cause performance degra-
dation. Typically, this will be a Part 15
device with moderate transmit power
and the process gain of the system will
overcome the interference. System per-
formance can be improved by better
rejection of the unwanted sideband.

RF Modem ASIC

All of the functions required to imple-
ment this new signaling technique have
been integrated into a single low cost
ASIC shown in Figure 1. The ASIC is
housed in a 28 pin small outline surface
mount package. A single power supply
of +5.0 V and 25 mA is required. The
ASIC has a total of 11 lines for interface
to the host microprocessor. The ASIC
provides all of the timing requirements

specified by the EIA CEBus physical
Layer Specification. The host controller
is not responsible for any physical layer
timing. During transmit the only responsi-
bility of the host is to provide the ASIC
with encoded data 8 USTs at a time, and
to monitor the status indicators provided.
In receive mode, the ASIC demodulates
the incoming signal and presents the
recovered data to the host, 8 USTs at a
time. During receive, the host must
decode the incoming USTs and monitor
the status indicators provided.

Conclusion

A new signaling method which has
been optimized for operation under the
FCC Part 15 direct sequence spread
spectrum rules has been developed. A
complete baseband modem which fully
implements the CEBus RF Physical
Layer has been designed in the form of a
single low cost ASIC. The relaxed
requirements for transmitter and receiver
designs permit low cost implementations.
The high level of integration achieved
enables the design of compact RF data
products with robust performance.  RF
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RF'featured technology

Frequency Translation of a
Baseband Signal

By Eric A. Adler, Edward A. Viveiros and John T. Clark

Army Research Laboratory

In communications and radar sys-
tems, baseband signals are often
upconverted to higher frequencies for
transmission where typically only the
upper or lower sideband is transmitted.
Baseband signals described in this
paper are broadband and do not extend
down to DC. Frequency translation of
baseband signals results in the local
oscillator (LO) leakage signal and an
undesired sideband very close in fre-
quency lo the desired sideband. The fre-
quency separation between the desired
sideband and the LO leakage signal at
the intermediate frequency (IF) output of
the mixer is equal to the frequency sep-
aration between the lower extent of the
radio frequency (RF) mixer input signal
and DC. The undesired sideband will be
twice that distance from the desired
sideband. This creates a problem in fil-
tering the desired sideband from the
other sideband and LO leakage.

his problem is further complicated

when the upconverted signal is
required to have a flat amplitude and fin-
ear phase response over a wide band-
width. This is the case for some radar
systems, which use linear frequency
modulation (FM) (or chirp) waveforms.
Any distortion to the amplitude or phase
response will degrade the system per-
formance by spreading the main lobe
(decreasing resolution) or generating
undesired sidelobes (false targets) in
the range response.

This paper describes a technique for
obtaining a single IF with minimum
amplitude and phase distortion and with-
out the other sideband or LO leakage.
The system described will translate a
baseband chirp signal, 15 to 45 MHz
bandwidth, 100 ms period, and 50 per-
cent duty cycle to an IF centered at 180
MHz.

System Design

The most common problem in fre-
quency translation is the generation of
intermodulation products (spurious sig-
nals) which fall within or just outside the

RF Design

desired IF band. Multiple frequency con-
version schemes, in which an IF is gen-
erated, are often used to achieve better
spurious signal levels than can be
obtained in single conversion architec-
tures. The IF products out of a mixer
include the upper and lower sidebands
(LO =RF), the intermodulation products,
and leakage from the RF and LO sig-
nals.

The RF input power to a double-bal-
anced mixer is usually set at a low level
to minimize the spurious products which
result from the mixing process. The two-
tone, third-order intermodulation prod-
ucts are of particular concern since they
often fall within the desired IF passband.
This two-tone intermodulation problem
primarily occurs in receiving systems
with multiple simultaneous input signals,
but can also occur in an exciter design
when using waveforms that have close-
in spurious signals, such as direct digital
synthesizers. This problem can be con-
trolled by setting the maximum RF input

AL .88 dee
ATTER 10 8
18.89 dB/01v

HKA ®1.FRQ 38.8 MHz
2.de dé

J ‘ - W \.\\.ﬂ&

CENTER 150.8 fHz
*RB 1.88 NHz VB 1.88 MH:

SPAN 158.8 MH:
ST 50.088 ssec

Figure 1. IF output of standard
double balanced mixer.

power to the mixer at a level to achieve
a required spurious-free dynamic range
(SFDRY). A rule of thumb is to set the RF
power 20 dB below the input 1 dB com-
pression point to achieve 60 dB SFDR.
In a typical mixer, this results in the
upper and lower sidebands having
approximately the same power level as

Single sideband modulator

: IF /:(\RF

—t !
|
Chirp ' () LOt ; i
input & 0 ¢
| 90 deg 90 deg 2-Way 3
i Hybrid al combine| i
] E' 90° {
i
|
LO leakage cancellation )
4
Local
oscillator 2-Way | Phase 2-Way o| Broadband
inptln “Plsptt [ shifter SRS #1 combine filter I
|

Translated single
sideband output

Figure 2. Block diagram of SSB upconverter including single sideband
modulator, LO cancellation circuit, and broadband filtering.
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In the race to market,
we ofter you atew shortcuts.
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If you need magnetics for your
prototype, our Designers Kits
can get you off and running fast!

Each assortment puts a wide range of
values right at your fingertips. So there's
no need to waste hours calling around for
samples or winding your own.

And when you're ready for production,
you'll find we stock just about all the
parts in our kits at low, factory-direct
prices.

Call today and you can have your kit
tomorrow! To order phone 800/322-2645.

Surface Mount Kits

1008 Surface Mount Inductors
Inductance: 4.7 nH - 10 pH
42 values (10 of each) Kit C100 $125

0805 Surface Mount Inductors
Inductance: 3.3 nH - 220 nH
19 values {10 of each] Kit C103 $60

“Spring” Surface Mount Air Core Inductors
Inductance: 2.5 nH - 43 nH
10 values (12 of each] Kit C102 $60

TUNEABLE RF INDUCTORS

RF Inductor Kits

“Unicoil” 7/10 mm Tuneable Inductors
Inductance: .0435 uH - 1.5 pH
49 shielded, 49 unshiclded {2 of cach)
Kit M102 $60

“Unicoil” 5 mm Tuneable Inductors
Inductance: 9 nH - 281 nH
19 Shielded, 19 unshieided {2 of cach)
Kit M105 $60

“Slot Ten” 10 mm Tuneable Inductors
Inductance: 0.7 uH - 1143 uH
18 shielded, 18 unshielded 3 of each)
Kit M100 $60

“Slot Seven” 7 mm Tuneable Inductors
Inductance: 0.094 nH - 275 pH
39 values {3 of each) Kit M106 $60

Axial Lead Chokes
Inductance: 0.1 uH - 1000 pH
25 values (5 of each] Kit F102 $50

Horizontal Mount Inductors
Tuneable and fixed
Inductance: 31.5 nH - 720 nH
33 values (3 of each) Kit M104 $60

EMI/RFI Filter Kits

Common Mode Data Line EMI Filters
Attenuation: 15 dBm, 1.5 - 300 MHz
DC current capacity: 100 mA

2, 3, 4, 8 line, surface mount and leaded (4 each)

Kit D103 $75

Common Mode Line Chokes
Current: .25 - 9 Amps rms
Inductance: 508 pH - 10.5 mH
8 styles (2 of each) Kit P202 $100

Power Magnetics Kits

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

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

Mag Amp Toroids
Current: 1.5 Amps
Volt-time product: 42 - 372 V - psec
6 styles (2 of cach) Kit P206 $100

Power Filter Chokes
Current: 3, 5, 10 Amps  Inductance: 5 - 300 uH
18 styles (48 total pieces] Kit P205 $75

Axial Lead Power Chokes
Current: .04 - 4.3 AC Amps
Inductance: 3.9 pH - 82 pH
30 values (2 of cach'  Kit P209 $150

Other Magnetics Kits

Low Pass LC Filters
Poles: 3, 5 and 7 Cutoff frequency: 17 MHz
Impedance: 50 Ohms
3 filters (4 cach] Kit D102 $60

8€M/electronic engineers master see our catalog in Vol. A, Section 1800

1102 Silver Lake Rd., Cary IL 60013 800/322-2645 Fax 708/639-1469
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the LO leakage signal. SFDR in this
context relates the power level of spuri-
ous signals within the desired IF band
relative to the IF signal power.

The selection of the intermediate fre-
quency is important since filtering
becomes more difficult as the baseband
signal is converted to a higher IF. This
occurs because the desired IF signal will
have the same frequency separation
from the LO leakage and undesired
sideband. Designing a filter with a wide,
flat passband, linear phase response
and sharp rolloff to sufficiently attenuate
the undesired, close-in signals is an
extremely difficult task and will be
addressed later.

Single Sideband Modulation

Translating the 15 to 45 MHz chirp
signal to an IF centered at 180 MHz with
a standard double-balanced mixer pro-
duces an IF spectrum, as shown in Fig-
ure 1. The input power of the chirp was
selected at —15 dBm for SFDR consider-
ations. The IF signal from 165 to 195
MHz is the desired sideband. Note that
the power levels of the two sidebands
are equal and the 150 MHz LO leakage
signal is also approximately the same
amplitude.

Since the undesired sideband is only
30 MHz away from the desired side-
band, it is difficult to design a filter to
effectively remove it (>60 dB suppres-
sion) without distorting the phase or
amplitude response of the chirp. The
undesired sideband can be attenuated
by using a single sideband (SSB) modu-
lator (1) instead of the double-balanced
mixer. An SSB modulator with LO can-
cellation is illustrated in Figure 2.

In the SSB modulator, the LO signal is
split between two mixers and the RF is
split with a quadrature hybrid, which
shifts one of the outputs by 90 degrees.
The mixer outputs are combined
through another quadrature hybrid,
which shifts one of the IF's by an addi-
tional 90 degrees for a total phase differ-
ence of 180 degrees. The input and iso-
lation ports of the second quadrature
hybrid are used as output ports of the
SSB modulator. One of these ports pro-
vides the upper sideband as the output.
The port that is not used should be ter-
minated in a matched load. The output
spectrum of the SSB modulator is
shown in Figure 3. This plot shows the
undesired IF signal is suppressed by 20
dB. The LO leakage signal is sup-
pressed by approximately 25 dB, while
the desired IF signal is undistorted.

RF Design

New RF Amplifier
New Performance Features
Traditional ENI Reliability

100 Watts
400-1000MHz
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LO Leakage Cancellation

The LO leakage, which is still present
after SSB modulation, can be further
attenuated by inserting a notch filter
after the mixer. Designing a notch filter
with a narrow rejection bandwidth, a
wide passband (30 MHz), and minimal
phase and amplitude distortion within
the passband is extremely difficult. The
LO leakage signal can be reduced by
injecting a sample of itself 180 degrees
out of phase and equal amplitude into a
power combiner, as shown in Figure 2.
The vector addition of these two signals
results in cancellation of the LO signal.
The degree of cancellation is strongly a
function of the amplitude and phase of
the LO leakage signal and the injected
sample. The LO leakage signal is sam-
pled at the LO input of the SSB modula-
tor and passed through a variable atten-
uator to match the amplitude of the LO
leakage signal at the output of the SSB
modulator. It is then passed through a
variable phase shifter, which is used to
tune the sampled signal to 180 degrees
out of phase with the leakage signal.

The two signals are then summed in a
standard two-way combiner. The
amount of LO leakage cancellation
attained varies, depending on how well
the amplitude is matched and how accu-
rately the phase is tuned to 180 degree
difference. For our example, the LO
leakage is well below the spectrum ana-
lyzer noise floor, as illustrated in Figure
4. Further analysis showed the LO can-
cellation is on the order of 40 dB. The
LO cancellation circuit also resulted in
an additional 3 dB insertion loss in the
desired IF.

Linear Phase Filtering

Additional filtering is required to
remove al! out-of-band intermodulation
products and to further attenuate the
undesired IF sideband after the single
sideband modulation and LO leakage
cancellation circuitry. Phase linearity,
amplitude flatness, and stopband atten-
uation are all critical and somewhat con-
flicting parameters in selecting a filter.
Filters with linear phase response typi-
cally exhibit poor attenuation rolloff and
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Figure 3. IF output of SSB modu-
lator.
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Figure 4. IF output of SSB modu-
lator with LO cancellation.

passband amplitude response (Bessel
and Gaussian), while those filters with
good rolloff and passband amplitude
response have poor phase response
within the filter passband (Butterworth
and Chebyshev)(2). Additional poles
could be added to increase the stop-
band attenuation but would result in
increased phase distortion. The phase
response of filters becomes nonlinear in
the transition region from passband to
stopband and can be seen as a devia-
tion from flatness in the group delay
response of the filter since the group
delay is the derivative of the phase
response.

In our system, the LO leakage will be
15 MHz away and the other sideband
will be 30 MHz away, regardless of the
choice of IF. The selectivity of bandpass
filters is related to the ratio of its 3 dB
bandwidth to its center frequency. As
the ratio decreases, so does the selec-
tivity. Since the bandwidth of the base-
band signal is fixed, a higher IF (and
center frequency) results in decreased
filter selectivity.

Linear phase filtering is an active sub-
ject in filter design but is outside the
scope of this paper. A simple approach
to linear phase filtering is to use a filter
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¢ Designs Include: Bessel,
Butterworth, Chebyshev and
Elliptical Function ® Number
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Package Styles: PCB, BNC or SMA
e Guaranteed Shipment: 10 Working Days
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Figure 5. Bandpass filter response a) log magnitude and b) group delay.

with a wider 3 dB bandwidth than is
required and minimum passband ripple.
The worst amplitude and phase devia-
tions for a filter with good rolloff occur at
the 3 dB points of the particular filter. By
operating only in a smaller portion of the
filter bandwidth, amplitude flatness and
phase linearity can be achieved. For the
desired 30 MHz signal, a filter with a
wide bandwidth, 0.1 dB ripple, centered
at an appropriate frequency, is used as
shown in Figure 5a. The group delay
deviation is shown in Figure 5b. The
desired IF band can be placed within the
filter bandwidth, away from the nonlinear
transition regions, as the markers
denote. This filter attenuates the unde-
sired IF band and other intermodulation
products. The output of the SSB modu-
lator and bandpass filter is shown in Fig-
ure 6. Note the undesired sideband has
also been attenuated below the spec-
trum analyzer noise floor.

Conclusion

A combination of techniques have
been used to translate a 30 MHz band-
width chirp to a higher IF. SSB modula-
tion was used to isolate the desired IF
sideband from both the undesired side-
band and LO leakage. The LO leakage
is further attenuated by injecting a sam-

RL 8.8 dBs
ATTEN 18 dB

8 dB

NTER T5B.98 RH:
*RB 1.88 NHz UB 1.88 MHz

Figure 6. IF output of SSB modu-
lator with LO cancellation and fil-
ter.

SPAN 158.8 HHz
ST 50.08 msec

ple of the LO, from the input of the SSB
modulator, which is matched in ampli-
tude and 180 degrees out of phase with
the LO leakage into a summing network.
Finally, an IF filter with bandwidth wider
than is required was used to preserve
amplitude flatness and phase linearity of
the chirp, as well as to attenuate the
other sideband, LO leakage, and all
intermodulation products outside the
desired IF band. RF
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RF cover story

Radios for the
Future: Designing for DECT

By Benny Madsen and Daniel E. Fague
National Semiconductor

Nations worldwide are implementing
standards that will transform today’s
conventional land line phone system to
an untethered network of services. A
first step in achieving this goal is the
implementation of digital telephony stan-
dards for both cellular and cordless tele-
phones. One of the first digital cordless
standards to be implemented is the Digi-
tal European Cordless Telecommunica-
tions (DECT) standard, a pan-European
standard designed to connect all of
Europe with a common digital cordless
system. This article introduces a new 2
GHz radio architecture which imple-
ments the Digital European Cordless
Telecommunications (DECT) standard.

he DECT standard presents the

radio designer with a number of chal-
lenges. For example, a DECT phone
must provide all the capabilities of a
standard cellular phone at roughly twice
the operating frequency, and satisfy
user demand for portability: small size,
lightweight, iong talk and standby times.
These requirements make a strong case
for integrated RF solutions. Table 1
shows a summary of the key specifica-
tions for DECT as well as other digital
cordless standards.

The DECT system is based on Time
Division Duplex, Time Division Multiple
Access (TDD/TDMA). This technique of
duplexing uses separate timeslots on a
single carrier for transmitting and receiv-
ing signals. Figure 1 shows the structure
of the DECT TDD/TDMA frame. The
complete frame is 10 ms in duration,
with a 5 ms transmit and a 5 ms receive
sub-frame. Each sub-frame is divided
into 12 timeslots of 480 bit times in dura-
tion (416.67 ms). When a communica-
tion link is made, a transmit and receive
timeslot is assigned to the users. Nor-
mally the same timeslot number (i.e., T3
and R3) is used for both transmit and
receive. Multiple users are accommo-
dated by assigning different timeslots to
different users. This method requires the
transmitter to be turned off while receiv-
ing and the receiver to be turned off
while transmitting. This method of
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duplexing places strict requirements on
the Phase Locked Loop (PLL). It must
switch fast and have low spurious noise.

Applicability to the U.S.

In the United States, the FCC has pro-
posed allocating 20 MHz within the
Emerging Technologies (ET) band for
“non-licensed” Personal Communica-
tions Systems (PCS), with 10 MHz allo-
cated for voice type (isochronous) ser-
vices. The U.S. can choose to modify a
standard already developed, like DECT
with a frequency aimost identical to that
proposed by the FCC, or develop its
own. The following explains how DECT
could be modified to meet the proposed
U.S. requirements.

Modulation method — DECT employs
a frequency modulation scheme, called
Gaussian-shaped frequency shift key-
ing, which could be used in the PCS ET
band. Frequency modulation schemes
have a number of advantages, including
the use of more efficient power ampli-
fiers to lower power consumption. In
addition, FM techniques allow the use of
limiter/frequency discriminator structures
for demodulation. These structures are
simple to use and build, as opposed to
fully linear receivers requiring sophisti-

cated gain control.

Channel bandwidth vs. data bit rate —
The DECT bit rate (1.152 Mb/s) and
channel spacing (1.728 MHz) limits
spectral efficiency to about 0.67
bits/sec/Hz. As a single parameter, the
spectral efficiency is not sufficient for
determining the capacity in systems like
DECT or any other small ceil system.
System capacity is a function of cell size
(transmitted power), frequency reuse
distance, available frequency range, and
spectral efficiency. The frequency reuse
distance is determined by the receivers’
ability to cope with interference from
unwanted transmitters; interference on
the same channel (co-channel) or adja-
cent channels. A receiver’s ability to
cope with same channel and adjacent
channel interference is determined by
the chosen modulation scheme, as well
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Figure 1 - TDD/TDMA frame struc-
ture for DECT.
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Parameter DECT CT-2 USER PCS PHP

Origin ETSI UK us Japan

Access TDMA & FDMA/TDD TDMA/TDD
FDMA/TDD

Modulation GFSK GFSK n/4-DQPSK

Baseband Filter B,T=05 B,T=0.5 a=05
(Gaussian) (Gaussian) (Root Nyquist)

Data Rate 1.152 Mb/s 72 kbis =1.0 Mb/s 384 kb/s

FM Deviation 288 kHz 14.4-25.2 kHz

RF Channels 0:1897.344 MHz  1: 864.15 MHz 1910-1930 MHz  1895-1911 MHz
9:1881.792 MHz  40: 868.05 MHz

No. of 10 40 4 52

RF Channels

Channel Spacing 1.728 MHz 10 kHz 1.25 MHz 300 kHz

Synthesizer 30 us (BS) 1 ms (ch.-ch.) 30 us (BS)

Switching Speed 450 us (HS) 2ms 1.5 ms (HS)

Frequency 50 kHz 10 kHz 3 ppm

Accuracy

Speech ch./RF ch. 12/24 1 4/8

(Full/Half Rate)

Speech CODEC 32 kb/s ADPCM 32 kb/s ADPCM 32 kb/s ADPCM

Frame Length 10 ms 2ms 5ms
(12 Tx + 12 Rx) (1 Tx+1Rx) (4 Tx + 4 Rx)

Peak Power 250 mW 10 mwW 100 mW

Table 1 - A comparison of digital cordless telephony standards

as receiver structure and design.

The narrower 10 MHz frequency band
proposed for U.S. isochronous services
will require a higher spectral efficiency
than DECT. This can be obtained by
narrowing the (Gaussian) modulation fil-
ter or by using other modulation
schemes. Narrowing the filter will limit
receiver sensitivity, while other modula-
tion schemes may sacrifice the simple
transceiver structure.

Radio Design Issues

Single conversion receiver, direct
modulation transmitter — Digital modu-
lation can be done in a couple of ways.
Quadrature (| and Q) modulation is high-
ly accurate, and is the method of choice
for the digital cellular standards. A quad-
rature down conversion provides maxi-
mum flexibility in the baseband section
for any type of demodulation. However,
the added circuits that accompany these
types of demodulators are costly. Nor-
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mally, a Digital Signal Processor (DSP)
must be used in the backend, which
increases current consumption, and
some automatic gain control circuits
must be used to ensure that the base-
band A/D converter dynamic range is
fully utilized. In some systems, a carrier
recovery loop such as a Costas Loop
must be implemented to recover the car-
rier's phase.

The TDD/TDMA nature of DECT allows
for two simplifications that drastically
reduce the radio’s complexity. First, the
transmitter is on for short bursts of 424
bits, or about 380 ms. This, and a moder-
ate frequency drift tolerance, allow for an
open loop, direct modulation of the volt-
age controlled oscillator (VCO). Second,
the receiver is only on for the same short
length of time. The argument can be
made that in such a short burst of data, a
carrier recovery loop is not required,
because the phase difference of the local
oscillator (LO) will not deviate much in

such a short time. However, the coherent
solution will suffer from the frequency drift
allowed in DECT. The large frequency
drift makes an unlocked LO unaccept-
able. But, the drift is not too large that a
discriminator can't be used. In fact, the
drift allowed is about 10 percent or less of
the discriminator’'s bandwidth, making the
discriminator a good choice for DECT.

Traditionally, 2 GHz radio designs
were limited to at least two down con-
versions and one up conversion. Figure
2 shows a typical receiver. The second
down conversion is necessary because
limiting and demodulating at the high [F
is difficult and modulating a low frequen-
cy VCO is more practical.

For DECT, National Semiconductor
chose a single conversion receiver,
direct modulation transmitter architec-
ture. This is shown in Figure 3. There
are several key features that make this
architecture possible. The signal is
received at the antenna and filtered with
a low loss (typ. 1 dB) antenna filter. The
filter is used on the receive side to
reduce possible out-of-band interfering
signals. On the transmit side the filter is
used to attenuate harmonics of the
transmitted signal and to reduce possi-
ble wide band noise.

The signal then passes the duplexer
which can either be a fast switch or cir-
culator. The insertion loss in the duplex-
er should not exceed 1 dB. From the
duplexer the signal enters a low noise
amplifier, image reject filter and mixer
structure. National Semiconductor pro-
vides various IC solutions for receiver
front ends, which combine the low noise
amplifier (LNA) and mixer circuit. One of
them is the LMX2216 shown in Figure 3.

Before the DECT standard was final-
ized, a group of component and equip-
ment manufacturers had worked out
standards for key DECT components,
within the framework of a group called
ECTEL (European Community Telecom-
munications). A standard intermediate
frequency of 110.592 MHz was chosen
by this group. Consequently, a number of
manufacturers provide highly selective
Surface Acoustic Wave filters for this fre-
quency with low insertion loss (typ. 3 dB})
and reasonable group delay characteris-
tics. The adjacent channel selectivity of
most of the filters permits FM demodula-
tion on the output of the filter.

Two ways to do FM demodulation are:
(1) the limiter/discriminator structure as
shown in Figure 3; and (2) PLL tracking
of the instantaneous frequency devia-
tion. By first limiting the signal in a high
gain amplifier, then mixing the signal
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Figure 2 - A block diagram of a typical 2 GHz radio.

with a 90-degree phase shifted replica
of itself, the instantaneous frequency
deviation is derived. The quadrature
tank shifts the phase of the signal 90
degrees, but only at the center frequen-
cy. The important parameter of the
phase-shifter is a large frequency
dependence of the phase-shift. Normally
a linear phase-shift dependency of the
frequency is desirable. Thus a steep lin-
ear phase characteristic is desired. The
steepness, though, is determined by the
Q of the quad tank, which limits the
design possibilities.

For demodulating FM signals at rela-
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Figure 4 - Lock time and spurious
noise performance of National’s
PLL for the DECT transceiver.
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tively high frequencies a phase locked
loop is a common solution. The PLL
tracks the instantaneous phase and
thereby the instantaneous frequency
deviation of the received signal. Such
solutions are commonly used in satellite
TV demodulators. Some of the draw-
backs of PLL FM demodulator solutions
are less immunity to interference (such
as co-channel interference), a signifi-
cantly higher level of power consump-
tion and increased component cost.

As the demodulated signal leaves the
LMX2240, a lowpass filter removes rem-
nants of IF frequency and its harmonics,
and improves the signal-to-noise ratio
before the signal enters the data com-
parator. Depending on the signal level at
the input of the comparator, the com-
parator can become crucial to single
conversion design. National Semicon-
ductor therefore integrated a high per-
formance data comparator into the
LMX2410 baseband processor. The out-
put of the comparator is a binary signal,
corresponding to the transmitted binary
signal. To derive timing information, the
signal is processed by a symbol timing
recovery circuit. The symbol timing can
either be based on continuously phase
locking to the edges of the signal, or
burst wise correlating with the known
burst signal. The LMX2410 uses the dig-
ital PLL method, but simulations show
that either of the methods are usable
and yield about the same performance.

On the transmit side, the baseband
processor includes the Gaussian filter
needed to pulse shape the incoming
serial binary transmit signal. The base-
band processor internally regenerates
the transmit clock, eliminating the need
for an extra transmit clock line from the
digital back-end. The Gaussian filter is
implemented by ROM table lookup
instead of a conventional FIR or IR fil-
ter. This ROM table and the filter can be

Figure 3 - Block diagram of National Semiconduc-
tor’s single conversion receiver architecture.

mask programmed to meet other filter
requirements, e.g. to support U.S. stan-
dards for the PCS and ISM bands. From
the filter, the signal is fed to a DAC, then
directly to the frequency synthesizer
VCO, so the signal directly modulates
the VCO. This principle is commonly
used in analog cellular and cordless
telephones. In order not to introduce dis-
tortion, the filter bandwidth of the loop
must be significantly lower than the low-
est frequency components of the modu-
lating signal. But a low loop frequency
leads to a slow switching speed, which
is undesirabie in a DECT transceiver. In
order to modulate the VCO directly, the
phase locking needs to be disabled, cor-
responding to opening the loop while
modulating. The principle is simple, but
puts requirements on the components
used. There are two basic needs. The
loop must be opened quickly, without
causing a sudden jump in the VCO fre-
quency, and the VCO frequency must
be stable during a data burst. The
National Semiconductor PLL, LMX2320,
in combination with an active loop filter,
accomplishes this.

The synthesizer needs to span the
DECT frequency band both transmitting
and receiving. A wide VCO tuning range
and a fast switching speed — in the
order of 400 us (max.) for a frequency
jump of 130 MHz — are needed. The
modulated signal from the VCO is fed to
the power amplifier. The power amplifier
delivers a maximum of 250 mW peak,
plus whatever loss is introduced
between the PA and the antenna (typi-
cally in the order of a couple of dB). The
signal is finatly fed to the antenna
through the duplexer and antenna filter.

Supply voltage and power consump-
tion are also key parameters in the
design of handheld and pocket equip-
ment. Today, cordless telephones use
as few as three rechargeable battery
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cells, either Nickel Cadmium (NiCD) or
Nickel Metal Hydride (NiMH). To avoid
costly voltage conversion circuits, all
parts of the cordless telephones need to
operate at 3 volts. The DECT chipset
from National Semiconductor will oper-
ate down to 2.85 V. Several manufactur-
ers offer 3 volt wideband VCOs with a
control voltage range of 0.5 to 2.5 volts,
as well as RF power amplifiers in GaAs
technology, operating from a 3 voit sup-
ply. GaAs, however, requires a negative
bias supply. Power amplifiers can also
be built using discrete bipolar transis-
tors. These run from a typical supply
voltage of 3.6 volts, with a lower power
efficiency than GaAs moduies. Both
solutions can be used and the choice
between them depends on cost, power
consumption and size requirements.

Phase Locked Loop Issues

Lock time and low spurious noise — A
single conversion radio architecture
requires fast synthesizer switching
speed in order to transmit and receive
on as many as 24 timeslots per frame.
In addition, in a single conversion trans-
ceiver, the synthesizer needs to make a
large jump in frequency between trans-
mitting and receiving, typically in the
order of 110 MHz.

Lock time is defined as the time it
takes a PLL to switch from one frequen-
cy to another within a given tolerance.
Spurious noise, also called reference
spurs, is defined as the level of the ref-
erence sidetones in relation to the
desired tone. Together, these two para-
meters form a major tradeoff in radio
design. Faster lock time almost certainly
means higher spurs and vice versa.

Besides designing a proper loop filter,
another key to obtaining simultaneous
fast switching and low spurs is a well
balanced charge pump circuit on the
phase detector output. This charge
pump circuit must have excellent bal-
ance to reduce or eliminate reference
frequency spurs, and its dead band
region must be at a minimum, even at
high reference frequencies, to ensure
good noise performance and fast
switching speed. The LMX2320 was
designed to meet these requirements.
For a DECT transceiver, the PLL must
also have a wide tuning bandwidth at a
high reference frequency. This requires
a 64/65 prescaler to achieve legal divide
ratios. The prescaler and PLL must be
kept as low current as possible to help
preserve battery life. An example of a
typical DECT PLL performance is shown
in Figure 4. The figure shows settling
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Figure 5 - Simplified block schematic for a DECT transceiver.

time and reference spurs for a simple
passive loop filter.

Open loop modulation — Another key
element of this architecture is open loop
modulation. In this mode, the PLL loop
is opened while modulating the VCO,
allowing the VCO to run free. The loop
filter voltage is preserved by putting the
PLL’s charge pump circuit into a high
impedance state. An active loop filter
can be chosen to counteract possible
loop discharge due to leakage current
from the VCO tuning varactor diode.
Alternatively, the PLL chip can be pow-
ered down, which also brings the charge
pump circuit into a high impedance
state. In this case, a buffer may be
needed to limit an unintended jump in
frequency due to possible load pulling of
the VCO.

The modulating signal is added to the
loop voltage at the input of the VCO,
and the result is a modulated carrier.
The modulating signal must have a sta-
ble midband voltage before opening the
loop, in order to avoid a frequency offset
during modulation. Such a frequency
oftset will occur if the loop is stabilized
when the modulation signal is either at
the negative or positive peak voltage. In
these cases, as the loop is opened and
the modulation commences, the result-
ing center frequency will be a sum of the
intended center frequency set by the
PLL, and an unintended frequency off-
set equal to plus or minus half of the
peak to peak frequency deviation of the
modulated signal.

The LMX2410 Baseband Processor is
designed to provide an accurate mid-
band voltage. When the loop is opened
and the modulation starts, the deviation
correctly swings above and below the
intended center frequency. The drift in
the carrier is kept to a minimum
because the burst in DECT is very short.
The DECT standard specifies a frequen-
cy drift of less than 13 kHz/ms. A DECT

PLL based on the LMX2320 can be
designed to have orders of magnitude
less frequency drift than allowed by the
DECT standard.

Receiver Parameters

Most of the requirements for the
receiver can be derived from type
approval specifications. A noise figure,
gain and linearity budget can be made
for the receiver using data from avail-
able components.

Receiver sensitivity — Receiver sensi-
tivity is normally defined as the signal
tevel needed to produce a certain signal
to noise ratio, or, for digital systems, the
fevel needed to produce a certain Bit
Error Rate (BER) at the output of the
receiver. In the case of DECT, the BER
at the sensitivity level is 1072, at nominal
temperature and supply voltage and for
frequency offsets of —50 kHz, 0 kHz, +50
kHz of the received signal. The required
sensitivity for all DECT equipment is —83
dBm. For equipment meant for public
access use, like the U.K.'s Telepoint, the
requirement is —86 dBm.

In a receiver for digital modulation, the
sensitivity is composed of two figures of
merit: the receiver front-end sensitivity,
normally expressed by the noise figure,
and the demodulator performance. The
latter depends on the demodulator cho-
sen. Circuit simulations can be used to
get an initial idea of the demodulator
performance. Figure 5 shows a simpli-
fied block schematic for a possible
DECT receiver. The IF channel selec-
tion filter is a Murata 110.592 MHz SAW
filter SAFC110.6MAS50T; the limiter-dis-
criminator circuit is a National Semicon-
ductor LMX2240; the lowpass filter is a
discrete filter; finally, the baseband pro-
cessing function (i.e. bit slicing, symbol
timing recovery and bit slice threshold
setting circuit) is contained in a National
Semiconductor LMX2410.

The BER performance for this specific
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Figure 6 - Simulated BER for the
DECT receiver.

circuit is shown in Figure 6. The implica-
tion of frequency offset is roughly indi-
cated in Figure 7. As shown by these
figures, an E /N ratio of approximately
13.6 dB is needed for a BER of 10 and
needs to be increased by approximately
1 dB to compensate for a frequency off-
set of 50 kHz. The receiver (demodula-
tor) could compensate for the frequency
offset/error using a DAC to set the
threshold level for the bit slicer (data
comparator), assuming that the discrimi-
nator is sufficiently wideband. The latter
will be the case in a DECT receiver,
since offsets are on the order of 50 kHz,
which is only a fraction of the required
discriminator bandwidth.

The following equations assume ideal
compensation. Not compensating for
frequency offsets increases the require-
ments in receiver sensitivity by approxi-
mately 1 dB. The required noise figure
for the receiver front-end can be derived
by knowing the demodulator’s E /N per-
formance and assuming conducted
measurements, as in the case of DECT.
The E /N  ratio equals the signal to
noise ratio on the output of a filter with a
noise bandwidth equal to the bit rate, r,:

i (1)
No rbNo

Since

N, = kT.F, (2

where k=1.38054 x 102 K/J, the Bolz-
mann constant; T.=290K, the standard
temperature; and &n is the noise factor.
Expressing the ratio E,/N_ in decibels
(dB), we get:

( -El ]dB =S-Fgp - 10Iog10(rka°) (3)

]

52

Ey )
Eonl =8 Nl ldB+ 113.4 (4)
o )

where S . is the signal in dBm

dBm
Inserting the specified sensitivity for all
DECT equipment, S ;= -83 dBm, and
the needed E /N >13.6 dB, yields

Fee =-83-13.6+113.4 [dB]

(5)
=16.8 [dB]

The requirement is therefore a maxi-
mum noise figure of 16.8 dB for all
DECT equipment, and similarly NF =
13.8 dB for equipment meant for Public
Access.

Receiver linearity — Non-linearities in
a receiver, such as gain compression,
will cause signals from several transmit-
ters to mix with each other in the receiv-
er. The result is intermodulation prod-
ucts. In the worst case, these intermod-
ulation products can end up having the
same frequency as the desired RF sig-
nal. The intermodulation products can
either be products from the desired sig-
nal or unwanted signals. Thus, the
receiver intermodulation performance is
a measure of the receiver’s ability to
avoid being disturbed by other DECT-
like signals on other DECT channels. An
ideal receiver is completely linear and
would not suffer from intermodulation.

Receiver design is a trade-off between
sensitivity, linearity, power consumption
and component cost. Receiver linearity
is normally expressed as the receiver's
third-order Input Intercept Point, (IIP,).
Requirements for IIP, can be derived
from the type approval measurement
methods and specifications.

The receiver intermodulation perfor-
mance is measured using three signals:
a desired DECT signal and two unde-
sired signals. The three signals are on
three different DECT RF channels. The
frequencies of the undesired signals are
chosen such that one of their third-order
intermodulation products becomes equal
in frequency to the desired signal. Of the
undesired signals, one is modulated with
a DECT-like signal and the other is not.
The intermodulation product of interest is
the one that carries DECT modulation
with nominal frequency deviation. The
frequencies of the two undesired signals
are chosen such that the intermodulation
product of interest appears at the receive
frequency. Hence the intermodulation
product will appear as an undesired
DECT interferer with the nominal fre-
quency deviation and on the same chan-
nel as the desired signal.
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Figure 7 - Required E,/N_ as a
function of the frequency offset
on the received signal.

The level of the desired signal is spec-
ified to be —=73 dBm and the level for
each of the two undesired signals is —46
dBm. The third order intercept point for
a non-linear 2-port input (IIP,) is defined
as the point at which the third order
intermodulation product equals the ideal
linear, uncompressed output.

The intercept point can be found by :

P - 3Puw‘ = lea

P3 2—‘ (6)
with:

P.ps is the third order input intercept
point (in dBm).

P..s is the related intermodulation prod-
uct for the two unwanted signals (in
dBm).

P« is the power of each of the unwant-
ed signals (in dBm).

P, is known from the DECT type
approval documents. P, . can be
derived, remembering that the intermod-
ulation product appears as a co-channel
interfering signal, and DECT documents
specify the co-channel interference
rejection performance.

Co-channel interference rejection is
defined as the ability of the receiver to
cope with DECT-like interfering signals
appearing at the same RF frequency as
the desired signal. The co-channel
rejection ratio is the ratio of the desired
signal to the undesired that produces a
certain BER. For a desired signal of
—-73 dBm, the co-channel rejection ratio
is specified to be 10 dB maximum. This
10 dB ratio can be directly used, as the
intermodulation performance is mea-
sured at the same level of the desired
signal. Thus P,_.>-83 dBm. inserting for
P,,=—46 dBm and P, .=—83 dBm, yields
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a receiver input intercept point of
P ps=—27.5 dBm.

Table 2 shows an example of a typical
RF chain budget for a DECT receiver.
The design issues are to have as low a
noise figure as possible, a high input
intercept point and a high overall receiv-
er gain. The latter is in order to have the
limiter saturated all the way down to the
sensitivity level. From the table it can be
concluded that (in this particular exam-
ple) the mixer sets the limit for the over-
all noise figure, and that the LMX2240 in
combination with the IF filter sets the
limit for the overall input intercept point.
Both figures of merit for the receiver are
met by a reasonable margin, i.e. receiv-
er sensitivity is met by a margin of 4.2
dB and input intercept point by a margin
of 4.1 dB.

Baseband Issues

Also facing the radio designer are
baseband issues such as bit or symbol
timing recovery (STR), compensation for
DC drift due to cerrier frequency drift
through a discriminator, and the base-
band filtering requirements for the trans-
mitter. National’s LMX2410 addresses all
of these concerns. Symbol timing recov-
ery is achieved thrcugh the use of an all-
digital phase locked loop and a non-lin-
ear element at the input. Timing is recov-
ered by over-sampling the input data
stream (after a threshold comparator)
and finding the rising or falling edge. The
symbol clock phase is then adjusted to
lock it to the inccming data stream’s
phase. The STR circuit in National’'s
DECT solution can lock the internal clock
to the received data in as few as five
edges of the incomng data stream.

DC compensation of the incoming
data stream is important when using a
discriminator because carrier frequency
drift will manifest itself as DC drift after
an FM discriminator. The DECT pream-
ble is 32 bits in length with a balance of
16 1s and 16 0s. A good way to track
the DC level of the incoming signal is to
monitor the duty cycle of the preamble
and adjust the LMX2410’s threshold
DAC for the data comparator.

Baseband pre-modulation filtering is
important in achieving the proper shap-
ing of the transmit spectrum. In DECT,
the pre-modulation fiitering is specified
as a Gaussian filter characteristic with a
-3 dB bandwidth cf half the bit rate (B, T
= 0.5). National achieves this pre-modu-
lation filtering through the use of a ROM
look-up table and an 8 bit DAC on the
LMX2410. This alows an ideal Gauss-
ian characteristic to be saved in the
ROM. National’s chip is also mask-pro-
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# Component Gain NF OIP3

1 Filter -1.0 1.0 100.0

2 Circulator /Switch -1.0 1.0 40.0

3 LNA/ 10.0 47 7.0
LMX2216B

4 Filter —2.0 2.0 100.0

5 Mixer/ 6.0 17.0 0.0
LMX22168

6 IF SAW-Filter —4.0 4.0 100.0

7 LMX2240 70.0 8.0 55.0

System Cumulative Values

Required E,/N_ 13.60 [dB]

Sensitivity -87.20 [dBm]

P3 -23.4 dBm

Cumulative Data

# Gain NF ItP3 OoIP3
1 =1 1.0 97.5 96.5
2 -2 2.0 42.0 40.0
3 8 6.7 S0 7.0
4 6 6.8 -1.0 5.0
5 12 12.3 -12.3 -0.3
8 12.4 -12.3 —4.3

78 12.6 -23.4 54.6

Gain 78.0 dB
N Fig 12.6 dB
oIP, 54.6 dBm

Table 2 - A typical RF chain budget for a DECT receiver.

grammable, which lends itself to easy
adaptation for other standards.

System Issues

Three issues which face DECT phone
designers are range, multipath fading
(or delay spread), and voice quality.
With the high bit rate, a DECT phone
will have more susceptibility to multipath
reflections. A normal delay spread in
indoor environments is on the order of
100-200 ns. The bit time of a DECT bit
is 880 ns. This means that the potential
delay spread due to multipath reflections
is 10-20 percent of a bit time. Typically,
some method of diversity is used to
combat such relatively small fractional
delay spreads.

Switched antenna diversity is the sim-
plest to implement. It involves using two
antennas (usually in the base station)
and measuring the received signal
strengths of both antennas. The larger
signal is then received for the duration
of the burst. Full receiver diversity
involves two complete receivers from
antenna to the cyclic redundancy check-
er (CRC) in the baseband section.
Whichever received signal passes the
CRC is the one that is used for the dura-
tion of the burst.

Another, even simpler method is dual
slot diversity. In this method, only one
receiver is used, but two (usually suc-
cessive) timeslots are used for receiving
one data burst by each of the antennas.
Identical information is thus transmitted
in both timeslots. In the receiver, the
timeslot that was received with the
fewest errors is used. This method adds
the performance enhancement of the
dual receiver diversity principle to a sin-
gle receiver architecture. However, it
decreases system capacity due to the
extra timeslots being used.

The range and voice quality of a DECT

phone must be minimally wireline quality.
The range of the phone must be long
enough so that the phone is not always in
hand-off mode, but short enough to allow
for multiple cell (base station) sites. In the
indoor office environment, a good range
is about 100 meters and about 200-300
meters outdoors.

Summary

A new chip set for DECT applications
is now available from National Semicon-
ductor. Using a single-conversion
receiver and direct- modulation transmit-
ter, these components offer a low cost,
low power consumption solution for
DECT equipment. For more information,
circle Info/Card #260. RF
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processing.

They can be reached at National
Semiconductor, M/S A1500, P.O.
Box 58090, Santa Clara, CA 95052-
8090.
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Dual-Mode Wireless Chip Set

AT&T Microelectronics now
offers a pair of integrated circuits
specifically designed for the 1S-54
cellular standard. The 900 MHz
transceiver chip set incorporates
virtually all receive and transmit
functions needed for detecting
and transmitting both analog and
digitally modulated signals. The
AT&T W2005 receiver is the first
single IC to address the unique
requirements of the dual mode IS-
54 standard and is the only
device to perform both FM (ana-
log) and DQPSK (digital) demod-
ulation on the same chip. The
W2005 uses a superheterodyne
architecture to shift the frequency
of the 824-849 MHz signals to an
intermediate frequency of 455
kHz, and then offers a dual path

for detecting either the analog or
digitally modulated signals. The
companion W2010 transmitter
uses direct-up conversion to mod-
ulate the voice signal at the 900
MHz transmission frequency. The
quadrature modulator features an
on-chip phase splitter that
reduces phase imbalance to less
than 0.95 degrees and amplitude
imbalance to less than 0.15 dB.
Samples of both ICs are currently
available, with production quanti-
ties expected in mid-1993. In pro-
duction quantities, the AT&T
W2005 Cellular Receiver IC costs
$6.00 each, and the W2010
Quadrature Modulator sells for
$4.50 each.

AT&T Microelectronics
INFO/CARD #250

Medium Power

Amplifier

RF Micro Devices has an-
nounced the availability of the first
commercial linear power amplifier
fabricated using TRW’s Hetero-
junction Bipolar Transistor (HBT)

technology. The RF2103 is
designed for use as the final linear
RF amplifier in UHF radio trans-
mitters operating between 800
MHz and 1 GHz. The device is
packaged in a 14-pin ceramic
SOIC package. The device is self
contained with the exception of
the output matching network and
power supply feed line. It pro-
duces a peak output power level
of 800 mwW (CW), or 40 mW aver-
age for a two tone input, at a sup-
ply voltage of 6.3 VDC. The
device can also be used in 3 V
battery applications, where the
maximum CW output is 135 mW.
Total gain is 25 to 30 dB, with low
VSWR across the operating fre-
quency. The RF2103 is now avail-
able in a ceramic SO-14 package
and will be available in a plastic
package later this year. Pricing for
the RF2103 in the ceramic SO-14
package is $15 in quantities of
100K. Projected prices for the
plastic version are less than $10.
RF Micro Devices, Inc.
INFO/CARD #249
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GPS “Front-End”

Evaluation Card
The GP1010-1 Evaluation Card
from GEC Plessey Semiconduc-
tors uses the company’s GP1010
RF Downconverter to produce
sampled digital signals from a
global positioning system anten-
na/low noise RF pre-amplifier, or
from simulated signals. The
board provides an integrated
solution with a minimum of pre-
mounted components around the
GP1010 IC. Provision is made for
RF input at 1.57 GHz and for the

jacks. The first IF is designed to
use low cost LC filter components
with a 3 dB bandwidth of 20 MHz.
The second IF at 35 MHz uses a
GEC Plessey DW9230 SAW filter
for better than 40 dB out-of-band
noise rejection. The board is sup-
plied assembled and tested. The
60 x 60mm board requires a 5 V
power supply, sample clock
source, and 10 MHz local oscilla-
tor reference source. The board
is free of charge to engineers
involved in actively designing
GPS receivers.

GEC Plessey Semiconductors
INFO/CARD #248

Spectrum
Analyzer for
Digital Cellular

Anritsu Wiltron introduces the
MS2602A spectrum analyzer
designed for digital cellular radio

measurements. The spectrum
analyzer has a frequency range
of 100 Hz to 8.5 GHz, and a level
accuracy up to +1.1 dB. The
MS2602A is a high performance
spectrum analyzer, with a high
signal purity of —120 dBc/Hz at a
100 kHz offset. This characteris-
tic, plus low intermodulation dis-
tortion, allows measurements
such as adjacent channel leak-
age power and linearity measure-
ments of power amplifiers to be
made relatively easily. Simuitane-
ous display of frequency and time
domain is provided by the
MS2602A. Other capabilities
include AM/FM demodulation,
auto tuning, signal search, zone
sweep, 10 multiple markers,
GPIB, and an FM waveform dis-
play. The MS2602A is priced at
$23,950.

Anritsu Wiltron Sales Co.
INFO/CARD #247

UHF, Broadband
Power MOSFETs

Motorola’s improved construc-
tion techniques have yielded 2nd
generation 28 V, UHF, broad-
band power MOSFETs with very
low feedback capacitance and
the ability to withstand 30:1 load
VSWRs of any phase angle. The
efficiency, stability and rugged-
ness of these new parts create
excellent broadband amplifiers
that operate to 500 MHz, includ-
ing the military band of 225-400
MHz. Available power levels are

2 W and 20 W in different pack-
age options. Example devices
are: MRF158, 2 W output power,
20 dB gain (typ.), 0.45 pF C¢
(typ.), $18.10; MRF164W, 20 W
output power, 17 dB gain (typ.),
2.5 pF C. (typ.), $79.00;
MRF166C, 20 W output power,
17 dB gain (typ.), 4.5 pF C g
(typ.), $31.45. All prices are for
U.S. delivery in low quantities.
Motorola Semiconductor
Products Sector

INFO/CARD #246

April 1993



Precision Frequency
& Time Instruments

Superior performance and reliability SRS offers a full line of precision

at an affordable price. That’s the basic electronic test and measurement

ghilosophy at Stanford Research equipment targeted for both R&D
ystems, a worldwide leader in signal and production applications. SRS

recovery instrumentation for scientific products have the features you want,

research. the accuracy you need, the quality

you demand, and the low prices
which make them truly exceptional
values.

Synthesized Function Generators Time Interval / Frequency Counter

¢ 3, 15 or 30 MHz range, all with 1 pHz resolution * 25 ps single shot resolution

¢ Sine, square, ramp, triangle, and arb waveforms * 1.3 GHz max. frequency, 11 digit resolution

* Logarithmic / linear sweeps and modulation * Statistics, Allan variance, histogram outputs

¢ Optional GPIB, RS-232 interfaces ¢ GPIB, RS-232 and printer interfaces
DS335.....cooneereennns $995 SR620.................. $4500
DS340................... $1595
DS34s................... $2195 Pulse / Digital Delay Generator

¢ 4 delay channels, delays to 1000 seconds

FFT Spedrum Analyzers * 5ps leay resolution xith 50 ps rms jitter

* 476 nHz to 100 kHz frequency range * GPIB interface, internal or external timebases

* 90 dB dynamic range DG535................... $3500

¢ PSD, octave, THD, band, sideband analysis

¢ Internal source, network analysis (SR770) 10 MHz Frequency Standard (LORAN-O)

* GPIB, RS-232, printer interfaces, 3.5" DOS drive « Celiura olock long tentd sebMlity: (1 0-12)
SR760...........ccc..... $4750 2 L

* Four 10 MHz outputs, adjustable TTL output
* Phase comparator with strip chart output
¢ GPIB interface, 8' antenna, 100’ coax cable

SRS/ stanFoRD RESEARCH SYSTEMS

1290 D Reamwood Ave., Sunnyvale, CA 94089, TEL: (408) 744-9040, FAX: 4087449049
INFO/CARD 35



Our WORLD CLASS CRYSTALS

L\

4914 Gray Road + Cincinnati. Ohio 45232
Phone 513-542-5555 « FAX 513-542-5146

STABLE

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

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

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

¢“§ EG=:G
FREQUENCY PRODUCTS

| In Canada represented by: ELLAM & Assoc. Lid.

Phone 613-727-3892 « FAX 613-727-0368
INFO/CARD 36
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Product Spotlight:

Broadband
Detectors

Metelics has introduced a
line of broadband detectors
that offer high sensitivity and
low VSWR. The detectors are
available in several standard
and special packages. Both
tunnel and zero-bias Schottky
types are offered. Available
outlines are: $100, M23, K1,
K2, M33-1 and M-21.

Metelics Corp.
INFO/CARD #245

Space
Qualified

A full line of Hi-Rel MELF
devices screened to JANTX or
JANTXV specifications for
space level military projects are
available from Compensated
Devices. Surface mount semi-

conductors include Schottky, 1
Amp Schottky, Zener and cur-
rent regulating diodes.
Compensated Devices, Inc.
INFO/CARD #244

High Frequency
Surface Mount
Crystal Clock
Oscillators
Designed For
Process
Automation

NEW!

TIL  25-150 MHZ

Up to 250 MHZ
.200" x .300" Footprint

.550" x .350" x .210"
Package Dimensions

J-Lead Termination

IR Reflowable

Shock Resistance to 3000 G
Tape and Reel Available

CMOS 25-150 MHZ
ECL  65-250 MHZ

Only NEL offers such a wide
range of quality, high frequency
SMD quartz crystal clock
oscillators designed to simplify
your process automation and
save valuable board space.
You'll see immediate benefits
in lowered manufacturing costs
and improved board density.

For full technical data, or to discuss
your applicaton, contact:

FREQUENCY
CONTROLS, INC.

357 Beloit St. ® Burlington, WI ® 53105 B Phone: 414/763-3591 ® Fax: 414/763-2881
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Y noise appication Note 116 N

Simulate Spread Spectrum Communication

Spread spectrum radios can operate on frequencies
where many other, sometimes more powerful, trans-
mitters are simultaneously operating. An accurate
evaluation of the performance of a spread spectrum
radio in such environment would require many trans-
mitters and would be very costly and awkward to
perform. Using a UFX-BER Series noise generating
instrument to simulate interference from other radios
operating within the same frequency band is a much
more practical alternative.

Direct-sequence spread spectrum communication
techniques such as Code Division Multiple Access
(CDMA) are simulated well by white noise. This is
because direct sequence spread spectrum looks
much like white noise. Frequency-hopping spread
spectrum systems, in which several radios are trans-
mitting at the same time, are also well simulated by
white Gaussian noise because of the central-limit-
theorem. This theorem states that when many non-
correlated stochastic variables are added, the result
approaches a Gaussian distribution function, pro-
vided that none of the variables dominates the sum.
Simulation of many non-correlated, frequency-
hopping radios can be made by use of white Gauss-
ian noise.

The relation between the number of interferers, their
power, and the necessary noise power density of the
simulation is:

N=10 M+ <P>
where:

N = the average white noise power (in dBm)
M = the number of interferers
< P> =the average power of interferer (in dBm)

It is therefore necessary to be able to generate
carrier-to-noise ratios (C/N) from — 40 through
+ 40 dB. The UFX-BER Series does this with an
accuracy of greater than 0.21 dB RMS.

NOISECypm

The UFX-BER instruments include precision step
attenuators for the signal and the noise source, plus
a signal and noise combiner, built-in carrier-to-noise-
ratio power meter, and carrier power monitor (Figure
1).

Step Attenuator Power
Nose Source || 128d8in Mater
0.1 dB Steps I
Power Bandpass
Monitor Filter
| _]
™S Precision Signal Plus
A c
L-

Figure 1. Block Diagram of UFX-BER Series Instrument.

The built-in power meter measures the carrier input
power. The carrier output power is then set to the
desired level by use of the instrument’s precision
step attenuator. The signal carrier power may be
kept constant by passing the signal through an op-
tional linear automatic gain control (AGC) ampilifier.
The instrument then generates the desired amount of
noise power (also measured with the power meter)
and combines the input signal with noise.

The output power and the average signal input power
are alternately monitored. The carrier output power,
and the peak deviation of the carrier power are then
displayed simuitaneously on the front panel along
with the resultant accurately generated C/N.

The selectable, customer specified filters are all in-
serted in the power meter and in the noise path only,
so as not to introduce any group delay distortion in
the carrier path. The filters in the power meter path
improve the signal-to-noise-ratio, and thereby the ac-
curacy of the carrier power measurements. The fil-
ters in the noise path assure adequate dynamic
range to maintain a 5:1 (14 dB) crest factor.

E. 49 Midlond Avenue, Paromus, New Jersey 07652
(201) 261-8797 « FAX (201) 261-8339



E,/N, Noise-generating Instruments
for Bit Error Rate Testing

UFX-BER Series

General Specifications
Carrier Path

Attenuation 010 60 dB, automaucally programmed

Range of camer —45 to +15 dBm
Input power (CD) o
Flatness +0 20 dB for 70 MHz (+ 20 MHz)

x%g dB for 140 MHz i:io MHz)_

Groui_) delay kvO,ZO nsorless
Output Path

Range of carrer
output power
Range of noise
output power (EJ) )
Norse flatness

—45 dBm to carner input level

—45 dBm to +5 dBm

+£0 50 dB or less from 100 kHz to

- 200 MHz -
Accuracy of C/rj See graph o
Third-order +29 dBm typical

intercept point o
Crest factor 14 dB or more

(peak to average

nose voltage) B
Features:

® Direct display of E,/N, or C/N

® Accuracy of 0.21 dB RSS

a 75 ohm impedance BNC connectors
® Variable output power

The UFX-BER Series of noise-generating
instruments display the actual Ex/N, or C/N
for testing of satellite communications or
digital radio equipment. The UFX-BER gen-
erates and measures En/N, for IF back-to-
back or loop-back testing with extreme
precision over a broad range of
input or output power, steps, increments,
decrements, and desired E,/N, values
can be entered directly in dB in 0.25 dB
increments from the front panel or by
IEEE-488 bus.

Settings are stored in non-volatile memory
and the user can create up to eight test
routines (including delay time and loops) that
will run automatically under program control.
The instrument measures 5 1/4 in. high,

17 in. wide, and 20 in. deep and comes
with brackets for 19-in. rack mounting.

Options:

1. Automatic gain control amplifier to main-
tain constant carrier power level

2. Other custom configurations

3. 50-ohm input and output impedance
instead of standard 75-ohm impedance

No

UFX-BER SERIES

+15

MODEL CENTER FREQUENCY | BANDWIDTHS

| UFX-BER-455 455 kHz

| UFX-BER-10 10.7 MHz = R S— S

[ UFxBER21 21.4 MHz |

| UFXBER45 s mwz |

[ UFXBERT0 | 70 WMHz | Maximum bandwidth 200 MHz

[ UFXBER140 | 140 MHz |

UFX-BERF1 | 70 mHz 140MHz |

} UFXBER__ | UserSpeciied | o

A

—

+40 +50
C/N (dB)

C/N Accuracy Versus Carrier Input Level at 23+ 3°C

. RS-232C, RS-422, or RS-423 inter-

face in addition to IEEE-488 interface

. 220 VAC, 50 Hz, instead of standard

110 VAC, 60 Hz

Interferor input

Switched filter bank with up to six
customer-specified filters

NOI S%M E. 49 Midiond Avenue, Poramus, New Jersey 07652
201 261-8797 « FAX (201) 261-8339
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SUBSYSTEMS

Radio Modem
Board

The System 200, from Monicor
Electronic Corp., communicates
any RS-232 data, input and out-
put, at any output level from 2 W
to 1 mW. System 200 comes with
Monicor’s highly efficient Tur-
boLink 2.0 operating system,
supporting the X.30 protocol.
Transceiver operation is narrow-
band FM between 450 and 470
MHz. System 200 is priced at
$465 per set in OEM gquantities.
Monicor Electronic Corp.
INFO/CARD #243

GPS
Synchronization

Datum Timing has added a
GPS time input option to their
Model 9700 Programmable Time
System. The option is easily
installed in any Series 9700 prod-
uct. Once enabled, the GPS time
input option determines position
and transfers time to the time
code generator with sub-
microsecond precision.

Datum Timing, Inc.
INFO/CARD #242

RF Modem

The FM 96 Data Radio from
IWL Communications provides
fast, reliable data transfer using a
UDS half-duplex wireless
modem. Asynchronous serial
data can be transmitted at 9600
bps over commercial frequencies
at 450 - 470 MHz.
IWL Communications, Inc.
INFO/CARD #241

900 MHz
RF Modules

RF modules from RF Industries
use a synthesizer PROM control
interface with an optional serial or

parallel microprocessor control.
These OEM modules measure 2

RF Design

x 2 inches and can be configured
for multiple channels, 12.5 or 25
kHz channel spacing and wide
frequency range from 850 to 960
MHz.

RF Industries, Ltd.

INFO/CARD #240

AMPLIFIERS

Ultra Low Noise
AML announces model
ALV02202408 S-band low noise
amplifier with internal signal level
monitor and automatic gain con-
trol toop. Maximum gain is 37 dB.
Gain with full AGS attenuation is
17 dB. Maximum noise figure at
maximum gain is 0.7 dB.
AML, Inc.
INFO/CARD #239

10 kHz to 100
MHz, 1 kW

Amplifier Research has extend-
ed the power range of its solid-
state Series “A” line to 1000 watts
minimum, linear output, with the
introduction ot the model
1000A100 RF amplifier. Price is
$74,000, with delivery in 30 days
ARO.

Amplifier Research
INFO/CARD #238

50 W,
Solid State

The model AR1929-50 solid
state RF amplifier operates over
the 1000 to 2000 MHz frequency
range. The amplifier from Power
Systems Technology provides 50
W at 1 dB compression, 55 watts
at saturation, and operates Class
A with an instantaneous band-
width of 1000 MHz. The rack or
bench mountable amplifier
includes a built-in power supply.
Power Systems
Technology, Inc.

INFO/CARD #237

Power Module
Boards

Tactical Electronics offers print-
ed circuit boards to facilitate the
usage of the following power
modules: MHW series (except
714-04 case) from Motorola, M
series from Mitsubishi, BGY
series from Philips and the SA
series from Toshiba.

Tactical Electronics Corp.
INFO/CARD #236

\ i | CRYSTALS

70KHz-200MHz

\[ OSCILLATORS i
.y 70KHz-200MHz A
TCX0, VCXO, TCVCXO

4 MHz-125MHz

Alignment Oscillators
Crystal and Oscillator
Accessories

//\

Call or fax TOLL FREE for information

=M

INTERNATIONAL CRYSTAL MFG. CO., INC.
P.0. Box 26330 + 729 W. Sheridan « Oklahoma City, OK 73126-0330  (405) 236-3741
FAX (405) 235-1904  Toll Free Pone 1-800 725-1426 + 24 Hour Toll Free Fax 1-800 322-9426

& oy %6
4
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RF and Microwave Power
Semiconductors

Design, Production or Maintenance

B Cellular B Avionics

B GPS B Wireless LAN
B Telemetry B Wireless ID
B PCN B [ and Mobile
B GSM B Broadcast

B SATCOM B Industrial

PHILIPS

E: 3F PI0DUCTY. inc.

MM £7 Power

Companents Inc.

Available: Data Sheets. Technical Assistance.
Cross References, Value Added Services Include:
DC Matching (BiPolar) and GFS Matching (FETs)

and Same Day Shipment

We Speak RF.

In the U.S. 1-800-RF POWER (1-800-797-6937).
Canadian office: 1-800-348-5580.
International inquiries 708-208-2200

AYZ.

>

SPSCTRIAN

] Corporate Headquarters
R'chards.on 40W267 Keslinger Road
Electronics,Ltd. | . i1 0147033

INFO/CARD 39
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When it gets lonely out there at 1 GHz,
youll be glad you have all this power.

The only amplifier that can deliver 500
watts through that balky decade from
100 to 1,000 MHz is our new Model
500W1000M7. That's the majestic one
on the left, with the tront-panel bi-
directional power meter, ALC, and a
bagful of other controls that will let you
actually enjoy automatic sweep testing
in your lab.

The 500W1000M7 presently heads
our well-known “W" Series of all-solid-
state linear amplifiers that cover tour
crucial decades of bandwidth from 100
kHz to 1 GHz. Today. you may need
only 1 watt (the little portabie on the
top), or 5, or 10, or 25, or 50, or even
100 or 200 watus minimum—all with
that fantastic bandwidth instantly avail-
able without tuning or bandswitching—
a combination of power and bandwidth
that's comforting when you work the
outer reaches of the rf spectrum. Wher-
ever your power requirements are
today, they're sure to go up. And one
of these days you're going to want
a 500w 1000M7.

The "W Series is part of a complete
line of AR amplifiers cffering rf power
up to 10 kilowatts for rf susceptibility
testing, nmr spectroscopy, plasma/ fus-
ion research, and a host of other test
situations that demand rf power of
unconditional stability—immunity to
even the worst-case load mismatch,
shorted or open cable, wild swings of
VSWR—with no telr of oscillation, fold-
back, or system shutdown.

You might learn a lot from our free
hooklet, “Guide to Broadband Power
Amplifiers.” Send for a copy. Or call our
toll-free number (800-933-8181), which
will connect you directly to one of our
applications engineers.

- (' AMPLIFER
~"" RESEARCH

.."

160 School House Road

Souderton, PA 18964-9990 USA

TEL 215-723-8181 » FAX 215-723-5688
For engineering assistance, sales, and
sertice throughbout Eurape, call EMV:
Munich, 89-612-8054 ¢ _ondon,

ok S : F;EQ\;:NCV’?MN:) Py s 908'56()—556 O Ple'iS, 1-64-61-63—29
INFO/CARD 40
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RF products

SEMI-
CONDUCTORS

Radio Data
Demodulator

Featuring on-chip anti-alias,
bandpass and signal reconstruc-
tion filters, the SAA6579 Radio
Data System (RDS) demodulator
from Philips Semiconductors
requires the addition of only six
passive components and a crys-
tal to recover RDS data from FM
radio broadcasts. Cost is in the
region of $2.20 in volume.

Philips Semiconductors
INFO/CARD #235

MMIC Amplifier
Model P35-4104 GaAs MMIC
amplifier features 18 dB of gain.
The operating frequency for the
amplifier from Daico Industries is
0.05 to 3.0 GHz. Typical power
output is +13 dBm, with only a
4.5 dB noise figure. Input and
output are matched to 50 ohms.
The part is available in chip or
surface mount form.
Daico Industries, Inc.
INFO/CARD #234

Speech
Compression IC

Qualcomm today announces
the Q4400 variable-rate vocoder,
the world'’s first VLSI circuit imple-
menting the QCELP (Qualcomm
Codebook Excited Linear Predic-
tive code). Compression rates of
16:1 are possible with the 100-pin
plastic quad flat pack device.
Power consumption is less than 1
W. Pricing is as low as $69 each
in thousands.

Qualcomm, Inc.,
VLSI Products
INFO/CARD #233

45 MHz
Op Amps

Linear Technology's LT1208
and LT1209 dual and quad op
amps have a 50 degree phase
margin and are stable driving any
capacitive load. Slew rate is 400
V/us. The LT1208 and LT1209
are available in 8-pin and 16-pin
packages, respectively. Both SO
and DIP packages are available.
Pricing for the LT1208 dual is
$4.45 in plastic in quantities of
100.

Linear Technology Corp.
INFO/CARD #232

RF Design

High Power

Amplifier

The model AR2569 thin-film
cascadable amplifier from Cougar
Components operates over 50 to

2500 MHz. Typical gain is 16.8
dB. Typical output power at the 1
dB compression point is +27.5
dBm. The device is packaged in
a 4-pin TO-8B housing, with SMA
and flatpack available.

Cougar Components
INFO/CARD #231

Amplifier

Amplifonix announces a low-
cost, high output amplifier operat-
ing from 30 to 500 MHz. Model
RZ9604 has typical output com-
pression of +21.0 dBm, with gain
of 23 dB. The device is packaged
in a TO-8B package and costs
under $30.00 in large quantities.
Amplifonix, Inc.
INFO/CARD #230

DISCRETE
COMPONENTS

RF Coils

Adjustable RF coils — both
shielded and unshielded — are
available from J.W. Miller. Series
4900 adjustable coils provide
choices within the 30 to 250 MHz
range. Series 48A and 49A
adjustable coils provide stability
and uniformity within the 10 to
250 MHz range. Inductance val-
ues from 0.037 to 0.788 uH are
available from stock.
J.W. Miller Division of
Bell Industries
INFO/CARD #229

Chip Inductors

AVX Corp. has introduced the
ACCU-L series of surface mount
RF inductors. Available as an
0805 chip, ACCU-L inductors
exhibit high SRF, high Q and low

resistance. They are ideal for
applications between 100 MHz
and above 2 GHz. This series
covers the range from 2.7 nH to
15 nH with tolerances of +0.5 nH
and 15 percent.

AVX Corp.

INFO/CARD #228

TEST
EQUIPMENT

Calorimeter

Dielectric Communications’
model 7200 calorimeter may be
utilized with any existing fluid
cooled load, offering an easy
method of accurate RF measure-
ment. Virtually any cooling fluid
can be utilized, and power can be
displayed in kilowatts, kcal/h or
MJ/h.
Dielectric Communications
INFO/CARD #227

Tracking

Generator

The 2707 external tracking
generator from Tektronix pro-
vides swept-frequency coverage
from 100 kHz to 1.8 GHz. Output
level adjustments can be made
between 0 to 48 dBm, in 0.1 dB
steps. The 2707 works with Tek-
tronix 271X spectrum analyzers,
and is priced at $3950.
Tektronix
INFO/CARD #226

Noise Figure
Measurement

Noise Com has introduced the
NCT 6000 series of instruments
for noise figure measurement.
The series includes a calibrated
white noise source, low noise
amplifier, impedance matching
circuitry, step attenuator with 0.1
dB resolution, power supplies
and switches necessary to per-
form accurate noise figure mea-
surements when using a spec-
trum analyzer.

Noise Com, Inc.
INFO/CARD #225

Frequency

Counter

A portable 300 MHz frequency
counter has been introduced by
John Fluke Mfg. The PM 6685
has a resolution of 10 digits per
second of measuring time. The
counter has ovenized oscillator
time-base options and stability as

high as 5x10-19/day. Optional RF
inputs extend the upper frequen-
cy range to 1.3, 2.7 or 4.5 GHz.
The PM 6685 U.S. list price is
$1860.

John Fluke Mfg. Co., Inc.
INFO/CARD #224

Radar Signal

Simulator

The RA-100AM can simulate
up to ten asynchronous pulsed
emitters, each with individual
pulse widths, pulse repetition
intervals, pulse groups, jitter and
signal-to-noise ratios. The RA-
200 is a rack-mounted, modular
RF Radar signal simulation sys-
tem.
S.T. Research Corp.
INFO/CARD #223

SIGNAL
SOURCES

Tiny OCXO

Vectron Laboratories has
developed the CO-738S series of
oven controlled crystal oscillators
with aging rates of 5x10-8/year
and temperature stabilities of
+1x10-9 over O to 50 degrees C.
Available in frequencies from 32
kHz to 32 MHz, the oscillators
measure 1.5 x 1.25 x 0.86 inch-
es. Price is $373 each for 100
pieces.
Vectron Laboratories, Inc.
INFO/CARD #222

Coaxial
Resonator VCO

T and M Microwave model
VCR 8001 is a high Q, coaxial
resonator oscillator operating at a
center frequency of 1525 MHz.
The surface mount devices can
be tuned +10 MHz with a tuning
voltage of 0 to 12 V. Typical out-
put power is +13 dBm.

T and M Microwave, Inc.
INFO/CARD #221
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RF tutorial

A Basic Review of Feedback

By Gary A. Breed
Editor

Feedback is the principle that makes it
possible to have accurate linear sys-
tems. Amplifiers, oscillators, automatic
gain control and phase locked loops are
among the common RF applications of
feedback. Although the design equa-
tions for these circuits are well known
and most undergraduate linear systems
courses provide a mathematical deriva-
tion, this short note reexamines the
most basic concepts of feedback from
an intuitive perspective.

here are two essential concepts to

remember regarding feedback: 1)
feedback trades gain for control, and 2)
uncontrolled feedback can corrupt the
desired results and cause oscillation.
The first represents the power of feed-
back for designers; the second is a
warning to the same designers.

The generalized feedback system is
shown in Figure 1. The input passes
through the forward signal path, an
amplifier with gain A. The output is sub-
jected to some transfer function, B, and
summed in an inverted form with the
input. The net input is now the differ-
ence between the original input and a
modified portion of the output. This is
the classic “negative feedback” concept.

This linear feedback system can be
represented by the equation:

Vour = AlViy =B Vour) M
or, rearranging:
Vour(1 + AB) = AV, (2)

To obtain the overall gain (closed loop
gain):

Ag = o1l 3)
Vin 1+AB

In a perfectly-designed feedback sys-
tem, we can think of the transfer func-
tion B as detecting any error in the
input/output relationship. The error-cor-
rection signal is then subtracted from
the input, resulting in an error-free signal
at the output of the system.

The simplest illustration of the princi-
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ple is an operational amplifier. Figure 2
shows a circuit with the input applied to
the non-inverting input, and two equal-
value (10kohm) resistors making a volt-
age divider in the feedback loop to the
inverting input. According to equation (3)
above, B = 1/2, since the voltage divider
presents 1/2 of V ; to the inverting
input. The gain of this system will be:

A
Al = (4)
oL IR 4S
In an ideal system, A is infinite, but we
can live with a very large A of perhaps
100,000. In this case:

Yin

>

Figure 1. The classic representa-
tion of negative feedback.

2V,

. i Your = 2Y4n
m
10K 10K
2

Figure 2. A simple gain-of-2 oper-
ational amplifier example.

>
ZH{+
()

Figure 3. The classic representa-
tion of negative feedback.

_— 100,000 9as8 )
1+ 50,000

As A goes to infinity, the closed loop
gain will become exactly 2, or 1/B.

Let’s follow this process around the op
amp loop. First, an input V, is applied,
which is amplified by gain A, which
gives us some output V, ;. However,
half of the output is then subtracted from
the input, so the input is now V
-Vgui/2. It we use the “error function”
concept noted above, then V| -V, /2
= 0 when the system is operating error-
free. This condition is satisfied only if
Vour = 2V, oF A, = 2, as shown by
equation (5).

This example demonstrates principle
1) above: we can trade gain for control.
Passive feedback components alone
define an exact gain-of-2 system. The
more gain we have to trade (i.e., A
approaching infinity), the better the
accuracy.

Non-ideal Systems

Of course, feedback is not limited to
ideal amplifiers and resistive feedback
networks. The feedback can be any
impedance, including frequency-and
time-dependent networks of resistors,
inductors and capacitors. The network
can also be non-linear, using diodes or
transistors.

The amplifier need not be ideal, either.
Frequency response and phase shift
must be included in the forward transfer
function, which can then be applied to
the feedback (B) transfer function. As
long as the operational parameters of
the circuit are known, feedback net-
works for the circuit can be computed.

An oscillator is a common RF circuit
requiring application of feedback princi-
ples. Let's use the simplified oscillator
circuit in Figure 3 as an example. Let’s
assume that the amplifier A is a pack-
aged device which has a gain of 10 at
the frequency of interest, and is an
inverting amplifier with a phase shift of
180 degrees at that frequency. For B, we
will use a crystal along with additional
circuity (Z) to obtain the necessary feed-
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FEED FORWARD AMPLIFIERS

up to +50dBm IP3  50-1000MHz  1om $695

Now, amplifiers to 1GHz with higher intercept point, SPECIFICATIONS ZHL-1-50P3  ZHL-2-50P3
improved reliability, lower DC current requirements, Frequency, MHz. . ... 50-500 50-1000
Utilizing feed forward phase and amplitude cancel- SRR AN . - 4|
lation techniques, ZHL-P3 amplifiers offer significant Power Output’), dBm
advantages over conventional units... cost savings, Intercept Point, dBm
size and DC power reduction, 10dB higher two-tone P2 ’
third order intercept point. (IP3).
Two models, 50-500MHz and 50-1000MHz,
unconditionally stable, with more than 20dB gain and Curfert, Amps
Low Interrrod 45dB reverse isolation will satisfy most system needs VWSOl a o Ol g b K .
for low intermodulation distortion. Even amplifier Price (1-9) T s895.00
T i second order intercept point is greater than +63dBm! Size® L x W x H. inch N L 3
s (¥ So, check the specifications listed and re-evaluate 4
e your amplifier design decisions for improved system g; ;ggscrg”;‘gzs;&“ﬂ
performance ,at lower cost . . f (3) Includes self-contained heat sink
One-week shipment guaranteed. Only from Mini-Circuits
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finding new ways
setting higher standards
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Figure 4. Methods of obtaining the necessary 180-degree phase shift.

back. We'll assume the crystal resonator
is operating in its series-resonant mode,
so that it is lossless and has no phase
shift at the operating frequency.

The criteria for oscillation require that
the total phase shift through the amplifi-
er and feedback circuit be (n)2n. Also,
when steady-state conditions are
reached, the gain of the system must
be 1; or more correctly, the output must
remain at a fixed level. The compo-
nents we have chosen must work
together with the feedback network to
meet these criteria. Note that in the cir-
cuit described, the feedback is not
inverted, but presented directly to the
input.

Since the amplifier has a phase shift
defined as 180 degrees, Z must supply
the additional phase shift of 180
degrees to meet the requirement of 2n
total phase shift. Figure 4 shows some
design options. This part of the feed-
back network can be a lumped element
network with a 180-degree phase shift,
or it could be a transmission line section
with a 180-degree, or 1/2 wavelength
time delay. At lower RF frequencies, a
transformer might also be used to pro-

vide the phase shift, since 180 degrees
is a simple inversion. Other possibilities
include introducing the required phase
shift using cascaded R-C networks or an
inverting amplifier.

The other part of the oscillation crite-
ria, a gain of 1 (output at a constant
level), requires a non-linear function. As
shown in Figure 5, one method is to use
opposed diodes to limit the maximum
amplitude of the signal. The forward
voltage drop of the diodes will determine
the actual amplitude, which must be
high enough to let the amplifier operate
in its optimum power range. Mainly, we
want to assure sufficient excess gain
when the oscillator is starting, and then
maintain that the output level well above
the inherent noise level. Another method
of limiting the maximum amplitude is to
allow the amplifier itself reach satura-
tion. The power supply voltage and bias
levels can be selected to perform the
same function as the diodes, as long as
the ratings of the active devices used in
the amplifier are not exceeded.

With a feedback network of diodes for
limiting and a transmission network for
phase shift, the oscillator should operate

LIMITED
OUTPUT
"\ %Ymngn
» Il“/ AMPLIFIER
SATURATION

+

Figure 5. Two ways to limit ampli-
tude.
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Figure 6. The oscillator with a
complete feedback circuit.

(Figure 6).

Again, we can “ollow the process of
operation through the system in an intu-
itive way. In an oscillator, the system
noise is the initial input, which is ampli-
fied by A. The entire output voltage is
returned to the input via the crystal and
phase shift network. At the crystal’s res-
onant frequency, the fed-back output is
exactly in phase with the input, boosting
the level again and again until it reaches
the limiting level of the diodes or the sat-
uration voltage of the amplifier. When
this point is reached, only the frequency
that corresponds to the resonance of the
crystal is contained in the signal — In
the process of re-amplification, energy
at other frequencies is not in phase after
feedback, and is amplified less and less
in successive loops.

This is an intentional oscillator, but
sometimes an undesirable feedback
path meets the oscillation criteria. If a
circuit has feedback due to stray induc-
tance and capacitance, poor power sup-
ply decoupling, or improper p.c. board
layout, we have the situation warned
about in principle 2): uncontrolled feed-
back can result in unwanted oscillation.
This is especially important with the new
generation of MMIC, video and opera-
tional amplifiers, where lots of gain is
available that can make a lossy, indirect
feedback path exceed the gain of 1 cri-
terion!

Conclusion

Controlling a circuit through feedback
is a powerful tool, allowing us to obtain
precision linear (and non-linear)
responses for amplification, filtering, and
other signal processing applications. We
can get very good performance from an
imperfect active device (as long it has
sufficient gain) by applying accurate
passive components in a feedback cir-
cuit.

This powerful dzsign tool can also
work against us, since it can also be
used to induce oscillations, intentional
and unwanted. Especially in RF circuits,
we must always remember that feed-
back can exist ir ways that do not
appear on the circuit diagram. RF
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RF design awards

An RF Swept Filter for a Medical
Ultrasound System

By Alexander Pummer
P.C.S. Consultants

This design is part of a medical ultra-
sound imaging system. It was designed
to eliminate the shortcomings of an
existing circuit. The attenuation of ultra-
sound waves in the body is depth and
frequency dependant. The rate of atten-
uation is approximately 1 dB/cm/MHz.
Because of this, the spectrum of the
reflected energy is different from that of
the transmitted energy. The higher fre-
quencies are more attenuated. This
causes a relative increase of noise at
higher frequencies.

he normal way of solving this prob-

lem is to use a bandpass filter which
is tuned to cut out the noisy part of the
returning spectrum. Since we want to
observe different depths in the body, we
have to adjust the passband of this filter.
This adjustment should happen continu-
ously since we want to see a continuous
picture. The filter has to be tuned during
the receiving period.

The presently used solution utilizes a
tuned LC circuit where the tuning ele-
ment is a varicap diode. This circuit has
two major problems. The first problem is
that the relative high level signal will add
to the tuning voltage and contribute to
the tuning of the circuit and will therefore
cause intermodulation. The second
problem is a result of the first one. The
filter cannot be tuned exactly to a certain
frequency because of the uncertainty in
the tuning voltage. The new design sep-
arates the tuning element from the sig-
nal path. Therefore, there is no parasitic
tuning effect, no intermodulation, and
the center frequency of the filter is exact
at any time.

BANDPRSS
R 1 FLLTER  pgg 2
meuT 3 3
SPECTRUM ] oUTPUT
2
LOCAL
OSCILLATOR

Figure 1. Block diagram of swept
filter

RF Design

The circuit (shown in Figure 1) works
as follows: the input spectrum, f(s),
feeds into the first mixer port #1. The
local oscillator, f(LO), is driving the mixer
at port #2. The combination frequencies
f(s)xf(LO) are available at port #3. The
bandpass filter could select f(s)+f(LO) or
f(s)—f(LO), but for our application, we will
select f(s)+f(LO). The selected spectrum
f(s)+f(LO) feeds into the second mixer at
port #1. The local oscillator f(LO) is also
driving the second mixer at its port #2.
The output spectrum of the second
mixer is: f(s)+{(LO)HLO)=f(s)+2f(LO). A
lowpass filter will separate the compo-
nent f(s) from f(s)+2f(LO). If we sweep
the local oscillator, the output spectrum
of the system will be shaped by the
amplitude frequency response of the
bandpass filter and the virtual center fre-
quency of the system will be equal to
the frequency of the local oscillator
f(LO). This system will act exactly like
the ideal filter we need. The tuning of
the local oscillator is totally separated
from the signal path. The frequency of
the local oscillator is controlled by a fre-
quency closed loop. This loop will exact-
ly tune the oscillator frequency to the
required value. The bandpass filter is a
fixed filter built with amplitude indepen-
dent components.

Some Details of the Circuit

The mixers are single balanced only,
but they are designed to carry high level
signals without producing noticeable
intermodulation. Figure 2 shows the
mixer. The two switches S1 and S2 are
conducting alternately. The sequence is
controlled by the local oscillator. When
S1is on, S2 is off, and vice versa. These
two switches are JFETs. A mixer will
generate intermodulation products if the
input level is high enough to influence
the conduction angle of the switching
elements. The conduction angle for a
good mixer is determined by the oscilla-
tor only. Using the JFET as a switching
device in this configuration will allow us
to use relatively high signal levels. The
signal level of the system at the input of
the mixer is approximately 1 Vpp. The
control signal for the JFETs comes from

a fast CMOS output. The input capaci-
tance of the devices is low, (3 pF max.),
therefore the oscillator power is low. For
a diode ring mixer we would have to use
much higher oscillator power, which
could create interference problems for
the rest of the system.

The local oscillator looks relativeiy
complicated, but the two loops of the cir-
cuit will take care of all the component
tolerances. One of the loops keeps the
oscillator amplitude constant. The other
is the frequency control loop.

The ultrasound system provides a
ramp to tune the oscillator. The loop
ensures that at an instantaneous value
of this ramp the oscillator will tune to
one specified frequency. The actual
oscillator frequency is twice that
required for the mixing process. A 2:1
frequency divider (D flip-flop) is used to
divide the output frequency of the oscil-
lator, and provide the 50 percent duty
cycle signal required for the proper func-
tion of the mixers.

From the production point of view it
works like a digital circuit. In other
words, if the right parts are loaded into
the board it works without the hand-
selecting and tweaking normally associ-
ated with RF oscillator circuits. The fre-
quency closed loop usually has a fre-
quency to voltage converter. | decided
on a different method. One of the main
system’s microcontrollers provides a
tuning voltage, via a D/A converter, for
the oscillator. It then takes a sample of
the oscillator frequency by using a ten
bit binary counter.

The required frequency accuracy is

T E——
e
OUTPUT

LOCAL OSCILLATOR

Figure 2. lilustration of mixer
action used in the filter.

65



eight bits. By changing the tuning volt-
age in a stepwise fashion, the microcon-
trolier will map the oscillator’s control
voltage/output frequency transfer func-
tion and will create a look up table. The
control voltage to output frequency trans-
fer function of the oscillator is a non- lin-
ear function. This look up table will be
created during the initialization of the
ultrasound system, and it will be
refreshed whenever the filter is not in
use and the microcontroller has the time.
The loop will cancel any part tolerances,
temperature effects, aging and drift.
Since this loop is not an analog closed
loop, it can be tuned quickly and without
an expensive high-speed loop amplifier.
This eliminates the problems associated
with fast, non-linear closed loops.

The microcontrolier also helps to set
the overall gain by switching the feed-
back path of the intermediate frequency
amplifier.

Details of Actual Circuit
The design specifications for the actu-
al circuit are shown in Table 1. The

Design specification:
System gain:
Max input level
Spurious-free dynamic range
Band width

Tuning range
Tuning accuracy
Tuning band width
Power consumption

Parts cost
Additional requirements:

Low labor cost
Minimal adjustment time
Highly reliable, insensitive circuit

No interference with the main system.

0dB +1.5dB
1Vpp
at least 55 dB
+400 kHz for 0.5 dB roll off
and min 1848 roll off for 1 MHz
2 MHz to 10 MHz
8 bits = 0.25%
50 kHz
+5V @ 100mA max
-12V @ 50mA max

$50 max

Table 1. Design Specifications.

schematic is shown in Figure 3.

The input signal feeds from the main
system into transformer T1. This should
be a high level transformer in order to
avoid nonlinearities due to saturation.

U1l is a fast JFET array. U2 is the fre-
quency divider and it should be located
close to U1. Tae interconnection
between U2 and U1 must be extremely
short. The clock input line of U2 is not

N=]

Band Pass, Notch

MANUFACTURER OF CUSTOM LUMPED
ELEMENT NETWORKS

LC FILTERS DC - 1 GHz
Band Pass, Low Pass, High Pass, Notch

CRYSTAL FILTERS 1 - 100 MHz

TRANSFORMERS / COILS

NETCOM, INC.

3000 Commercial Avenue, Northbrook, IL 60062 USA
Phone: 708/564-5100 FAX: 708/564-2279

INFO/CARD 42

Streamline Crystal Oscillator

INFO/CARD 43



Raltron manufactures its
compact VC 7025 Voltage
Controlled Crystal Oscillator
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Figure 3. Schematic of the swept bandpass filter.

so critical. R1, R2 and R3 form a 4 dB
path which separates the mixer output
from the reactive input of the intermedi-
ate frequency filter. C1, C2, L1, L2, C3
and C4 constitute the intermediate fre-
quency filter. The coupling is designed
for maximum bandwidth and maximum
flatness (so-called critical coupling). The
coupling works via L2, which is a piece
of stripline. The inductance is set by the
PCB design, no adjustment is required.
the only adjustable parts are L1 and LS.
They are tuned for maximum output at
25 MHz. The input and the output of the
filter are not equally tapped (i.e. the out-
put loading is less than the input).
Amplifier U3 compensates for the inser-
tion loss of the filter, the attenuation of
the 4 dB path, and for the conversion
losses of both mixers. The self test rou-
tine of the main system provides a carri-

Er 1 989 080.0 N:
8.8 d9n

1 bl
NANCE ¢5.0 430

ST .0 W

$T0P 10 090 090.0 Wz
"e 20 Nz 87 .2 SEC

LB N ]

Figure 4. Filter response at either
end of its tuning range.
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er to set the overall gain to 0 dB +1 dB.
The fevel of the input and output signal
will be compared and the microcontroller
will set the feedback path of the amplifi-
er by turning on or off the switches Sa
and Sb of U1. The output of the amplifi-
er drives the input of the second mixer
via the R5 matching resistor. The layout
requirements for U4 and U5 are the
same as for U1 and U2. The transformer
T2 is identical to T1.

Local Oscillator

The main requirement is simplicity for
production. Coils should have two ends
only, no tap, no secondary. Although a
transistor array is available (RCA 3100),
| used discrete parts. Q1 and Q2 are the
active elements of the oscillator. The
frequency is determined by L4 and the
resultant value of C11, C10 and the two
junction capacitances of the varicap
diodes CR1 and CR2. The oscillator
level is 4 Vpp across L4. This is a good
compromise between noise and radia-
tion. The 4 Vpp requires the use of two
varicap diodes for first order cancella-
tion. The oscillator amplitude is stabi-
lized by the servo. The oscillator level is
set by the voltage divider R25 and R29.
The output of Q3 is a CMOS logic level
signal which drives the two frequency
dividers of the two mixers. It also pro-
vides a sample of the oscillator frequen-
cy for the control circuit. The utilized out-
put frequency range of the oscillator is
27 MHz to 35 MHz. The lowpass filter

mentioned earlier is not part of the cir-
cuit. It is already present as an anti-
aliasing filter in front of the ultrasound
system'’s A/D converter.

Results

This circuit was breadboarded and
tested. It fulfilled the specifications with
a healthy margin. The circuit was then
integrated into the ultrasound system
and worked according to our expecta-
tions. Figure 4 shows the filter’'s
response. A patert application has been
filed for this filtering scheme. RF

About the Author
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SURFACE-MOUNT or PLUG-IN .. 8399

Expose Mini-Circuits’ TUF-mixers to 250°C for five minutes, or to the extreme shock
and vibration stresses of MIL-STD-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 al! ports.

All-welded interral 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 (4) 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 MUXERS

5-YR. 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

finding new ways
setting igher standards

SPECIFICATIONS

Model LO Freg. ®mConv. Loss Isol. Price,$
Power LO/RF _(dB) L-R Ea.
(dBm) (MHz) X [ (dB) 10qty
TUF-3 7 015400 498 0.34 46 595
TUF-3LH 10 48 037 51 7.95
TUF-3MH 13 510775 0188 46 895
TUF-3H 17 50 033 50 1096
TUF-1 N 2-600 582 0.19 42 395
TUF-1LH 10 60 017 50 5.95
TUF-1MH 13 63 012 50 6.95
TUF-1H 17 59 018 50 895
TUF-2 7 50-1000 573 030 47 495
TUF-2LH 10 &2 =Q¢ 44 6.95
TUF-2MH 13 6101 10i25 47 7896
TUF-2H I} 4 6120122 47 9.95
TUF-5 7 20-1500 6.58 0.40 42 895
TUF-5LH 10 B ION 42 1095
TUF-5MH 13 7.0\ 80125 41 1195
TUF-5H 17 17:5 3 O 50 1395
TUF-860 7 860-1050 62 037 35 895
TUF-860LH 10 GISE L0127 35 1095
TUF-860MH 13 618"%10:32 8% 'TINS
TUF-860H 17 68 03 38 1395
TUF-11A 7 1400-1900 683 0.30 33 1495
TUF-11ALH 10 70 020 36 1695
TUF-11AMH 13 74 020 388 "I
TUF-11AH 17 78 038 35" 19195

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

A Resistive Attenuator
Calculation Program

By Jouni Verronen
Engineering Consultant

Attenuators are frequently needed in
RF circuits. This program is aimed at
quick calculation of resistive attenuators
of the Pi- and T-type. Also, the resistors
for an L-pad of minimum attenuation are
easily calculated. In addition to the syn-
thesis of basic attenuator circuits,
RESATT also provides analysis. One
can check either a T-circuit or Pi-circuit
using standard resistor values. The
analysis program calculates total loss
and impedance match at both ports.

his is one of those small calculation

programs that | have written for per-
sonal use to allow fast solutions to spe-
cific, often-encountered, technical
design problems. The general require-
ments for small, quick programs, are
discussed in Reference 1.

The program is divided into two parts,
synthesis and analysis. Upon starting,
the synthesis portion is activated. If the
program was used before, there is a
data file (RESATT1.DAT) residing in the
same directory as RESATT.EXE. This
file contains the latest input values, and
the program is initialized with those val-
ues. New initial values can be selected

by hitting an appropriate char-
acter. These are listed in a

Resistive attenuator design

help file, which can be
accessed from F1.

Date: 1992-03-18

Time: 02:47:2)

The user-supplied values
are the resistive terminal
impedances and the loss of
the attenuator. Every time one
of these values is changed the
program calculates new resis-
tances for both T and Pi
topologies. Figure 1 shows a

Attenuator synthesis for L =

T-circuit:

Rol = 50.00 ohm

Pi-circuit:

Rl = 25.97 ohm R2 = 25.97 ohm
R3 = 135.14 ohm Ro2 = 50.00 ohm
R} = 71.15 ohm Ro2 = 50.00 ohm

Rol = 50.00 ohm

Rl = 96.25 ohm

10.00 dB

R2 = 96.25 ohm

typical screen. If m is hit, the
program calculates the mini-
mum attenuation L-network

5 Rol = 50.0 ohm R} = 68.0 ohm Ro2 = 50.0 ohm
which can match the two ter-
h = . &> Rl = 100.0 ohm R2 = 100.0 ohm <=
minal resistances given. e A Tz
One must calculate the real Ri1 = 50.3 ohm Ri2 = 50.3 ohm
Calculated loss: L= 9.63 dB

world losses and impedances

Attenuator analysis for a Pi-type resistor network:

when standard resistor values
are used. This is done in the
analysis part of RESATT. The
analysis is activated by hitting
the right arrow at the keyboard. Hitting
the left arrow returns operation to the
synthesis half.

To perform an analysis, first either a
Pi- or T-circuit must be chosen by strik-
ing p or t. After that, the resistor values

Synthesis @ Rol 2 Ro2

Rol = 75.8 ohnm RoZ2 = 58.8 ohn

L = 5.72 dB

Stroke m for Lmin

— Rt1 = Rt2 = —
43.38 ohn l 8.88 ohm

Rt3 =
86 .68 ohm
Rp3 =
43.38 ohm I
Rpl = Rp2 =
msseen ghm 86 .68 ohm
F1: help F?7: exit

. Resistive attenuator design

1.88 by JV

Analysis !

for T-attenuator:

— Rt1 = Rtz = —_
39.88 ohm | 8.68 ohm
Rt3 =
82.88 ohnm

Rol = 75.8 ohm and RoZ2 = 560.8 ohm

_> -
Ri = 78.86 ohn Ri = 47.69 ohn
RL = 29.4 4B RL = 32.5 dB

Total loss =

Figure 1. Typical screen showing both synthesis and analysis portions.
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Figure 2. A printed report.

can be entered. The analysis program
calculates the following items of interest.

* impedance seen towards the

attenuator at both ports

* return loss at both ports

* insertion loss

In all these calculations, the ports of
the attenuator are terminated with the
same resistances (Ro1 and Ro2) which
were used in the synthesis part.

For both synthesis and analysis a
printed report can be generated. F5
prints the common heading. F6 prints
the calculation report for the active side.
Figure 2 shows an example of a printed
report.

Equations Used

Equations for attenuator synthesis are
well known and are not rewritten here,
(see References 2 and 3). For analysis,
the terminated resistor network was first
reduced to one input resistance, for
which return loss was then determined.
Insertion loss was calculated after that
using basic concepts.

Program Versions
The program was written using

April 1993



INVINCIBLE POWER!

Attenuators and Loads
Power Range From 1 To 300 Watts
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JFW Industries, Inc.
5134 Commerce Square Drive, Indianapolis, Indiana 46237
(317) 887-1340 Fax:(317) 881-6790
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r) RF Prime

Introduces an Industry First—

Leaded Su

¢ Now introducing FLex-Rap™ —
RF Prime’s exclusive stress relieved,
leaded surface mount component package

* Highest frequency — 3.0 GH:z

Model Frequency, MHz LO Levet Conv.Loss Price, $
LO/RF IF (dBm) (dB, TYP) (1-9)
RF Prime, your surface mount technology leader, introduces | LRFMsS-1L 10-500 DC-500 +3 6.0 4.95
Fiex-Rap. This exclusive stress relieved surface mount package | LRFMS-2L 500-1000  DC-1000 +3 6.0 5.95
insures a non-rigid attachment to your printed circuit boardand | LRFMS-4L 400-1500  DC-900 +3 8.0 12.95
allows for easy inspection of solder reflow and flux removal. | | grms.1 0.5-500 DC-500 +7 6.0 4.95
The non-rigid design of the component assures the user of | | grms.2 5-1000 DC-1000 +7 7.0 5.95
increased solder joint reliability over that of a rigidly attached | | gpms.2a 5-1000 10-1000 " 6.0 5.95
ceramic component. LRFMS-4 5-1500 DC-1000 +7 7.5 9.95
These mixers are in a.290 x .300 x.185 package with a footprint | LRFMS-5 10-2000 10,900 4 8.0 12.95
that is 25% smaller than that of the competition. LRFMS-2T  1150-1900  DE-300 o 6.0 10.95
LRFMN-25 2000-3000  DC-500 +7 8.0 11.95
Don'tsettle for less. RF Prime is your source for superior quality, | LREMS-1A-10  2-500 DC-500 +10 6.0 6.95
advanced technology, surface mount mixers. RF Prime, where | LREMS-2-10 5-1000 DC-1000 +10 7.0 7.95
quality and reliability are designed in — not just tested in. LRFMS-5-10  10-1500  10-1000 +10 75 11.95
Call today for information on our entire product line of surface | -RFMS-1A-13  2-500 HPTN Y, i 155
mount RF/Microwave components: mixers, transformers, power S 1s PSR BT R 20 8%
splitters/combiners, and phase detectors. ERRMSE16. | LI RSRN ot - s e
LRFMS-1A-17  2-500 DC-500 +17 7.0 9.95
Note 1: Equivalentfootprintsareavailable for MCLand Synergy | LRFMS-2-17 5-1000 DC-1000 +17 8.0 10.95
leaded packages. LRFMS-5-17  10-1500  10-1000 +17 8.0 15.95

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

Lowest profile in the industry — .185 max. height
Smallest footprint: .290 x .300 — 25% smaller than competition'

Mount Passive

SIBESS RELIEVED

Specifications, selected models

RF

@

Ph: 916/852-8334

Prime

11305 Sunrise Gold Circle ¢ Rancho Cordova, CA 95742 e Fax: 916/852-0689
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QuickBASIC, and the compiled version
RESATT.EXE is directly executable
under DOS. It requires an EGA or VGA
monitor. The source code is also pro-
vided in ASCII form (RESATT.BAS).
For other monitors it should be modi-
fied and then compiled for stand-alone
operation.

Conclusions

In these calculations the equations
involved are not particularly complicat-
ed, but compared to using tables or cal-
culators, this program is quicker, espe-
cially as it does both analysis and syn-
thesis; and one gets a printed report,
too. RF

This program is available on disk from
the RF Design Software Service. See
page 79 for ordering information.
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CRYSTAL FILTERS

TEMEX ELECTRONICS
T.MEX

TEMEX ELECTRONICS, INC.
3030 W. Deer Valley Road Phoenix, AZ 85027

(Tel) 602-780-1995

(Fax) 602-780-2431
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100 or more.

Reprint Department
RF Design

(303) 220-0600

RFdesign REPRINTS

RF Design reprints are available for printing in quantities of

For further information contact:

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

each

(quantity: 100 and up)

10 MHz to 2,500 MHz.

3 sections

3 dB bandwidths: 5% to 20%
Stopband rejection: 50 dBc.
Temperature: =25 to +50 °C
Shock:to 15 G
Vibration:t0 5 G

Relative humidity: to 90%

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

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

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

San Juan Capistrano, CA 92675

FAX: 714-240-7910

RF Design
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Second Annual
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April 28-30, 1993
(With Fundamentals Tutorials on April 27)
Sheraton Denver Tech Center
Denver, Colorado

The second annual EMC/ESD International engi-
neering conference and exposition brings you the best
EMC/ESD-specific training available.

HERE’S WHAT EMC/ESD INTERNATIONAL IS:
* Two & One-Half Days of Conference Tracks: from

Introductory to Advanced

¢ Two Full Days of Exhibits With 60 Exhibiting
Companies

¢ Full-day Fundamentals Tutorials

* Half-day Fundamentals Tutorials

* Overviews and Trends

HERE'S HOW YOU CAN PARTICIPATE:

* Expand Your Knowledge by Attending any of Four
Tutorials on Basic EMC and ESD Topics

* Choose From Among 40 Technical Sessions

* See the Newest Products and Services

* Here About the Latest Technological Advances

* Learn the Most Innovative Techniques

* Meet the Top Engineers and Marketers in the In-
dustry

EMC/ESD International is an intense training expe-
rience. So be sure and take a break by attending the
Western-Style Welcoming Grand Reception on
Wednesday evening, April 28. Our special guest will
be a 3,000-pound black bull named Tiny. Participants
who bring their cameras will be able to have their pic-
tures taken atop the saddled bull.

HERE’S WHAT ATTENDEES SAID ABOUT
EMC/ESD INTERNATIONAL 1992:

“This is a presentation that has been past due.”
— Charles Chapman,
Senior Maintenance Specialist
Harris Corp.

“Excellent speakers. Timely subjects.”
— Tim D’arcangelis
President
Instruments for Industry, Inc.

“Quite relevant in content. Gave good up-to-the-mo-
ment status.”
— Richard Murphy
Mechanical Systems Design
Bell Northern Research (Northern Telecom)

“The most coherent and comprehensive seminar I've
seen or participated in on the subject.”
— Tom Cokenias
VP Engineering
Electro Service Corp.

“Very informative, will help our company’s efforts to
improve our product design with EMC issues in
mind.”
— Amar Rajan
Principal Engineer
Wangtek Inc.

CALL OR FAX NOW FOR COMPLETE INFORMATION:
(303) 220-0600 * (800) 525-9154 * Fax (303) 770-0253

EMC/ESD International is Sponsored by EMC Test & Design Magazine



INTRODUCING THE 70% SOLUTION
FOR LINEAR HF POWER
THE MwT SLAM-0111

25 WATT CLASS A OPERATION

+55 dBm THIRD ORDER INTERCEPT
SELF-BIASED

PUSH-PULL DEVICE

BROADBAND (2 TO 32 MHz)

156 dB POWER GAIN

+0.5 dB GAIN FLATNESS

INTERNALLY TEMPERATURE COMPENSATED
28 VOLT, SINGLE SUPPLY OPERATION

TYPICAL WIDEBAND CIRCUIT PERFORMANCE

56
55

54

53

16 52

(dB)

IP3 (d

N

~ 15 51

Voo =28V by o8

~lba=2.4 A 13 49 FVoo =28V
Po=25W ah lba=24A

2 8 14 20 26 32 2 8 14 20 26 32
Frequency (MH2) Frequency (MH2)

The SLAM-0111 is an internally matched, internally temperature
compensated, push-pull power FET that delivers 25 Watts of Class A
linear power. It is self-biased, requiring only a single 28 Volt power
supply. Compared to circuits built with MOSFETs, an amplifier built
with the SLAM-0111 requires 70% fewer components, occupies 70%
less volume and costs 70% less. Call us for more about how you can
try the 70% solution today!

V MicroWave Technology
4268 Solar Way
Fremont, CA 94538

TEL: 510-651-6700
MicroWAavVE TECHNOLOGY FAX: 510-651-2208
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RF product report

Tallying Up Counters

By Andy Kellett
Technical Editor

hat use are frequency counters?

Do you want to tune an oscillator
so it is spot on? The frequency counter
would be a good choice except that your
oscillator is synthesized and crystal ref-
erenced; you will be more interested in
spurs than the oscillator's minute drifts.
For this case, a spectrum analyzer is the
tool to use. Suppose you want to look at
the output of a VCO as it is quickly
swept over its 10 percent bandwidth.
You can get accurate readings at the
endpoints where the frequency is sta-
tionary, but how did the frequency
behave as it went between the end-
points? These examples may merely
point out a maxim that applies to all test
equipment; no instrument can measure
everything. However, the question
remains: what use are frequency coun-
ters? Each different type of counter sold
is a different answer to that question.

Fast, precise, full-featured counters
are used both in production work and as
research and development instruments.
In production applications, the most
important specifications are normally
precision and speed. “Usually when you
buy a counter for production it's for a
specific reason. It needs to measure this
frequency with this many digits of reso-
lution at this rate,” says Doug Barker,
product manager for John Fluke Manu-
facturing Co. Buyers for research and
development applications look more for
flexibility. “The R&D engineer is looking
for more capability, because the counter
is probably going to be a shared instru-
ment. Somebody may need it for time
interval analysis, and the next person
will need it to characterize a VCO,” says
Barker. While performance and features
are increasing, prices continue to
decline. “It is true for a lot of our product
lines that our older instruments cost
more, while our newer models do more
but cost less,” notes Keithly Instruments
applications engineer, Dale Cigoy.

The ability to produce a basic frequency
counter for less money is part of the rea-
son frequency counters are being includ-
ed as a feature in other measuring instru-
ments. “As more counter circuits are
available on single chips, it becomes very
simple and relatively inexpensive to add
the functions. So it makes sense in many
applications to add the function simply
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because it doesn’'t cost much,” says B&K
Precision product manager, Bob Kral.
Audio and low HF measurements can be
made with the counters integrated into
today's multimeters. Frequency counters
built into spectrum analyzers have advan-
tages over stand-alone counters. “The
advantage of the spectrum analyzer's
counter is that you can be very selective
about what you are looking at. The spec-
trum analyzer/counter forms a frequency
selective system, so you can make sure
you are counting the signal of interest,”
notes Tektronix applications engineer,
Cliff Morgan.

VXI and PC based instruments repre-
sent another branch of the counter fami-
ly tree. Automatic testing is a growing
field which is beginning to incorporate
RF measurements. “In a PC, the time it
takes to get measurements to the com-
puter, which is really where you want to
analyze them, is much shorter than if
you have to go over a GPIB,” says
Shalom Kattan, president of Guide
Technology. The computer can supply
this processed information on screen,
acting as a virtual front panel, or can
incorporate the data as part of a system
feedback loop.

Increased emphasis on EMI require-
ments has created new uses for fre-
quency counters. Counters from Opto-
electronics are meant for in-field fre-
quency verification of RF communica-
tions and part 15 signals, and for
counter surveillance. The high quality
handheld instruments directly count up
to 230 MHz, and possess a high gain
front-end for signal input from an anten-
na. A patented digital filter design pre-
vents the self oscillation which can
accompany a high gain design.

As counters have become faster, it
has become possible to make frequency
measurements of an essentially different
type. Modulation domain analyzers
measure frequency vs. time. “In a modu-
lation domain analyzer you make rapid
frequency or time interval measure-
ments correlated in time, so that you
can display frequency vs. time. It's like
comparing a voltmeter to a digital scope.
A digital scope is really a voltmeter that
makes very fast measurements and dis-
plays them as a function of time,” says
Guide's Kattan. The VCO example at

the beginning of this report would be
handled well by a modulation domain
analyzer. Announced at last month’s RF
Expo West, Guide's PC-card modulation
domain analyzer joins an instrument
from Hewlett-Packard, a counter and
software from John Fiuke and a VXI
instrument from Racal-Dana.

Manufacturers of basic counters see
the counter marke: slowing down for two
reasons. First, other instruments now
have frequency measurement capabili-
ties. Second, crystal based circuits have
reduced the need to tune circuits.
“Because of that [the use of crystal
locked oscillators] you see less use of
frequency counters, but some of that is
taken up by timer counters,” says Arlene
Meadows, product marketing manager
for Racal Dana.

Portions of the market do show
strength however. “At Racal-Dana, our
VXI business is increasing,” says Mead-
ows. Fluke's Barker noted, “Our counter
business hasn’t been doing too badly.
Fluke/Philips is building market share in
the counter arena.” For those manufac-
turers who have opened a new part of
the market, such as Guide Technology
and Optoelectronics, business is
expanding.

The recession slowed the entire mar-
ket, and recent upswings have affected
everyone as well. The thing that several
counter manufacturers expressed con-
cern over is the changing tax structure
and how that will affect their companies,
and their companiges’ customers.

Counters continue to develop rapidly,
and developments from the most expen-
sive, state-of-the-art counter systems
quickly find use in other segments of the
counter industry. Hewlett-Packard prod-
uct marketing engineer Dave Cunning-
ham comments on how modulation
domain analysis technology has found
use in the counters he works with,
“We've taken what we've learned from
these more advanced products, and
now we can take that same technology,
and because we know how to use it, we
can use it a lot iless expensively in a
product like our lower cost counters.” RF

For reprints of this report, call Cardiff
Publishing at (303) 220-0600. Ask for
the Circulation Department.
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Defence Magazine Introduces

The 1992 Handbook Series...

Pre-Publication Special Pricing!
Order Now, and Save 25%!

e

| Volume I:
5 [ ] Om®
furopean Dotence European Defence in Transition
n Transition ]
Editorial analysis and coverage of the European defence industry,
including France, Germany, Switzerland, Netherlands, Belgium,
Scandinavia, Austria, ltaly and Spain.
‘:—,-Eé——g{_‘
. Volume I:
Volume Ii:

l Airborne Weapons | Airborne weapons

i r Comprehensive coverage of the development of airborne weapons
and weapon systems since 1987, including laser ranging, smart
weapons, anti-armour operations and air-to-air weapons.

Each handbook contains compiled articles...pages and pages of our best (and most re-
quested) coverage of these critical subjects. The comprehensive compilation of articles come
directly from recent Defence magazine issues, and are presented by subject matter.

Volumes | and Il will begin shipping December 1992, and you can save 25% by sending
your order to be received before December 1st, 1992. Use the handy coupon below to fax
or mail your order in with payment authorization, or call your order into our circulation

department at (USA) (303) 220-0600.

sets of the Handbooks, at £49.00/$95.00 each, including postage.

sets of Volume | (European Defence in Transition) only, at £29/$59 each,
including postage.

sets of Volume Il (Airborne Weapons) only, at £29/$59 each, including postage.

Yes, please ship {quantity)
Yes, please ship (quantity)

Yes, please ship (quantity)

{ ) Bill my company...signed PO enclosed. S amount
( ) Check enclosed...payable to Defence. SEREL LN meunt
( YMmC () Visa () Amex exp. date
Card # . _signature_______
Ship to: Name : Company
Address =2y ms _
City State _ - it 41D
Country Telephone -

Pre-payment required.

Mail order to: Defence, Circulation Dept., 6300 S. Syracuse Way, #650, Englewood, CO 80111,
or call 303/220-0600 or FAX your order to 303/773-9716 TODAY!



BRAINSTORM

WHEN IT COMES TO HIGH-FREQUENCY DESIGN
ON THE PC, WE'RE OF THE SAME MIND.

The tools you need for today’s demanding linear and

nonlinear high-frequency circuit design applications.

Based on EEsof’s proven simulation technology,
Touchstone® and Libra® for Windows™ give you
the power of workstation software on your PC. For
unparalleled capability and true Windows interface,
EEsof is the only choice.

In the lab, on your desk, or at home, get the mobility
you need. And these upwardly-compatible simulators
network with EEsof’s workstation products.

€Esof

THE HigH-FreQUENCY DEsiGN TooLs
UseD MosT FREQUENTLY
INFO/CARD 51

Real flexibility. True value.

(Call 818-879-6451 or
800-343-3763 for a
brochure.




RF software

Code Generator for DSP

Hyperception has released version 1.0 of a
C-code generator designed to work with the
visually programmed Hypersignal-Windows
Block Diagram program. An algorithm pro-
duced and debugged in Block Diagram is
converted to C-code which can then be com-
piled to run on a manufacturer's DSP chip.
The Code Generator is available for
$2995.00.

Hyperception

INFO/CARD #190

Analog Simulator

A software package developed at the Georgia
Institute of Technolcgy simulates both circuit
and higher-level systems. XSPICE, an extend-
ed version of SPICE, contains an event-driven
simulations capability. A no-cost license for
use of XSPICE is offered.

Georgia Institute of Technology
INFO/CARD #189

Layout/Signal-Integrity
Interface

CONTEC Microelectronics has announced the
availability of interfaces to Cadence and Men-
tor Graphics layout tools. With these inter-

faces, users of CONTEC's Sl signal integrity
analysis package can extract layout and part
geometry data for simulation.

CONTEC Microelectronics, CAE Div.
INFO/CARD #188

Wireless Mail

RF Data has introduced software which
allows DOS based and compatible devices to
exchange mail with wireless data devices
incorporating Motorola’s new RF modem, Info-
Tac. RF/Mail costs $100 per copy.

Radio Frequency Data

Network Systems, Inc.

INFO/CARD #187

Spread Spectrum
Sequences

Associated Professional Services announces
the release of its Linear Recursive Sequence
Analysis software. This software enables
users and designers of those systems which
use linear recursive sequences to simulate,
generate on screen, examine, and correlate
sequences. The LRS Analysis Program sells
for $349.

Associated Professional Services
INFO/CARD #186

RF Design Software Service
Programs from RF Design, provided on disk for your convenience.

April Program: RFD-0493

“A Resistive Attenuator Calculation Program” by Jouni Verronen. This utility program calcu-
lates resistor values for T and Pi attenuators, as well as minimum-loss L networks to match the
given resistive impedances. (Quick Basic, source code and compiled versions)

March DOS Program: RFD-0393

“MNAP9 Nodal Natwork Analysis Program™ by John Eisenberg. Nodal analysis of circuits with
resistors, capacitors, inductors, transmission lines, voltage-controlied current sources and user-
supplied s-parameter blocks. {BASIC source code; compiled version requires Co-processor)

March MAC Programs: RFD-0393-MAC

“Series Feedback Oscillator Design” by Ted Grosch. This program maps circles of constant
magnitude reflection coefficient to determine feedback reactances for oscillator design [Basic).

“Log Mac: Frequency and Time Domain Analysis™ by Jeff Crawford. Analyzes circuits that
can be described as a transfer function in the Laplace domain by frequency response, or by
impulse or step resgonse in the time domain. (compiled).

Call or write for a listing of all available programs

We Accept VISA, MasterCard, and American Express! When ordering by mail,
please include card number, correct name, and expiration date.

Order by telephone! Call (303) 770-4709 to place your credit card order. Occasionally,
you may reach an answering machine, but your call will be returned promptly.

Each month’s program(s).

Annual subscription....

$15.00 ............postpaid, with article reprints and any author’s notes.
Price includes shipping to U.S. or Canadian addresses. Orders from other countries must add
$8.00 per order for extra shipping and handling. Specify 3 1/2 or 5 1/4 inch disks

$130.00 postpaid..{$ 170 Foreign, via Air Mail).......get each program ASAP.

Check, money order, VISA, MasterCard or American Express accepted for all orders. Purchase
orders from U.S. and Canadian companies accepted for orders of $100 or more. All foreign
orders must be pre-paid, with payment via charge card; or bank draft drawn on a bank located

in the U.S.
RF Design Software Service
P.O. Box 3702
Littleton, Colorado 80161-3702 U.S.A.
(303) 770-4709

Easy TESLA Block Diagram
Simulation Runs on Your PC
@ Nonlinear ime simulation with built-in spectrum analysis
lets you test with noise, muitipath and adjacent channels
@ Use TESLA to simulate modems, radios, cellular, GPS,
spread spec, DSP, HDTV, radar, controis, audio & more!
@ Over 60 analog & digital blocks: Filters, VCO, Mixer, RFamp,
Laplace, AD & D/A Converters, BER tester, Noise, S&H,
Integ&dump, 5-Function Generator, Phase meter, & more!
@ Add new blocks with MODGEN option—BBS user library
@ Use OrCAD® to input biock diagrams—runs under TESLA

FREE APPLICATION NOTE

TESOFT Inc, PO Box 305  CALL FOR WORKING DEMO DISK
$685

Roswell GA 30077 TESLA Simulator
Phone 404-751-9785 MODGEN Model Generator  $495
FAX404-664-5817 Symbots for OrCAD/SDT® ~ $195

INFO/CARD 52

CERAMIC RF
CAPACITORS

C-D/SANGAMO

MICA RF CAPACITORS

JENNINGS

VACUUM CAPACITORS
VACUUM RELAYS

SURCOM ASSOCIATES, INC

2215 Faraday Avenue, Suite A
Carlsbad, California 92008
TEL (619)438-4420
FAX (619)438 4759

INFO/CARD 53
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RF design

MARKETPLACE

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

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

BIAS TEES  10kH-44GH: .

MODEL | RISETIME® | BANDWIDTH™ | VOLT/AMPS
5530 28 ps 12 GHz 200V 10mA s B
5531 45 ps 8 GHz 1.5kV. 20 mA with HEWLETT-PACK-
50 Sps 44GHz | SOV _100mA | agp 5 GHz oscillo-
5550 20 ps 18 GHz 50V 500 MA | scope and PSPL 15 ps
5580 32 ps 11 GHz 50V 1 Amp | pulse generator.

Other broadband components available from PSPL include: | **Bandwidths meas-
Signal Probes, Risetime Filers, Attenuators, DC Blocks, | ured with WILTRON 20
Transtormers, Power Dividers and Amplifiers. GHz network analyzer.

,"‘ N PO BOX 44+BOULDER CO 80306+ USA
|\ PULSE LABS Inc PHONE 303-443-1249
T

FAX 303-447-2236
INFO/CARD 57

NOVA RF Systems, Inc.

The Complete RF/Microwave Solution

| — RF/Microwave Systems
— Custom Design/Consulting
g . — Simulation Software
— Synthesizers (PLL/DDS)
| — Complete Lab/Machine Shop
— TDMA/CDMA/Spread Spectrum

1740 Pine Valley Dr. » Vienna, Virginia 22182
(703) 255-2353
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- « STD. 5 AND 10 MHZ OCXO
A K*SLW « TCXO » VCXO » TC-VCXO
AW * VCO's » CLOCK OSCILLATORS
T Lt L An]
» CUSTOMIZED CRYSTAL FILTERS

ELECTRONIES | * G107 Wiz, 214 MHZ and 45 MHZ
| Waare pour dreoms tura into reality.” | . L/C FILTERS

Call or Fax your requirements.

16406 N. Cave Creek Rd. #5
Phoenix, AZ 85032-2919
Phone & Fax (602) 971-3301

INFO/CARD 61

Need Clock Oscillators or Crystals?

Call 714-991-1580

Quartz Crystals
50 Khz to 200 Mhz

TTL Clock Oscillators
250 Khz to 70 Mhz

HCMOS Clock Oscillators ms———
3.50 Mhz to 50 Mhz

TTL and HCMOS Half Size and Surtace Mount also availzble on request

CAL CRYSTAL LAB, INC. « COMCLOK, INC.
1142 No. Gilbert, Anaheim, CA 92801 » FAX 714-491-9825

V &V & &
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RF SPICE MODELS

NALQ..  BPOLARS, FET, VARACTOR, PIN
'y G+ MODELS FOR CLASS C POWER

@aN5°  * OPTO LASER AND PIN DIODES
W 8¢« HIGH SPEED GATES AND FLOPS
&b\? * OPAMPS & TRANSIMPEDANCE AMPS
MODY  * FULL NONLINEAR SPICE MODELS
€587 M. e Roag® ACCURACY FROM DC TO 5-10 GHZ
Tucson, AZ85704  * INHOUSE RF & DC MEASUREMENTS

PHONE (602) 575-5323 FAX (602) 297-5160
INFO/CARD 60

* Promote your company...
e Trade used equipment...
¢ Sell your products...
Every month for only $395

CALL 303-220-0600 TODAY!




RF engineering opportunities

AudiolLogic
RF DESIGN ENGINEERS

AudioLogic is an exciting new company designing innovative DSP
based products for the hearing impaired, located near the Rocky
Mountains. Our products require creative solutions in the areas of
low power, miniature, battery operated RF communications.
Appropriate experience would be 5 years working with consumer or
miniature RF products, such as pagers or cellular. If you seek a
technical challenge, competitive salary, equity participation, a
stimulating work environment and would like to help society, send
your resume and salary history to John Melanson, AudiolLogic,
1355 S. Boulder Rd #F137, Louisville, CO 80027. EOE.

Advertising Index
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Cellular Engineers: Desionidsveiop RF and analog circutts for high capacity ceflular systems Requares
minimum of 2 years experience in any of the followsng: DSP, ASIC Design, CAE Development, Digtal
Modulation, Digial Mobie C Channel € T Ry o
Audo Design, Drgtal Signal Processing

Sr. RF Design Engineer: You will be responsigie for the design anc development of 300 MHz RF cr-
curtry Also. you will provide support throughout the development cycle A BSEE with emphasis on
analog/AF design lechniques and at least 6 years of expenience designing RF subsystems are essential
A background i RF circutt design, inchuding RF ampiifiers (low and high power), synthesizers, VCO, VCXO
and PLL 1s necessary In addition, you need knowledge ol modern communicalion sysiems theory

Whatever you are seeking in it...

MMIC Engineer: Develop LS band GAA's MMIC power ampliiers for commercial wireless communicalions Requres MS. or
BSEE, + 2 years experience with GAA's MMIC design. simulation, packaging and test.

Ampiifier Designers: Both Senior and Junior posmions extst Jor designer with expenence in Microstrip/Stnpline, Hybrd Mic, MMIC
Ampifiers Markets involved wil be celular, wireless and mobse communications BS/MSEE.

RF Design Engineer: Responsible for design of analog and RF sysiems and carcuits for consumer and commercial d:gtal wire-
less products Five to len years expenence in RF systems analysis and design. Expenience with low-cost design techniques for
frequency synthesizers, power ampiifiers. upisown converters and baseband circutts for digital communications systems Must
be able to derve RF systems and module req. 1o meet overall pex and cost goals Familiarty with time dmision
dupiex or COMA a plus

Statt/Principal Engineer: This ndividual will be responsible for the designidevelopment of UHF/VHF ampiifiers. Wil be required
fo control the design on & stand-alone basis while meeting cost and schedule requirements with the support from punior engineers
and experienced technicians. Hands-on engineer will aiso be required to lead IRAD etiorts in UMFVHF RF Power Ampiifier design
1o enhance transmitter technology postion BSEE/MSEE.

RFIC Designi: MS or PhD in Electrical Engmeenng with minimum 5 years related expenence is preferred. The candidate shoukd
have a good knorviedge and expenence in Linear Brpolar High Freguency IC design and measurement techniques to design IC's
like Amplifiers, Mixers, Oscillators, VCO's, Prescalers, Synthesizers,
Limiting Ampéfiers, etc operaling up o 2 GHz in Bipolar or BICMOS

1echnologies.

RF/Synthesier Design: Postions avadable for candudates expenenced |
i the design and
systems and E: n AF design, RF [
circuttry, low power circult design and GaAs/Shicon MMIC design 1s

desiable Al least a BS degree in Engineerng ts required [

Wireless LANS: Responsible or the electncal and mechanical design,
manutacture and produchon of @ 24-25 GHz frequency hoppng it T
spread spectrum radw transcerver Designs include power & low- :
nose ampiiers, filters, mixers, VCO, synthesizer, doubler, TIR

switch and antennas. BS/MSEE. /-

COMMUNICATIONS
EXECUTIVE SEARCH
87 Turnpike St.  North Andover, MA 08145
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Motorola is the source of exciting innovation in cellular and wireless
communications. Our engineers are utilizing the latest RF technolo-
gies, working on tomorrow's products; redefining the way the world

communicates.

As a team member of a group of engineers, you wilt work on prod-
uct design and development of portable cellular telephones for the
Westem European Market. You wilt be involved in muttiple pro-
jects at various stages of completion-from initial concept through
production. Responsibilities include: project engineering, cost
estimation, proposal development, RF and analog design, as well
as circuit design and testing.

The qualified candidate will possess a BSEE, MS preferred; and
have 2+ years experience in RF transceiver design, design tools
and development. Knowledge of receivers, transmitters or synthe-
sizers, 450 to 900 MHz is strongly preferred. Familiarity with high
iiquency fitter, RF power amplifier, antenna design, surface
mount devices and microstrip/stripline applications is required.

ENGINEER This position is based in Libertyville, lllinois; 40 miles northwest of
Chicago.

We offer an excellent salary, comprehensive benefits package
and opportunities for professional growth. Forimmedidate consid-
eration, please send your resume and salary history to:
Supervisar, Professional Recruitment, Dept. RF/493-TH, Motorola,
Cellular, 1501 W. Shure Drive, Arlington Heights, L. 60004, Or
FAX your resume to our Resumix FAX line: (708) 632-7382.
Motorola is an equal opportunity/affimative action employer. We
welcome and encourage diversity in our workforce.

@ MOTOROLA
Cellular
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DCP-1

For Synthetic Aperture Radar and other
systems requiring state of the art
LINEAR FM. Sciteq's DCP-1 provides
extended bandwidth, high linearity,
phase control, and excellent spectral

purity.

The DCP-1 is based upon aggressive
GaAs direct-digital synthesizer (DDS)

The chassis version adds a reference
generator, control interface, power
supply, and output filter.

+ Operating range 1-230 MHz

- Step size <30 Hz granularity

- Phase control 12-bit

. Spurious -55 dBc typical (CW)
E Switching | 2 n_anosecond updaté

Available in 5.25" chassis or
5" x 7" x 1" module

1];;‘w‘!!.lil
LT

@ <30 Hz granuléFlty
LINEAR FM
SPREAD SPECTRUM

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

UP TO 400 MHz

COMMERCIAL

OR MIL. A

SCITEQ Electronics, Inc.
4775 Viewridge Ave.

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

INFO/CARD 54
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230 MHz BW!

technology, packaged in a smaill module.

RF literature

EMI/RFI Filters

Murata Erie North America's line of EMI/RFI
filter devices is covered in detail in their new
EMI/RFI Filter Catalog No. E-06-A. The 97-
page catalog is free of charge.

Murata Erie North America

INFO/CARD #180

Coils and Filters

Toko America’s 164-page catalog of coils and
filters covers Toko’s complete lines of coils
and balun transformers, as well as LC, dielec-
tric, SAW, ceramic, helical and active filters.
Toko America, Inc.

INFO/CARD #179

Sigma-Delta A/D

The design of a 16-bit sigma-deita analog to
digital converter using the Comdisco Systems’
Signal Processing WorkSystem (SPW) is
described in a six-page application note avail-
able free of charge from the company.
Comdisco Systems, Inc.

INFO/CARD #178

Digital Signal Processing

The latest issue of DSPatch from Analog
Devices includes features about the ADSP-
2115 DSP chip, use of the ADSP-2101 chip in
a video compression application, questions
and answers, tips, and other information con-
cerning the use of Analog Devices’ DSP
devices.

Analog Devices

INFO/CARD #177

Quartz Products

A full-color brochure from Tele Quarz
describes the company’s design and manu-
facturing capabilities for the production of
quartz crystals, filters and oscillators.

Tele Quarz USA

INFO/CARD #176

Telecom Reference
Butterworth-Heinemann has recently pub-
lished the Telecommunications Engineer’s
Reference Book. The 62-chapter book was
edited by F.F. Mazda, and covers mathemati-
cal techniques, physical phenomena, commu-
nications principles, and applications. Cost of
the 1,000 page book is $125.00.
Butterworth-Heinemann

INFO/CARD #175

VXI Catalog

Hewlett-Packard’'s 1993 VXI| catalog
includes a high-power 486-embedded con-
troller running MS-DOS and supporting com-
piled SCPI, a family of high performance A
to D converters, a Baseband Signal Analyz-
er System using HP’s new VXI Digital Signal
Processor, and a High Speed Data Acquisi-
tion System.

Hewlett-Packard Co.

INFO/CARD #174

Receiving Multicouplers

AML announces a fully revised and expanded
edition of its Receiving Multicoupler Hand-
book. The new edition contains applications
notes and specs for 50 multicouplers from 10
kHz to 2.4 GHz.

AML, Inc.

INFO/CARD #173

ISO 9000 Training Materials
Six manuals and three videos which cover
1ISO 9000 related topics are offered by PPM
Associates. Guidelines for PC design and
assembly, surface mount techniques and
design for manufacturability are among the
topics covered in the manuals and videos.
PPM Associates, Inc.

INFO/CARD #172

Microwave Oscillators

Forty-six microwave oscillators are described
in a information packet from Electronic Sur-
veillance Components. Included are voltage
controlled oscillators in the 100 to 3500 MHz
range that feature low-cost pin output and sur-
face mount versions.

Electronic Surveillance Components, Inc.
INFO/CARD #171

Shielding Data

Now available is a compilation of shielding
quality data on Spire’s entire line of EM! gas-
kets and honeycomb filters.

Spira Mfg. Corp.

INFO/CARD #170

Cable Assembly Guide

C.E. Precision’s guide to specifying flexible,
semi-rigid, silicon d oxide, and other coaxial
cable assemblies defines what the design
engineer needs to consider in specifying coax-
ial cables for their application.

C.E. Precision Assemblies

INFO/CARD #169

VXI/VME Guide

Analogic announces a free, 74-page “Design-
er's Guide to High Performance VXI/VME
Systems,” featuring Analogic’s precision VXI
instruments, software support, technical
notes, and a family of VME-based signal pro-
cessing boards.

Analogic Corp.

INFO/CARD #168

Mobile Data News

Dataradio has initiated the quarterly publica-
tion of its VIS TIMES. VIS TIMES is a
newsletter focusing on products, applications
and related information on private mobile data
networks using Dataradio’s VIS (Vehicular
Information Series) open architecture radio
modem products.

Dataradio Corp.

INFO/CARD #167
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State-Of-The-Art
Solid State Power From

ST

Series BHE/BHC
amplifiers are available

in a full selection of
frequency ranges from
1.5-30MHz to 1400-1800
MHz, with output powers
from 100 to 1000 watts. The
ultra-broad bandwidth
Model BHE 2758-500 is
particularly noteworthy
for its instantaneous
frequency coverage from
20 to 500 MHz and its
high power boost

capability: from 1 milliwatt to 500 watts -
making it especially suitable for many
applications such as EMI/RFI susceptibility
tests, VHF and UHF communication, EW

and ECM jamming, radar pattern testing, and
laboratory calibration testing.

\% mE ]
ML

BHE 2758-500

All Series BHE/BHC
models include important
state-of-the-art design
and high performance
features such as:
connectorized, modular
circuit elements that

are pre-aligned and

field replaceable;

integral protection
against thermal overload,
input/output overdrive
and load VSWR,; graceful
degradation; built-in

test diagnostics. Their wide bandwidths
make them ideal for use in multi-octave,
frequency-agile systems, totally
unattended or remotely computer
controlled. Optional IEEE bus interface
for remote operation is available.

Write or call for complete BHE/BHC information - ask for
Product Data 2010 - or to inquire about our many other
standard and custom amplifier designs: Class A, C, narrow band
and pulsed; power outputs up to 10KW; frequencies up to 8.4GHz.

A SUBSIDIARY OF COMTECH
TELECOMMUNICATIONS CORP.

POWER SYSTEMS TECHNOLOGY INC.

105 BAYLIS ROAD, MELVILLE, NY 11747
TEL. 516-777-8900 » FAX 516-777-8877

INFO/CARD 55



Stability;

Important in the product Important in the manufacture

Reliabilit

Highpass - Interdigital - Combline
Bandpass + Diplexer « Notch « Hairpin
Edge Coupled - Lowpass - Multiplexer

MICROWAVE INCORPORATED

Call today and ask for K&L's Suspended Substrate Brochure

A Ké DOVER ) TECHNOLOGIES COMPANY

408 Coles Circle - Salisbury, Maryland 21801 + Phone (410) 749-2424 - FAX (410) 749-5725





