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A new way to put 29 years of
diode experience to work for you.

FSI's new line of modular microwave compo-

nents incorporates everything we’ve learned in
the last 29 years about diodes. And everything

we've learned about packaging them in an
almost infinite variety of ways. Products span
0.5 -18 GHz. All meet industry standards in
insertion loss, VSWR, and isolation.

e SPST, SPDT, SP3T and SP4AT Modules

® SPST, SPDT, SP3T and SPAT with Bias

® Low Loss RF Limiter Modules

* Improved Leakage RF Limiter Modules

¢ Low Leakage RF Limiter Modules

¢ ECL Voltage Controlled Oscillators

¢ Comb Generator Modules

* Modular Gunn Voltage Controlled
Oscillators
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For more information,

call or write Donna Langan,
Product Manager,

Loral Microwave-FSI,

16 Maple Road,
Chelmsford, MA 01824.

Tel: (508) 256-4113.

Fax: (508) 937-3748.

Ask for our free catalog.

Microwave - FSI




Model AN930
9 kHz to 22 GHz

Model AN920
9 kHz to 2.9 GHz

Model AN940
9 kHz to 26.5 GHz ! N 9 U D
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THE AN900 SERIES PORTABLE SPECTRUM ANALYZERS

With frequency coverage of 9 kHz to 2.9 GHz for the AN920, An automatic trace limits test function performs unattended
9 kHz to 22 GHz for the AN930, and 9 kHz to 26.5 GHz for monitoring and detection of erroneous signal conditions.
the AN940, the AN9QO series of spectrum analyzers can match Captured signals can be automatically stored in memory with
your RF and microwave testing requirements. time and date stamp for later recalt and analysis or sent directly

In addition to being full-featured, portable spectrum analyzers, to a plotter via the standard RS-232 or IEEE-488 interfaces.
each AN90O series model provides unique measurement A logical front panel control layout that avoids the use of
features never before available on any spectrum analyzer. menus or shift keys simplifies operation and enhances user

A wide 30 MHz resolution bandwidth filter provides productivity. For field use, a rugged portable design is comple-
unequalled measurement capability on wideband or spread mented by the ability to operate from DC power sources or
spectrum signals. When used in combination with the built-in from an optional rechargeable battery pack.
FM/AM receiver and modulation measurement scales, direct Other optional built-in features, including a 2.9 GHz tracking
measurement of wideband signal modulation components, generator, quasi-peak detector, and 0.02 ppm time base,
including frequency agile signals, is possible. expand each model’s possible uses.

A 25 MHz digitizing rate enables zero span measurements on
pulsed RF and digital signals at sweep rates as fast as 200 ns/div. Contact IFR for more information
Pretrigger and posttrigger delay allow precise time interval or or to arrange for a demonstration of
gated measurements. the AN920, AN930 or AN940.

I « IFR SYSTEMS, INC.
RENT DIRECTLY FROM IFR curmo win ey 10200 West York Street/ Wichita, Kansas 67215-8935 U.S.A
Call 1-800-835-2352, Ext. 207 for details WS  phone 316/522-4981/1-800-835-2352 / FAX 316/522-1360
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DEMODULATORS

115MHz to 1880MHz from $19.95

1&Q Modulators and Demodulators... another smart offering from
Mini-Circuits that's pushing industry standards to new heights (and
prices to new lows)!

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

For high speed assembly operations, 1&Q Modulators and
Demodulators are available in tape and reel format, so you can bank
on consistent assembly performance for production efficiency time

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

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

We're redefining what VALUE is all about!
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MIQA 10D
MIQA-21D 4

QY-1
MIQY-70D
MIQY 140D

NON-HERMETICALLY SEALED
MIQA case 4x 8x 4n
MIQY case 8x 8x 4in
MIQC case 8x 8x 41n
MIQS case 8x 4x 2in
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Mini-Circuits
P O Box 350166, Brooklyn New York 11235-0003 (718) 934-4500 Fax (718) 332-4661
For detailed specs on all Mini-Circuns products refer to ¢ THOMAS REGISTER Vol 23 ¢ MICROWAVES PRODUCT DIRECTORY e EEM e MINI-CIRCUITS 740-pg HANDBOOK

CUSTOM PRODUCT NEEDS. LetOurExperience Work For You.
F 156 Rev. A
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Why Wait For A Prescription
When You Can Buy
The World’s Best Quad Mods
Right Over The Counter.

The RF2422 quadrature modulator with HBT (Heterojunction Bipolar
Transistor) is just one example of what you can buy from us right over the
counter. [t operates from 0.9 to 2.5 GHz for use in digital cordless phones,
PCS, and wireless LANS. It’s the only quad mod in the world operating in
this frequency range that requires no discrete components to get the job
done. And like the five other quad mods in our line, the RF2422 is
designed and produced and ready for delivery, no waiting, no lost time for
development. You'll also find that our active ingredients, whether they be
Silicon, GaAs, HBT, or combinations, have been carefully designed-in and
tested throughout our complete line of quadrature modulators.

So, if you think you need an expensive prescription to make your
wireless challenges get well, think again. RF Micro Devices has the quad
mod to fit your exact requirements right now and with our Optimum
Technology Matching!™ what we have to offer will be the easiest
medicine you ever had to swallow.

REFM

MICRO-DEVICES
It's How You Play To Win.
Manufacturers of RF Integrated Circuits Including: Quadrature Modulators

Programmable Attenuators ¢ Linear Power Amplifiers ¢ Low Noise Amplifiers/Mixers ¢
Gain Controlled IF Amplifiers * Quadrature Demodulators  Spread Spectrum Transmitters/Receivers

7341-1 West Friendly Ave. » Greensboro, NC 27410 ¢ Phone 910-855-8085 ¢ Fax 910-299-9809
INFO/CARD 4

Please see us at Fi;ﬁEW, Booth #917.
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30 An Algorithm For Combined
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mation about receiver frequency offset and timing
errors. — K. Anvari

48 Design and Performance of a Low
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Amplifier
This article describes the design and performance
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54 Chip Set Addresses North American Digital Cellular Market
This new chip set from Philips supports the 1S-54 TDMA cellular phone standard.
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90 Program Uses Two-Port Models to Design
Small-Signal Ampilifiers

This program offers 2-port parameter routines for small-signal tuned amplifiers.
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94 A Transformed Feedback Attenuator
This AGC design has very good intermodulation performance. — Carl Zatl
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WERLATONE

DECADES AHEAD

HIGH POWER

DUAL DIRECTIONAL

COUPLERS

BANDWIDTH
TYPICAL
SPECIFICATIONS
FREQ. RANGE ....... 80-1000 MHz

INS. LOSS .............. 0.1 db
FLATNESS .............. +/-0.5db
DIRECTIVITY ...... . 20 db min.
VSWR ML ..... ... 1.2:1max.
MODEL C3240

COURKNNGES: - 40db nom.
ROMISIR GRS e 200 watts
MODEL C3271

GOUREINGES S 50 db nom.
POWERCW ................ 1500 watts

'MULTLOCTAVE

.‘*‘

),

BROADBAND HIGH POWER
* DIRECTIONAL COUPLERS
* POWER COMBINERS
* HYBRID JUNCTIONS

Eo BOX 47 » ROUTE 22 « BREWSTER, N.Y. 10509

914-279-6187 » FAX 914-279-7404
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RF editorial

RF Engineers:
Paving the
Information
Superhighway

By Gary A. Breed
Editor

I'd like to clear up a common miscon-
ception about who is building the “infor-
mation superhighway” or “national infor-
mation infrastructure.”

Although this universal communica-
tions network will carry information in
digital form, it is not being built just by
digital engineers. After all, a normal
superhighway carries cars and trucks,
but it isn't built by automotive engineers!
No, the information superhighway is
being built by communications engi-
neers representing RF, microwave, opti-
cal, and digital specialties.

Some people interpreted my Decem-
ber editorial as saying that RF technolo-
gy would benefit as a spin-off from the
efforts being made in telecommunica-
tions. That's the wrong interpretation,
because RF is an integral part of the
process! Here's how RF Design readers
are taking part:

RF links — This is the “wireless” tech-
nology everyone is talking about. Cellu-
lar telephones, new Personal Communi-
cations System applications, wireless
links for personal computers, RFID
“radio bar codes,” no-stopping toll col-
lection, data links for inventory reporting,
wireless office networks, remote meter
reading, and a zillion other applications.

Coaxial cable technology — Your
cable company simply takes ordinary
RF signals and transmits them through
a cable instead of over the airwaves. An
intermediate step in the building of a
new infrastructure will be extended use
of cable technology — which is com-
pletely RF!

Fiber optics — Lots of RF technology
is found here, too. Light beams carry the
information through these glass fibers,

but the circuits that drive the laser
diodes at one end, and recover the
information at the other end are very
much like radio transmitters and
receivers.

Microwave and satellite links — This
is RF communications at the higher fre-
quencies, but still RF. The lower fre-
quencies emphasized in RF Design are
a major part of these systems, too, in
the modulation, demodulation, frequen-
cy conversion, amplification and signal
processing functions.

High speed computing — Making the
new infrastructure work will require plen-
ty of computing power. There are some
terrific digital engineers designing com-
puter circuits for high speed digital sig-
nal processing, error detection and cor-
rection, and encryption/decryption. But
they also need a solid footing in RF the-
ory and techniques! Remember that a
66 MHz PC operates with timing signals
that would fall in television channel 3 if
they were radiated like RF signals!

| think I've made my point — RF is
one of the key areas of engineering that
will make the new information super-
highway possible! Now that Congress,
the President, and private industry are
working together (at least in this one
area!), work is accelerating in the
rewiring of our nation.

I'd love to hear what some of you are
doing to make it happen!

March 1994



WHAT YOU 'VE BEENWALING FUR!

WORLD’S FIRST

Technology of the Future 14 Octave 2500
Available Today SOLID-STATE RF Amplifier

MODEL 122FC

* Instantaneous handwidth, no warm-up
* Fully protected
* No VSWR shutdown, drives mismatched loads
e ALC gain leveling & power limit set
« All front panel controls available via remote connector
o |[EEE4A88 / RS232 interface capability
» 19" rack mountahle, weight 50 kg
e US $19,950.00

250 Watts CW
01 - 220 MHz

The Worlds Mast Complele
Line of RF Power Amplifiers

1-800-344-3341
(206) 485-9000 w(206) 486-9657

21820-87th S.E. » Woodinville, WA 38072 » USA

Paris, France
pmone 1-4645-0945  INFO/CARD 6 e 1-4645-2403



High Power RF

Amplifiers and Power Generators

ur specialty is producing quality By starting with raw sheet metal and
high power RF amplifiers, power copper clad boards and by using modern
enerators and transmitters in the XFetooIs and CNC machinery, we
requency range of | MHzto 200 MHz  manufacture from start to finish.
and at power levels up to 5000 watts. You don't pay expensive middle man
We can deliver amplificrs from rofits, you get quicker turnaround and
stock, custom build your design or Better quality control.
design a product to your specifications. For more information, call toll-free
hether you need one or OEM  800-647-1801 today and ask for Steven
quantities, you'll get the lowest prices  Pan. Be prepared to be amazed at our low
and the fastest d %lvery in the industry. prices and all that we can do for you.
600 Watt FET Linear Amnplifier Module, AL-4150,
$849. Operates to VHE, '

Can be combined to
produce several kilowatts.
Ready-to-use. Assembled
and tested with four
MRF-150 FETs mounted W3

. ; y on heat sink with solid
This FET linear amplifier covers VLF to copper heat spreader.

VHF with 200 watts continuous power output  Eyaiiare one today!
or 1500 watts output in pulse applications.

Write or call Steven Pan . . . 800-247-1801
Free Information

AMERITRWY

. the high power RF specialists

921 Louisville Road ¢ Starkville, MS 39759
(601) 323-8211 » FAX: (601) 323-6551
For more information call : 800-647-1800
8 a.m. - 4:30 p.m. CST, Monday-Friday
Pres and Specifications subject 1o change © 1993 Ameritron, Inc.

The rugged 3CX1500A7 tube in this HF
amplifier delivers over 750 watts of continuous
power or up to 4 KW of pulsed ouput power.

INFO/CARD 7

4000 SERIES

An accurate, precise and
easy-to-use RF power
@ measurement system.

Bird’s 4000 Series™ advances
RF power measurement
to new heights. It is
designed to meet your
most demanding

*» requirements in
metrology, research
and process control.

® Accurate, precise measurements, with +3% of
reading accuracy and better than 0.1% repeatability.
® Direct reading and wide dynamic range—100mW-to-10kW
and 100kHz-to-2.3GHz.
®Sensor corrects readings automatically and carries its own
wideband calibration profile in non-volatile memory.
® Optional IEEE-488 and RS-232 Interfaces.
® Optional 4421-500 calibration card.
-
B‘““ TLX: 706898 Bird Elec UD » FAX: (216) 248-5426
WESTERN REGION OFFICE: Ojai, CA * (805) 646-7255

Electronic Corporation

Call or write today for more information on the
4000 Series RF power measurement system.

30303 Aurora Rd., Cleveland, OH 44139 U.S.A. * (216) 248-1200

INFO/CARD 8 Please see us at RFEW, Booth #426.
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Optimized VSWR

Loss Measurements ensures

Networks enhance host sys
Yol e 4

Swrt -80.0000 b 19506 ps 5y 00

Merrimac engineers design out poor impedance
matching between adjacent components will
comprehensive Time Domain Analysis.

CALL MERRIMAC hd Merrimac

o 41 Fairfield Place, West Caidwell NJ 07006

The Integration Innovators Tel: {201} 575-1300/Fax: (201} 575-0531
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GIGATRONICS
6060 Series

SYNTHESIZED

RF SIGNAL
(GENERATORS

Whether you're responsible for
testing general purpose RF com-
ponents or sophisticated com-
munications systems, one of the
Giga-tronics 6060 Series Synthe-
sized RF Signal Generators will meet
your needs, as well as your budget.

The Giga-tronics 6060B
Signal Generator is ideal for
general purpose RF testing.
Frequency range is 10 kHz to
1.05 GHz. Phase noise at | GHz
is -110 dBc/Hz at 20 kHz offset.
And accuracy is £1.0 dB from
-127 to +13 dBm, above 400 kHz.
Better still, the 6060B is priced

23 oE

=
MODULATION INPUT
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© 1994 Giga-tronics Incorporated

Accurate And Affordable
RF Testing Starts Here.

&

hundreds to

8 &8 8

thousands of

SSB Phase Noise (dBc in 1Hz BW)
8

dollars less

g2 &

than signal L
generators
with compa-  test measurements.
rable specifications.

For just a little more money
the Giga-tronics 606IA Signal
Generator provides even higher-
quality signal output, making it the
right choice for many communica-
tions test applications. Frequency
range and accuracy are identical to
the 6060B, while phase noise at

| GHz is -117 dBc/Hz at 20 kHz

The Giga-tronics 6060 Series RF Synthesized Signal
Generators give you accurate test measurements at
an affordable price.

500 1000 200
Offset Frequency (kHz}

Typical SSB Phase Noise at 1 GHz

offset. Plus, the
6061A gives you
lower out-of-band
spurious noise and

lower residual FM.

Low phase noise assures accurate narrow-band

For greater capa-
bility, both the 6060B and 606!A
come with built-in AM and FM
generators.

The Giga-tronics 6062A gener-
ates complex signals, from 100 kHz
to 2.1 GHz, for testing such appli-
cations as long-range radar and
sophisticated communications
systems. In addition to AM and
FM, the 6062A includes fast-rise

A auTPyT
|m'



pulse modulation (<15 ns). So you

can test pulsed communication
and navigation circuits, such as
radar and avionics transponders,
without having to pay extra for
an external generator. You also
get built-in phase modulation for
critical receiver testing.

And all 6060 Series instru-
ments have a standard |IEEE-488
interface for ATE applications.

Originally introduced by the
John Fluke Manufacturing Com-
pany, thousands of these instru-
ments are in service, attesting
to product reliability. For added
confidence, self-diagnostics are
performed automatically every
time you turn on the power.

If a problem occurs, the
Giga-tronics technical support
staff can often help you find and
fix the problem over the phone.
If you need to return an instru-

ment for repair, we can service

it at our factory in
California, or at one of
our worldwide sales
and service centers.
But at Giga-tronics,
customer service
starts even before you
become a customer.
Whether you're look-
ing to buy one unit or
one hundred, you'll get
the same assistance,
including a demonstra-

tion at your facility.

generator that lets you make
accurate test measurements at
an affordable price, call us toll
free at 800 726 GIGA (4442).
We'll send you more infor-
mation. And, if you like, we’ll
arrange a demonstration of
the 6060 Series instrument that
best meets your needs, as well

as your budget.

So, if you need a reliable signal

Meeting Your Needs,
As Well As
Your Budget

The Giga-tronics 60608 RF Synthesized
Signal Generator is ideal for general pur-
pose RF testing from 10 kHz to 1.05 GHz.

For more critical applications, the
Giga-tronics 6061A RF Synthesized Signal
Generator gives you lower phase noise,
lower out-of-band spurious noise, and
fower residual FM.

The Giga-tronics 6062A RF Synthesized
Signal Generator has built-in AM, FM,
pulse and phase modulation generators
for generating complex signals from
100 kHz to 2.1 GHz.

Prices shown are U. S. list prices.

Giga-tronics Incorporated
2495 Estand Way

Pleasant Hill, California 94523
Telephone 800 726 4442
Telefax 510 680 7736
INFO/CARD 10

Please see us at RFEW, Booths #146, 148.



GIGATRONICS
6080A & 6062A

SYNTHESIZED
RF SIGNAL
(GENERATORS

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

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

call Giga-tronics.

3 1993 Giga-tronics Incorporated

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

around a long time. But, Giga-tronics

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

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

However, in this case, it is.

The Giga-tronics 6080A and 6082A RF S;'nthesizrs give you great
performance and proven reliability for a lot less money.



Both the 6080A and 6082A were
originally introduced in 1990 by John
Fluke Manufacturing Company. To
date, thousands have performed
flawlessly in the field.

For added confidence, the
instruments incorporate self-
testing, internal diagnostics and
modular design for easy fault
isolation and repair.

Service.

If a problem occurs, Giga-tronics
technical support staff can often
help you find and fix the problem
over the phone.

If you need to return an instru-
ment for repair, we can service it
at our factory in California, or at
one of our worldwide sales and
service centers.

But at Giga-tronics, customer
service starts even before you
become a customer.

Whether you're looking to buy
one unit or one hundred, you'll get
the same assistance, including a
demonstration at your facility.
Price.

Considering all this, the real ques-
tion is not why Giga-tronics is so
much less, but rather, why Hewlett-

Packard wants so much more!

Hewlett- o Hewlett- I
o 4 Iga-fronics iga-tronics
Specifications Packard y Packard y
6080A 6082A
HP 8642A HP 86428
Frequency
Range .1 to 1057 MHz .01 to 1056 MHz .l 02115 MHz 1102112 MHz
Switching speed <85 ms <100 ms <85 ms <100 ms
Spectral Purity®
Spurious <100 dBc <-100 dBc <-94 dBc <-94 dBc
Subharmonics None None <-45 dBc <-45 dBc
Phase Noise®
@ 20 kHz offset <-134 dBc/Hz <-131 dBc/Hz <-125 dBc/Hz <-125 dBc/Hz
Residual FM*
(3 to 3 kHz BW) <2Hz <I.SHz <5Hz <3Hz
S -
Output
Range* +161t0-140dBm | +17to -140 dBm +16t0-140dBm | +13to-140 dBm
Accuracy +1 dB>-127 dBm | %I dB >-127 dBm +| dB>-127 dBm | #! dB >-127 dBm
Reverse Power Protection 50 Wates/50 Vde | 50 Watts/50 Vdc 25 Wats/25 Vde | 25 Wars/25 Vde
I8 |
Amplitude Modulation r l
Depth 0-99.9% 0-99.9% 0-99.9% 0-99.9%
Distortion @ 30% <% <1.5% <% <|.5%
)_
Frequency Modulation
Max. Deviation* I MHz 4MHz I MHz 8 MHz
Distortion ‘ <% <1% @ 50% Dev. <% <1% @ 50% Dev.
Phase Modulation |
Max. Deviation* 100 Rad. 40/400 Rad. 200 Rad. 80/800 Rad.
Pulse Modulation
On/off >40 dB >40/60 dB >40/80 dB >80 dB
Rise/fall ime <400 ns <15 ns (Typ 7.5 ns) <400 ns <{5 ns (Typ 7.5 ns)
Minimum Pulse Width <2 s <30 ns <2 s <30 ns |
Internal Modulation Source 20 Hz to 100 kHz | 0.1 Hz to 200 kHz 20 Hz to 100 kHz | 0.1 Hz to 200 kHz
Level Range 0to 3 Vpk 0to 4 Vpk 0to 3 Vpk 0 to 4 Vpk
Waveforms Sine Sine/Sq/Tri/Pulse Sine Sine/Sq/TrifPulse
Programmable Yes Yes Yes Yes
Memory Locations (NVM) 51 Full Function 50 Full Function S1 Full Function 50 Full Function

U.S. List Price

The question is not why Giga

$30,340 ’ $16,950

§41,680 §22,950

-tronics is so much less,

but rather. why Hewlett-Packard wants so much more.

*Specifications for both the 60B0A and the HP B642A are at | GHz. Specifications for both the 6082A and the HP 8642B are at 2GH2
Prices and specifications for the HP 8642A and HP B642B are from the Hewlett-Packard 1993 catalog
Prices for the Giga-tronics 6080A and 6082A are U.S. list prices

So, if you're interested in paying

a lot less for great performance
and proven reliability, backed by

a worldwide network of service
and support, call us toll free at
800 726 GIGA (4442). We'll send
you more information and arrange

for a demonstration.

Giga-tronics Incorporated
2495 Estand Way
Pleasant Hill, California 94523
Telephone 800 726 4442
Telefax 510 680 7736
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RF letters

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

Receiver Analysis Correction

Editor:

In the article, “A Program for Design
and Analysis of Receivers” by John
Donohue (October 1993 RF Design),
there is a minor error. Using data from
Figure 4, Receiver Design Example, the
correct cascaded second order intercept
point is 13.38 dBm rather than 19.07
dBm as shown in Table 1.

All the equations are correct; the error
is shown in Table 1, where the second
order intercept point of 30 dBm was
used for the 7th stage and 20 dBm for
the 10th stage. Figure 4 shows that this
data should have been 28 and 14 dBm,
respectively.

The article was well written and very
useful.

Larry W. Miller
Trak Microwave Corp.

Another Look at Single Tone
Intermodulation Testing

Editor:

| enjoy the articles in RF Design and
often use them as supplementary infor-
mation for my students in the RF circuits
course here at the University of lllinois.

| am writing to point out a potentially
misleading section of the otherwise very
useful article by Steve Winder in the
December 1993 issue. In particular, the
derivation that attempts to relate P, to
IP3 (equations 13-19) is technically
incorrect. A misleading intermediate
result is given in equation (18) which
seems to indicate the some fixed rela-
tionship exists between the first- and
third-order coefficients (a and c) in the
amplifier input/output characteristic. This
incorrect result is apparently the result
of explicitly assuming a peak voltage of
1 volt (eq. 13) and a mistake in writing
eq. (17b).

Surprisingly (to me, at least!) is the
fact that the final result is correct, and
can be derived without ever invoking a
particular relationship between a and c,
other than that they must have opposite
signs. This can be done by replacing the
second part of eq. (13) with:

Vi, = V, cos xt

16

where V, represents the peak input volt-
age. The change here is to allow for
arbitrary input voltage amplitude rather
than 1.0 volt. Equation (17) would then
read:

Vo =089125aV,

=aV,+075¢cV3

(17a)
(17b)

out

where the symbol V' represents the
peak value of the time-varying output
voltage at the fundamental frequency.
Clearly, the input voltage cannot be
eliminated from this equation (as the
author has done by writing (18)), and
can be used only to solve for the input
voltage level at which 1 dB compression
occurs. The existence of compression is
evidence that ac < 0, i.e. that a and ¢
have opposite signs. With this assump-
tion, the input power required for 1 dB
compression (computed assuming 1
ohm basis for input impedance) is:

lal
P,4s = 0.0725 Il

This shows that the 1 dB compression
level depends only on the ratio of the
third order coefficients. It can be shown
that IP3 depends on the same ratio,
which is why P,z and IP3 can be relat-
ed simply by a scaling factor (10.66 dB),
as Steve pointed out.

Since the final result given is correct,
this whole issue is probably only of aca-
demic interest — which is why | was
interested!

Steve Franke, Professor
University of Hllinois

ISO 9000 Discussion

Editor:

| write a column in Electronic Design
magazine. People have asked me, “Why
don't you write, ‘What’s All This I1SO
9000 Stuff, Anyhow?' " | tell them: (a) |
don’t know what to say — I'm not an
expert, and (b) whatever | say wouldn't
make any difference. However, | wish
the hell | had written what George
Lohrer wrote.

| will write about quality.

Robert A. Pease, Engineer
National Semiconductor

Editor:
This is the first time | have responded
to anyone’s material because | do not

have the time or the resources to do so.
In this case, however, | feel deeply com-
pelled to make a rebuttal to the com-
ments made by Mr. Lohrer (October
1993 Letters column).

Based on his correspondence, Mr.
Lohrer appears to be a selt-proctaimed
anti-1ISO vigilante. He states that there is
nothing new in ISO and that as a man-
ager of a company, one would have
seen that the measures required by ISO
9000 are already implemented. If the
ISO requirements represent good busi-
ness practice, as he is suggesting (and
they do), then what is his problem?

His dislike for ISO 9000 is apparently
based on the failures of previous quality
strategies, where he has a valid point.
Previous popular quality systems typi-
cally advocated the “thou shalt" or “thou
shalt not” approach. they were restric-
tive and forced the user to conform to
pre-conceived definitions and require-
ments for quality assurance, regardless
of the specific application. 1ISO 9000 is
different. This standard provides for an
“umbrella” of criteria which represent
proven quality practices. In its most sim-
ple form, ISO 9000 asks you to docu-
ment what you do, and do what you
document. Of course, what you do
should result in the production of a qual-
ity product.

| predict that Mr. Lohrer will eventually
recognize the benefits the ISO 900 pro-
vides and choose to switch rather than
fight. While 1SO is not the perfect solu-
tion, it does cover, in a much better way,
the issues required to produce quality
products. If it did not, why would at least
fifty countries choose to adopt and pro-
mote the standard? ISO is an effective
method to dramatically make a differ-
ence in quality. As more and more com-
panies use it, the result will be not only
higher quality products, but products
produced with improved efficiency, as
well.

Ron Rapczynski
Surface Mount Product Development

Editor:

| read George Lohrer's letter and the
responses with more than passing inter-
est. My organization buys PTS synthe-
sizers in quantity and | can tell you that
if every company were run the way PTS
is run, there would be no need for ISO
9000.

Robert G. Huenemann
LaHonda, CA
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File Options Window Help
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= Attenuator Group

[v]a

Switch Group

<& =

Rotary High Power Bench Top
SPDT SP4T SP8T
A1) =
Programmable Fixed Switched Matrix Loss Of Signal Subsystems
Filter Group vialll=| Passive Components Group v|a
; = & B EH Feedthrough
Detect o Terminations
Surface Mount Tubular etectors Terminations
00 v
impedance
Matching Pads Mismatches DC Blocks
Tunable High Power

Trilithic ... Today's Icon in RF and Microwave Components

Double click on our attenuator group to select units with

frequency ranges as high as 18 GHz. Types offered include

programmable step, rotary step. bench top. pushbutton,
mechanically switched. or fixed.

® 50 or 75 OHM impedance

@ Fixed values from 1 10 60 dB

® Power ratings from 0.5 to 500 Watts

® Dynamic ranges to 127 dB

@ Step sizes as low as 0.1 dB

Pull down our switch menu for a diverse assortment of
electromechanical RF switches and switching/control

subsystems. Ideal for RF, video switching and data routing

applications.
® 50 or 75 OHM impedance
® Frequency range of DC to | GHz
@ Typical isolation is 70 dB
® Voltages of 5., 12, and 24 VDC
® Options of TTL control or latching relays

Return to the filter group and there will be an unsurpassed

selection of surface mount L/C (first introduced by Trilithic).

cavity, tubular, tunable and high power filters.
Highpass, lowpass, bandpass and bandstop
Power ratings to 2 Kilowatts

For high reliability. military and wireless
communications

High volume production capability
Connectorized, PC, or surface mount

INFO/CARD 12

Find help in our passive component group with a useful
mixture of detectors, matching pads, high and low power
terminations. feedthrough terminations, calibrated
mismatches and DC blocks for many production and
lab tests.

@ Terminations to 1000 Watts

® 50. 75,93 and 600 OHM matching pads

® 1.0:1 through 5.0:1 calibrated mismaiches

® 50 and 75 OHM RF detectors

¥ Many items available from stock

Call 1-800-344-2412
o\

for our new 93 page
catalog and a free
copy of TRICAT, a
DOS-based filter
catalog on a disk for
your PC.

TRICAT version 2.1

is now available on
a 3 1/2” diskette!

t?sa

9 TRLITHIC

9202 E. 33rd Street

Indianapolis. Indiana 46236

(317) 895-3600 (800) 344-2412 FAX (317) 895-3613
Please see us at RFEW, Booths #430, 432.
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Glass and Quartz
Pistoncaps’

¢ Designed to meet MIL-C-14409D

* QPL models

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

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

¢ Zero backlash multiturn adjust
mechanism

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

¢ Q to 1500 at 20 MHz

¢ Wide variety of configurations for PC
and pane! mounting

* Voltage ratings from 500 to 5000 V

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

SPRAGUE
1 coooman §

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

INFO/CARD 13

Please see us at RFEW, Booth #718.

Sprague-&qodman
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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; 3.0x 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 models
Cap ranges: 1.7-3.0 pF to 10-50 pF
Phone, fax or write today for
Engineering Bulletin SG-305B.

I sPrRAGUE
GOODMAN

134 Fulton Ave., Garden City Park, NY 11040
Phone: 516-746-1385 » Fax: 516-746-1396
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Please see us at RFEW, Booth #718.

RF calendar

March
14-17

20-24

21-29

22-24

29-30

23-30

April

11-15

12-15

The Second International Symposium on Digital Audio
Broadcasting

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

National Association of Broadcasters ‘94

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

World Telecommunication Development Conference
Buenos Aires, Argentina

Information: Ms. F. Lambert, Chief, Press and Public

Information, Offiice of the Secretary-General, International

Telecommunication Union. Tel:41-22-730-5969.

Fax: 41—-22-730-5939

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

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

National Radar Conference
Atlanta, GA
Information: Robert Trebits, Georgia Tech Research Institute,
7220 Richardson Rd., Smyrna, GA 30080.
Tel: (404) 528-7769. Fax: (404) 528—7883.

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

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

Position Location and Navigation Symposium
Las Vegas, NV

Information: Michael Hadfield, 12449 84th Way N.,

Largo, FL 34643. Tel: (813) 531-5715.

EMC/ESD International

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

March 1994



Have you been searching for the right RF ICs

to complete a low power digital cellular design?

If so, the Philips IS-54 RF Transceiver Chip
Set for the North American Digital Cellular
system (AMPS/TDMA) is a perfect fit. This
highly integrated RF solution consists of four
remarkable 1Cs:

The SA601 RF Front End integrates a high
performance LNA and mixer to convert the
incoming RF signal to the first IE

The SA637 Digital IF Receiver down-
converts the first IF to a frequency suitable
for analog and digital demodulation.

The SA7025 Fractional-N Synthesizer locks
both first and second L.Os and meets the fast
IS-54 switching requirements.

© Philips Electronics North America Corporation, 1994

Philips
Semiconductors

The SA900 1/Q Transmit Modulator
completes the chip set with transmit paths
for both digital and analog signals.

These ICs are designed to work together, so
fewer external components are required. The
entire receiver runs at 3V and each IC has a
power down mode to extend battery life. Plus
our small SSOP-20 and TQFP- 48 packages

help make your products smaller and lighter.

To solve your next design puzzle, contact
Philips Semiconductors for information on

our IS-54 RF Transceiver Chip Set.

1-800-447-1500 ext. 1083RF

=~  PHILIPS

Please see us at RFEW, Booths #523, 525.



RF courses

Radar Cross Section Reduction
March 22-25, 1994, Atlanta, GA
Phased-Array Radar System Design
April 19-22, 1994, Atlanta, GA
Information: Georgia Institute of Technology, Continuing
Education. Tcl: (404) 894 2647.

Hybrid Microcircuit and Multichip Module Packaging Tech-
nologies
April 11-13, 1994, Los Angeles, CA
Advanced Communication Systems Using Digital Signal
Processing
April 11-15, 1994, Los Angeles, CA
Microwave/Millimeter-Wave Monolithic integrated Circuits
May 17-20, 1994, Los Angeles, CA
Information: UCLA Extension, Engineering Short Courses,
10995 LeConte Ave., Ste. 542, Los Angeles, CA 90024. Tel:
(310) 825-1047. Fax: (310) 206-2815.

Mobile Cellular Telecommunication Systems

March 30-April 1, 1994, Washington, DC
Modern Radar Technology: Monopulse Tracking Tech-
niques and High-Performance Developments

April 11-15, 1994, Washington, DC
Hazardous Radio-Frequency Electromagnetic Radiation:
Evaluation, Control, Effects, and Standards

April 13-15, 1994, Washington, DC
October 5-7, 1994, Washington, DC
Microwave High-Power Tubes and Transmitters
April 18-22, 1994, Washington, DC
Microwave System Engineering
April 18-22, 1984, Dallas, TX
Mobile Communication Engineering
May 4-6, 1994, San Diego, CA
Digital Transmission Systems
May 9-12, 1994, Washington, DC
Low Earth Orbit Satellite Systems (LEO’s)
May 16-18, 1994, Washington, DC
Radio Frequency Spectrum Management
June 6-10, 1994, Washington, DC
Global Positioning System: Principles and Practice
June 7-10, 1994, Orlando, FL
Information: The George Washington University, Continuing
Engineering Education, Academic Center, Room T-308, 801
22nd Street, N.W., Washington, DC 20052. Tel: (202)
994-6106 or (800) 424-9773. Fax: (202) 872—-0645.

EW Data Bases Technical Short Course

April 26, 1994, Chesapeake Bay area
Information: The Association of Old Crows, The AOC Building,
1000 North Payne Street, Alexandria, VA 22314-1696. Tel:
(703) 549-1600.

find them ac Philips.

for a broad array of applications.

e )

2 e Philips—a solid source for years, and years to come.

oo For Catalog Call 1-800-447-3762, Ask For RF1.

Philips Components
Discrete Products Division

Make Philips your long-term
,_*, source for the broadest range
of RF/Microwave products.

Looking for the most RF/microwave product choices? You'll
650 products...65 package options...outputs to 900W...
operating frequencies to 4GHz...standard or custom...semi-

conductors or modules. They're all high-performance solutions

Whatever your system, trust your semiconductor needs to

Choose From...

* RF Diodes * Small-
Signal FETs » CATV
Amps

* Tuner, Wideband,
Microwave and RF
Power Transistors

* Hybrid Wideband
Amplifiers

£
=

= PHILIPS
14 \!
3
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For two generations Instrument
Specialties has led the way in
beryllium copper (BeCu) electronic
shielding. We supply more than 250
configurations offering the potent
benefits of BeCu: superior tensile
strength, remarkable stability,
impressive thermal/electrical con-
ductivity, and ease of fabrication.

Broader line of
EMI shielding.

But that was before, and this is after.

Instrument Specialties now offers
immediate availability of a broad
range of other products designed to
isolate from EMI/RFI waves.
Including wire mesh. Conductive
elastomers. Vent panels. And air
filters. Plus, specialized platings and
customized products.

Design partnering
from day one.

We want to help you find a shielding
solution, not just sell you a product.
So Instrument Specialties design
engineers will work with yours from
the drawing board stage. Our Finite
Element Analysis simulates real-life
working conditions. CAD/CAM,
photo-etching, wire EDM and other
advanced technologies add value to
our service.

Test in U.S. for
European compliance.
Thanks to a million-dollar expan-
sion program, Instrument Specialties
now can test electronic systems not
only to US. standards but also to the
new European Community Directive.
At our facility or yours.
. For facts...for our new
| brochure.. for all the
EMI shielding solu-
tions you need, please
§ write, call or fax today.

d Instrument Specialties

Headquarters: Delaware Water Gap, PA 18327-0136
TEL: 717-424-8510 FAX: 717-424-6213

Western Division: 505 Porter Way, Placentia, CA 92670
: TEL: 714-579-7100 FAX: 714-579-7105
Where Shielding European Division: Champ Tignée 34, 4671 Barchon, Belgium

is a Science
INFO/CARD 17

TEL: +32-41-877170 FAX: +32-41-877175
Please see us at RFEW, Booth #733.



RF courses ..

Avionics & Weapons Systems Flight Test Active and Passive RF Components: Measurements,
August 22-26, 1994, San Diego, CA Models, and Data Extraction
Navstar/GPS: Design Applications June 8-14, 1994, United Kingdom
August 1-3, 1994, Washington, DC Mobile Cellular and Microcellular Telecommunications
High Speed & Microwave Devices & Applications April 20-22, 1994, Cambridge, UK
October 21-27, 1894, Boston, MA Information: CEI-Europe/Elsevier, Mrs. Tina Persson. Tel: (46)
Information: University Consortium for Continuing Education, 122-175-70. Fax: (46) 122—-143-47.

16161 Ventura Boulevard, M/S C-752, Encino, CA 91436.
Tel: (818) 995-6335. Fax: (818) 995-2932.

EW Receivers
May 3-5, 1994, Washington, DC

Digital Cellular and PCS Communications - Introduction to Radar Systems and Signal Processing
The Radio Interface May 17-19, 1994, Washington, DC
March 7-11, 1994. Sweden Information: Research Associates of Syracuse, Incorporated,
March 21-24, 1994, Switzerland Hancock Army Complex, 510 Stewart Drive, N. Syracuse, NY
October 10-14, 1994, Spain 13212. Tel: (315) 455-7157.

RF/MW Circuit Design: Linear/Non-Linear, Theory

and Applications o : 1 -
March 7-11, 1994, Sweden Circuit Board Level Microwaves: Issues and Solutions

June 6-10, 1994, United Kingdom May 23-24, 1994, San Diego, CA

: . Information: Tom Laverghetta, TPL Associates, Inc., 516 E.
Far-Field, Compact & Near-Field Antenna Measurements . Y 4 ;
March 21-24, 1994, Switzerland First St., Auburn, IN 46706. Tel: (219) 925-1819.

Personal Communication Networks

March 28-31, 1994, Davos, Switzerland Test and Evaluation of EW Systems
Satellite Communication Systems March 14-16, 1994, San Diego, CA

April 18-22, 1994, Cambridge, UK Information:Training director, Technology Service Corporation,
VSAT Networks 962 Wayne Ave. , Suite 800, Silver Spring, MD20910.

April 20-21, 1994, Cambridge, UK Tel: (301) 565-2970. Fax:: (301) 565-0673.

WBE

A73 Series Directional Couplers are of reciprocal hybrid ferrite circuitry, featuring broad bandwidth with outstanding directivity
and flatness.

DIRECTIONAL COUPLERS

Some general applications for the A73 Series are:

Line Monitoring: Power split from the line is -20 dB down for sampling without altering line characteristics, for level measuring,
VSWR alarms, etc..

Power Measurements: Insertion in the line allows level measurements with simple lower level detectors or field strength meters and
power measuring equipment. By reversing the coupler in the line or using the A73D types, an indication of
impedance match and/or reflected power can be measured by comparing the forward to reflected power
levels.

Load Source Isolator: Using a directional coupler in the line, a signal can be taken from the source to the tap with high attenuation

(directivity) between the tap and the load.

pling of couplers available. C options available. Consult factory for specials and OEM applications.

This chart is just a

Freq Coupling (it 1 1063 Minimum Directivity In Line Flatness
Model Range Level T P Power 1-500 (dB) 5-300 Loss of Coupled VSWR with
MHz dB VRS MHz MHz (dB) Port (dB) BNC conns.
AT73-20 20 30 +.1 1.05:1 .00
SW cw -4 max 5.300 MHz 5-500 MHz SE8
AT3-20GA 1.500 single (10W cw 30 40 ~ o 151 131.00
< , ical &) e
A73.20GB gl 40 45 % 1500 MHz | 1-500 MHz 242.00
A73-20P A0S single SOW cw 35 dB min alS 1.1:1 91.00
A73D-20P : 3 dual b 40 dB min typical &) i max 163.00
. 1.
AT3-20PAX Mk single limited to G (T 15 1.04:1 150.00
A73D-20PAX | dual 10W cw) 3 typical ETG100
: 30 dB min 1.1:1
AT73-20GAU single 40 dB typical | max 10-1000 MHz 3009
11000 : ol 40 dB min 3 typical +.25 1.5:1 e
A73-20GBU single 45 dB typical 1-10 MHz 3
200W cw
AT73.30P2 1-100 30 single S0 abis 30 dB 05 +.15 1.05:1 max 312.00

WIDE BAND ENGINEERING COMPANY, INC

P. O. Box 21652, Phoenix, AZ 85036 Phone: (602) 254-1570 Fax: (602) 254-1570

INFO/CARD 18
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See us
at Booth

#125

One of the few forms of Commumcatlo
our semiconductors aren’t in.

Motorola semiconductors can be found virtually everywhere in the
communications world, including switching, transmission, wireless, and customer
premise equipment. Name the communications application, chances are it's powemdby
a state-of-the-art Motorola chip — or else we're working on it.
It's a fact of life in this rapidly evolving world of communications that m
the-art” is never a stationary target. To compete, designers and manufactu:
communic"itiom products must anticipate the chanvinu times and continuall

Ttl\' on quppherb who can do hkew ise.
Motorola is known and respected worldwide as that kind of suppﬁﬂ& Al
passion for quality and service, the depth of our immersion in
technologics, and the broadest portfolio of products in the s
mdustry we are both de&mted and equipped ta anﬁngpm

Motorola and @ are registered trademarks of Motorola Inc.
INFO/CARD 19

Please see us at RFEW, Booths #125, 127, 129, 131, 133.



RF news

Polyfet RF Devices Relocates — Pro-
ducers of power MOSFET RF transis-
tors Polyfet RF Devices will be relocat-
ing from its Newbury Park location to
Camarillo, California. A new and farger
facillty was needed due to Increases In
their wireless business. The new
address will be 1110 Avenida Acaso,
Camarillo, California 93012 about 55
miles NW of Los Angeles.

Battellle Forecasts 1994 R&D - This
translates into $164.5 billion which is
$3.8 billion over the $160.7 billion the
National Science Foundation estimates
actually was spent for R&D in 1993 or a
2.3 percent increase. Two percent of the
increase will be absorbed by inflation so
Battelle forecasts a negligible increase in
real total R&D expenditures. This is con-
siderably less than the 10-year average
real increase of 2.5 percent since 1983.
The cause for the R&D decrease is the
slowdown in industrial support and the
federal government shifting priorities.
Battelle President and Chief Executive
Officer Douglas E. Olesen said that
there’s so much technology diversity that
industry needs to focus on a few core
competencies because no one can be
world-class in everything. He states that
industry must create strategic alliances
with technology organizations that can
provide a critical and constant flow of
information about emerging technology.

Tektronix and Maxim Alliance — On
January 3, 1994, Tektronix, Inc. and
Maxim Integrated Products, Inc.
announced signing a letter of intent for
Maxim to acquire Tektronix’ Integrated
Circuits Operation (ICO). Also, the two
companies have reached an under-
standing to form a joint venture for the
operation of Tektronix’ Hybrid Circuits
Operation (HCO). The ICO transaction
involves the purchase of assets and
facilities for an undisclosed amount of
cash. The contract includes a long term
agreement for Maxim to supply compo-
nents to Tektronix and to continue to
supply integrated circuit products to
existing Tektronix customers. Also, Tek-
tronix 1ICO and HCO employees will be
offered employment with the new opera-
tions, to be based in their current
Beaverton, Oregon location.

$1.4 Million Modems Contract —

Electronic Systems Technology Inc.has
signed a subcontract with UNISYS Cor-
poration to provide ESTeem wireless
modems for the U.S. Air Force. They will
provide a mobile remote terminal to a
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base’s main frame computer, both on
the flight-line and in the maintenance
hangers. This will allow the Air Force
paperless real-time input of logistics and
maintenance data. The subcontract is
an indefinite delivery and quantlily, wilh
a firm fixed-price contract to September
30, 1997.

Penstock Relocates New England
Field Office — The new address is: Pen-
stock New England, 60 Mall Road, Suite
310, Burlington, MA 01803. Tel: (617)
229-9100. Fax: (617) 229-2429. Pen-
stock carries Spread Spectrum, wireless
LAN’s and modems, DSP, V-SAT and
distributes name manufacturers prod-
ucts such as amplifiers, MMICs, filter,
splitters, mixers, connectors, cables and
multifunction assemblies.

Murata’s Name Is Changed — The
international manufacturer of electronic
components for the automotive,
telecommunications and computer
industries has changed their name from
Murata Erie North America to Murata
Electronics North America as of January
1, 1994. It represents a closer image
with their parent company, Murata Man-
ufacturing Co, Ltd., Kyoto, Japan, cele-
brating its 50th anniversary as a manu-
facturer of electronic components.

Webb Laboratories Update — Webb
Laboratories relocated in May of 1993 to
13731 W. Capitol Drive, Suite 260,
Brookfield, WI 53005. Tel: (414) 367-
6823, Main/original number. Fax: (414)
367-6824, Original Fax. New Tel: (414)
367-6825, New line-preferred for listings
and directories.

Sage Laboratories’ Subsidiary — A
wholly owned subsidiary, Sage Laborato-
ries Active Microwave, Inc. (SLAM), in
New Hampshire was formed on January
4, 1994. Two million dollars will be invest-
ed in SLAM which designs and manufac-
tures solid state microwave components
and assemblies for both defense and
commercial applications, with particular
expertise in microwave mixers, switches,
amplifiers, detectors, and multi-function
assemblies. The new company’s facility
is expected to be ready for occupancy in
March 1994 and to be fully operational by
the summer of 1994.

HP Semiconductor Test Operations —
This operation will focus on mixed signal
integrated circuit (IC) testing under the
name of California Semiconductor Test
Operation (CSTO). Also included will be

production testing and software for cir-
cuit characterization. CSTO is from HP’s
former AOT operation which is involved
with linear and power IC testing and
also from HP’s semiconductor charac-
lerizalion and modeling products, 1IC-MS
and IC-CAP. CSTO will continue to
develop the HP 947X family of linear
and power IC configurable test products,
including the HP 9472 mixed-signal sys-
tem.

Papa New Guinea Upgrades Satellite
System — The $3.3 million contract has
Scientific-Atlanta providing the Post and
Telecommunication Corporation (PTC)
upgrades for the country’s domestic
satellite operations system so it can
transfer from PALAPA to INTELSAT.
The system will be upgraded from a
microwave restoration network to one
providing distribution of voice, data and
facsimile services to PNG’s major urban
areas. Included will be an 18-meter
INTELSAT Standard “A” Satellite earth
station which will serve as the network’s
master site. The company will also sup-
ply data converters and high-speed
modems to remote sites and retrofit the
antennas.

ARRL Call For Papers - The 1994
ARRL National Digital Communications
Conference on August 19-21 in Bloom-
ington, MN, is calling for papers on digital
communications. Presentation at the con-
ference is not required for publication.
Papers are due by June 20 and should
be submitted to Maty Weinberg, ARRL,
225 Main St., Newington CT 06111 or via
Internet at lweinber@arrl.org.

Wireless Computing Solutions Award
— CliniCom Inc. and the Children’s Hos-
pital of Orange County (CHOC) were
awarded with the first Best Local Area
Mobile Wireless Computing solutions
Award on December 7, at the Wireless
Data Comm ‘93 Conference in Washing-
ton, DC. The award recognized Clini-
Com for developing the Wireless Inter-
active Network which CHOC implement-
ed thereby allowing clinicians more time
with their patients at the point of care
instead of at remote computer stations.

Amateur Radio Offers Scholarships —
The Foundation for Amateur Radio,
Inc.This non-profit organization plans to
administer 49 scholarships for licensed
radio amateurs who are pursuing a full-
time course of studies beyond high
school and are enrolled in or have been
accepted for enrollment at an accredited
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Linear GaAs MMIC Voltage
Variable Absorptive Attenuator

Provides 40 dB of attenuation
with a single, positive voliage
supply (0-+5V) across 0.5-2 GHz.
Ideally suited where linear atten-
uation, fine tuning and low
power consumption are required.
Applications include radio, cel-
lular, GPS equipment and auto-
matic gain/level control circuits.

P/N AT-108
M/A-COM, Inc.  1-800-366-2266
CIRCLE READER SERVICE NO.102

Dual Use - GaAs MMIC
Power Amplifier

2 - 6 GHz GaAs MMIC power
amplifiers.  This amplifier has
output power, (saturated), of
+29 dBm with 25% power
added efficiency and a gain of 18
dB. This dual use amplifier is
designed for defense EW, radar,
communications and commer-
cial communications.

P/N MAAM26100-Bl
M/A-COM, Inc.  1-800-366-2266
CIRCLE READER SERVICE NO.101

2.4 GHz Diversity Patch
Antenna For Wireless

LAN Applications

This hemispherical/omnidirec-
tional antenna has a gain of +4

dBic @ zenith. The diversity
patch antenna switches between
two individual antennas 1o
achieve optimum gain. Typical
application is connecting laptop
computers into a local area net-
work. Polarization: RHCP.

P/N 3396-8008-0029
M/A-COM, Inc.  1-800-366-2266
CIRCLE READER SERVICE NO.103

SurMOUNT Chip
Monolithic Low Barrier
Schottky Diodes

This new beam lead diode has
the same electrical characteris-
tics as standard beam leads, but
eliminates the problem of brittle
beams and the need to wire
bond to chips. The beams have
been replaced with bonding
pads, making them easy (o han-
dle, and can be connected using
normal die attach techniques.

P/N MA4E2500
M/A-COM, Inc.  1-800-366-2266
CIRCLE READER SERVICE NO.104

In the race to the marketplace,
it's easy to spot people using our

In today’s intensely competitive wireless
environment, the race goes to the swift (and the
smart). That's why so many smart companies
are turning to M/A-COM to help make their
wireless applications a reality.

After all, we've been
leaders and innovators in RF,

microwave and millimeter
wave technology for
more than 40 years.
Successful com-
panies have
learned that
M/A-COM has proven,
cost-effective solutions that work
today —across the spectrum.

You'll find our products are already hard at
work around the world in both LANs and
WANS. Connecting everything from pen-based
computers to bar code scanners to personal
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wireless data transmission solutions.
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communicators. And while today we're helping
you with data and voice trans-

mission, we're also ready to
take you into the realm of
integrated data, voice and
video applications.

So if you're looking for more
than a supplier, if you're looking
for a strategic partner that will
help you with product develop-
ment, innovative solutions and
high-volume low-cost manufacturing,
look to M/A-COM. We'll give you such a
competitive advantage, it'll almost be unfair.

To learn more, call us at 1-800-366-2266.

In Europe, +44 (0344) 869 595. In Asia,
+81 (03) 3226-1671.

Please see us at RFEW, Booths #618, 620, 622.



RF news

university, college or technical school.
The awards range from $50 to $2000
with preference given in some cases to
residents of specified geographical
areas or are pursuing certain study pro-
grams. The Foundation , composed ol
50 Washington, D.C. local area clubs
fully funds five of these scholarships
with the income from grants and its
annual Hamfest. The remaining are
administered by the Foundation without
cost to the various donors.

ARFTG’s 43rd Conference Issues Call
For Papers — The conference will be
held on May 27, 1994, in San Diego,
CA, in conjunction with the International
Microwave Symposium. ARFTG is an
independent professional society that is
affiliated with the IEEE Microwave Theo-
ry and Techniques Society (MTT-S).
Papers are invited that focus on
improved techniques for calibration and
verification of automated equipment,
MMIC design and probing, CAD, circuit
modeling, and topics on the confer-
ences’ theme, “Improving Performance
and Quality of Automated Microwave

Test Systems”. Papers are due March
25, 1994. Abstracts and summaries can
be submitted to the Technical program
Chairperson: Mr. S.D. Phieger, TRW
Space and Electronics Group, Measure-
menl Engineering, Mail Slop S/2787,
One Space Park, Redondo Beach, CA
90278. Tel: (310) 812-4667. Fax: (310)
814-8797.

Inmarsat Approval for Voice and Fax
Services — Scientific-Atlanta, Inc. has
had its briefcase-sized earth station
approved to offer voice and fax services.
The TerraStar-M™ is now the only such
station that can provide both capabilities
using the Inmarsat-M satellite network.
In addition to monitoring rural voting in
last December’s Chilean presidential
elections, the equipment was also used
to report results from their territory in
Antarctica.

Small Business Innovative Research
Contract — Superconductor Technolo-
gies Inc. , a supplier of high-temperature
superconductor (HTS) products and ser-
vices, has received a $500,000 Small

Business Innovative Research contract
for filter development. The contract,
directed by the Naval Air Warfare Cen-
ter Aircraft Division, calls for develop-
ment of an HTS multiplexer that will pro-
vide low inserlion luss, beller dynamic
range, and interference protection than
existing channelizers. Airborne electron-
ic warfare receivers will be able to
instantaneously distinguish between
multiple signals. This will allow airborne
units to better identify enemy radar sig-
nals in dense interference environments
such as the Persian Gulf.

Montreal’s Tunnels Gets Cellular -
Andrew Corporation installed a Distrib-
uted Communications System in the
eight tunnels that range in size from sin-
gle lane entrance/exit ramp tunnels to
five-lane wide major thoroughfares. The
two main arteries that are equipped with
cellular service are nearly two miles long
and range from three to five lanes in
width. The cable brings cellular service
to the tunnels from cellular cell site.
Involved were 7,500 meters of 1-5/8”
fire retardant RADIAX™ foam dielectric
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cable, 17 cellular tunnel bidirectional
amplifiers, HELIAX® cable and other
system integration components.

IVHS For Nine California Bridges —
MFS Network Technologies, Inc., has
been awarded a $30 million contract to
engineer and build an electronic toll col-
lection system for nine Caltran bridges
located throughout California. This is an
important component of the state’s plan
to use advanced technologies to create
an Intelligent Vehicle Highway System
(IVHS).

Aydin Vector Gets British Contract —
The Newtown, PA, maufacturer has
been awarded $4.6 million to supply the
British Aerospace Defence its Telemetry
Interface Unit, ISM-800, and Flight Ter-
mination Receiver, VFTR-321, for the
ASRAAM Program. The contract covers
the development and production phases
of the air-to-air missile.

Rohde & Schwarz and Grundig Elec-
tronics Cooperate — The two companies
agreed to work together in the field of sys-

tem solutions for automated in-line pro-
duction testing. They both intend to imple-
ment both turnkey production lines with
integrated test equipment and individual
parts. Grundig electronics produces and
markets mechanical and electrical pro-
duction technology products as well as
integrated production systems. Rohde &
Schwarz markets communications and
measuring instruments and systems with
emphasis on mobile radio, sound and TV
broadcasting, EMC measurements, lab
test equipment, environmental measure-
ments, radiomonitoring/radiolocation and
radio transmission systems.

IRIDIUM™ SM Gets Earth Terminals —
Scientific-Atlanta, Inc. has been named
the exclusive supplier of satellite earth
terminals for the IRIDIUM™ global com-
munications system. The company’s
Electronic Systems Division, a unit of
the Instrumentation Group, received a
$15 million contract from Motorola’s
Satellite Communications Strategic
Business Unit to provide ten system
control terminals for the system’s
telemetry tracking and command cen-

ters. In addition, the contract contains
options valued at an additional $20 mil-
lion. IRIDIUM™ will provide a world
wide digital, satellite-based personal
communications system to transmit and
receive digitized voice, data and facsimi-
le signals via hand-held mobile units.

IEEE-1076 Standard and VHDL ~ Sharp
Electronics Corp. and Cadence Design
Systems, Inc. revealed that Sharp will
transition its worldwide deveiopment
efforts to a top-down design methodology
based on Cadence’s VHDL design envi-
ronment in an agreement that represents
the single largest commitment by an
electronics manufacturer to the IEEE-
1076 standard hardware description lan-
guage. The three-year deal is valued at
$30 million and includes the purchase of
Cadence’s Leapfrog™ VHDL simulator
and Team Design Manger™ design data
management system as well as the
adoption of Cadence’s VHDL ASIC
design methodology. Sharp developers
estimate that their transition to VHDL-
based top-down design can reduce
design cycles by a factor of ten.

1.5KW . 13.56MHZ . 2 DEVICES

e HF BAND 2-50MHZ

* HIGH POWER =340
Watts Dissipation

Return

pSS Bridges

Features

Directivity: >50 dB typical
Internal reference

RF reflected port

High power rating: 5 watts
Swept measurements
Rugged construction

.04 Mhz to 3.0 GHz

* LOW INDUCTANCE
<1.5nH

+ LOW THERMAL
RESISTANCE Rg,¢

<.260°C/W

The DE-Series MOSFETS are unique high power components designed
for high speed, high frequency, high power applications. DEl's Fast
Power™ technology features low insertion inductance (S 1.5nH), and a
low profile package, with an Rgyc < .260°C/W, which provides excep-
tional switching speeds and power handling capabilities. The DE-Series
are available in 3 power ranges: The DE-150, DE-275, and DE-375.
These devices offer 5 times the speed and 3 times the thermal dissipa-
tion, with 1/4 the volume, 1/8 the weight and greatly reduced die stress,
of comparable conventional power MOSFET devices.

FOR MORE INFORMATION CALL 303-493-1901

DEI]

Directed Energy, inc.
2301 Research Blvd., Ste. 105 » Fort Coliins, CO 80526
303-493-1901 » Fax 303-493-1903

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

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

Application note covers the uses of return loss bridges such as: tuning
antennas, receivers, cavities, duplexers, isolators, and pre-amps. The
relationship of VSWR, return loss and reflection coefficient is also dis-
cussed.
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Model I'req Range Mliz Directivity | Price
RLB150B1 .040 to 150 45dB $259.00
RLB150N3A S to 1000 35dB $329.00
RLB150N3B S to 1000 45dB $389.00
RLB150N3C S to 1300 45dB $425.00
RLB150NSA 5 to 3000 40dB $579.00
RFTOS0NM2 DC-3000 reference load {40 dB $125.00
CCS050-NN5 Coaxial cable set 3 ft NA $31.00
Phone: Voice: (316) 265-2050
‘nEl’ FAX: (316) 265.2255
P.O. Box 9446 Wichita, KS 67277
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RF industry insight

High Volumes, Accurate Designs
Obtained with Advanced Test

By Andy Kellett
Technical Editor

The number and types of RF devices
being built have changed over the
years, and so have the test methods
and equipment necessary to bring those
devices to market. Complex RF devices
built in high volumes have made auto-
matic test equipment necessary for
manufacturers. At the same time, manu-
facturers trying to squeeze every last
milliwatt out of battery-powered RF
devices have increased the demand for
precise device characterization.

Automatic Test Equipment & VXI

The price of test is a driving factor for
the cost of MMICs says Mike Caldwell,
Marketing Manager for MMIC test prod-
ucts at Scientific Atlanta (SA). And for
MMICs, 100% testing is almost manda-
tory, “The companies that just test a part
here and a part there won't be around
very long,” says Caldwell.

According to him, automatic test
equipment users are particularly inter-
ested in single connect multi-measure-
ment (SCMM), high speed, and flexibili-
ty. "When specifications and parts
change, you shouldn’t have to go get a
test engineer,” says Caldwell.

VXlIbus instruments have not taken
over large portions of the RF test market
says Racal Instruments Product Market-
ing Specialist, Arlene Meadows, “but it is
beginning to make inroads.” The VXI
specifications are meant to provide
modular, compact test equipment, mak-
ing VXI instruments useful in applica-
tions where instruments must be
brought to the device to be tested; on
flightlines for example.

VXI's compact form factor may also
be part of the reason RF instruments
have been slower than other instru-
ments to make it to the VXI format. RF
instruments tend to be larger because of
shielding requirements says Meadows.
However, RF instruments are beginning
to appear more and more in VXI form.
According to Meadows there exist VXI
RF sources, frequency counters, down-
converters and attenuators. “I expect to
see a good spectrum analyzer within a
year.”
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Load Pull Measurements

Power amplifier design for wireless
applications must be both cost and power
efficient. “You can'’t afford to oversize the
device; you have to find the best solu-
tion,” says Christos Tsironis, President of
Focus Microwaves. In the case of
designing RF power amplifiers, the way
to quickly achieve an optimum design is
to know the transistor’s large signal para-
meters. However, Tsironis says, “Practi-
cally no manufacturer provides large-sig-
nal parameters.” That's where load-pull
analysis comes in. Focus Microwaves,
Maury Microwave and ATN Microwave
are among the companies that produce
load-pull test set-ups.

“You can really call these variable
impedance measurements,” says
Michael Fennelly, Sales and Marketing
Manager for ATN Microwave. “most
measutable power dependent propcrtics
are functions of termination imped-
ances,” says Fennelly.

Removing the effects introduced by
the test set-up (de-embedding) is an
important part of these measurements.
While some systems must be siowly
"pre-calibrated” to obtain de-embedding
information, ATN's systems can be
quickly calibrated "in situ”, says Fennelly,
because they are continuously connect-
ed to a vector network analyzer. This
eliminates the need to assemble and dis-
assemble connections for every test.

Vector Network Analyzers

Vector network analyzer (VNA) manu-
facturers continue to extend the capabili-
ties of their instruments.

The 6210 reflection analyzer option for
Marconi Instruments' 6200 microwave
test set gives users a limited vector
analysis capability along with its time
domain capabilities. With this option, a
user can measure both magnitude and
phase of S11 and S22, and magnitude of
S12 and S21. According to Rick Warrick,
National Microwave Product Manager for
Marconi, for applications that don't need
full vector analysis for all 2-port S para-
meters, this option provides a good solu-
tion at a good price. In addition, the 6210

allows signals to be fenced, which War-
rick describes as the inverse of gating.
What this means is an offending reflec-
tion can be selectively “ignored” by the
instrument, allow simulation of system
performance without that reflection.

Wiltron continues to expand the capa-
bilities of its 360B line of vector network
analyzers, extending the upper end of
the instrument’s frequency range to 50
GHz and adding packages that measure
material properties and connector speci-
fications. Wiltron Director of Corporate
Technology, Dr. Martin Grace says he
expects to see a lot more automation of
measurements, requiring less skill on the
part of the operator. “I suspect we will
lose some accuracy in that process.”

A new transfer standard for VNAs
takes a step in that direction, but without
a reduction of accuracy. Developed by
Hewlett-Packard, in cooperation with
ATN Microwave, the ECal transfer stan-
dard can calibrate a VNA for all four 2-
port s-parameters in less than three min-
utes. “In the past, if users cleaned up the
connectors and did everything just so, a
full 2-port calibration could take 20 to 25
minutes,” says Kevin Coffey, Product
Marketing Manager at HP’s Santa Rosa
Systems Division. The ECal requires
only two connection which are only
made once, cutting down on time, oppor-
tunity for error, and wear and tear on
connectors.

ECal incorporates a series of electroni-
cally switched impedances contained in
a box called the "module" and a control
box which can be connected to most HP
vector network analyzers. Each "module”
is characterized on a NIST-traceable
VNA, "the golden HP 8510", says ECal
Product Manager. The de-embedding
information obtained this way is stored in
ROM in the module.

It has become a recurring theme in this
column that the increasing demand for
portable RF products has prompted
manufacturers to produce large volumes
of complex, low-power devices more
cheaply than ever. The test equipment
presented in this article is all geared to
do just that. RF
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The Standard for Performance

For over fifteen vears engineers and
OEMs alike have relied on PTS
frequency svnthesizers for unmatched
stability, speed and spectral purity.
These direct analog and direct digital
synthesizers meet the most challenging
systems development requirements...
ATE systems, satcom, wireless, medical
imaging, secure communications, and
more. You'll also find them in
production environments, where they
play a kev role in quality assurance.

Our synthesizer models cover the
100 kHz to 1 GHz band with 0.1 iz

Frequency
Synthesis
Handbook

FREE OFFER

resolution. They are available with
switching times from 1pisec, spurious
outputs as low as -75 dBc and
outstanding phase noise characteristics
(SSB phase noise at 1GHz, 1 KHz offset,
-110 dBc/Hz).

The Standard for Reliability

PTS synthesizers were designed
from the outset to deliver the best
reliability in the business. We adhere to
consenvative derating practices, keep
power consumption and internal heat
buildup to an absolute minimum and
subject finished systems to rigorous
temperature cycling and electrical
testing. The result: a field-proven
25,000 hr MTBE. Since 1985 we've
offered a full 2 year warranty and a
flat-rate repair fee of just $350 for
vears 3 through 10.

It's time you had the best of both
worlds. The best performance-price
and the hest reliability. Call today for

more inforination and we'll also send
vou a free copy of the RF Design
Frequency Synthesis Handbook.
Features and Options
*BCD or GPIB remote control
*DDS with phase-continuous switching
*()CX0. TCXO or external

frequency standard

Resolution to 0.1 Hz

*Digital phase rotation

eOQutput power to +13dBm

eProven 25,000 hr MTBF

o2 yr warranty

*$350 repair fee, vis 3 - 10
(8500, Model PTS 1000)

—=

PROGRAMMED TEST SOURCES, INC
9 Beaver Brook Road, Littleton, MA 01460
Tel: 508 486-3008 Fax: 508 486-4495
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RF featured technology

An Algorithm For Combined
Receiver Sample Timing And
Frequency Offset Estimation

By K. Anvari
Teknekron Communications Systems

A combined automatic frequency con-
trol (AFC) and clock timing recovery
algorithm is discussed. The algorithm
extracts the frequency offset of the carri-
er and timing offset of the clock from a
discrete component of the clock which is
produced by a non-linear function. The
non-linear function requires four sam-
ples per symbol for its operation. This
technique depends on received symbols
and performs best if the received sym-
bols are random. It has been shown that
using this technique very fast timing
acquisition in the order of 100 to 200
symbols is possible. It is also possible to
calculate the clock frequency drift by
using a higher number of received sym-
bols. The simulation results also show
that frequency oftset can be estimated
with resolution of few tenths of Hz.

he development of the 1S-54, dual

mode cellular system has invoked
much research in the area of digital sig-
nal processing techniques. These tech-
niques have a fundamental role in fur-
thering VLSI integration of transceivers.
Any integration in the form of a generic
chip set would reduce the development
time for a family of products based on a
common core architecture. It also
results in low cost, easy reproducibility
and high reliability.

Sampled implementation of the
receivers for digital data signais are
growing more popular as components —
notably digital signal processors and

Figure 2. The signal spectrum
after non-linear operation, linear IF

VLSI circuits — improve in capability.
There is a need for sampled algorithms
to replace the continuous-time methods
that have predominated receiver design

This paper details a simple clock
phase and frequency offset estimation
algorithm for a QPSK or ASK receiver.
The algorithm can be used for receivers
with two samples per symbol and per-
forms combined sampling time and fre-
quency error calculation. It is a robust
algorithm which can work in the pres-
ence of various channel impairments
and a fast fading environment [1],[2].
Naturally, adjustment speed is critical,
and it is an important feature of the pre-
sent technique that the adjustment of
sampling time and the correction of the
frequency offset are substantially
accomplished in the shortest possible
time and with minimum estimation error.

Synchronization Techniques
Digital radio receivers often utilize a
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Figure 3. The signhal spectrum after
non-linear operation, limiting IF

circuit to automatically correct for dis-
crepancies between the received sig-
nal’s carrier frequency and the frequen-
cy of the local oscillator used in a super-
heterodyne receiver. They also utilize a
timing recovery circuit for correct detec-
tion of the digital data that the received
signal conveys. Timing recovery and
carrier recovery are two of the most criti-
cal receiver functions in synchronous
communication systems. The receiver
clock must be continuously adjusted in
its frequency and phase to optimize the
sampling instants of the received data
signal. To avoid performance degrada-
tion caused by carrier phase and fre-
quency error, the incoming signal carrier
has to be tracked. The choice of sam-
pling time is critical for minimizing the
error probability due to inter-symbol
interference and noise, particularly when
the signal has been subjected to sharp
roll off filtering. The timing and frequen-
cy information is usually derived from
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Figure 4. Non-linear operator
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the data signal using some meaningful
optimization criterion which determines
the steady-state location of the timing
instants and incoming carrier frequency.

In mobile communication environ-
ments, where the modulated carrier is
subject to fast multi-path fading, conven-
tional continuous time synchronization
techniques can not perform satisfactorily
and sampled-data synchronization tech-
niques are the most practical approach.
In time domain multiple access systems
where each user is assigned one time
slot the receiver has to perform its timing
and frequency synchronization task on a
slot by slot basis. Frequency synchro-
nization is usually achieved by automatic
frequency control circuits which have
some inherent frequency error. There-
fore, the timing recovery circuit or algo-
rithm has to accommodate some limited
amount of frequency error without signifi-
cant performance degradation.

The technique described in next sec-
tion is a discrete-time technique using a
non-linear operation. It is applicable to
radio telephones as well as computer
and other data communication receivers.

However the technique will find particular
utility in cellular radio-telephones.

Algorithm Description

Performing non-linear operations on a
signal may produce periodic compo-
nents whose magnitude, phase and
amplitude provide useful information
about the signal. This algorithm applies
this concept to the received signal to
perform both AFC and clock phase
recovery.

The non-linear operations which have
been reported in the literature are squar-
ing, full wave rectification, and multipli-
cation of the received signal by a
delayed version of the same signal.
These functions can be performed at
any location in the receiver before digital
demodulation. The non-linear operations
produce periodic components at the
multiple of the symbol rate which can be
used to recover the symbol clock. In this
algorithm the non-linear operation is
performed at baseband by multiplying
the complex representation of the
received in-phase (l) and the quadrature
phase (Q) signal by a delayed and con-

"
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¢ 100kHz to 24GHz (50kHz t0 2.5G Hz extended)

¢ RF Output: -143dBm to +16dBm (+19dBm to 600MHz)
¢ Comprehensive mod: AM/FM/@M/Pulse

» Twwvo modulation sources: 0.1Hz to 500kHz

» Wideband FM: 50kHz to 10MHz bandwidth

* Signalling tones

* Digital sweep and automatic SINAD meter
Benchtop or Portable
The PSG2400A signal generator’s low power consumption
O L€ : (50VA) allows AC/DC/battery powered operation for field
leta g or benchtop use. It’s the ideal tool for communication testing,
and very competitively priced under $10,000.

800-933-9319
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The 525LA is an extraor-
dinarily versatile source of
power that will find wide ap-
plication in virtually all RF
labs. Covering the frequency
range of 1 to 500 MHz, with
a flat 50 dB of gain, the
525LA is driven to its full
Class A linear output by any
signal or sweep generator.

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

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

ENI

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

Telefax: (716) 427-7839

Please see us at RFEW, Booth #326.
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parameter post-processing including time domain response.
Gradient and Random optimization for any number af circot
components. Yield prediction with full Monte-Carlo analysis
and data post-processing.

New file management environment and programing lan-
guage for easy handling of iarge projects with files of any size.

(PR
RFSyntheSlSI : a computer aided synthesis tool for
fumped component filters and distributed structures, pro-
viding the first step in circuit design.

RFLlelilCC"‘: an electromagnetic simulator, a Hnk
between field and circuit analysis, allowing arbitrary physi-
cal structures to be described in terms of characteristic
impedances, velocity factors, attenuation and other TEM
mode structure properties.

A graphical display of el. field vectors, surface current densi-
ties, power loss distribution and more is also available.

W PRODUCT!

E

SCHEMATIC CAPTURE: full-featured independent pack-
age; used as a project data base.

PCB LAYOUT CAD with PROGRAMING capabilities,
essential for design of RF/MW PCB layouts. Direct informa-
tion exchange with all standard CAD environments: DXF,
IGES, HPGL, GERBER etc.

NETWORK ANALYZER INTERFACE: sw&hw (SCSI -
|EEE488) for S-parameter data acquisition.
COMPREHENSIVE USER SUPPORT: prninted and auto-
matic on-line manuals and active RF consulling. On-line live
demo and tutoring. IngSOFT software runs on alt Macintosh
models, 4 to 8 MB of RAM minimum recommended.

ﬂmg SOFT Lmitea

213 Dunview Ave., North York, Ont. M2N-4H9, Canada
voice: (416) 730-9611 fax: (416) 733-3884 BBS: (416) 226-9820
~ AFDesxgner. AFSynthesst AFLagiscs. ATE® 10 mgSOFT Lid Omers bewong 1o thes owners.
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jugated version of the same signal.

The objective of this algorithm as
shown in Figure 1 is to perform this non-
linear operation on the received signal
and estimate the phases of the periodic
component at the symbol rate. These
phases are used to estimate the fre-
quency offset and the symbol clock
phase offset, and then used to correct
these with appropriate feedback loops.

The non-linear operations used in this
algorithm are:

a) r(t)-r*(t-T), and

b) rt)rr(t+T),
where * indicates complex conjugation
and T is the symbol period. Figure 2 and
Figure 3 show the Fourier transform of
the non-linear operation for a channel
with linear amplification and a channel
with a limiter amplifier. The vertical axis
of these two curves is the power spec-
trum and the horizontal axis i can be
used to calculate the frequency using

(B
4048

where
fs=sampling frequency.

(M

The resulting baseband complex sig-
nal contains periodic components at the
clock lrequency and the negative of the
clock frequency. The phase of these
components are related to the sampler
phase error and to the local oscillator
frequency error. The phase of the first
discrete spectral component that
appears at the positive clock frequency
is used to derive the information for
sampling phase and frequency offsets.

Both the demodulator frequency error
and the sampler phase error can be esti-
mated by an examination of these two
phases. The complex signal at the out-
put of the demodulator is divided into two
paths. One path is used for frequency
error and clock phase estimation and the
other path follows the received channel
path for other receiver functions.

The non-linear operator is shown in
Figure 4 as dual cyclic correlators, with
one correlator being temporally
advanced, and the other being tempo-
rally delayed. The illustrated non-linear
operator thus consists of a two to four
interpolator, one-symbol-period delays,
conjugators, multipliers, lowpass filters
and averagers. The non-linear operator
provides two signals, C, and C_. C, is a
composite signal having phase compo-
nents of interest at the positive symbol
frequency, F.. A first phase component
of C, varies with respect to the relative
carrier frequency error, f,; a second
phase component is related principally
to the symbol timing error, 1. A third,
constant component equal to n radians
is also presentin C,.

The first composite signal, C,, thus
takes the form of

/

lzn(te.n

N o=

T
C+ = K1e T (2)
where K, is a constant, and f, Tand t
are defined as previously.

The second composite signal C_, also
has phase components of interest;
these also appear at the positive of the
symbol frequency, F.. C_is given by

1 y 1 i e ]
|
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¢ |
g e e NP g s
3 B b B S s T
o
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number of samples, j - ] 1
1 number of samples, ) —
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0 number of samples, | b 0 ¢ number of samples, j 120

Figure 5. The estimated response
for noise-free and fading-free
condition.

Figure 6. The estimated response

for noise-free condition and 80 Hz
fade rate
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Precision manufactiured
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"

MICROTOOL INC.

14430 West 100th Street
Lenexa, KS 66215
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so that
C, -C, =¢*i(2%) (8)

Thus, the arctangent operation
extracts a signal equal to twice 8,, since

T
20, = 4n L 9
+20p = dn - (9)

which is proportional to t.

Similarly, the frequency error extractor
extracts the frequency error, f,, from C,
and C_ by using a multiplier to multiply
C_ by the conjugate of C,. An arctan-
gent operation results in the detection of
f, to within a scale factor. This can be
better understood by considering that

C, C.=el2®) (10)
and
20, =4n-f,-T (11)

The operations may be performed on
the sampled data as long as the sam-
pling rate is above the Nyquist rate. Sam-
pling twice per symbol is usually ade-
quate to meet or exceed this condition.

Simulation Results

To investigate the performance
algorithm it was simulated in sof
This was done for three channel
tions: no noise and no fading, nois|
fading, and with delay spread. O
cussion will touch three major g
the first of which is related to the
rithm and its time constant. Thi
response of the algorithm has bee
ed by simultaneously applying
quency offset equivalent to 5%
symbol frequency and a negative
error equal to 10% of the symbol p
Figures 5 through 7 illustrate the ré
for the first two conditions ment
earlier. For the simulation, the sarm,
rate was two samples per symbol
Rayleigh fading channel with 80 H:
rate has been used.

In the noise-free and fading-free
ditions of Figure 5, the timing offse
be estimated within a time period
less than 500 symbols. The freq
offset needs longer averaging ti
provide a good estimation. The a
ing time depends on the required re
tion. For a noise-free Rayleigh f

Manual Step Attenuators

837 50Q | DC-1500MHz | 0-1025dB | .5dB Steps
839 50Q | DC-2000MHz 0-101dB | 1dB Steps
1/839 502 | DC-1000MHz | 0221dB | .1dBSteps
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860 50Q | DC-1500MHz 0-132dB | 1dB Steps
] 865 | 600Q DC-1MHz 0-132dB | 1dBSteps
B New Low Prices 870 75Q | DC-1000MHz 0-132dB | 1dB Steps
B History of Durabilit
y y Programmable Attenuators
B Impressive Accuracy 4440 500 | DC-1500MHz 0-130dB ~ 10dB Steps
s : DC-1500M s 1dB St

B Quick Delivery 4450 50Q | DC-1500MHz | 0-127dB eps
1/4450 500 DC-1000MHz | 0-165dB | .1dB Steps
B Long Operational Life 4460 500 | DC-1500MHz 031dB | 1dB Steps
PO 4480 50Q @ DC-1500MHz 0-63dB 1dB Steps
For price list and FREE catalog, contact: 4540 500 DC-500MHz 0-130dB | 10dB Steps
K A Kay Elemetrics Corp. 4550 50Q | DC-500MHz 0-127dB 1dB Steps
12 Maple Avenue, PO Box 2025 1/4550 50Q = DC-500MHz 0-16.5dB = .1dB Steps

Pine Brook, NJ 07058-2025 USA

’ v M h
i e 4560 50Q = DC-500MHz 0-31dB  1dB Steps
FAX: (201) 227-7760 4580 50Q DC-500MH:z 0-63dB 1dB Steps
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j2n| xlg Tx_:,-&'
20 3 (3)
K, is another constant; C_ thus
s two phase components which
ted to f, and t.

er words, C, is a signal having a
hase component related to the
f the demodulator frequency error
symbol clock rate, and a second
component related to the ratio of
ming error to the clock interval.
ise, C_ also has two phase compo-
of interest, with the first compo-
being related to the ratio of the
ive of the demodulator frequency
to the clock rate, and the second
nent being the ratio of the timing
o the clock interval.

way to estimate the phase of the
| components is to complex
ulate the component of interest to
verage and estimate the phase by
stangent operation.

rder to have the phase compo-
of interest in the C, and C_ sig-
ppear directly at or near DC, the
t of the multipliers are bandpass
d and then down converted to DC.
= averagers assist in obtaining tim-
d frequency error estimates hav-
curate means and low variances;
ing is preferably performed over
al tens or hundreds of symbol peri-

remainder of the blocks shown in
1 are concerned with extracting f,
from the composite signals C, and

> timing error detector extracts the
error, 1, from C_ and C_ by multi-
them together and performing an

-

number of samples, j

r _M»h\'v—-n—

number of samples, j

Figure 7. The estimated response
for Eb/No = 7 dB and fade rate =
80 Hz

RF Design

arctangent operation. It should be noted
that the arctangent function takes a com-
plex argument and returns a non-
ambiguous angle in radians from —rx to &

To understand why 1 can be extracted
in this way, consider that the expres-
sions for C, and C_ can be written as
G = K1ei(91192)

(4)

and
C* = K1e

where
0y=2n-1,- T

j(*91162) (5)
(6)
and

0, =21 ~+n

@

No Oscillation.

For fastest delivery of the most reliable high performance
frequency control products, Hy-Q International never wavers.
Hy-Q International is a world leader in the design and manu-
facture of quartz crystal products. Our wide range of quality
products, supplied from five locations world-wide, ensures
your communication or instrumentation needs will be met

quickly and cost efficiently. For your next frequency control
application, choose a consistent performer who never wavers.
Send us your specifications for fast, thorough analysis.

QUARTZ CRYSTALS

3.2 MHz to 35.0 MHz.
CRYSTAL OSCILLATORS

Surface mount packaging available.

FILTERS

» AT cut crystals to achieve frequencies from 1.0 MHz
to 200.0 MHz in numerous thru-hole holders.
 Surface mount products to achieve frequencies from

» TTL/CMOS Clock Oscillators covering 250.0 KHz to 70.0 MHz.

* TCXO'S, VCXO'S AND TCVCXO'S made to custom specifications.

* Discrete and monolithic crystal filters.

Hy-O—

International (USA), Inc.

1438 Cox Avenue/Erlanger, KY 41018/ Tel

.(606) 283-5000/ Fax (606) 283-0883
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11.0 851841 12.0 851923 6.0 851963
12.0 851842 14.0 851925 7.0 851965 A ESS screened
13.0 851843 16.0 851927 8.0 851967 using
}‘5‘-0 gg}gj‘s‘ 18.0 851929 9.0 851969 MIL-STD
16'8 M s 20.0 851931 10.0 851971 test methods
18.0 851847 24.0 851933 12.0 851973
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340 851855 56.0 851947 30.0 851986 delivery
36.0 851856 64.0 851948 32.0 851987 from
38.0 851857 72.0 851949 36.0 851989 Penstock!
40.0 851858 80.0 854101 40.0 851991

Get acquainted with the newest members of Sawtek's standard SAW filter family. Call
Penstock now at 7-800-PENSTOC and place your order. Every standard filter is available
for immediate delivery. If, however, your application calls for a filter not listed above,
please contact Sawtek at 407-886-8860 to discuss your requirement.

PENSTOCK: (SAWTEK

IFIRFIMICROWAVE DISTRIBUTION INCORPORATED

Sunnyvale, California Orlando, Florida
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channel (fade rate = 80 Hz) the algo-
rithm’s response is shown in Figure 6. It
can be seen that the timing offset esti-
mation is similar to the previous condi-
tion while the frequency error estimation
unexpectedly is more accurate. This is
also the case for a channel with 80 Hz
fade rate and Eb/NO = 7 dB (Eb = bit
energy, NO = noise density) as shown in
Figure 7. A possible explanation for the
improvement in frequency offset estima-
tion in the last two conditions is that the
addition of noise or fading makes the
signal statistically more random.
Channel impairments are not expect-
ed to deteriorate the accuracy of the
estimation of both frequency and timing
offset. However, channel dispersion due
to echo or delay spread can degrade the
performance of the algorithm. Figure 8
illustrates the performance of the esti-
mator for a channel with the following
characteristics:
1. Eb/NO = 17 dB, fade rate = 80 Hz
2. Two ray model with two independent
channels for each ray
3. Equal amplitude for both rays and
delay = T/4

>
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Figure 8. The estimated response
in the presence of delay disper-
sion
4. Frequency offset = 5% of F_ and tim-
ing offset = 25% of T
It can be seen that the frequency off-
set can be estimated with good accura-
cy, but timing offset estimation is dis-

2.2 nH to 10,000 nH
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Low Profile
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0805 Ceramic '

STETCO offers a wide range of RF Devices
for many different electronic design

applications. 1206 Surface Mount

Tuned Circuit

For solutions to your
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delay, d

Figure 9. Estimation error for
equal gain condition

tanced from the timing error of the sig- IS noise hiding your Signal?

nal. This distance was calculated for

various delay when the main and delay

signals are of equal amplitude and when

the delay signal amplitude is 5 dB lower.

The results are shown in Figure 9 and (

Figure 10, and indicate that the diver-

sion from the actual offset decreases as 0

the amplitude differential between main t}h’

and delay signals increases. In these ! |
: ]

|

two figures, At, is the actual timing off-
set, At is the estimated timing offset | !
and delay =d-T/20. , ‘ !‘

Conclusion

A new method of symbol synchroniza- 1!
tion and frequency offset correction, 11 )
using two samples per symbol, has = ;
been presented [3]. The effects of vari-

ous system parameters (such as signal S q
filtering, signal-to-noise ratio, multi-path Cougar Components manufactures amplifiers with

Rayleigh fading, and delay dispersion) noise figures as low as 1.0 db to help your

has been considered. signal come out of hiding.
The resuits indicates that the clock
phase and the frequency offset can be

estimated using considerably small Frequency | Gain | Noise Figure Power Out
number of samples or symbols. This Model Range dB dB dBm
feature makes the algorithm very attrac- MHz Typ. Typ. Typ.
tive for utilization in burst receivers. RF .
Low Noise TO-8 Amplifiers
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RF featured technology

Design and Performance of a
Low Voltage, Low Noise
900 MHz Amplifier

By Nagaraj V. Dixit
Motorola SPS, Asia Pacific Division

This technical article describes the
design and performance of a 900 MHz
low noise amplifier (LNA) covering the
840 to 960 MHz frequency band. The
amplifier operates with a low supply voit-
age (4.0 V) and requires a supply cur-
rent of <3.4 mA. Performance is high-
lighted by a very low noise figure of 1.7
dB and a gain of 11 dB with uncondition-
al stability across all frequencies. Appli-
cations of this amplifier include CT1 and
CT2 cordless telephones, remote con-
trol receivers, GSM, video and audio
short range links, low cost cellular radios
and ISM spread spectrum receivers.

he transistor selected for the LNA is

the Motorola MRF9411L which is
supplied in a SOT-143 surface mount
package ideal for automated manufac-
turing using micro-strip printed circuit
board (PCB) construction. Its perfor-
mance characteristics indicate a unilat-
eral gain of approximately 17 dB with a
optimum noise figure of 1.3 dB over the
desired range of frequencies. Gain and
noise figure contours for the MRF9411L
are shown in Figure 1.

The theoretical design was done using
the measured S-parameters shown in
Table 1 and with noise parameters mea-
sured at 880 MHz. The source reflection
coefficient was chosen to achieve opti-
mum noise figure of 1.3 dB. EESof’s
analysis and optimization software pro-
gram Libra™ was used for stability

analysis and matching circuit optimiza-
tion. After careful observation of the
data shown in Figure 1 and Table 1,
note the following points:

+ The device and conventional matching
networks are potentially unstable.
Some form of stability is required.

+ There are regions of instability in both
the input and output impedance
planes.

+ As would be expected, gain and noise
figure contours do not coincide.

A redesign of the circuit was required
in order to stabilize the circuit at all fre-
guencies—below the desircd band, in the
band and above the band. And, of
course, the desire is to achieve stability
while retaining minimum noise figure
performance and acceptable gain.

At least three methods of stabilizing
the circuit are available to the design
engineer:

« Input shunt resistive loading
* Output shunt resistive loading
* Voltage shunt feedback

Methods 1 and 3 degrade the mini-
mum noise figure performance and,
therefore, were not acceptable. Output
shunt resistive loading was implemented
since it did not affect the noise figure,
and because S12 is so small the previ-
ously determined input impedance

Figure 1. Gain and NF contours
for MRF9411L.

matching is also unaffected (the amplifi-
er can be assumed to be unilateral).
Simulated S-parameters and “k” factors
over a wide range of frequencies with
output resistive loading are shown in
Table 2.

The input matching circuit chosen
uses low pass topology and is designed
to transform the generator impedance
(nominal 50 ohms) to I'j , of the
MRFS411L in order to obtain best noise
performance. This configuration will not
affect the low frequency stability of the
amplifier since at low frequencies, a low
pass network tends to be “transparent”
and does not transform impedances any

Freq.|S11 S21 S12 S22 GU, .. K Freq. |S11 S12 S21 S22 K
MHz | (mag, phase)| (mag, phase)| (mag, phase)|(mag. phase)|dB MHz |(mag, phase) | (mag, phase) [(mag. phase) | (mag, phase) |{dB
840 |0.57,-111 |5.13, 109 |0.08, 42 0.63, 42 |18.1 0.49 100 |0.57, —60.804 | 5.27E—4, 71.249(4.45, 154.249 | 0.106, -53.701 |142.8
860 |0.57,-112 {5.05, 108 [0.085,41.6(0.62, 42 |17.9 0.50 840 [0.58, -99.393| 0.0504, 48.695 [3.08, 115.095 [ 0.180, —122.145(2.040
880 |0.56,-114 |4.97, 107 |0.085, 41.3(0.62, -43 17.7 0.52 860 |0.58, 100.758|0.0511, 48.086 |3.04, 114,186 |0.181, —122.917|2.048
900 |0.56, -115 14.89, 106 [0.086,41.4(0.61, 43 17.5 0.52 880 |0.57,102.325]|0.0512, 47.782 299, 113.282 | 0.183, —123.462| 2.091
920 |0.55,-117 (4.80, 105 |0.086,40.8 [0.61, 43 |17.2 0.54 900 [0.57.103.663|0.0519,47.88 [2.95 112.48 [0.184,-124.11 |2.107
940 |0.55,-118 [4.74, 104 0.087, 40.3 |0.60, 44 17.0 0.55 920 |0.56, 105.229 | 0.052, 47.247 2.91,111.647|0.185, -1 24.665|2.157
960 (0.54, -120 |4.68, 104 {0.088, 40.4|0.60, —44 16.8 0.56 940 |0.56. 106.517 | 0.0527, 46.740 |2.87, 110.940 (0.186, —-125.201|2.179
S-parameters measured at vV, = 3V, |, = 3mA 960 |0.56, 107.942 | 0.0534, 46.822 |2.84, 110.022 | 0.187, —125.845{2.185
1000 |0.55, 110.370 [ 0.056, 46.810 |2.78, 108.010 | 0.191, —127.099| 2.145
Table 1. Table 2.
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FEI Microwave Supplies MMIC Products with a Bonus . . .

e Rapid Delivery e Long Term Support Commitment
e Quick-Reaction e Large Quantities Available
Applications Engineering from Stock

Model AL-H102C
At FEI Microwave, we're not satisfied with sup-
plying you with high quality, "leading edge’
MMIC products. We recognize that we also
have a commitment to provide these products
quickly, while offering comprehensive engineer-
ing support on a long-term basis. So, for ev-
ery MMIC product we sell, you can depend on
our commitment to quality, delivery, and on-
going technical assistance.

The chart outlines the products currently in our
MMIC inventory. For complete information on
these, and other devices which will be avail-
able shortly, contact:

FEI Microwave, 825 Stewart Drive,
Sunnyvale, CA 94086.
(408) 732-0880. FAX: (408) 730-1622.

Model AL-H103C

MMIC Device Type Specifications Features
Low Noise Amplifiers 2 - 20 GHz, 3.5 dB NF, 10 dB Gain HEMT Amplifiers.
20 - 40 GHz, 4 dB NF, 10 dB Gain High-Rel qualified.
Successive Detection Log Amplifiers [ .12 - 1.35 GHz, -65 - +5 dBm Chips, flat packs, or connectorized.
(SDLA). 5-stage HBT Extended Dynamic Range Short pulse capability.
Darlington Amplifiers DC - 3 GHz, <5 dB NF, 22 dB Gain Chips or packages. Cascadable. Flat
2-stage HBT DC - 6.5GHz, < 6 dB NF, 16 dB Gain | gain. High efficiency.
DC - 10 GHz, < 7 dB NF, 12 dB Gain
High [P3 MMIC Amplifier * 5- 9 GHz, 6 dB NF, 12 dB Gain, Balanced GaAs HBT Amplifier. High
30 dBm IP3. efficiency design.

* New Product -- Characterized by excellent VSWR and on-chip current regulation.

é FEI MICI‘OW&VE Inc ,F\ FREQUENCY ELECTRONICS, INC.

< A SUBSIDIARY OF FREQUENCY ELECTRONICS.ING
INFO/CARD 36 (516) 794-4500 « FAX: (516) 794-4340




DIGITALLY TUNED
HOPPING FILTERS

Our High Q Hopping Filters and
Preselectors are great whenever
you want precise digital tuning
and narrowband RF selectivity.
Our PIN diode tuned filters use
no varactors. Consequently,
they achieve high intercept
performance and excellent
selectivity with low loss. Now
available in 10 Watt versions !

BANDPASS FILTERS

* 10 uS tune time

*3dB BW: 2% to 20%

* + 50 dBm IP3 inband

* 10 Watts RF power inband

* 1.5 MHz to 1 GHz in 8 Bands
* 251 tune positions/band

« Internal decoding and drivers
e Less than 2 in3 - worlds tiniest

PRESELECTORS

e HF 1.5 to 34 MHz (750 tune steps)
* PC /AT Computer Board

1.5 to 88 MHz (1000 tune steps)
30 to 700 MHz (1000 tune steps)
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significant amount.

For the output, the load reflection
coefficient is matched to a 50-ohm load.
Optimization of both input and output
matching networks was accomplished
by means of trial-and-error iterations
using the power of Libra. A final RF
schematic for the LNA is shown in Fig-
ure 2. R1 is the output shunt resistor
and C2 acts as a DC block.

A PNP active bias network shown in
Figure 3 is used to establish the bias

point at 3 V and 3 mA and to ensure pi
that it remains constant over tempera- (5 '
= S6K = 3“140 L 04uF
- QIS
/ 4
L2 gk —/MMBT\__
TE = = :3329‘:'7"‘ £ 330nH RF
S RS <
T 82k ; 33nH  OP
¥ MRF Seonme [ y — W =0
9 By Bl 1000pF
o—| ol [T MRF <=
c2 9411L = 56
27pF 68pF RF 1000 | A ¥
I/P pF

R P

L1=82nH COILCRAFT 0805 SERIES
L2=33nH

Figure 2. LNA schematic.

ture. Bias current for the transistor is set
by R4. Operation of the bias network is
as follows: If the collector current
through Q2 tends to increase, the cur-
rent through R4 increases and the emit-
ter-to-base voltage of Q1 decreases.
This decrease in emitter-base voltage in
turn decreases the base and collector
current of Q2, effectively achieving the
desired bias stability.

68pF

Q2
2.7pF ==

Figure 3. LNA schematic includ-
ing DC bias.

CIEDCL )

N FEIEAR Ry -

¢ Custom Crystals

Phone (800) EDC-XTAL

FREQUENCY PRODUCTS

ELECTRO DYNAMICS CRYSTAL CORP.

Crystals Oscillators

* Microprocessor  Hybrid Clock
» Military Spec/QPL * TCXO

* Communication * VCXO

9075 Cody Overland Park KS 66214

» Custom Oscillators

Fax (913) 888-1260
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HF LINEAR AMPLIFIERS - BROADBAND TRANSFORMERS

100 WATT 420-450 MHz PUSH-PULL LINEAR

AMPLIFIER — SSB-FM-ATV

HF_AMPLIFIERS per MOTOROLA BULLETINS
Qe Complete Parts List for HF Amplifiers Described
LA

In the MOTOROLA R.F. Device Data

EB63 140W § 89.65
2 METER VHF AMPLIFIERS

KEB67—PK (Kh).....
KEB67—PCB (PC Boa
KEB&7—! (Manual)
We also stock Hard-to-Find parts
CHIP CAPS—KemeUVATC
METALCLAD MICA CAPS—Unelco/Semco
RF POWER TRANSISTORS
MINI—CIRCUIT MIXERS
SBL—1 (1—500Mz)...
SBL—1X (10—1000Mz,
ARCO TRIMMER CAPACITORS
VK200—20/4B RF Choke .............. $ 1.20
56—590--65—3B Ferrite Bead ...... $ 20
Broadband HF Transformers
Add $4.00 for shipping and handling.

AN758 300W $154.15
AN762 140W § 95.15
ANTT9L 20W § 83.79
ANT79H 20W § 93.20
AR313 300W $366.00

NEWII 1K WATT 2-50 MHz Ampilties

MOTOROLA AR347 $1,100.95

POWER SPLITTERS and COMBINERS
2—30MHz

600 Watt PEP 2—Port ..

1000 Watt PEP 2—Port ..

1200 Watt PEP 4—Port ..

... $ 69.95
. $ 79.95
..-$ 89.95

EB27A 300W $136.80
35 Watt Model 335A.......... $ 79.95 Kit

EB104 600W $371.65
AR305 300W $346.82
75 Watt Model 875A ........... $119.95 Kit
Aveiiabie in kit of wiredtested

For detailed information and prices, call or write for our free catalog.

ISR o

508 Millstone Drive » Beavercreek, OH 45434-5840  (513) 426-8600 |
FAX (513) 429-3811

=
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Two series, six models, seven testing or our high power output from any signal generator

options and over two hundred for component testing. available today. Features you
variations. That’'s Marconi’s The 2030/40 Series offer the have come to expect from
Series of high performance highest accuracy, highest Marconi Instruments, world
Signal Generators. resolution and lowest noise leaders in electronic test
With a frequency coverage = €quipment.
from 10kHz to 5.4GHz, the ' _E e 435.250 0000 W [ %;g' | So when you need to test
2030/40’s wide range of modules r:- AF Lavel - .101.2 d8m £~ LL-.-:] components, radar, avionics,
A [ 10 MHs ™
can be integrated to meet the L[————q:" Single Composte Mode __ Modulation ENABLED f——:}’;——l radio, broadcast, satellite
most demanding applications, _.._'1 - - ro| (2] systems . . . and more, take your
allowing you to choose the el (0% wo wiwm e wel (B2 ]| pick. Therereally is only one
functionality to meet your needs. choice. The 2030/40 Series from
Ou AL
Options now include digital — Marconi Instruments.
¥ ) 9 Quee  §70.080 0000  Wv | [ e :
and vector modulationtotestnew | ' 20 L oo L oy [ Contact us now for more details.
H 3 Wit Sia 10 M2
radio, broadcast and satellite |l E—I T e, e | ;]l Marconi Instruments Ltd, Longacres,

. ‘ ! OONFIGH DATA | S St Albans, Hertfordshire AL4 0JN, England.
systems with push button Elllat TR | )| Telephone: UK FREE on 0800 282388 or
accuracy You can Choose pulse e E rwope E ﬁ Ll ;" — =~ International (+44) 727 859 292

; ' | o | | Aphs 638 || Facsimile: (+44) 727 857 481
modulation option to speed radar In the USA: TOLL FREE 1 800 233 2955

With so many options,
there is really only one choice
for Signal Generators.

Marconi
Instruments

Please see us at RFEW, Booths #446, 448.
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Implementation and Performance

Epoxy glass was chosen as the PCB
substrate material with a thickness of
0.8 mm and a relative dielectric constant
of approximately 4. Because cost is a
major conslderaliuri in the design, eize
of the PCB is at a premium which dictat-
ed the use of a lumped component
approach to the circuit realization. The
passive components used are surface

mount with inductors from Coilcraft 0805
series having a moderate Q of >50. The
circuit layout is shown in Figure 4 while
Figure 5 is a photograph of the finished
amplifier.

After building the amplifier, measured
performance of the LNA was tound to be
very near the predicted performance
obtained from circuit simulation. Differ-
ences between measured and predicted

I

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 ofter 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 3)3)
Frequency (MHz) 824-849 824-849 824-849
Noise Figure (dB) 0.8 1.2 1.2
3rd Order QIP (dBm) +38 +45 +42
VSWR Input/Queput | SRIVAL SR {R2anAE2 iz WL 20
DC Voltage (Vde) 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 (J) SMA ()) SMA ())

I

Q-bit Corporation

2575 Pacific Avenue NE, Palm Bay, Florida 32905

=

\ T 407/727-1838 » &= 407/727-3729 /
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performance were primarily due to cir-
cuit losses, which for the sake of sim-
plicity, were assumed to be zero
throughout the simulation.

Results are shown in Table 3. Note
that an average noise figure of 1.7 dB
is achieved across the desired frequen-
cy band, with a moderate gain of
around 11 dB and relatively good input
and output return losses. The out-of-
band noise figure was measured at 800
MHz (1.75 dB) and 1000 MHz (1.95
dB). Other measured parameters were
3rd order intercept point (IP3) of -9

I

g
,/

o e : : 2

3
3
1
0
9
2

'e

is
3
3
2
1
0
.01

3.00 325 3.00 350 400 4.25 450 4.75 5.00
Vee. .SUPPLY VOLTAGE (Volts)

Figure 6. Gain and NF vs supply
voltage.

NOISE FIGURE (dB)

RAULATED NF

840 850 B6O 870 B30 890 900 910 920 930 H40 950 960
Frequsncy (Wiz)

Figure 7. Simulated and measured
— gain/NF vs frequency.

T~

IRUORL, RETURN LOSS (dB)
EER- TR R YO

B40 B50 860 870 BBO 890 900 910 920 930 940 950 960

Figure 8. Measured input/output
return loss vs frequency.

Freq.[N.F. [Gain [Input Output
Return Loss | Return Loss
MHz |[dB |dB [dB dB
840 |1.67 |11.43[10.5 13.4
860 [1.66 [11.35(11.7 13.1
880 |[1.63 {11.27|12.4 12.8
900 {1.69 {11.05[12.9 12.6
920 |1.71 [10.95]13.0 12.3
940 |1.72 [10.74(12.3 12.1
960 |1.81 (10.70(11.5 12.0

Table 3.
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Figure 4. Printed circuit board for LNA without com-

ponent locations.

dBm and 1 dB gain compression point
of —12 dBm. Figure 6 shows gain and
noise figure variations with supply volt-
age at a frequency of 900 MHz. Figure
7 shows the comparison between simu-
lated and measured gain and noise fig-
ure, while Figure 8 gives the variation
of input and output return loss with fre-
quency. RF

Figure 5. Photo of LNA.

About the Author

Nagaraj V. Dixit is an applications engineer for Motorola's Semiconductor Prod-
ucts Sector. Mr. dixit joined Motorola in 1992 and is currently located in their Sili-
con Harbour Centre in Hong Kong where he performs RF applications assistance
for customers throughout Asia-Pacific. He may reached by telephone in Hong

Kong at 852-666-6108

Introducing RF

IR =T

RF Monolithics, Inc.
4441 Sigma Road.

Compensated
Group Delay ,l

allas. Texas 75244 USA Phone: (214) 233-2903 Fax: (214) 387-8148

Uncompensated

RFM's new group delay
compensated low-loss
SAW filters are ideal
for GSM. INMARSAT,
PCN, and many other

digital radiotelephone

s Group Delay Compensated Low-Loss SAW Filters

IF applications. RFM
technology holds group
delay virtually flat
across the filter's 6 dB
bandwidth. assuring
low intersymbol inter-
ference. RFM offers
these filters in both DIP
and SMT packages.

For further information

please contact RFM.

RF Design
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RF cover story

Chip Set Addresses North American
Digital Cellular Market

By Michael M. Sera
Philips Semiconductors

Being compatible with divergent stan-
dards is not the only challenge cellular
handset manufacturers must meet —
flexibility, size, and price are also con-
siderations. To help designers meet
these challenges, a new chip set target-
ing dual-mode (15-54) cellular telephone
applications has been introduced.

Cellular phone use has dramatically
changed over the past decade, from
an eccentric communication device that
only the privileged few could afford, to
one that is now being given to family
members as a security device. The cel-
lular phone has reached the mass mar-
ket, a dream come true for all cellular
manufacturers and service providers.
Now the problem becomes maintaining
the same level of service. Users will
quickly become frustrated if, from down-
town San Francisco, they receive a fast
busy signal. This condition is unaccept-

able if the cellular phone is ever to pro-
vide the same level of service as the
wired system.

Note: Since this issue is only a prob-
lem in major metropolitan areas, Digital
Cellular is not necessarily required
everywhere today.

There are many ways to tackle this
problem. Service providers could
increase the cost of service during peak
times to discourage use. The disadvan-
tage is that cellular would lose the mass
market appeal and make other services
such as Personal Communications Sys-
tems (PCS) or Personal Communication
Networks (PCN), Private Mobile Radio
(PMR) and Long Range Cordless more
attractive. Another alternative would be
to increase the number of channels cur-
renlly allocated. The disadvantage here
is that other services already exist in
adjacent frequencies. Instead, the cellu-
lar companies as a group, through the

TIA (Telecommunications Industry
Association) or CTIA (Cellular Telecom-
munications Industry Association), have
decided to address the problem by
using the existing channels more effi-
ciently.

The current North American analog
Advanced Mobile Phone Service
(AMPS), specifies the use of Frequency
Division Multiple Access (FDMA) with
832 channels separated by 30kHz. The
cellular manufacturers have come up
with several schemes to share a single
channel with multiple users. The first
being Narrow band AMPS (NAMPS),
which takes an existing 30kHz channel
and divides it into three 10kHz channels.
The increase is from one user to three
users per channel. However, to date,
the NAMPS scheme has not been wide-
ly accepted by the cellular communily.

TDMA (Time Division Multiple
Access), standardized as 1S-54, uses
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Figure. 1 Block diagram of TDMA 1S-54 chip set.

54

March 1994



[s this what
BIPOLAR

TECHNOLOGY

has finally come

DOWN TO?

12GHz f; Bipolars:

one third the size of a SO1-23!
Need performance, but short on real estate?
Our new bipolars from NEC deliver up to 9 dB Gain and 1.5 dB
Noise Figure at 1.9GHz — in an ultra-super mini mold "19"
package that's just 1.6 X 0.8 mm!

These bipolars operate below 3V and at low current to reduce
battery size and increase battery life for your wireless applications.

Want the performance, but not quite ready for the miniature
package? They're also available in traditional SOT-23, 323, and 143
style packages — and a new high performance 4 pin "18" package
that delivers MAG of 13.0dB at 1V, 1 mA, 900 MHz.

They're available now, on tape and reel, and priced to meet your
needs. For Data Sheets and a copy of Aufomated Assembly of
Miniature Parts, call your nearest CEL Sales Office or circle

the number below.

-

25
Vee=2.5V
) ‘ ACTUAL SIZE |C - 3mA
N —t NE68119 be)
3.0 17 —————11 i - NEGBO19 —| 20 o,
| ) ‘ | | | 17
@ | NE85619 / g
g o] \ l ' 0
(% i o
5 | ’ NEG851
& 20 | - } | A1 ol B (EF g
L | | . I |
[y PN N (9
o 15 ' { o
() , ' 3
< [ o}
ONWEBS11NY _— NEG8519
0.5 | BIPOLAR PERFORMANCE ‘ ; NE68019
In the NEC "19" Package NE85619
0.0 N LA'S
0.1 0.2 0.5 1.0 5210 B 0N ORS L0
Frequency GHz
e - * ®* &
NEC Bipolars are available NEC"19* Pkg NEC °18* Pkg NEC "30° Pkg NEC "33° Pkg NEC *39° Pkg
N E c in these packages Ultra. Super 4 Pln Super SOT-323 Style SOT-23 Style SOT-143 Style
(shown approx. 2X size} Mini Mold Mini Moid

Please see us at RFEW Booths #818, 820.

California Fastern Laboratories

CEL Headquarters, 4590 Patrick Henry Drive, Santa Clara, CA 95056-0964; (408) 988-3500 FAX (408) 988-0279 1 Santa Clara, (408) 988-7846 L Los Angeles, CA (310) 645-0985
San Diego, CA (619) 45043950 Bellevue, WA (206) 455-1101 QRichardson, TX (214) 437-5487 2Olathe, KS (913) 780-1380 L Woodridge, I1. (708) 241-3040 D Cockeysville, MD (410) 667-1310
Peabody, MA (508) 535-2885Q Hackensack, N (201) 487-1155 O Palm Bay, F1. (407) 727-8045Q Snellville, GA (404) 978-4443 @ Nepean, Ontario, Canada (613) 726-0626

© 1994 Califormia Eastern Laboratories
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Figure 2. Block diagram of SA601.

the same 30kHz channel spacing but
multiplexes users over time. Therefore
at different time intervals multiple user
are present on the same frequency. The
increase is from one user to three users
per channel. E-TDMA (Extended Time
Division Multiple Access) increases this
number even higher with some manu-
factures reporting improvements of up to
ten users per channel.

The TDMA service today is still
sparse. The plan is to provide service to
the major metropolitan areas first. A
user of a TDMA phone shouldn’'t worry
though, the specification for TDMA, IS-
54, requires that the handset and sys-
tem be dual mode (i.e.; compatible with
digital and analog standards). Therefore
both TDMA and AMPS are supported.
This allows a TDMA handset owner to
have a seamless cellular network in
North America regardless of the loca-
tion. The major advantage for the TDMA
handset in downtown San Francisco,
where TDMA is supported, is that the
TDMA phone is less likely to experience
a fast busy signal.

The service providers in general are
also offering reduced airtime costs to
TDMA handset users. The digital ser-
vice provider in the San Francisco Bay
Area is offering approximately a 3-cent
discount per minute along with a month-
ly discount of about $10 depending on
the plan. Another advantage of the
TDMA standard is that the modulation is
digital and a conventional scanner will
not be able to eavesdrop on calls. If the
analysts are correct, TDMA will grow to
over 1 million users in 3 years. This will
help drive the economy of scale for this
new and upcoming standard.

The North American cellular market
has another digital standard called
CDMA (Code Division Multiple Access)
adopted by the TIA as 1S-95. This
scheme uses a combination of spread
spectrum technology plus a coding
scheme that San Diego based Qual-
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Figure 3. Block diagram of SA637.

comm Inc. has licensed. CDMA also
requires that the handsets and system
support dual mode operation. Therefore,
they support both CODMA and AMPS.
This allows a TDMA handset to operate
in a CDMA environment through the
common mode of AMPS.

Chip Set Simplifies Design

Now, with a clear decision to improve
capacity by using a digital scheme, we
must also address the cost, perfor-
mance and size issues. Users of cellular
phones have become comfortable with
the fact that their phones fit nicely into
their shirt pocket or purse. They also
enjoy the fact that their batteries are
usable for the whole day. Trying to con-
vince them to use a digital phone that is
the size of a brick will not be successful.
Therefore a low power, highly integrated
solution is essential for any digital stan-
dard to succeed.

Philips Semiconductors has
addressed this by combining the experi-
ence of their low power AMPS chip set
and customer inputs. The result is a low
power, highly integrated chip set for the
IS-54 (TDMA) North American Digital
Cellular standard (Figure 1). The chip
set combines all of the necessary RF
and IF functions into four integrated
devices: the SA601 RF front end, the
SA637 digital IF receiver, the SA7025
dual frequency synthesizer and the
SA900 I/Q transmit modulator.

These devices were designed as a
system and therefore have interface lev-
els which are matched, this eliminates
the need for additional buffers and inter-
face devices. There is also a common
high speed serial interface bus, making
addressing the devices simpler. Addi-
tionally the frequency plan was
designed to eliminate the need for an
additional synthesizer and VCO loop. All
of these features dramatically reduce
the cost and size while improving the
performance of the overall system.

These features ensure that a TDMA
handset manufacturer can produce
phones that will succeed in this
demanding market.

How the System Works

To understand how this chip set oper-
ates let's follow a signal at Channel 1
through the receive and transmit paths
in Figure 1. To begin, a received signal
on Channel 1 (870.03MHz) enters at the
antenna.

The signal then moves through the
881 MHz bandpass filter, to be amplified
by the SA601 low noise amplifier (LNA).
The low noise figure of the SA601’s LNA
(1.6 dB) adds very little noise to the orig-
inal signal. The eignal is then down con-
verted by the SA601’s mixer to the first
IF (83.16 MHz for this example). The
first LO is phase locked by the SA7025
main loop at the receive frequency plus
the IF frequency (870.03MHz + 83.16
MHz = 953.19 MHz). Continuing down
the receiver chain, the signal passes
through an image reject filter centered at
83.16 MHz before entering the SA637
digital IF circuit. The SA637’s mixer
down converts the incoming signal to
the second IF of 600 kHz. The second
LO is also phase locked by the
SA7025’s auxiliary synthesizer. The
second LO in this case is the 1st IF Fre-
quency minus the 2nd IF frequency
(83.16 MHz — 600 kHz = 82.56 MHz).
The signal is then amplified and passes
to the DSP/baseband processor for
demodulation and decoding.

Looking at the transmit side, a carrier
is first generated for Channel 1 (825.03
MHz). This is accomplished by using the
same receiver first LO signal from the
SA7025 at 953.19 MHz and the SA900’s
on-chip mixer and synthesizer loop. The
SA900’s synthesizer loop is fixed at the
receiver’s second LO frequency plus the
TX/RF offset of 45 MHz (83.16 MHz +
45 MHz = 128.16 MHz). When the syn-
thesizer loop and the first LO signals are

March 1994



FINALLY!
3VOLT
RFICs

FOR HANDHELD

WIRELESS
PRODUCTS

NEC'’S NEW LOW CURRENT SILICON ICS not only
reduce power consumption in your 3 Volt
designs, they reduce the parts count, improve

eS8

the reliability, and simplify the assembly.
NEC is committed to 3 Volt Silicon technology;
these parts are just an introduction.

There are more on the way. Soon.

If 5 Volt ICs are the solution, NEC has a wide
selection of them as well, all available right now.

And don’t forget NEC’s huge family of discrete
devices. Many are characterized at 2.5 Volts and they're
available in a variety of packages, including a new
ultra-small SMD that's a third the size of a SOT 23!

For a FREE Product Selection Guide, call your
nearest CEL Sales Office. Or circle the number below.

New 3 Volt NEC Silicon ICs

UPC2745 UPC2747

Ultra Broad Band Broad Band
Amplifier Low Noise Amplifier
DCto 2.7 GHz 100 MHz to 1800 MHz
12 dB Gain 12 dB Gain
-1 dBm Psar 3.3dB NF, 5mA Icc
7.5mA lcc
UPC2748
UPC2746 High Gain
High Gain Amplifier Low Noise Amplifier
DC to 1500 MHz 200 MHz to 1500 MHz
19 dB Gain 19 dB Gain
0 dBm Psat 2.8 dB NF
7.5mA lcc 6 mA icc
UPB1502 upPBS87
Frequency Divider Frequency Divider
0510 2.2 GHz 50 to 1000 MHz
Divide by 64/65, 128/129 Divide by 2/4/8
6 mA lcc 55mA Icc

...plus dozens of Bipolar Transistors
characterized at 2.5 Volts, including:

f= 1500 MHz f=25GHz f=1000 MHz

NE68519 NE68030 NE68039
1.3dB NF 1.90 dB NF 1.0 dB NF
10.0 dB Ga 7.2dB Ga 11.6 dB Ga
@ only 3mA Ic @ only 3mA Ic @only 1mAic
« ® *

Surface Mouni packages shown dctual ste

...and a wide variety of 5 Volt RF ICs including:

UPC2708 UPC2710 UPC2713
Wide Band Wide Band Amplifier Wide Band
Amplifier DC to 1000 MHz Amplifier
DCto 2.9 GHz 33 dB Gain DC to 1200 MHz
15 dB Gain 3.5dBNF 29 dB Gain
10 dBm Psat 3.2dB NF
UPC2723 UPC2721 UPC2726
AGC Amplifier Down Convertor Differential
100 MHz to 1100 MHz ~ RF=0.4103.0 GHz Amplifier
38 dB AGC IF=50-600 MHz 400 MHz to 1400 MHz
13 dB Gain Conversion Gain=15 dB 15 dB Gain

NEC

Typcal Periormance ol 25°C, Frequency Range is 3dB Bandiweth

Please see us at RFEW Booths #818, 820

e California Eastern Laboratories @

CEL Headquarters, 4590 Patrick Henry Drive, Santa Clara, CA 95056-0964: (408) 988-3500 FAX (408) 988-0279 1 Santa Clara, (408) 988-7846 Lo Angeles, CA (310) 645-0985
San Diego, CA (619) 467-6727 0 Bellevue, WA (206) 455-1101 URichardson, TX (214) 437-5487U0lathe, KS (913) 780-1380 1 Woodridge, 11, (708) 241-30400 Cockeysville, MD (410) 667-1310
Peabody, MA (508) 535-28850 Hackensack, NJ (201) 487-1155 or 487-11600 Palm Bay, FL (407) 727-8045Q Snellville, GA (404) 978-4443 1 Nepean, Ontario, Canada (613) 726-0626

© 1993 California Hasiern Laboratories
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If youre going to win the wire
be sure you've got an expert ¢

HP RF components. We’ve got  As a leading supplier of RF compo-
what it takes to win. nents for wireless transmitter and
receiver applications, the HP team
has what you need to win. Whether

The wireless race is on. Lead times

are getting shorter Product specifi- 3 A 2 A
todeata NG your applications include cellular

3 o g, (& ’ >SS
demanding. Market o phon S, cordless phones, LANSs, TV
o P . delivery, Satcom, GPS, or mobile

windows are ¥ Vi N Mt Taeci

moving so fast, : ‘:? cata receivers.

only (hose Jail L e ) In fact, since P
with an edge ‘ AT offers the

can meet P RS j "{_ IS . industiy’s

them.




3SS race,
W,

broadest range of RF component
solutions —from discrete diodes,
transistors and MMICs to RFICs—
designers have the distinct
advantage of working with a single,
reliable, world leader.

Race-tuned technologies
deliver the winner’s edge.

In racing, performance is every-
thing. Which is why designers greet

.o N
Low-parasitic
palyimide dieteciric

Plated Ay

Si Bipolar 1SOSAT [l process.

HP’s finely-tuned engines with
enthusiasm. RF devices deliver
15GHz f1 and 35 GHz fyj5x,
enabling unequalled
receiver/transmitter

performance at
frequencies up
to 5 GHz and
beyond. HP's Si
Bipolar highly
integrated, low-
power con-
sumption MMICs

gt
N

HP puts you in the pole
position with it’s high-volume,
low-cost products:
* AT-41511 Si Transistor
* ATF-10236——GaAs FET
o 1ISMS-2802—Scholtky
o HSMS-2822 —Schottky
o HISMP-3890 —PIN ‘
o IAM-81008 — Active Mixer
® INA-03184 ——Gain Block
o INA-10386— Gain Block
& MSA-06H——Gain Block |
® MSA-0836 —Gain Block

2nd-level metal (TIW/TIWN/TIW plated Au)

mod

et

w.

Lo

et

provide longer battery life and
increased talk time. Further, HP
GaAs technology provides low-
noise PHEMT FETs as well as GaAs
MMICs —switches and gain blocks.

Hot off the line: HP’s newest
team of RF leaders.

The benefits of our new ISOSAT II
manufacturing process
are well summed up by
o o our newest
crew mem- _
bers. HP’s
HPMX-

Vin

2003 and Becnnin
2005 vec- v 3 HPoffers the
. J broadest
tor modu- - 3 range of RF
’ < Ly LWELES components
2 l ldlo' S today and a clear path to higher
e rovide RF integration for the future.
T 1y

precision building blocks
for the next generation of
digital radios. The new AT-3 series
transistors offer 13 dB gain and 1.0
dB NF at 1 GHz while biased at 27V
and 1 mA. And all are available in
small surface mount packages.

Polysilicon
resistor

HP integration: your fast
track to the future.

HP will push the limits with its next
releases, including an RF LSI
circuit with
over 1500
NPNs, 50 PNPs,
50 Cs and Ls,
and 1800 resis-
tors for cellular
telephone applications.
HP’s 2-chip (RF & IF)
DECT chipset puts

E you on a clear path to higher

integration. The benefits
are clear: design becomes
easier, saving you time
and cosls.

The industry’s most
responsive support crew.

HP’s components sales force and
worldwide distributor network
provide all the tools you need to
stay ahead of the pack. Our
strategic market focus, broad

product line, competitive pricing,
and wide range of advanced

SUMMER outPUT
' ANPLFER

HP's Silicon RFIC Vector Modulator.
Also new, our MGA-86576 PHEMT
amplifier MMIC delivering 22 dB
gain and 20 dB NF from 15 to 8 GHz.
And, HP will soon release power
modules for NADC and GSM
applications.

b AFe

technologies make HP the ideal
RF design partner. For more
information, call 1 (800) 537-7715,
x7906. But do it now, because the
race is on!

HP RF components.
‘SV“S”Wnuﬁng the

¢ wireless race.

K

In Canada, call 1 (800) 387-3867 x7906.
In Europe, fax to 31 2503 52977

HEWLETT"
PACKARD

CGOsId
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mixed together on the SA900 the sum
(1081.35 MHz) and difference (825.03
MHz) are generated. A low pass filtering
function in the SA900 will pass the
desired 825.03 MHz signal while reject-
ing the undesired sum frequency. The
carrier is then phase shifted by 90° to
create the quadrature for | and Q mix-
ers. The | and Q differential data inputs
are provided from the DSP. The | and Q

inputs can be used to generate a variety
of digital and analog modulation
schemes. 1S-54 requires n/4 DQPSK
(digital) and FM (analog) modulation.
Before leaving the SA900, the modulat-
cd signal is finally passed through a
variable gain amplifier (VGA) which pro-
vides precise control of the output power
level. Once off-chip the modulated sig-
nal is filtered and amplified to the

SwrrcH 70 ArRROWSMITHY!

For All Your Microwave Switch Needs -

The N-Series Microwave Switches from

Arrowsmith Shelburne

DESIGN IV HIGH QUALITY AND
SUPERIOR PERFORMANCE AT A
REASONABLE COST

The N series switches

are available with 50 or N303-10179-X

75 ohm impedance SMA,| TYPICAL RF PERFORMANCE .
SMB, BNC, TNC, F, |2 | Moo b Ll ‘

and N type connectors. Z T 8 £C 0
Custom voltages arc . B '—'—"“-‘*{EETURN LOSS - @
available. Other options | 3 :: SR BE T : ) 1 | “—‘L""_t—w e
include TTL compata- | € ™7 EEEED ! HEEREEN=NE
bility, self de-energizing, ‘g i [ | [ 1 U4 &=
indicator circuitry and 2 s i PN >+ - ;I 'SOLAIION o §
suppression diodes. Z _ﬁ/l \_‘\\uﬁ \‘}\%N‘:—‘:—v | ! H >
Please contact a sales e e e e T e e s
representative forprice |~ 0 T C T f = f f o= f & &3

and availability today. FREQUENCY IN GHz

& J° LYWSM ]
Shelburne, Inc.

2085 Shelburne Road ¢ Shelburne. Vermont 05482
802-985-8621 « FAX: 802-985-1042

Ju
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desired power level before being trans-
mitted out the antenna.

Integration and Connectivity

Although, certainly, this is not the only
1S-54 sululion, the Phliips four-chip con-
figuration described here is the most
integrated and easy to use chip set
available today. The SA900 is a good
example of this; it incorporates many
components that would otherwise be
realized with a large number of discrete
devices or single-function ICs.

Previously, a designer had to select
these individual components, such as
1/Q modulators, from a number of differ-
ent manufacturers. Once chosen, the
designer would have to make these vari-
ous discrete devices and ICs work
together in a system. This made both
selection and design processes more
complicated and time-consuming.

In contrast, the SAS00 provides 1/Q
modulators, the phase shifter, the VGA,
a filter, control logic, clock distribution
and more in a single IC. Philips has also
eliminated the need for two synthesizers
by closely coupling the SA7025 and the
SA900 so it is possible to use the main
synthesizer to simultaneously generate
receive and transmit signals. The inte-
gration and connectivity of the chip set
promote significant cost reduction. If the
functions contained in the SA900 were
realized discretely, they would cost
approximately $30.00. The SA900, how-
ever, sells for about half the price. In
addition this integrated solution reduces
the time to a final product by simplyfing
the design effort. The result is a smaller,
cost effective, low power phone that is
ultimately more attractive to users.

The Future of NADC

Moving to a digital standard not only
provides for increase in capacity, but
offers the advantages of service integra-
tion. With the use of a digital modula-
tion, other services such as data and
FAX can also be handled more easily
over this system.

The SA601

The SA601 (Figure 2), which trans-
lates the received RF signal to a first IF,
is @ RF LNA and mixer designed as a
front end for high-performance low-
power communication systems from 800
to 1200 MHz. The low-noise preamplifier
has a 1.6 dB noise figure at 300 MHz
with 11.5 dB gain and an |IP3 intercept
of —3 dBm. Gain is stabilized by on-chip
compensation to vary less than 0.2 dB
over a -40 to +85°C range. The wide
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Figure 4. Block diagram of SA7025.

dynamic range mixer has 7 dB of power
gain, a 10 dB noise figure, and an 1IP3
of 0 dBm at 900 MHz.

The SA601’s nominal current con-
sumption from a single 3 V supply is 7.4
mA. Additionally, the mixer can be pow-
ered down to further reduce the current
supply to 4.4 mA. This part addresses
three main design concerns: low power
requirements to extend talk time, size (it
comes in an SSOP-20 configuration, the
smallest 20-pin commercially available
package), and performance.

The SA637

The SA637 (Figure 3) is a low-voltage
high performance monolithic digital IF
receiver with a high-speed received sig-
nal strength indicator (RSSI). It is com-
posed of a mixer, oscillator with buffered

output, two limiting intermediate fre-
quency amplifiers, fast logarithmic RSSI,
voltage regulator, RSSI output op amp
and power down pin. It, too, comes in an
SSOP-20.

This device is designed for portable
digital communication applications and
will function down to 2.7 V. The limiter
amplifier has differentiai outputs with 2
MHz small signal bandwidth. The RSSI
output op amp feedback pin is accessi-
ble, enabling the designer to level adjust
the output or add filtering. This one chip
provides everything needed to get to the
limited second IF.

The SA7025

The next block in the transceiver is the
SA7025 (Figure 4) low power, dual fre-
quency fractional-N synthesizer. This IC
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Accessories

for
rf testing

PCB emissions scanner * Locates
low-to-high emissions, displays
color image, stores data for design
corrections at development stage.

Dual-directional couplers ¢
Seven models up to 15 kW, matched
to AR amplifiers and antennas.

Ultra-broadband E-field monitor
Four-channel capability, 1 to 300 V/m,
isotropic probes cover 10 kHz to
1000 MHz or 80 MHz 10 40 GHz.

Broadband fiberoptic data links °
Modular plug-in analog systems for
acquiring and measuring interference
data, stimulating EUT, displaying
results in color or monochrome,
10 kHz to 1 GHz.

Fiberoptic CCTV systems °
Watch performance of EUT under
hostile EMI and/or EMP shielded-room
conditions, in color or monochrome.

TEM cells * Half again the
bandwidth of comparable-size
chambers: To 750 MHz for 15-cm
EUT, 375 MHz for 30-cm EUT.

Computer bus interfaces *
Two models, for isolated GPIB
connection or isolated TTL connection,
permit remote operation of amplifiers.

RF connection kit * Things you'd
search for around the lab: Cables,
coax adapters, connectors. fuses,

lamps, fabricated cables.

Power combiner/dividers
Combine signals from four amplifiers,
or divide one signal into four outputs.

High-power rf matching
transformers * Match 50-ohm
input to 12.5- or 200-ohm output.
Upto 2 kW cw.

Call toll-free (1-800-933-8181),
and one of our applications
engineers will answer the phone.

CONTROL
LoGic

P

L L 5

RESEARCH
Souderton, PA 18964-999(0) USA « Fax 215-723-5688

160) School House Road,
In Europe, call EMV: Munich, 89-612-8054;
London, 908-566-556; Paris, 1-64-61-63-29. p

cLy cLxz MCLK  CLKSET DATA  CLOCK STROBE TXEN

Figure 5. Block diagram of SA900.
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is fabricated using the Phillips QUBIC
BiCMOS technology and represents
another first for Philips. The SA7025
features fractional-N with selectable
modulo five or eight implemented in the
main synthesizer. Thig allows thc phase
detector comparison frequency to be
five or eight times the channel spacing.
So if the channel spacing is 30 kHz
which is what is used for AMPS and (S-

54, it becomes possible to use a com-
parison frequency of 150 kHz (modulus
5) or 240 kHz (modulus 8). The use of a
higher comparison frequency moves
spurs further away from the fundamen-
tal, thue allowing the use of a wider loop
bandwidth filter. This results in quicker
switching time as required by 1S-54.

A triple modulus high frequency
prescaler (divide by 64/65/72) is inte-

Our competitors
believe cost

ObjECtl‘ll

I
§

|
|

...We think otherwise!

$3,000

Only $950 to users of competitive

W FOR WINDOWS

The leader

OFPToTE

/F Microwave CAE-CAT software for PCs

Tel: (800) 361-2911  Fax: (613) 591-0584
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grated on chip with a maximum input
frequency of 1.0 GHz. Philips opted for
a triple modulus prescaler because it
lowers the main divider ratio providing
more flexibility in synthesizing channels,
which in turn eliminates the possibility of
blind channels.

Programming and channel selection
are realized by a high-speed three-wire
serial interface. The phase detectors
and charge pumps are designed to
achieve 10 to 5000 kHz channel spac-
ing. RF input sensitivity is —20 dBm
which is matched to the SA900 transmit
LO buffer output drive level. The
SA7025 is packaged in an SSOP-20
package.

The SAS00

The SAS00 (Figure 5), a high perfor-
mance multifunction transmit modulator,
brings yet another level of integration.
Fabricated in QUBIC BiCMOS technolo-
gy, it features both analog (AMPS)
mode and complex I/Q dual mode (IS-
54) functions, a PLL synthesizer with
VCO, a crystal oscillator, buffer, pro-
grammable prescalers, and Gilbert cell
multiplier phase detector with program-
mable charge pump output. The
DUALTX output can be used in DUAL
mode cellular phone applications with
the AMPS and NADC modulation being
applied to the I/Q baseband inputs. The
DUALTX output also provides 6-bit
power control with 40 dB of gain range
in 0.63 dB steps. In addition, the crystal
oscillator buffer feeds three programma-
ble prescaler outputs to support system
clock reference needs. Programming of
the devices function is realized by a
high-speed, three-wire serial interface.
The SAS00 can be programmed into a
sleep mode (low current mode providing
crystal oscillator and master clock func-
tions), a standby mode (providing crystal
oscillator, master clock, system clock 1,
and transmit LO buffer functions), and
the AMPS mode and the DUAL mode
configurations. The SA900 is packaged
in a smal! TQFP 48-pin package.

For more information about this IC
chip set, contact the author or circle
Info/Card #150. RF

About the Author

Michael M. Sera is Strategic Mar-
keting Manager for RF/Wireless
Communication Products at Philips
Semiconductors, 811 E. Arques
Avenue, P.O. Box 3409, Sunnyvale,
CA 94088-3409; tel. (408) 991-4544;
fax. (408 991-4800.
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Thanks to a piezoelectric vibrating
gyroscope, their marriage will

never have to be on shaky ground.

It was a match made in heaven. (Actually, it was made the camera. We also expect to find important roles for
in a Murata research lab.) Our engineers developed GYROSTAR in other technologies, such as navigation

an innovative compact vibrating gyroscope — the systems, automotive electronics and factory automa-
GYROSTAR™— that’s 100 times more precise than any tion, by working closely with our customers. And those
other gyroscope. When coupled with the latest video relationships, like the one in the photograph above,
technology, it compensates for an unsteady hand on have unlimited potential. You see, we offer commitment

©1994 Murata Electronics North America, Inc., 2200 Lake Park Drive, Smyrna, GA 30080. All rights reserved.
Please see us at RFEW, Booth #221.



our relationships. Commitment to helping our cus-
mers create innovative solutions. So while we offer
ke of the broadest lines of components in the industry,

cluding microwave-related products, EMI filters,
kamic capacitors and ceramic resonators, we want

u to think of us as more than a source of high-quality,

highly reliable components. More than a supplier of parts.
We want you to think of us as a small part in your success.

For more information, call 1-800-831-9172, ext. 011.

®
R ! A small part
in your success
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RF products

High-Frequency

Quartz Crystals

Using its proprietary Tab-mesa
Technology (TmT), SaRonix can
now efficiently and effectively
produce miniaturized quartz crys-
tal components that provide fun-
damental frequencies to 200
MHz. Simple yet reliable TmT
crystals with third-overtone fre-
quencies to 600 MHz can now be
used in applications where less
stable ceramic resonators or
complex surface acoustic wave
frequency references were previ-
ously the only choices. The inher-
ent small size of TmT high-fre-
quency crystals allows for minia-
ture, low-cost packaging of AT-
cut crystals with their desirable
temperature characteristics. Both

HC45/UM1 metal packages are
currently available; ceramic pack-
ages are planned. The low mass
of the quartz blanks mounted in
hermetically sealed metal pack-
ages results in very rugged com-
ponents, which are much less
susceptible to shock and vibra-
tion than their larger, convention-
al counterparts. The Tab-mesa
Technology yields small, rectan-
gular AT-cut crystals that are
batch processed using photolitho-
graphic techniques akin to those
used in semiconductor process-
ing. This makes possible the vol-
ume production of consistent
quality, high-frequency crystals.
SaRonix, Inc.

INFO/CARD #232

2mm x 6mm tubular and
Low-Price, PCB
Material

Rogers Corporation introduces
a major new product, RO3003™
high frequency circuit materials
for commercial printed circuit
boards. The RO3003 materials
are the first of a new line ol eco-
nomical, high frequency circuit
material products which offer a
range of electrical properties, all
improving performance at high
frequencies over FR-4 type circuit
boards. The material is introduced
at approximately 25-30% less

than the price of competitive
PTFE fiberglass materials. The
pertormance characteristics of
Rogers RO3003 material include
uniform dielectric constant, low
loss, stable electrical performance
over temperature, very good
dimensional stability, and excel-
lent plated through-hole reliability.
RO3003 high frequency material
is offered initially in the standard
panel size of 18 x 24 inches, in
thicknesses of 0.010", 0.020", and
0.030", and with 1/2 and 1 oz.
electro-deposited copper.

Rogers Corp.

INFO/CARD #231
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MMIC Amplifiers

Amplifonix has announced a
new series of MMIC amplifiers
with 3 dB rolloff points up to 2.2
GHz. Members of the AX0X86
series are matched 50 ohm gain
blocla consisting of DC coupled

Darlington amplifiers. A few repre-
sentative members of this series
have the following specifications:
The AX0186 typically has 17.5 dB
gain and 3rd order two-tone inter-
cept point of +15 dBm, both at 0.5
GHz. The amplifier's power con-
sumption is typically 17 mA at +5
VDC. The AX0886 operates to 3
GHz, has 18.5 dB gain and 3rd
order two-tone intercept point of
+27 dBm, both at 1.0 GHz. The
A0886 also has a typical noise fig-
ure of 3.3 dB at 1.0 GHz. Power
consumption for this amplifier is
36 mA at 7.8 VDC. Amplifonix
package styles, -11, -85, and -86
are available on tape and reel.
Environmental screening is also
available.

Amplifonix, Inc.

INFO/CARD #230

FET Mixer

Watkins-Johnson Company
has introduced a high-dynamic-
range FET mixer with applica-
tions at the cell-site level of cellu-
lar communications networks.
The new model HDM1 features
+4U dBm (typ.) third-order inter-
cept point with a nominal +21
dBm LO drive, yielding an LO uti-

lization of 17 to 22 dB. The
HDM1's typical conversion loss is
8.0 dB. The mixer is designed for
LO and RF frequencies from 800
to 1000 MHz and IF frequencies
from 10 to 200 MHz. Typical LO
to RF isolation is 35 dB, and typi-
cal LO to IF isolation is 40 dB.
The mixer is supplied in a low-
cost, surface-mount package and
is available on tape and reel for
high-volume manufacturing.
Watkins-Johnson Co.
INFO/CARD #229

Spread Spectrum
Test Equipment

LNR Communications has
developed a series of flexible,
spread spectrum transmit/receive
test equipment. They can be con-
figured in a variety of field
deployed or simulated end-to-end
wireless, cellular telephone and

related communication links for
wireless LAN and ISDN service
diagnostics, CDMA equipment
testing/evaluation, communica-
tions link testing, and propagation
testing. The MCS-T spread spec-
trum generator operates in vari-
ous frequency bands from 800 to
2500 MHz, with maximum BW of
100 MHz and power output from
0 dBm to 60 dBm. The unit has
built-in PN code generation and
can operate in direct sequence or
frequency hopping modes. The
MCS-R spread spectrum receiver
consists of a synthesized down-
converter, IF despreader/demod-
ulator and pP-based control. The
PNCG (pseudorandom noise
code generator) has programma-
ble tap weights, code rates , code
lengths and offset. Both linear
and Gold codes can be selected.
LNR Communications Inc.
INFO/CARD #228
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Richardson Electronics is Your
Global Partner in RF Technology

Offering solutions to customer problems for

more than 40 years, Richardson Electronics,
Ltd. has grown into one of the world’s
premier suppliers of RF devices.

e Technical Expertise
e Experience

e Inventory

o Market Knowledge
® Supplier Literature

u.s.
CANADA
U.K.
FRANCE
ITALY
SPAIN
GERMANY
JAPAN
SINGAPORE

(1) 528-37-00

(800) RF POWER
(800) 348-5580
(0522) 542631

(1) 34-26-4000
(055) 420-10-30

(089) 80-02-13-1
(3) 3874-9933
(65) 298-4974

Ultra 1 near Class A, Self Baised Power FET, 1 to 50 MHz

lam-0111
an
L,
]

+ 25 watt Ultra Linear Operation
£ £

» Push-Pull device

= +55 dBm (third order intercept)
101 /[

+ 15 dB Power Gain
«+ 28 volt, Single Supply Operation
Slam-0122
» 50 watt Ultra Linear Operation
+ Push-Pull device
+ +58 dBm (Third order intercept)
» 14 dB Power Gain
» 40 volt, Single Supply Operation
Stam Operation can be
exlended into VHF with
External impedance Matching

+ 10 watt Ultra Linear Operation

» +52 dBm (Third order intercept)

* 50 ohm in, 50 ohm out, no Z-match required
+ 13.5 dB Power Gain

+ 32 volt, Single Supply Operation

High Linearity Self-Baised GaAs FET Power Amplitier Modules
For Digital Wireless Applications 100-2000 MHz

Bias
Vimp

Model I1PS

dBm)
+34

P-ldB
dBm)

Gain
(dB)

MPS-202201-71 +22 )5 5.0/100
MPS-202409-85

MPS-202708-85

+36 +24 1 10.0/160

+39 +27 10.5 12.0/300

*Packages shown are not to scale

Committed to the RF Market—

Richardson
Electronics, Ltd.

40W267 Keslinger Road
LaFox, lllinois 60147

(708) 208-2200
INFO/CARD 51

Richardson Electronics, Ltd. has
combined its' worldwide L]
marketing organization with
MWT's quality group of

products. Richardson has
available MWT's line of Power
FETs and GaAs FET Amplifiers.
Call Richardson Electronics for
state-of-the-art MWT devices.

Our industry-leading RF
suppliers . . .

(M) moToROLA

&y7 sGs-THOMSON
Amphenol"

F JOHNSON

&) PHILIPS

RF PRODUCTS

ig'f PINEAPPLE

\,Q &  TECHNOLOGY

GORE

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

Please see us at RFEW, Booths #829, 831.
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High-Power
Coupler

Western Microwave has devel-
oped a high power, dual direc-
tional coupler, model C-9301,
that operates over the frequency
range of 125 to 1500 MHz. Direc-
tivity is greater than 20 dB, nomi-
nal coupling is 50 dB, and cou-
pling flatness is typically +1.0 dB,
and the unit handles 2000 W
CWw.

Western Microwave
INFO/CARD #227

Bench Test

Components

A new line of high power com-
ponents is available for use in
laboratory and production test
setups. Each power attenuator or
power termination is designed
with its own cooling fan.
Chronix International, inc.
INFO/CARD #226

Programmable

Attenuators

A serioe of miniaturc program
mable attenuators, with a frequen-
cy range of DC-3 GHz, is now
offered by Alan Industries. Four
models in this SDA series are
available in attenuation ranges of
0-15 dB, 0-31 dB, 0-63 dB and 0-
70 dB. Height and width for all
models is 1 x 1 inches and the
length varies from 3.175 to 4.00",
depending on attenuation. Aver-
age power handling is 1 W. Prices
range from $550 to $850.
Alan Industries, Inc.
INFO/CARD #225

Dual Directional

Couplers

Amplifier Research’s full line of
directional couplers, (covering 10
kHz to 1 GHz), has been joined
by two new dual directional cou-
plers. Model DC6180 carries up
to 600 W continuous power
(1000 W peak pulse) through a

frequency range of 80 to 1000
MHz. Model DC6280 carries
1500 W continuous power over
the same bandwidth. Both cou-

plers have typical directivity of 25
dB and maximum insertion loss
of 0.15 dB. The DC6180 sells for
$900, the DC6280 for $1100.
Amplifier Research

INFO/CARD #224

Wireless

Components

Lucas Weinschel now offers a
complete line of programmable,
fixed, and variable attenuators
and terminations designed specif-
ically for wireless communication
and cellular applications. These
new designs are optimized for

Product Spotlight:Couplers, Attenuators, Terminations

performance over the DC to 3
GHz range, and are available in
Type N and SMA connectors.
Lucas Weinschel

INFO/CARD #223

SMT Couplers

EMC Technology's thick-film
hybrid 3 dB couplers are aimed at
commercial applications. Opera-
tion is optimized for the cellular
and GPS bands, with a maximum
VSWR of 1.3:1 and minimum iso-
lation of 20 dB. The coupler will
handle in excess of 100 W CW.
Options include integral termina-
tions and other frequencies of
operation.
EMC Technology, Inc.
INFO/CARD #222

JARUN

50R-083 SMA  0-10 x tdB steps o DC-2000 Mz
75DR-013 F » 0-30 x 1dB steps o DC- 1000 Mz

Many standard models » 50 and 75 Ohm o Extremely flat « Long life

Please see us at RFEW, Booth #627.

_ QUALIY

Jnnovation

EXCELLENCE
PERFORMANCE

Reliability

We Are The

wi.?@ J

W 0F Q¥

Yyyed

FW Industries, Inc.

<4 'S134 Commerce Square Drive
Indianapolis, Indiana 46237

Tel. 317-887-1340 ¢ Fax 317-881-6790

68 INFO/CARD 52

Last Word In
Rotary

Attenuators.
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No One stocks More

RF & Microwave Transistors,
Semiconductors
and Modules

Richardson
Electronics, Ltd.

(800) 348-5580
1-800-RF POWER us.a,) AnaNes 1] S oAk

ITALY (055) 420.10.30

2 SPAIN (1) 528 37 00
40W267 Keslinger Road GERMANY (089) 80 02 13 1

LaFox, Hlinois 60147 JAPAN (3) 3874-9933
(708) 208-2200 SINGAPORE (65) 298-4974
INFO/CARD 53 Please see us at RFEW, Booths #829, 831.
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TEST
EQUIPMENT

Baseband

Network Analyzer
Model 102A analog network
analyzer from AP Instruments
has two channels for ratioed fre-
quency response measurements.
The analyzer displays magnitude,
phase and group delay data with
110 dB dynamic range. It covers
0.01 Hz to 15 MHz with linear or
logarithmic frequency sweeps.
The model 102 A includes a
source/receiver unit, a DSP
board, cables, probes and soft-
ware. The system price is $5500.
AP Instruments
INFO/CARD #221

VXI Noise Modules

Noise Com has introduced a
new series of VXIbus test equip-
ment in double slot C size mod-
ules. The VXI-7000 Series gener-
ates additive white Gaussian
noise. The VXI-7000 Series has a
message-based interface and

covers frequency bands between
10 Hz and 40 GHz. Noise power
can be controlled in 1 dB steps
(0.1 dB optionally).

Noise Com

INFO/CARD #220

Signal Generator

The SMT Signal Generator
from Rohde & Schwarz covers
RF frequencies up to 3 GHz. AM,
FM, ®M and pulse modulation
can be used with various internal

and external modulation sources.
An additional LF generator can
be fitted which, besides sinewave,
squarewave and triangular sig-
nals, also supplies a noise signal.
In addition to the modulation sig-
nals produced by the LF genera-
tor, the optional multifunction

generator produces stereo multi-
plex and VOR/ILS moduilation
signals.

Rohde & Schwarz GmbH
INFO/CARD #219

SIGNAL
SOURCES

Surface Mount

Oscillators

Valpey-Fisher has developed a
miniature surface mount pack-
age. The complete package is
0.55" long, 0.35" wide and 0.185"
high. it is hermetically seam weld-
ed with a nickel plated kovar lid
and has "J” lead terminations that
match the common 0.200” and
0.300" footprint of common plas-
tic oscillators. The hybrid oscilla-
tors that use this package are
available over the frequency
range of 2 to 300 MHz and with
TTL, HCMOS, ACMOS and ECL
Logic outputs. The price ranges
from $10 to $33.
Valpey-Fisher Corp.
INFO/CARD #218

OCXO

Micro Crystal announces pro-
duction of an oven operated crys-
tal oscillator in a 14-pin dual-in-
line package. The oscillator is
0.300" tall and weighs 5 grams.
Ihe OCXUO series Is avallable in
versions operating from 0.01 and
24 MHz. Warm-up time is 20 sec-
onds, and frequency stability is
+0.2 ppm over the standard tem-
perature range of —20 to +70° C.
The OCXO in a 10 MHz, stan-
dard temperature range version
sells for $185.00 in quantities of
25. Lead time is four to eight
weeks for standard frequencies.
Micro Crystal
A Div. of SMH
INFO/CARD #217

DISCRETE
COMPONENTS

Molded Inductors

A series of molded polypropy-
lene inductors from J.W. Miller
are intended for equipment oper-

T

PTI OSCILLATOR PRODUCTS

HIGH PERFORMANCE --

LOW PROFILE --

SMALL FOOTPRINT

X05009
OCXO
10 MHz in stock
Available from 3-50 MHz
1.5 x 1.5 x 1.5 inches (Ixwxh)
Test equipment & synthesizer
applications

70

X03022
High Performance TCXO
Available from 16-75 MHz
Ruggedized for shock & vibration
1.25 x 1.0 x 0.2 inches (Ixwxh)
Communication & portable GPS
applications

INFO/CARD 54
Please see us at RFEW, Booth #543.

X05015

0OCXO
10 MHz in stock
Available from 3-50 MHz
1.45 x 1.08 x 1.03 inches (Ixwxh)
Synthesizer & communication
applications
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ADVERTISEMENT

Dielectric Res-
onators-400 MHz
to 32 GHz

A variety of mate-
rials and character-
istics allow Trans-
Tech to satisfy a

4mm SMT Ceramic Bandpass Filters

A line of high quality factor (Q)

ceramic filters is available for cellular

ISM, Spread Spectrum, and GPS
applications. The filters are 2 and 3
pole, flat surface mount design with a
maximum case height of 4. 5mm.
They offer low insertion loss and
good frequency stability.

particular design Center Bandwidth | Insertion | Ripple | V.S.W.R. | Attenuation
need. Extremely Frequency | fy+/-MHz | Loss (dB) |(dB Max.) | in BW | (@ f,+/-MHz2)
e ' - A in BW in BW Max. Min.
l ‘N‘nmuml Diclectric ]— perature ' Rex .mmwmhﬂ 8815 13.0 30 1.0 251 12((04,/. 32.5)
dard matenals| Constant M o encies (GI
P T N D |t Dt T i 915.0 130 30 10 21 12(1g+/- 32.5)
8500 36.00 my°C | 1000 @ 4.5 GHz 1413 —
. 20(f, - 140.0
8600 ’ 50.0 { s @ -m.n}yb : m;s 1227.0 5.0 12 05 | 21 17((,00”40‘0;
8700 2h | 410 +4 ppn y@ 10.0 GHz 65010321 20(f- - 140.0
| w é | 010 +4pieC | 600@ 45 Gl R | 1575.0 50 12 05 [ 21 17($o°+ 140.0;
8: 36 ppaveC 27, @ iHz 08
, B e el - OYR'C_ | MOMOWILE:| S0 INFO/CARD 56

High Q D8300 material has been de-
veloped especially for narrowband
Cellular Base Station filtering. In
DRO’s for digital DBS lower phase
noise can be achieved by using High
Q dielectric resonators. Materials are
available with high E’ for smaller size
and in a wide range of temperature
coefficients to compensate for tem-
perature drift.

INFO/CARD 98

Miniature Coaxial Line
Elements

The miniature profile (MP) and
subminiature profile (SM) series ce-
ramic coaxial elements are appropri
ate where circuit miniaturization is
of utmost importance, such as in cel-
lular telephones, PCS and other
wireless products. They cover a fre-
quency range of use from 650 Mhz to
5.0 GHz.

As a miniature shielded resonator,
these devices feature rugged con-
struction to eliminate microphonics
and offer excellent temperature coef-
ficient of resonant frequency. Two
materials are available to provide the
designer with high unloaded Q and
small size.

The resonator is metallized with
low loss silver plating and may be or-
dered in quarter or half wavelength
with or without tabs for attaching
the center conductor to the external
circuit.

INFO/CARD 99

. " e
fe" "1 s ™
300 MHz - 4.8 GHz

Solid, durable construction makes Trans-Tech's Ceramic
Coaxial Transmission Line Elements a rugged alternative to
classical parallel LC circuits. Performance benefits include:
higher circuit Q, greater temperature stability and circuit minia-
turization, together with reduced microphonics, fewer
environmental effects on frequency and excellent solderability.
Typical applications involve wireless communications,
nationwide pagers, and Global Positioning Satellite (GPS)
applications. Call for more information...today!

Please see us at RFEW, Booth #429. st
EBAlpha Trans-Tech 1us

Trans-Tech, Inc., a subsidiary of Alpha Industries, Inc.
5520 Adamstown Rd. » Adamstown, MD 21710
Tel. (301) 695-3400 » FAX: (301) 695-7065

Trans-Tech.. The Ceramic Solution
INFO/CARD 100
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Series 75F inductors are avail-
able from 0.0264 uH through
0.660 uH. Production quantities
can be delivered from stock.
Application assistance and cus-
tom wound inductors can be fur-
nished on request.

J.W. Miller

INFO/CARD #216

Surface Mount

Capacitors

Cornell Dubilier announces
Type MC surface mount capaci-
tors for instruments and RF. The
capacitors have self resonant
frequencies typically above 1
GHz for popular RF capacitance
values, and have a Q above
2000. Case sizes 0805, 1210,
1812 and 2220 are available.
Capacitance is available in tight
tolerance, exact values from 0.5
pF to 2000 pF. Pricing is from
$0.31 in 1000 piece qty.
Cornell Dubilier
INFO/CARD #215

SIGNAL
PROCESSING
COMPONENTS

Narrow Band
X-tall Filters

Filtronetics announces the
availability of high frequency, nar-
row band crystal filters. A repre-
sentative unit, model FN-1801,
has a center frequency of
148.275 MHz, a 3 dB BW of 50
kHz, and a 60 dB BW of 300 kHz.
The size is 1.5" x 0.5" x 0.4" in
flatpack style and 1" x 0.5" x
0.43" in PC mount style. The fil-
ters are available up to 200 MHz.
Filtronetics, Inc.

INFO/CARD #214

Power Dividers

Inmet Corp’'s Series 6005
power dividers feature 2.92 mm
stainless steel connectors, offer-
ing non-destructive compatibility
with SMA, K and 3.5 mm series.
Rated at 1 W input power, all
models have exceptional ampli-

72

tude and phase tracking charac-
teristics: £0.6 dB and *+4° from
DC to 26.5 GHz. Maximum
VSWR is 1.50:1 over the full DC
to 26.5 GHz. The T-shaped units
weigh 60 grams.

Inmot Corporation

INFO/CARD #213

Quadrature Hybrids
The SQ-series of unleaded
hybrids cover 10% bandwidths
centered from 10.7 MHz to 1880
MHz. Maximum insertion loss is
0.4 dB, and amplitude unbalance
is 0.5 dB (typ.). Phase unbalance
is 3° over the full band and 2
maximum at each center frequen-
cy. The SLQ-series of leaded
quads are available in various
10% and octave BW from 10.7 to
1880 MHz, offering 0.7 dB typical
insertion loss. Typical amplitude
and phase imbalances are 0.6 dB
and 3, respectively. For both
series, isolation between quadra-
ture outputs is 15 dB and pricing
begins at $17.95 in quantities of 1
to 9.
Synergy Microwave Corp.
INFO/CARD #212

SEMI-
CONDUCTORS

Varactor Diodes

MSI Electronics’ DO-220B
series incorporates eight types of
exponential varactor with capaci-
tances from 6.8 to 100 pF at a
nominal 2.5 V bias. Tuning linear-
ity is better than 5% for the DO-
220B series and better than 1%
for the DO-220C series. Tuning
voltage does not exceed 4.5 V.
The diodes are packaged in her-
metically sealed, axial leaded,
D0-7 glass packages. Price is
$1.68 each in 10k qgty.
MSI Electronics, Inc.
INFO/CARD #211

LAN Transceiver
Chip Set

Celeritek’s CCS2900 is a
three-chip set designed for wire-
less LANs operating in the 2.4

GHz ISM band. The set consists

of an integrated converter
(CCV2501), a power amplifier-
T/R switch (CAS2403), and an
antenna  diversity switch
(CSW2101). When used with
external filters and a voltage-con-
trolled resonator, this chip set
forms a high performance RF
transceiver that is power efficient,
fully compatible with the dimen-
sional requirements of the PCM-
CIA standard, and compliant with
the specifications of the |EEE
802.11 committee for WLANSs.
Celeritek

INFO/CARD #210

Wideband Buffers
Comlinear introduces two new
low-cost buffers, the CLC109 and
CLC111. These buffers can oper-
ate from a single 3 V power sup-
ply and use a patented closed-
loop design. The CLC109 fea-
tures a wide BW of 270 MHz, and
+0.1 dB gain flatness to 30 MHz.
The CLC111 provides a very
wide bandwidth of 800 MHz,
using only 10.5 mA with a +5 V
supply. The CLC111's 2nd and
3rd harmonics are at -62 dBc at
20 MHz. 1000 piece pricing for
the CLC109 is $1.49, and $2.75
for the CLC111.
Comlinear Corp.
INFO/CARD #209

Varactors

The SMV 1204 series of hyper-
abrupt varactors are designed to
be used in portable applications.
The series features linear octave
tuning from O to 6 V, very low
series resistance, surface mount-
able SOT-23 packages and avail-
ability from stock.
Alpha Industries, Inc.
INFO/CARD #208

AMPLIFIERS

Cellular Test Amp

Model AR88168-10 from Power
Systems Technology is a wide
band class A amplifier covering
800 to 1600 MHz. Power output at
1 dB compression is 10 W, with
40 dB gain. The amplifier has a
built-in power supply and is
housed in a 5.25 x 19 x 22 inch,
rack- or bench-mountable cabinet.
Power Systems Technology, Inc.
INFO/CARD #207

Equalization Amp

The CS-801 is a ruggedized
amplitier with an internal equaliz-
er to flatten frequency versus

amplitude response, thus improv-
ing overall system dynamic
ranges. The standard frequency
range is 0.15 to 18 GHz, but
other frequency ranges are avail-
able.

Communication Solutions, inc.
INFO/CARD #206

CATV Amplifiers

Motorola has introduced three
new devices for CATV applica-
tions. Designed for trunk and line
extender  amplifiers, the
MHW5185B and MHW61858B
power doublers have improved
composite triple beat and third
order distortion characteristics
compared to the Motorola
MHW5185 and MHW6185
devices. The MHW6185-6 power
doubler has a frequency range of
40 to 600 MHz. Low volume pric-
ing is $45.00 for the MHW51858B,
$50.00 for the MHW6185B, and
$54.00 for the MHW6185-6.
Motorola Semiconductor
INFO/CARD #205

RF Power Modules
Hitachi has introduced four
MOSFET-based RF power mod-
ules that simplify and shrink
many cellular phone designs.
The PF0045 and PFO045A pro-
vide 1.2 W of class C power at
58% efficiency, using 6 and 4.5 V
supplies, respectively. The
PF0210 and PF0231 are meant
for digital cellular applications,
operating in either class A or
class B modes. The PF0210 pro-
duces 6.0 W with a 12 V supply,
while the PF0231 produces 1.2
W from a 6 V supply. In quanti-
ties of 10,000, the PF0045 costs
$11.85; the PFO045A, $12.65;
the PF0210, $12.30; and the
PF0231, $15.65.
Hitachi America
Semiconductor & IC Div.
INFO/CARD #204

High Power Module
The FPS3N from Directed
Energy Inc., (DEI), is a high
power, high frequency switch for
class D and class E RF opera-
tion. The FPS3N is used with a
DEI MOSFET to produce high
power RF up to 50 MHz at one-
quarter the cost of conventional
technology. A 16-page applica-
tion note on the design of a 1
kW, 13.56 MHz RF generator
using the FPS3N is available
from DEI.
Directed Energy, Inc.
INFO/CARD #203
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Surface Mount
emiconductors

High Volume Commercial
Applications to 6GHz.

Alpha'’s high volume, low cost Surface
Mount Devices (SMDs) are available
in configurations ranging from wafers
to base monolithic chips, or surface
mount packages to chip-on-board
architectures.

Featuring the same advanced
technology that goes into our high-rel
millitary devices, Alpha’s SMDs offer the
highest levels of repeatability, together
with proven design and the latest
automated production equipment.

Specific functions involve mixing,
detection, switching and frequency
tuning. Applications include...

B Wireless Communications

& PCNs

@ Cellular Handset & Base Stations
® |dentification & Security Tags

® Bar Codes

@ Antenna Switching

Take advantage of traditional
Alpha high frequency
performance at competitive
prices with the industry’s
largest selection of high volume,
low cost SMDs. Call us today!

FORMAT

CELLULAR CELLULAR Des GPS RADAR
BASE STATIONS  PHONES  RECEIVERS  RECEIVERS  DETECTORS

Please see us at RFEW, Booths #427, 429.

il Alpha

ALPHA Industries, Inc.
20 Sylvan Road, Woburn, MA 01801
Tel (617) 935-5150 ® FAX (617) 935-4939

INFO/CARD 56




WHAT DO THESE FILTERS HAVE IN COMMON?

GHZ Hairoin Bangpass ol Terion

— Wghyty—

GHz EMplic LOWPass on G 10 - .2 GHZ pric LOWP4ass (Vounted

THEY WERE DESIGNED WITH THE NEW =MFILTER=

COMPLETE SET OF DISTRIBUTED STRUCTURES

#* Lowpass, bandpass, highpass & bandstop m'.
* Microstrip, stripline, coax & slabline (machined) — 1 ¢
* €dge coupled, end coupled, direct coupled Io a”

#* Hairpin, combline, interdigital, elliptic, stepped-2 L// / J

78

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

* DXE fi T-Tech’s Quick Circuit milling platform,
=M/FILTER= HPG and files ready for board suppliers SO s Poarly oo Last ty BFIN

=M/FILTER= files were tested by several
=OSCILLATOR= STATE-OF-THE-ART NLGORITHMS board suppliers to insure compg/tibility.
% Automatic end, bend, tee and cross absorption
* Corrects dispersion & differential phase velocity
* RAccurate design bandwidth
=FILTER= * N-coupled line models

=SuperStar=

HIGH-SPEED SIMULATOR {’ﬁ e n G L E l.U ﬂ n E

Eagleware Corporation * 1750 Mountain Glen * Stone Mtn, GA 30087 » USA

INTEGRATED SOFTWARE TOOLS " av e snonconemea”  TEL (404) 939-0156 #* FAX {404) 939-0157

INFO/CARD 57 Please see us at RFEW, Booth #522.
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Don’t Miss the 10th Annual RF Expo West!

Special Pre-Show Program!

e Show Events Schedule

e Exhibitor List and Exhibit Booth Map
e “Show-in-Print” Exhibitor Highlights



Schedule of Events
Monday, March 21, 1994

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

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

Tuesday, March 22, 1994

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

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

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

Morning Sessions

8:30 -11:30 a.m.
Session A-l: RF Data Communications I
*FQPSK, A Modulation that Outperforms Pi/4 DQPSK in
Both Radiation Effects and Battery Power Dissipation
While Maintaining Equal Capacity
¢ Theory and Development of a Digital Amplitude
Modulator
* A 1-Q Demodulator IC for Compressed Video
Applications
Session A-2: Power Amplifiers I
*Low Cost Antenna Interface RFIC for Wireless
Applications
*HF and VHF Linear Power Amplifiers Using SSTS and
SLAMs
*Comparative Study of Four Broadband Microwave
Amplifier Concepts
Session A-3: Filter Design

*Dielectric Filter Design
*Microstrip Techniques and Filter Design

11:30 a.m.-1:30 p.m.
Deli Luncheon served in Exhibit Hall

1:30-4:30 p.m. Afternoon Sessions
Session B-I: Oscillators
*SAW Resonator Oscillator Design Utilizing Linear RF
Simulation
eInjection Lock

*Oscillator Design for Lowest Phase Noise

Ssesion B-2 Product Design and Manufacturing
*Improving Product Design/Development by Identifying
Key Customer Values and Product Features
*High Frequency High Bandwidth IF Crystal Filter
Designed for Manufacturing

Session B-3: RF Materials
* A High Power RF Package Using Aluminum
Nitride Ceramic
*Microwave Based Measurements of Layered Homogencous
Dielectric Medium
*Conducting Solutions/Liquids as a New Transmission
Medium for Microwaves

5:00-6:00 p.m.
Cocktail Reception



Wednesday, March 23, 1994

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

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

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

Morning Sessions

* An FSK Modulation Data Receiver for 900 MHZ Using a Low

Equivalent Cirauits
*Numerical Simulation of Silicon Hyperabrupt Diodes for
1:30-4:30 p.m. Afternoon Sessions
Session D-I: Wireless Communications

VCO and Filter Applications
*The Design of UHF and VHF Loop Antennas

*Techniques for Open Loop Modulation of a Wideband VCO

for DECT
* A Covert Video Communications System

Session D-2: Synthesizers
*Frequency Synthesizer Technology in the Nineties
* A Synthesizer Design Program With Detailed
Noise Analysis
*NCO - The Next Generation Oscillators

Session D-3: Communications Systems
¢LINK 16: Tactical Advantage in the 21st Century
* A Simple Technique for Assessing HF Automatic Link
Establishment Radio Interoperability
*The Art of CW Rejection in ESM Receivers

5:00-6:00 p.m.

8:30 -11:30 a.m.
Session C-1: Data Communications 11
*IF Amplifiers and Quadrature Demodulators for Digital
Communication Receivers
Cost Silicon Monolithic IC Chip Set
* A Low Power Spread Spectrum CMQOS RFIC Operates at a
Center Frequency of 2.45 GHz for Use in Radio
Identification Applications
Session C-2: RF Power 11
eLinearisation Techniques for RF Amplifiers
*Some Improvements on the Feedforward Technique
* Amplitude Modulation in Class E Power Amplifiers
Session C-3: RF Components
*RF Circuit Components: Measurements, De-embedding and
l Cocktail Reception
6:00-7:30 p.m.

Ham Radio Reception
San Jose Hilton and Towers

Schedule of Events
Thursday, March 24, 1994

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

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

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

8:30-11:30 a.m. Morning Sessions
Sesson E-I: Data Communications I11
*Multi-Mode Radio Transceiver Design
*Design an Infrared Data Link Using an Integrated
FSK Transceiver
*Data Communications by Means of
Reflective Transmission
Session E-2: Circuit Design Methods

*Ground Current Control in RF and High Speed
Digital Circuits

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

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

Session E-3: Integrated Circuit Solutions
*Design of an Integrated Chipset for
Digital Cellular Communications
* RF/IF Processes and Circuits for Wireless
Communications

* Digital Receivers and DDS for Base Stations

)|
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STETCO, Inc.

STETCO, Inc. manufactures a high qual-
ity line of surface mount coils designed
for use in a wide variety of environmen-
tal applications. The wire which com-
prises the coil is welded to the terminals
and will not unravel during manufac-
turing soldering processes. The termina-
tions are available in gold, nickel and
90/10 tin/lead to insure extended shelf
life before the soldering process. These
coils are available in the standard 1008
package and a low profile 1008 package.
A new 0805 series is also available with
an inductance range of 2.2 nH to 680 nH.
All coils can be tested at the customer’s
application frequency and are available
in bulk, waffle and 8 mm tape and reel
packaging.

JFW Industries

JFW is celebrating 15 years as a leader in
the design and manufacture of RF com-
ponents and custom sub-assemblies.
New products include custom thick film
resistors, attenuators, terminations, high
power variable attenuators, phase con-
stant programmable attenuators, weath-
er-proofed power dividers, single
pole/multithrow switches and custom
RF switching matrices.

Pole Zero Corp.

Digitally tuned filters, once born from
the need to provide selectivity to fre-
quency agile and scanning radios have
found their way into general applica-
tions. Consider: Pole Zero’s Mini and
Maxi DPoles, Power Poles and
Preselectors. Benefits include: low
power consumption, high selectivity,
low insertion loss, The ability to tune a
very narrow pass band continuously
over a frequency range(from 1.5 MHz to
1 GHz) in microseconds, makes these
miniaturize modularly designed RF
Filters and Preselectors ideal for a wide
variety of uses. The affordable solution.

E.F. Johnson

E.F. Johnson Components manufactures
a full range of subminiature RF connec-
tors with SMA, SMB and SMC inter-
faces. All E.F. Johnson connectors are
designed to meet the electrical and
mechanical specs of MIL-C-39012. In
addition, E.F. Johnson manufactures a
complete line of electronic components
and hardware items. Whether for stan-
dard catalog items, modified existing
parts or fully custom items, E.F. Johnson
offers you the advantage and flexibility
you require. Outstanding quality at the
right price.

Wayne Kerr/Farnell

Wayne Kerr/Farnell has released the
EASY 1 Emissions Assessment System
for precompliance EMC testing. The
EASY 1 is PC based and consists of a
Wayne Kerr SSA1000A 9 kHz-1 GHz
Spectrum Analyzer, Windows 3.1 com-
patible software, a GPIB card fur the PC,
a near field probe kit, a Line Impedance
Stabilization Network (LISN) 6/16 AMP
and a specially designed broadband
antenna, plus cables and detailed docu-
mentation. The EASY 1 is ideal for com-
panies who want to test for conducted
and radiated emission of their products
during the development and production
stages to ensure EMC compliance.

Tecdia, Inc.

Tecdia capacitors will satisfy a wide
variety of your microwave capacitor
needs. These chip caps are designed and
manufactured specifically for both thin
and thick film hybrid integrated circuits.
The safety margin around the electrode
structure (A & B Types) helps to prevent
shorts after epoxy attachment and
makes them ideal for high component
density applications. Tecdia C-Type
chip caps are made with platinum met-
allization to ease soldering with materi-
als such as Sné60, Sn62, etc.

Sciteq Electronics, Inc.

Sciteq’s mission is to develop, produce,
and market advanced-technology fre-
quency synthesizers and other RF sub-
systems. Quality ranges from military
(easiest) to commercial (tough because
failures are unacceptable). Specialties
include broadband DDSs, digital chip
generators, the Arithmetically Locked
Loop (a fractional-n derivative), and
combination architectures. Standard
products are tailored for PCS/wireless,
communication, imaging radars, VSAT,
satcom earth stations, and research pro-
jects. Sciteq offers enabling solutions to
aggressive system development.

Giga-tronics Inc.

Giga-tronics Incorporated will demon-
strate RF signal generators and power
meters in booth 146/148. The Giga-tron-
ics 6060 Series Synthesized RF Signal
Generators provide accurate and reliable
operation from 10 kHz to 2 GHz, at
prices that fit almost ant budget. The
Giga-tronics 6080A and 6082A
Synthesized Signal Generators provide
the highest performance available from
10 kHz to 2 GHz. The Giga-tronics 8540
Series Universal Power Meters provide
fast and accurate CW and peak power
measurements from single meter.

Bal Seal Engineering Co.

Bal Seal Engineering Company Inc.
manufactures canted-coil springs for
EMI shielding from very small diame-
ters to long lengths. Each coil deflects
independently, maintaining a nearly
constant force. Metal segments cannot
break ofl and damage intetnal circuils.
Bal Seal supplies springs in beryllium-
copper and other materials. Nickel, tin,
silver and gold platings improve com-
patibility or conductivity. Specify light,
medium, and heavy force in standard
coil height, from 0.015 to 0.450 inch.

Hewlett-Packard Co.
Hewlett-Packard will be showing RF
components and communication test
instrumentation, plus electronic design
automation(EDA) software tools for
high-frequency analog circuit and sys-
tem design. RF frequency computer
aided engineering(CAE) systems will
also be demonstrated. See H-P in booth
710.

California Eastern Laboratories
New from California Eastern
Laboratories is the NEC Wireless
Sampler. Designed to help speed up
wireless circuit design, this kit puts over
100 NEC parts right at the design engi-
neer’s fingertips. Data sheets, applica-
tion notes, and S parameters on diskette
are included. CEL will also be introduc-
ing NEC’s new UPABSOOT. Developed for
pager and other wireless applications to
2.5 GHz, this unique NPN transistor
combines a pair of 10 GHz f; NE680 die
in an ultraminiature (1.25 mm x 2 mm)
surface mount package. Booth 818.

CAD Design Services

CAD Design Services is a service bureau
and software developer, expert in R/F,
microwave, power supply, flex and digi-
tal PC board design as well as E/M
packaging developed on AutoCAD
databases. As an AutoCAD third-party
developer we publish programs that,
when used with AutoCAD, provide reli-
able production system — from
AuotCAD drawing to Gerber Film plot.
This powerful, easy to use software gen-
erates parts lists and net lists in varied
formats. It can optionally work in the
sane AutoCAD drawing as the PCB
database for automatic forward and
back annotation. Information changed
in the parts list, schematic or PCB is
automatically updated in the other two.
Simple dialog box controls, with rapid
library access, makes learning this soft-
ware intuitive. For use with AutoCAD
Release 12 or above.
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Herotek

Herotek features RF and microwave
components and subsystems from 0.01
to 40 GHz. The products offered
include: detectors, limiter/amplifier/fil-
ter detectors, comb generators, multipli-
ers, GaAs FET amplifiers (low noise and
power), limiters, switches, harmonic
mixers, down-converters, integrated
subsystems, power amplifiers, thresh-
old detectors and frequency doublers —
for commercial cellular radios, PCS,
LAN, DCN, etc.

LAP-TECH

LAP-TECH manufactures high precision
custom quartz crystals and hermetically
sealed TTL or CMOS clock oscillators.
The glass and cold weld sealed crystals
are particularly suitable for military and
high reliability industrial applications.
The range of resistance weld enclosures
includes conventional leaded types as
well as surface mount and special sub-
miniature styles. The in-house quality
meets NATO AQAP-4 / MIL-Q-9858
standards. ISO 9002 certification is
pending,.

Motorola

Motorola is known and respected
worldwide as a leading semiconductor
supplier to manufacturers of communi-
cations products, including switching,
transmission, wireless and customer
premise equipment. With its passion for
quality and service, depth of immersion
in key enabling technologies, and the
broadest portfolio of products in the
semiconductor industry, Motorola is
dedicated and equipped to anticipate
and meet your communication needs.

Eagleware

Eagleware is announcing the new SYS-
TEM 32 family of integrated HF synthe-
sis and simulation software for IBM
PCs. This family supports DOS and 32-
bit Microsoft Windows and Windows
NT operating systems with totally inter-
changeable files. The 32-bit versions are
faster than 16-bit Windows product,
break memory barriers, support multi-
tasking and support multiple instance.
Engineering departments may operate
in a mix of these operating environ-
ments and still share user circuit and
data files. All Eagleware synthesis and
simulation programs are available as
SYSTEM 32 products.

San Jose, California

International Crystal
Manufacturing Company
International Crystal Manufacturing
Company (ICM) has been serving the
communication industry for 43 years.
ICM specializes in custom crystals from
as low as 70 kHz to as high as 200 MHz.
ICM will custom engineer to your speci-
fications. ICM can also supply special
motional parameters as well as many
different metals and holders. Rigid stan-
dards and lifetime warranty insure qual-
ity and satisfaction. ICM also manufac-
tures a wide range of custom oscillators,
and markets products for the communi-
cations industry, including pagers,
chargers, portable and mobile radios.
All items come with a manufacturers
warranty and ICM operates a full ser-
vice repair department.

EMC Technology

EMC Technology, Inc. is a leading
provider of Microwave components
including: terminations, attenuators,
programmable attenuators, temperature
compensating attenuators, and hybrid
couplers.

Sawtek Inc.

At RF Expo West, Sawtek will display
SAW products that operate at frequen-
cies from 10 MHz to 3 GHz. These
include bandpass filters, delay lines,
low-loss filters, oscillators, pulse
expanders and compressors, resonator
products and SAW-based subsystems.
These products are designed for both
low-volume and high-volume programs
in communications, cellular telephony,
modems, wireless data transmission,
radar, electronic warfare, cable televi-
sion, security systems, and other signal
processing applications. In addition to
the product display, Sawtek will distrib-
ute its 1994 Product Catalog which fea-
tures the newest in SAW product tech-
nology. The new catalog, designed as a
practical guide to SAW devices and
their applications, will be available to all
those who stop by Booth 930.

T-TECH

Quick Circuit is a milling, drilling and
contour routing system for making pro-
totype single or double-sided circuit
boards. The system removes copper by
milling instead of chemical etching.
Quick Circuit can take files (HPGL,
Gerber & Excellon/NC drill) from any
CAD package. The system allows for a
minimum engraving width of .005”.
Quick Circuit features an adjustable feed
rate for working with a variety of mate-
rials.

RF Expo West

TRAK Microwave

TRAK will be introducing its newest
product line of signal processing compo-
nents. These include mixers, couplers,
quadrature hybrids, power splitters,
PIN diode switches, phase shifters, and
1/Q networks such as modulators,
demodulators, phase comparators,
image reject mixers, and discriminators.
Another new product on display will be
the Model 8860 Primary Reference Clock
which provides cesium accuracy at
much lower cost. Other featured prod-
ucts will include phase locked and crys-
tal controlled oscillators, frequency mul-
tipliers, synthesizers, circulators, and
isolators.

RF Micro Devices

RF Micro Devices is emerging as a lead-
ing supplier of low cost integrated cir-
cuits for wireless applications extending
to 2.5 GHz. Our components include
LNA /mixers, IF amplifiers, linear
power amplifiers, quadrature modula-
tors/ demodulators and attenuators. Our
use of gallium arsenide, Heterojunction
Bipolar Transistor and silicon technolo-
gies enables us to provide the customer
with OPTIMUM TECHNOLOGY
MATCHING™.

Raltron Electronics

Raltron Electronics Corp.(Miami FL) is a
broad line supplier of quartz crystal
oscillators for a wide spectrum of radio
frequency applications. Product lines
include VCXOs, TCXOs and OCXOs for
high end communications products;
fully integrated crystal oscillators for
cellular phones and pagers; hard disk
drives, desktop, notebook and palmtop
computers and peripherals and industri-
al control applications, and low cost
crystal units in both surface mount and
through-hole technology. New products
include the industry’s thinnest crystals
and oscillators for emerging portable
products and also special new High
Frequency VCXOs for the new Sonet
and Sonet-like synchronous data net-
works in the USA and Europe.

IFR Systems

IFR Systems, Inc. manufactures portable
RF and microwave spectrum analyzers
and communications service monitors
for cellular telephone, UHF/VHF com-
munications, and wireless telecommuni-
cations. Four models of spectrum ana-
lyzers provide frequency coverage to 1
Ghz provide a full range of communica-
tions testing features including popular
cellular, paging, and trunking protocols.
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M/A-COM

During RF Expo West, M/A-COM will
promote our new line of MMIC trans-
ceiver chip sets, mixers, low noise
amplifiers, switches and power ampli-
ficrs that are manufactured using GaAs
and silicon, MMIC, HMIC™ and
GMIC'M technologies. M/ A - COM will
also feature wireless antennas, RF con-
nectors, fiber optic cable/connector
assemblies and discrete semiconductors.
These low cost, small and energy effi-
cient products are designed for wireless
data, voice cellular, PCS and PHP appli-
cations for infrastructure and subscriber
terminal products. M/A-COM, Inc. is a
leading supplier to the wireless telecom-
munications, surveillance and defense
related industries of radio frequency,
microwave and millimeter wave semi-
conductors and components. The
Company’s largest market is the global
commercial market, which includes
wireless communication and automotive
sensor applications. Currently, one third
of the Company’s business is for U.S.
Department of Defense applications.

Alpha Industries

No other exhibitor at the RF Expo can
offer you as wide a variety of low-cost,
high performance components for your
wireless needs as Alpha. Our new prod-
ucts include GaAs MMIC control prod-
ucts with integral drivers, coaxial line
filters and discrete components (like
hyperabrupt varactors, mixer diodes
and FETs) in ultra-small surface-mount
packages. Be sure to ask about these
new products designed specifically for
your low-cost commercial applications.

Philips Semiconductors

Philips Semiconductors announces the
introduction of their North American
Digital Cellular Chip Set 1S-54
(AMPS/TDMA). The chip set consists of
four low power, highly integrated
devices: the SA601 RF Front-end, the
SA637 digital IF receiver, the SA7025
dual frequency synthesizer and the
SA900 I/Q transmit modulator. Philips
Semiconductors is a world leader in the
RF integrated circuit design, develop-
ment and manufacturing. Philips pro-
duces low power IC solutions for most
worldwide cellular and cordless telecom
standards as well as for paging and
other wireless applications.
Highlighting our commitment to the
digital cellular market, we will be
exhibiting our North American Digital
Cellular Chip Set 1S-54 (AMPS/TDMA)
at RF Expo West ‘94. Booth 523, 525

Kalmus Engineering

Kalmus Engineering, Inc. is a leader in
the design and manufacture of broad-
band RF power amplifiers both domesti-
cally and internationally. Applications
include, but are not limited to, general
laboratory use, communications, EMC
testing, EMI/RFI, NMR/MRI and
Spectroscopy. Our broad product range
consists of both 1009 solid-state ampli-
fiers and distributed tube amplifiers
with power ranges from 1.5 W to 3 kW
CW and 12 kW pulse, frequency ranges
from 25 Hz to 1000 MHz. Call or fax us
for a quotation.

Bird Electronic Corp.

The 4000 Series from Bird Electronic
Corp., is a modular RF power measure-
ment system designed for metrology,
research and process control applica-
tions. The system consists of the Model
4421 digital power meter and display,
and a RF power sensor. A calibration
card, an IEEE-488 or RS-232 interface are
options. The direct-reading Model 4421
power meter measures forward and
reflected RF power with + 3 percent of
reading accuracy. Typical readings are
made with less than 0.1 percent repeata-
bility error. Power can be measured
from 300 mW to 10 kW, at frequencies
from 100 kHz to 1.0 GHz.

Merrimac Industries

Merrimac will be showing latest in
power dividers, quadrature hybrids,
hybrid junctions, phase shifters, attenua-
tors, directional couplers extending to 65
GHz, and a wide variety of mixers and
1/Q Products which now extend up to
18 GHz. Of special note are the new
Casefree devices which are miniaturized
lumped element components designed
for inclusion with MMIC circuits.
Design engineers will be present to dis-
cuss how to optimize circuit perfor-
mance.

Instrument Specialties

Instrument Specialties is the leader in
the EMC technology and provides com-
plete consulting, design and testing ser-
vices to the electronics industry. The
full product line includes beryllium cop-
per spring fingers, knitted wire mesh,
and conductive elastomer, shielded vent
and filter panels, as well as ESD ground-
ing and shielding  contacts.
Headquartered in Delaware Water Gap,
PA, the company also operates manu-
facturing and distribution facilities in
Placentia, CA, and Barchon, Belgium.
All sites are registered to the 1SO 9000
series of standards.

Hewlett-Packard Components/
Avantek

Avantek is featuring high performance
oscillators, power modules and
PlanarPak™ components for military
and industrial applications. Hewlett-
Packard is featuring RF integrated cir-
cuils including amplifiers, active mixers,
digital modulators, oscillators,
prescalers/ frequency dividers and semi-
conductor RF switches, as well as diodes
and transistors.

Compact Software

Compact Software, Inc. provides inte-
grated CAE/CAD solutions for RF,
microwave and lightwave design.
Compact’s product offering includes
schematic capture, linear, nonlinear and
electro-optical frequency domain simu-
lation, physical layout with back-anno-
tation, system simulation, time domain
simulation and full-wave EM simulation
tools. Compact products are available
for PC/DOS, PC/Windows, Sun
SPARCstation, DECstation, and HP
9000/700 systems. The company offers
its products as both integrated design
suites and individual point-solution
analysis tools.

Voltronics Corp.

Voltronics Corporation manufactures a
complcte line of variable capacitors.
Multi-turn precision air, glass, quartz,
sapphire and Teflon™ dielectric styles
are available with ranges to 250 pF and
voltage ratings to 15,000 volts. Most
capacitors are 40 P.S.1. sealed and have
non-rotating pistons for linear adjusting.
The newest additions to the Voltronics
capacitor line are 8 styles of single turn
surface mount and p.c. mount ceramic
trimmers. A full line of DRO and
microwave tuners are also available.

Salisbury Engineering

Salisbury Engineering designs, devel-
ops, and manufactures a complete line
of RF and microwave filters and sub-
assemblies covering the frequency range
of 1 MHz to 20 GHz. Models include
highpass, lowpass, band reject, band-
pass, switch banks, GPS preamps and
ceramic filters. All filters are manufac-
tured using the latest techniques in com-
puter aided design, drafting, machining
and testing with units checked for con-
formity to specifications at each stage of
the manufacturing process. Salisbury
Engineering is always ready to assist
you, our most important asset, our cus-
tomer.
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Cougar Components

On display will be RF and microwave
cascadable amplifiers and amp assem-
blies for commercial, military and space
level applications. Also see low noise,
high dynamic range, low voltage, AGC
limiting amps, limiters and attenuators,
0.1 to 6000 MHz, with up to 1 Watt out-
put in TO-8, TO-8B, flatpack, surface
mount and SMA connectorized pack-
ages.

Sprague-Goodman Electronics
Sprague-Goodman Electronics, Inc.
offers the world’s broadest line of trim-
mer capacitors, metallized glass and sur-
face mount inductors, and microwave
tuning elements. Samples of our prod-
ucts are exhibited at booth 718 - see our
newest model surface mount trimmer
(only 3.8 x 3.2 x 1.5 mm). Sprague-
Goodman is the North American distrib-
utor of Radiocer” high power RF ceram-
ic capacitors (for AM broadcasting and
induction heating). Plate and tubular
models are shown.

Trans-Tech

Trans-Tech is a manufacturer of
advanced technical ceramics for RF and
microwave applications. Their expertise
in ceramics, coupled with engineering
and R&D skills enable them to provide
highest quality solutions for the best
value. Products include bandpass filters,
coaxial resonators/inductors, dielectric
resonators, ferrite circulator and isolator
elements, ceramic substrates, technical
ceramic powders, and ferrite, garnet,
and dielectric materials. New products
include miniature coaxial resonators (2
mm), and 2 mm & 4 mm bandpass fil-
ters for applications where small size is
of utmost importance.

Vectron Laboratories

Vectron Laboratories, Inc. — Booth 510
— will be featuring a complete line of
crystal oscillators available from .01 Hz
to beyond 2 GHz. Products on display
will include the following: Moderate
Stability Clock Oscillators available with
sine or logic output in a broad range of
configuration; Temperature
Compensated Crystal Oscillators
(TCXOs) to better than +1 x 107; sub-
miniature Oven Controlled Crystal
Oscillators (OCXOs) available with sta-
bilities to 1 x 107'7; Voltage Controlled
Crystal Oscillators (VCXOs) for phase
locking applications and linear VCXOs
with #2500 ppm  deviation;
SONET/SDH clock recovery and data
regeneration products which meet
CCITT Type A and B jitter standards.

San Jose, California

ENI

ENI manufactures broadband RF ampli-
fiers for EMC testing, ultrasonics, broad-
cast communications, Magnetic
Resonance Imaging, and general labora-
tory use. With power outputs ranging
from 3 watts to 5 Kilowatts, and fre-
quency coverage from 9 kHz to 1 GHz,
ENI amplifiers feature rugged solid state
design, unconditional RF stability and
infinite maximum load VSWR. ENI
maintains sales and service offices in
New York, California, Texas, Germany,
the United Kingdom, and Japan.

RF Monolithics

RFM supplies advanced SAW products
for low power wireless communications,
telecommunications and computer
applications. RFM products are used to
achieve high performance, and to
reduce size, complexity and power con-
sumption. RFM manufactures a wide
range of SAW components including fil-
ters, resonators and delay lines. RFM
also manufactures radio transmitter and
receiver hybrids, UHF frequency
sources, and high-frequency digital
clocks.

CTIA

Cellular Base Site optimization in under
five hours and Scan Calibration in under
15 minutes is now possible with the new
R-2600 CCBS testing system. Using soft-
ware driven CBS AutocalTM fully
prompted procedures speeds the test
process, and all results can be saved to
disk for convenient handling. Add to
that a new optional LPA test capability
and you have efficient, repeatable, reli-
able control over the cellular infrastruc-
ture.

Richardson Electronics

To see what’s new from Motorola, SGS-
Thomson, M/A-COM, Philips, RF
Products, Inc. and other leading RF and
microwave component manufactures,
visit Richardson Electronics in booth 829
at RF Expo West. In addition to an
extensive inventory, Richardson offers
matching, selecting and testing value-
added services for transistors, SCRs and
MOSFETs as well as RF testing.
Richardson has added top RF and DC
application engineers to provide cus-
tomers with unparalleled design-in sup-
port and technical assistance. For pur-
chasing convenience, Richardson offers
EDI capabilities and JIT stocking pro-
grams. Visit Richardson at RF Expo
West or call 1-800-RF POWER.

RF Expo West

Trilithic Inc.

Trilithic Inc. of Indianapolis, Indiana
placed #10 on the Inc. 500 list which
ranks the top 500 fastest-growing, pri-
vately-held companies in the united
states. The company’'s spectacular
growth (over 7,000 percent) can be par-
tially attributed to the acquistion of
Texscan Instruments Division's assets in
March of 1989, the introduction of
miniature LC filters, expansion into
switching and control subsystems, and
the asset acquisition of Cir-Q-Tel
Microwave of Beltsville, Maryland in
April of 1992. Trilithic has opened
Trilithic Ltd. near London to serve
expanding UK market. See them in
booths 430-432 at the RF Expo West.

Emhiser Micro-Tech

Emhiser manufactures low cost and her-
metic VCOs covering 10 MHz to 4 GHz
in selected frequency bands, with up to
a full octave of tuning range.

American Technical Ceramics

ATC manufactures high quality
RF/microwave capacitors including
high Q, low ESR porcelain MLCs, high
performance ceramic MLCs, space quali-
fied SLCs, low cost commercial line
SLCs and low cost standard size MLCs.
ATC also offers special assemblies,
dielectric substrates, non-magnetic
capacitors, custom SLCs, and Thin Film
Technology. This product line is
described in the new ATC Surface
Mount and Leaded Capacitor brochure.

Compex Corp.

Compex manufactures single layer par-
allel plate chip capacitors in a wide vari-
ety of configurations values and sizes.
These include gap caps, marjin caps,
row caps, binary caps and custom
arrays. Values from 0.06 pF and case
sizes from 10 x 10 mils.

Reeves-Hoffman

You may know that Reeves-Hoffman is
a manufacturer of crystal (1 kHz to 250
MHz), oscillators and hermetic seal
packages. Reeves-Hoffman continues to
expand its capabilities in a rapidly
changing market. Do you know that we
manufacture high frequency fundamen-
tal crystals up to 120 MHz? Are you
familiar with Reeves-Hoffman’s Model
322 DIP VCXO? Do you know that
Reeves-Hoffman manufactures custom
packages as well as crystal bases and
glass-to-metal seal hybrid packages?
Stop by the Reeves-Hoffman booth to
learn more about our products and
capabilities. See you at the show.
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RF tutorial

Receiver Basics — Part 2:
Fundamental Receiver Architectures

By Gary A. Breed
Editor

Our basic tutorial on receiver design
continues with a review of the common-
ly-used architectures. The particular
arrangement of amplifiers, filters, mix-
ers, oscillators and detectors into a
working system has a profound effect on
the performance, complexity, and cost
of a receiver. Every possible block dia-
gram cannot be presented here, but a
few of the most common configurations
are included.

From last month’s review of perfor-
mance parameters, we know that fre-
quency range and modulation type are
the starting point for a receiver specifi-
cation, followed by many different possi-
ble requirements for such parameters as
sensitivity, distortion, bandwidth, tuning
resululion, etc. This month, we will look
at some basic receiver block diagrams
and point out some of the advantages
and limitations that each has on the vari-
ous aspects of performance.

The Broadband Detector
(Figure 1)

An untuned detector isn’t often consid-
ered a receiver, but that is exactly its
function. Modulation is usually CW, and
the recovered information is a DC level
proportional to amplitude. A simple
detector is nearly always used in a
closed system, for monitoring a known
signal source or as an indicator in a test
system (e.g. forward and reflected
power measurement). In an amplitude
modulated (AM) broadcast transmitter, a
detector may be a high-level audio
demodulator for monitoring purposes.
With such a strong input and no outside
signals to select from, there is no need
for any supporting receiver circuitry.

DC

RPF o
Output

Input

™~
LT
Detector

F?gur;L The br—oadband—deiector
— the simplest receiver.
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Figure 2. The TRF receiver includes a filter before signal detection, and
may also include RF amplification, baseband amplification and other

signal processing.

The TRF Receiver (Figure 2)

The tuned radio frequency (TRF)
receiver is the simplest practical receiver
for picking up signals “off the air.” This
architecture places a filter ahead of the
detector to providce a mecacuro of eelec-
tivity. The TRF receiver may also include
an amplifier to boost signal levels prior to
detection. This is the basic form of the
old crystal set radios, which placed a
tuned circuit ahead of a diode junction
and reproduced the recovered audio in a
set of sensitive earphones. The band-
width of the TRF receiver is determined
entirely by the front-end filter, and the
modulation type is exclusively AM.

Despite its simplicity and apparent lim-
ited usefulness, the TRF receiver is
quite common: remote control devices
of all types typically use this architec-
ture. Its implementation is usually on a
single frequency, with on-off keyed
(OOK) digital transmission most com-
monly used (although there may still be

some tone-modulated AM units still in
service). More sophisticated detection is
often employed, as well, including
super-regenerative detectors and
enhanced active envelope detectors.

Maximum performance from a TRF
receiver requires a very good front-end
filter. In current low power/short range
devices, a high-Q SAW filter is typically
used, resulting in a receiver with several
kHz selectivity and sensitivity down to
—100 dBm or better.

The Direct-Conversion Receiver
(Figure 3)

Terminology for this type of receiver
varies; it has been called homodyne,
synchrodyne, and zero-IF, as well as
direct-conversion (D-C). The D-C receiv-
er is mixer that converts the RF frequen-
cy to baseband. The output of the mixer
contains the sum and difference of the
local oscillator (LO) and the desired sig-
nal. In the D-C receiver, the LO is very

Bandpass
Filter

RBE
Input

Mixer/
Product Detector

Baseband
Output

Oscillator

Figure 3. The Direct-Conversion or Zero-IF receiver performs frequency

translation from RF to baseband.
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Figure 4. The single-conversion superhetrodyne receiver can be described as a frequency conversion stage
preceding a TRF or direct-conversion receiver. Other detector options inciude FM, | and Q, or logarithmic.

close to the desired signal. For example,
if the signal is at 2.000 MHz and the LO
is at 2.001 MHz, then the mixer output
will be 1000 Hz and 4.001 MHz. If the
LO is exactly the same as the center fre-
quency of the desired signal, then the
center (or carrier) frequency will appear
at zero Hz (hence, the zero-IF name),
and the sidebands will be recovered
with the same relationship they had to
the carrier, translated to baseband. If
this circuit is part of a larger receiver
system, it is called a product detector.

For example, in a single-sideband sig-
nal, the LO of the D-C receiver can be
tuned to the suppressed carrier frequen-
cy, and the modulation will be translated
direclly o audiv lrequencies. With the
LO tuned to the carrier of an AM signal,
the carrier will appear at zero Hz and
the sideband modulation recovered as
audio. A special case of the D-C receiv-
er actually uses the carrier of an AM sig-
nal as the LO, after hard limiting to
remove the modulation. This guarantees
that the audio (or video in the case of
television signals, which are also AM) is
exactly reproduced. This type of circuit
is called a synchronous demodulator.

The Superhetrodyne Receiver
(Figures 4 and 5)

In its various forms, the superhetro-
dyne is the most common receiver
architecture. The key feature of the

superhet architecture is one or more fre-
quency conversions between the RF
input and the detector. The frequency
conversion accomplishes two major
objectives — translating the RF to a
lower frequency where a narrow band-
pass filter is easy to implement, and
using the frequency offset to reject
potential interfering signals.

The original purpose of the superhet
was to improve selectivity. A good TRF
receiver could be built at the very low
frequencies used in early radio, such as
50 kHz. At these frequencies, stable
narrow bandwidth LC filters are practi-
cal, making it possible to obtain good
receiver performance.

However, when frequencies above 1
MHz came into common use, TRF tech-
nigues were insufficient for good perfor-
mance. Implementing a frequency con-
version from MHz to 50 kHz allowed the
selectivity of the lower frequency to be
used with the higher operating frequen-
cy. A simple superhet is a mixer/local
oscillator followed by a TRF receiver. In
the superhet scheme, that TRF section
is now called the intermediate frequency
(IF), since it is an intermediate stage
between the mixer and detector.

This simple arrangement, and any
other that uses one mixer ahead of an
IF, is the single-conversion superhetro-
dyne receiver. The superhet IF can
include selective elements (filters) of

various types, amplification as desired,
and any type of detector — a diode
(envelope detector), product detector,
discriminator, logarithmic, or anything
else. The relationship between the LO,
RF and IF can be any combination;
there is no need for the IF to be a lower
frequency than the RF, or for the LO to
higher or lower than the RF or IF.

As receiver designers learned how the
superhet worked, double and triple fre-
quency conversion stages became com-
mon. Reasons for their use include con-
verting even higher frequencies down to
a very low frequency IF to take advan-
tage of the easily obtained selectivity.
However, converting directly from, say,
100 MHz to 100 kHz cannot easily be
done, since the mixer image is only 200
kHz away from the desired frequency.
Instead, converting 100 MHz to 10 MHz,
then converting 10 MHz down to 100
kHz allows practical filters to be used for
rejecting the unwanted mixer products.

Another useful feature of the super-
het, especially multiple conversion
types, is control of the gain throughout
the receiver system. Too much gain at a
single frequency invites instability and
potential oscillation. By dividing the total
system gain among sections of the
receiver that operate at different fre-
quencies, stability problems are mini-
mized. With control over gain, the
absolute levels can be optimized to

RF
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Bandpass
Filter

Mixer 1

>—5

Mixer 2

IF 1 IF 2
Filter Filter

——o Output

~>— Detector

LO 2

Figure 5. The double-conversion superhetrodyne architecture adds another frequency conversion stage, usu-
ally to aid in rejection of image signals. Triple and quadruple conversion schemes may also be used.
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SPECIFICATIONS

Model LO Freq.
Power LO/RF
{dBm) (MHz)}

TUF-3 0.15-400
TUF-3LH
TUF-3MH

TUF-3H

TUF-1
TUF-1LH
TUF-1MH
TUF-1H

TUF-2
TUF-2LH
TUE-2MH
TUF-2H

TUE-5
TUF-5LH
TUF-5MH
TUF-5H

TUE-860
TUF-860LH
TUF-860MH
TUF-860H

TUE-11A
TUF-11ALH
TUF-11AMH
TUF-11AH

s e
=

2-600

NN

50-1000

A

20-1500

R
NWON NWON NWON NWON NWON NWo

860-1050

<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>