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New from Loral Microwave-FSI

A COMPLETE LINE OF HIGH
PERFORMANCE CER-MET DIODES.

Surface mount plus reverse voltage rating to 1000 volts.
High volume manufacturing

CER-MET units are readily available in volume

Hermetically sealed for both military and commercial applications.
Full face Chlp. bond ) Quantities are already in stock forimmediate
Double terminal heatsinks shipment.

Our PIN diodes are now available with ceramic For more information, or to request samples,
package/metal electrode technology, designed to  call or fax, Loral Microwave-FSl, 16 Maple Road,
meet MIL-STD 19500. High performance specifica- Chelmsford, MA 01824. Tel: (508) 256-4113.
tions include long lifetime, low series resistance, Fax: (508) 937-3748.

Part No. Suggested Reverse Voltage | Total Capacitance (pF)-max| Series Resistance (RS}-ohms Carrier Thermal
Case Rating (Vr) - min F=1MHz Vr=50v F=100 MHz Lifetime (Tl) | Resistance
Sk psecttyp) | (6)

Ir< 10pA M1 M2 f=100mA (max) |If=200mA (typ)| If=10mA

SM0502 | M1orM2 500 0.70 0.55 1.00
SM0504 | M1orM2 500 0.55 0.60 0.60 0.45 1.50
SM0508 | M1or M2 500 0.85 0.95 0.40 0.25 2.00
SM0509 | M1orM2 500 1.00 1.25 0.35 0.20 2.50
SMO0511| M1lorM2 500 1.30 1.45 0.30 0.15 3.00
SM0512 M2 500 N/A 1.50 0.25 b 3.50
SM0812 M2 800 N/A 1.30 0.40 b 4.00
SM1001 M2 1000 0.35 5 4.50

Case style M1 (inches) = M2 (inches)
__Dimension | Min | Max | Min | Max |
008 010 0.10 | 0.12
012 014 0.19 | 0.21 .
0.01 | 003 001 003 Microwave-FSI

INFO/CARD 1
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Have you been searching for the right RF ICs The SA900 1/QQ Transmit Modulartor

to complete a low power digital cellular design?  completes the chip set with transmit paths

If so, the Philips IS-54 RF Transceiver Chip for both digital and analog signals.

Set for the North American Digital Cellular These IC A K b
system (AMPS/TDMA) is a perfect fit. This e e . e

} : 4 ; fewer external components are required. The
highly integrated RF solution consists of four : ) p bl
£ entire receiver runs at 3V and each IC has a
remarkable [Cs:

power down mode to extend battery life. Plus
The SAG01 RF Front End integrates a high our small SSOP-20 and TQFP-48 packages
performance LNA and mixer to convert the help make your products smaller and lighter.

incoming RF signal to the first IF :
To solve your next design puzzle, contact

The SA637 Digital IF Receiver down- Philips Semiconductors for information on
converts the first IF to a frequency suitable our IS-54 RF Transceiver Chip Set.
for analog and digital demodulation.

The SA7025 Fractional-N Synthesizer locks
both first and second LOs and meets the fast

IS-54 switching requirements. 1-800-447-1500 ext. 1083RF

© Philips Electronics North America Corporation, 1994

gebilm!?slconductors p H I I.I ps






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 1&Q Modulator and Demodulator, surface
mount and plug-in units. Units so reliable, the specified statistical
data on performance holds up with rock-solid repeatability
unit-to-unit.

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

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

compact units truly are the next generation of value on the market today.
So, call your Mini-Circuits distribution center at a number listed
below for guaranteed 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!

o gy L 1/Q MODULATORS

DNV CARRIER  SIDEBAND HARM PRICE

*@**4 FREQ LO REJ REJ SUPPRESS $
(MH2) ( (0Bc) (dBc) (dBc) Typ QTY

MODEL NO t X o Typ Ty 3x/Q  SxI/Q (1-9)
MIQA-10M 9 11 58 020 a1 40 58 68 4995
MIQA-21M 20 2 62 14 50 40 48 65 3995
MIQA 70M 66 7 62 10 38 3 48 58 3995
MIQA-70M 66 7 57 10 38 38 48 58 4995
MIQA-91M 86 95 55 10 38 38 48 58 4995
MIQA-100 95 105 55 10 38 38 48 58 4995
MIQA-108M C 13 55 10 38 38 48 58 4995
MIQA-195M 185 205 56 10 38 38 48 58 4995
MIQC-88M 52 88 57 10 41 34 52 66 4995
MIQC-176M 04 176 55 10 36 47 70 5495
MIQC-895M 868 895 80 10 A 40 52 58 9995
MIQC-1785M 1710 1785 90 030 3 35 40 65 9995
MIQC-1880M 1805 1880 90 030 3 35 40 65 9995
0 MIQY-70M 67 73 58 020 40 36 a7 60 1995
O MIQY-140M 137 143 58 02 34 36 45 60 1995

1/Q DEMODULATORS

CONV AMP PHASE HARM PRICE

FREQ LOSS UNBAL UNBAL SUPPRESS $

(MHz) (dB) (dB (Deg) (dBc) Typ QrYy
MODEL NO f f X o Typ Typ 3x1/Q  5x/Q (1-9)
MIQA-10D 9 1 60 010 01 10 50 65 4995
MIQA-21D 20 7y ] 015 01 07 64 67 4995
MIQC-8950 868 895 80 020 01 15 40 55 9995
MIQY-1 25D 115 185 50 010 01 10 59 67 2995
0 MIQY-70D 67 7 55 025 010 05 52 66 1995
O MIQY-140D 137 143 55 025 010 05 a7 70 1995

O NON-HERMETICALLY SEALED
MIQA case 4x 8x 4in
MIQY case 8x 8x.4in
MIQC case 8x Bx 4in
MIQS case Bx 4x 2in

All Models Available in Surface Mount Package.

Consult Factory for Details

Mini-Circuits

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

For detailed specs on all Mini-Circuits products refer to THOMAS REGISTER Vol 23 ¢ MICROWAVES PRODUCT DIRECTORY e EEM e MINI-CIRCUITS' 740-pg HANDBOOK
CUSTOM PRODUCT NEEDS. . LetOurExperience Work For You.
INFO/GARD 2 F156 Rev B




DAICO

High Density Int,_e_gration

Daico’s standard IF/RF and Microwave products include
switches from single-throw to forty-throw with insertion
losses as low as 0.2dB and isolations as high as 120dB at
5GHz, digitally controlled attentuators with up to 8 bits,
phase shifters and voltage variable attenuators. These
products serve as an impressive base for higher levels of
integration.

By using thin film hybrid technology, GaAs MMICs and diodes
(Schottky or PIN) together with mixers, limiters, couplers and
power dividers, as well as CMOS, TTL or ECL logic devices,

SWITCHES ~ ATTENUATORS  PHASE SHIFTERS ~ MMICS

we are able to offer increased reliability and substantially
reduced size. High Density Integration also offers significant
cost reduction when compared to using conventional discrete
packaged devices.

Please call us, we welcome the opportunity to discuss your

particular application.
é 2453 E. Del Amo Blvd., Rancho Dominguez, CA 90220
Telephone 310/631-1143 ¢ FAX 310/631-8078

WE ACCEPT VISA AND MASTERCARD

DAICO INDUSTRIES, INC.

INFO/CARD 3
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26 Open Loop Modulation of
VCOs for Cordless

Telecommunications

New digital cordless phones such as those
for Digital European Cordless Telecommuni-
cations (DECT) and the upcoming North
American digital standard require wideband
FM modulation during brief bursts. The PLL
loop filter bandwidth in these systems is
much fess than the modulation bandwidth,
but by briefly opening the loop before a
transmission burst, the modulation can be
accomplished. — Daniel E. Fague

34 A Fast Envelope Detector
As fast as quadrature signals can be
squared, added and the sum's square root
taken, this detector can demodulate AM sig-
nals. The response time of the detector
described here is on the order of 1 us.

— Dominic J. Ciardullo

44 An AM Detector
Compatible with SSB-SC

AM signals are demodulated with this detec-
tor by multiplying carrier and sideband com-
ponents of an IF signal. If the carrier signal is
at least 7 dB above noise, this detector can
demodulate SSB-SC as well.

— Chase P. Hearn

cover story
48 A High Power, Low Distortion
Feed-Forward Amplifier

Class AB amplifiers are more efficient than class A amplifiers, but they are
less linear. A high-power, multichannel amplifier using a class AB final stage
achieves its high linearity by cancelling intermodulation products

— Walter Koprowski

tutorial

56 Transmission Line Fundamentals
Transmission line behavior can seem mysterious if the equations that
describe transmission line phenomena seem to come from nowhere. This
tutorial starts from a basic transmission line model and ends with the com-
monly encountered transmission line equations. — Andy Kellett
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WERLATONE

DECADES AHEAD

HIGH POWER
DUAL DIRECTIONAL
COUPLERS

Wi

ER,
SmLATONE ipyc

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

INS. LOSS 10100l 0)
FLATNESS +/-0.5db
DIRECTIVITY 20 db min
VSWR ML 1.2:1max.
MODEL C3240

COUPLING .....coevvee 40db nom.
POWERCW .....cccove.. 200 watts

MODEL C3271

COURLING: .......o..ceennne 50 db nom.
POWERCW ................ 1500 watts
BROADBAND HIGH POWER

* DIRECTIONAL COUPLERS
* POWER COMBINERS
* HYBRID JUNCTIONS

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

With New
Technology,
There’s
Always A
Shakeout

By Gary A. Breed
Editor

One of the most fascinating aspects of
the so-called “wireless revolution” is the
wonderfully creative proliferation of new
ideas. Engineering and marketing staffs
at RF manufacturing companies have
come up with some outstanding capabil-
ities, and their customers (and potential
customers) are thinking up new ways
that RF linked communications can help
them be more cost-effective in their
business operations.

New players are getting involved, too.
Component manufacturers that did little
business in the realm of RF applications
are investing millions of dollars to devel-
op RF products. Computer and data
communications companies are adding
RF capabilities in addition to their twist-
ed-pair or coaxial cable networking
expertise. Customers are coming from
new directions, too, mainly from the
world of computers because the bulk of
new ideas are directed toward data
transmission.

With many new ideas, the potential
market for RF products has grown dra-
matically. The possibility of a huge
boom, similar to the personal computer,
seems apparent to most observers
(including me). But there is one nagging
thought that keeps coming back...

How many of these new RF applica-
tions will become successful products?

Debate rages over regulations, stan-
dards, and frequency allocations. While
resolution of these matters is certainly
essential to opening new markets, the
ultimate judgement comes from the cus-
tomers — the “marketplace.”

As new RF products go into large-
scale production, a shakeout is
inevitable. It heppens whenever new

technology is brought to market. It may
be slow, it may be rapid, but it will hap-
pen. Millions will be made and lost as
products are accepted or ignored.

We can look at the personal computer
industry for proof. There is no more S-
100 bus and no CP/M operating system.
Even mainframes and their smaller mini-
computer counterparts have been
replaced by PCs for many applications.

We have seen similar development
within our own industry. GaAs technolo-
gy, SAW devices and power transistors
have all seen huge successes and ago-
nizing failures as the market decided
which approaches and which applica-
tions needed these products.

Which RF products are going to be as
successful as the DOS-based PC?
Which will rise and fall like the Com-
modore 64?7 Which will die on the load-
ing docks before they even get shipped?

The mystery is part of the fun! It's sad
to see innovative companies fail
because of a fickle market, or simply
because they were a little too early or
too late with their product. But, hey,
that's how business works.

On the other hand, we are occasional-
ly astounded by the success of a little
company that was “in the right place at
the right time.” It's also fun to watch a
product take off when market research
never predicted that kind of success.

We will define the RF boom by the
success of products that are accepted
by customers and generate profits for
their manufacturers. But, we need to
remember that many innovations, com-
panies, and people will be counted as
failures, too. Business is a battleground,
and battles always have casualties.

July 1994



Technology of the Future
Available Today
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250 Watts CW
01-220 MHz

1-800-344-3341
(206) 485-9000 w (206) 486-9657
21820-87th S.E. = Woodinville, WA 98072 » USA

Paris, France
owone 1-4645-0945 INFO/CARD 5  mn 1-4645-2403

WORLD’S FIRST

14 Octave 2500
SOLID-STATE RF Amplifier

MODEL 122FC

e Instantaneous bandwidth, no warm-up
e Fully protected
¢ No VSWR shutdown, drives mismatched loads
e ALC gain leveling & power limit set
« All front panel controls available via remote connector
» [EEE488 / RS232 interface capability
¢ 19" rack mountable, weight 50 kg
e US $19,950.00

The World’s Most Gomplele
Line of RF Power Amplifiers




1210 inductor Trimming
+10% capacitor

1008 inductor
+2%

0805 capacitor

41

PLUS TUNING

Why your tuned

circuits ought to

befix

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

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

You'll save up to 50% on component
costs. Eliminate the time and expense of
tuning. Cut board space from &0 to 70%.

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

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

using a ceramic instead of a ferrite core.

Besides having a much higher SRE
ceramic is electrically neutral.

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

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

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

INFO/CARD 6
BB/ etectranic engineers master

See our catalog n Vol A, Section 1800

1102 Silver Lake Road, Cary IL 60013
800/322-2645 Fax 708/639-1469
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With A Focus On #
MMIC Integration!

CALL MERRIMAC for CaseFree
Chip Compatible Components hd Merrimac

41 Fairfiald Place, West Caldwell NJ 07006
Tel: (201) 575-1300 / Fax: (201) 575-0531
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GIGATRONICS
6080A & 6082A

SYNTHESIZED
RF SIGNAL
(GENERATORS

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

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

call Giga-tronics.

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 |4-year history
of building test and measurement
gear for the most demanding
requirements. VVe've shipped
thousands of instruments for use
in the testing of radar, EW and
communications systems.
Reliability.
Making reliable RF synthesizers is
usually no fluke.

However, in this case, it is.

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



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- I Hewlett- 6
s iga-tronics iga-troni
Specifications Packard y Packard gaionics 1
6080A 6082A
HP 86424 HP 86428

Frequency
Range .1 1o 1057 MHz 01 to 1056 MHz 1102115 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 dBd/Hz <-131 dBe/Hz <-125 dBc/Hz <-125 dBe/Hz
Residual FM*
(3 to 3 kHz BW) <2Hz <|.5Hz <5 Hz <3Hz
Output
Range* +16to-140dBm | +i7 to-140 dBm +16t0-140dBm | +I3 10 -140 dBm
Accuracy t dB>-127 dBm | t| dB >-127 dBm +1 dB>-127 dBm | 1 dB>-127 dBm
Reverse Power Protection 50 Watts/50 Vde | 50 Warts/50 Vdc 25 Watts25 Vde | 25 Wats/25 Vdc
Amplitude Modulation
Depth 0-99.9% 0-99.9% 0-99.9% 0-99.9%
Distortion @ 30% <2% <1.5% <% <1.5%
Frequency Modulation
Max. Deviation” 3 MHz 4 MHz 3 MHz 8 MHz
Distortion <% <|% @ 50% Dev. <% <1% @ 50% Dev.
Phase Modulation
Max. Deviation* 100 Rad. 40/400 Rad. 200 Rad. 80/800 Rad.
Pulse Modulation
Onloff >40 dB >40/60 dB >40/80 dB >80 dB
Rise/fall time <400 ns <15 ns (Typ 7.5 ns) <400 ns <15 ns (Typ 75 ns)
Minimum Pulse Width <2ps <30 ns <2ps <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 0to 4 Vpk
Waveforms Sine Sine/Sq/TrilPulse Sine Sine/Sq/Tri/Pulse
Programmable Yes Yes Yes Yes
Memory Locations (NVM) 51 Full Function 50 Full Function 51 Full Function 50 Full Function

US. List Price $30,340

§16,950

§41,680 §22,%30

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

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

*Specifications for both the 6080A and the HP 8642A are at | GHz. Specifications for both the 6082A and the HP 8642B are at 2GHz.
Prices and specifications for the HP 8642A and HP 86428 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
4650 Norris Canyon Road
San Ramon, California 94583
Telephone: 800 726 4442 or
510 328 4650
Telefax: 510 328 4700

INFO/CARD 8



S SMD Co

PROTOTYPNE
Type 5CCE
Type 5CCD

ﬁ.” MoLoen Con
< Protoryping Kiv

Type MC134

Type Price, Each Kit
Smm Variable Coil ..o $99.00
SN TG 0l (o 7 e e bt o e e St $99.00

Zinan Variable Coil ... ... eeeovrr e ceresarens :

IOmMNVEHABIE GO ...t tiepiosss sumseomesmsamn stiss g s $59.00

VD Chifp IAUEIORs oisin....-.covsomcvaerrparaacssscoonsenssns $99.00
$59.00

BABIARHICOM is...... ... oosirenisioresmrsessssesbrinsecnns. .ol ine

Leaded Fixed Inductors ...........ccoovveceeieeiceeicinn $59.00
Multilayer Chip Inductors .......................o.cocooovi.. $69.00
SIPIORARGREST] . 1 011 555 o sommsovnnis diaviinnns L s $49.00

7 TOKO PENSTOCK

WORLD’S LARGEST RF/MICROWAVE DISTRIBUTOR

CALL: 800-PENSTOCK or 408-730-0300, Canada 613-592-6088
FOR OVERNIGHT DELIVERY ON TOKO PROTOTYPING KITS

INFO/CARD 9 *U.S. Dollars
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HF Radio Systems and Techniques

York, UK
Information: HF ‘94 Secretariat, IEE Conference Services,
Savoy Place, London WC2R 0BL, UK. Tel: 44-071-344
5478/5477. Fax: 44-071-497 3633.

2nd International Conference on ADDA

Cambridge, UK
Information: ADDA ‘94 Secretariat, IEE Conference Services,
Savoy Place, London WC2R 0BL, United Kingdom. Tel: 071
344 5478/5477. Fax: 071 497 3633.

IREECON 1994 - International Electronics and Telecom-
munications Exhibition

Melbourne, Australia
Information: TWI, International Exhibition Logistics, 3190
Clearview Way, San Mateo, CA 94402. Tel: (415) 573-6900.
Fax: (415) 573-1727.

IEEE Electromagnetic Compatibility Symposium

Chicago, IL
Information: Thomas Braxton, Vice-Chair, AT&T Bell Labora-
tories, Room 2B-217, 2000 N. Naperville, Road, Naperville, IL
60566. Tel: (708) 979-1299. Fax: (708) 979-5755.

Surface Mount International

San Jose, CA
Information: Institute for Interconnecting and Packaging Elec-
tronic Circuits, 7380 N. Lincoln Avenue, Lincolnwood, IL
60646. Tel: (708) 677—2850. Fax: (708) 677-9570.

The European Microwave Conference 1994

Cannes, France
Information: Jacqueline Baron, Sales Manager, 24th EuMC,
Nexus Business Communications Ltd., Warwick House, Aza-
lea drive, Sawanley, Kent BR8 8HY, UK. Tel: 44 322 660070.
Fax: 44 322 667633.

16th Piezoelectric Devices Conference

Kansas City, MO
Information: Electronic Industries Association, 2001 Pennsyl-
vania Avenue, N.W., Washington, DC 20006. Tel: (202)
457-4930. Fax: (202) 457-4985.

Antenna Measurement Techniques Association

Long Beach, CA
Information: 1994 AMTA Symposium, School of Engineering
and Computer Science, Center for Research and Sciences,
California State University, Northridge, 18111 Nordhoff St. -
SECS, Northridge, CA 91330. Tel: (818) 885-2146. Fax:
(818) 885-2140.

DO YOU KNOW WHO WE ARE?

l

We’ve been in the quartz
crystal, oscillator and filter
business for more than 50
years. .. and we’re probably
the best kept secret around.

Whether you have frequency
generating, conditioning or
packaging applications, we can
fill most of your needs.

CRYSTALS

Choose from a variety of blanks or
packaged crystals designed for low
frequencies; high frequency funda-
mental crystal oscillators or wide
bandwidth filter applications. Also
available are standard and precision
AT’s up to 250 MHz.

OSCILLATORS

If your application
i$ in communica-
tions or instrumen-
tation our complete
line of Clocks,
VCXO0's. TCXO's
and OCXO’s will give you the highest
performance at the lowest total cost.

PACKAGING

As a user of our own glass-to-metal
sealed packages, we understand your
requirements for hermeticity,
solderability and the need to meet
MIL-STD testing. We know what our
industry requires.

For more information on our products
or a catalog, call us at 717-243-5929.
FAX 717-243-0079.

= REEVES-HOFFMAN
AMERICA

400 W. NORTH STREET
CARLISLE, PA 17013 USA |

WE’'RE THE BEST KEPT
SECRET AROUND

INFO/CARD 10
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RF courses

Introduction to Electromagnetic Compatibility
Design Practices
July 7-8, 1994, Milwaukee, WI
Information: University of Wisconsin - Milwaukee, Non-Credit

Applied RF 1
August 22-26, 1994, Los Altos, CA
Wireless Systems
August 29-September 2, 1994, Los Altos, CA

Registration Office, Drawer No. 491, Milwaukee, WI 53293.
Tel: (414) 227-3200 or (800) 638-1828. Fax: (414) 227-314€.

949-4400.

Design for Testability and for Built-in Test

Wavelet Transform: Techniques and Applications
September 12-16, 1994, Los Angeles, CA
Information: UCLA Extension, Engineering Short Courses,

July 11-14, 1994, Los Angeles, CA

Information: Besser Associates, 4600 El Camino Real, Suite
210, Los Altos, CA 94022. Tel: (415) 949-3300. Fax: (415)

BiCMOS Process Integration and Engineering

August 1-5. 1994. Troy, NY

Information: Rensselaer Polytechnic Institute, Office of Contin-

10995 LeConte Ave., Ste. 542, Los Angeles, CA 90024. Tel:
(310) 825-1047. Fax: (310) 206-2815.

uing Education, Troy, NY 12180-3590. Tel: (518) 276-8351.

Avionics & Weapons Systems Flight Test
August 22-26, 1994, San Diego, CA

Navstar/GPS: Design Applications

High Speed & Microwave Devices & Applications

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

August 1-3, 1994, Washington, DC

October 24-27, 1994, Boston, MA

Digital Cellular and PCS Communications -

The Radio Interface

October 10-14, 1994, Spain
RF/MW Circuit Design: Linear/Non-Linear,
Theory and Applications

October 10-14, 1994, Spain

Models, and Data Extraction

October 12-18, 1994, Spain
Information: CEI-Europe/Elsevier, Mrs. Tina Persson. Tel: (46)

122-175-70. Fax: (46) 122-143-47.

Active and Passive RF Components: Measurements,

16

We Do
Two Things
Greater
Than All

of Our
Competition
Combined.

NORAND

Mobile Computting for the
REAL WORLD

At Norand, ahead of the competition is only
one place our unwavering pursuit of technol-
ogy has taken us. Defining the portable data
collection industry, pioneering automated
route distribution, and leading the world in
RF systems for loczl area networks. .. all fruits
of our push for irnovation. Not to mention
the first radio data network, the first RF
terminal and integrated bar code printer, the
first terminal with portable/mobile capability,
and PEN'KEY, the first full function Windows-
based hand-held computer. Keeping the
technological frontier in clear sight, we
approach the next century with still greater
plans in mind.

But a sound philosophy is only half our
secret. Without a knack for hiring the most
talented people in the world, an emphasis on
technological ‘innovation could never yield
results. In order to perpetuate our record of
technological achievement, we plan to con-
tinue offering employment opportunities to
individuals seeking fulfillment of greater
personal and professional objectives. If you
perceive yourself as limited in your current
position, and possess the vision we scek, a
position with Norand will be time well spent.
Please investigate Norand's Job Opportunity
Hotline (1-800-501-JOBS), or post an inquiry
on [nternet (HOCHSTAB @NORAND. COM).

Fax: (319) 369-3791

INFO/CARD 11
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Trilithic ... Today's Icon in RF and Microwave Components

double click on our attenuator group to select units with
requency ranges as high as 18 GHz. Types offered include
rogrammable step, rotary step, bench top. pushbutton,
nechanically switched, or fixed.

® 50 or 75 OHM impedance

@ Fixed values from | to 60 dB

@ Power ratings from 0.5 to 500 Watts

@ Dynamic ranges to 127 dB

@ Step sizes as low as 0.1 dB

>ull down our switch menu for a diverse assortment of
slectromechanical RF switches and switching/control
ubsystems. Ideal for RF. video switching and data routing
ipplications.

® 50 or 75 OHM impedance

® Frequency range of DC to 1 GHz

® Typical isolation is 70 dB

® Voltages of 5, 12, and 24 VDC

® Options of TTL control or latching relays

eturn to the filter group and there will be an unsurpassed
selection of surface mount L/C (first introduced by Trilithic),
:avity, tubular, tunable and high power filiers.
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 mismatches

® 50 and 75 OHM RF detectors

¥ Many items available from stock

Call 1-800-344-2412
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
1S now available on
a3 1/2” diskette!

O\

¥ TRILITHIC

9202 E. 33rd Street
Indianapolis. Indiana 46236
(317) 895-3600 (800) 344-2412 FAX (317) 895-3613



RF news

Mobile Data Market
To Quadruple

According to a forecast by Frost & Sulli-
van, world markets for mobile data com-
munications services and end-user
equipment will more than quadruple
from $1.7 billion in 1993 to $7.8 billion in
1999, a 28 percent compound annual
growth rate. The firm expects 1996 to be
the year of greatest growth, peaking at
48 percent. The firm predicts mobile
data will surpass voice as the driving
factor. In a report, World Mobile Data
Communications Markets: Market
Emerges, Alliances Follow Quickly,
Frost & Sullivan predicted that in most
world regions, technology competition
will be primarily between cellular and RF
data networks, both of which will co-
exist with satellite. RF data markets,
according to the authors, are shifting
from circuit-switched to packet-switched
technology, especially suitable for bursty
real-time data transmissions.

Mobile Data Communications Market Forecast $Million
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Cellular Contracts For Subways And Satellites

Schaeffer Magnetics Builds Satellite
Hardware — The Chatsworth, Calif.-
based company has completed the
design verification model of the solar
array drive assemblies that will be used
on the IRIDIUM, Inc satellite-based
mobile telephone system. The mecha-

nism (photo above) provides two-axis
positioning of the satellite's solar panels.
Under a $14 million contract, Schaeffer
will begin delivery of flight models in
May 1995 to Lockheed Missiles and

18

Space Co. The satellite constellation will
be comprised of 66 satellites. The global
system is scheduled to be fully opera-
tional in 1997.

Bell Atlantic Mobile — is expanding its
service in Washington to include the
subway system.
Commuters will
have access to
cellular phone
use in under-
ground stations
and while riding
the trains. Trans-
mitters will be
placed in under-
ground stations.
| Antennas, provid-
ed by Cleveland-
based Allen Tele-
com Group, will
be placed in the
tunnels. By early
1995, the service
will be available
in 48 stations and
along 55 miles of
subway track.
The system will use a series of micro-
cells. Initial service is available in six
stations covering 3-1/2 subway miles,
with 17 additional stations scheduled for
startup by April 1935.

Avnet To Acquire Penstock — Subject
to applicable regulatory approval, Avnet,
Inc. has entered into a contract to
acquire all the shares of Penstock, Inc.
Sunnyvale, Calif.-based Penstock is a
distributes several RF/microwave prod-
uct lines, mostly to OEM customers in
wireless and fibre wireless and fiber
optic markets. Sales for the year ending
March 31, 1994 exceeded $45 million.
Avnet is a $3.5 billion company.

Compact Gets Two Grants — Com-
pact Software has received two Phase |
Small Business Innovative Research
grants. One is for the development of
accurate bias-dependent noise models
for Heterojunction Bipolar Transistors
(HBTs). HBTs have potential applica-
tions in monolithic microwave integrated
circuits (MMICs). Existing noise models
are based on approximations. The sec-
ond grant is to develop accurate CAD
models for Coplanar Waveguide (CPW)
discontinuity structures in MMICs.

Wavetek Licenses HP A-to-D —
Wavetek Corp. has licensed Hewlett-
Packard Company'’s patented analog-to-
digital conversion technology. Wavetek
will use the technology in instruments
manufactured by it Calibration Division
(formerly Datron Ltd.) in the United
Kingdom. The multislope A-to-D conver-
sion technique provides higher speeds
than similar conversions at equivalent
resolution, according to the company.
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No One Supports Motorola's RF Products
Better Than Richardson Electronics.

H Inventory

M Technical Assistance
B Delivery

Hl Design Help

@ MOTOROLA

AN iy

“&._ W GRS
S Sy You're Supported by:
i, P
o N B An extensive inventory and off-the-shelf availability
of Motorola RF power FETs, power Bipolar, small-signal
transistors and power modules.

M A toll-free hotline in the U.S.—1-800-RF POWER—
to call for technical assistance and design help.

S,
e
X3,

Call Richardson today and let us take any RF concerns
off your shoulders.

U.S. (800) RF POWER  Canada (800) 348-5580

Richardson
@ T — 'é}Electronics, Ltd.
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RF news

AT&T Merges Flash Memory With
DSPs — This family of digital signal
processors (DSPs) with on-chip flash
memory fro AT&T Microelectronics is
intended to help consumer electronics
manufacturers speed products to mar-
ket. The ability to load, test and reload
development software on the same DSP
chip is projected to cut months from a
typical development cycle, according to

the company. The FlashDSP 1616
processor, with a capacity of 50 million
instructions per second (MIPS) at five
volts and 30 MIPS at three volts is
already being used by several cellular
phone manufacturers. The FlashDSP
1616 processor is the first DSP on
which the program data storage area
can be electronically erased and repro-
grammed, eliminating the need for each

VItrom

20

Call or write for

FREE CATALOG

M-tron has the apswers: Affordable VCXOs with
1SO 9001 quality. Our line of VCXOs offers cost-
effective solutions for a wide range of telecom-
munications and other applications. You can also
depend on us to work with your engineers to
meet your special needs and quality objectives.

INDUSTRIES, INC

P.0. Box 630, Yankton, SD 57078-0630
Phone: 1-800-762-8800

® 1994 M-tron Industries, Inc. All Rights Reserved
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1SO 9001

EN 29001

BS 53750: Part |

software version to be permanently
coded into a new chip’s ROM.

Scientific-Atlanta DAMA Network In
Philippines — International Communi-
cations Corporation, one of the Philip-
pines’ licensed private telecommunica-
tions providers, has selected Scientific-
Atlanta to install a demand assigned
multiple access (DAMA) satellite net-
work. The network will overlay an exist-
ing nationwide network and include a
master control earth station and 22
remote sites. The remote sites will
include a mixture of eight-channel DDS
(digital DAMA System) and two-channel
MicroDama chassis for thin to medium
rout telephone traffic. The network is
scheduled for completion later this sum-
mer. Scientific-Atlanta original VSAT
hub in 1991.

Motorola Expands — Harvard, lll. will
be the site of a new manufacturing,
engineering and administrative facility of
Motorola Cellular Subscriber Group. The
one million square feet is scheduled to
be operational by early 1996. Similar to
the company’s headquarters in Liber-
tyville, lll., the new facility will create
2,000 to 3,000 new jobs.

Omnipoint and Celeritek in PCS Ven-
ture — Omnipoint Corporation and
Celeritek, Inc. have agreed to work
together in the development of a MMIC
chip set for use in Omnipoint’s Personal
Communication Service (PCS) tele-
phones and base station equipment.
Under the joint agreement, Celeritek will
provide production quantities of the chip
set operating in the 1.9 GHz PCS spec-
trum. Omnipoint was recently awarded a
30 MHz PCS operator license in the
New York Major Trading Area (MTA).

Battelle To Automate Autos — The
Federal Highway Administration award-
ed a $1.7 million contract to Battelle as
part of the Department of Transportation
plans for an automated highway system.
Battelle will focus on systems analysis
of malfunction management and safety,
operational issues and other topics.

Briefcase Earth Stations — Rockwell
Defense Electronics has two briefcase
mobile earth station products that offer
dial-up voice, fax and data services. The
two products are similar; both use the
INMARSAT satellite network. One ver-
sion, the Secure Satcom Terminal pro-
vides secure voice, fax and data ser-
vices.
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New 3 Volt NEC Silicon ICs

UPC2745 UPC2747

' Ultra Broad Band Broad Band
Amplifier Low Noise Amplifier
I INAL I | . DC to 2.7 GHz 100 MHz to 1800 MHz
] 12 dB Gain 12 dB Gain
-1 dBm Psar 3.3dB NF, 5mA lcc
O T 7.5mA lcc
UPC2748
UPC2746 High Gain
; ~ I ‘ 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 dBNF
S 7.5mA lcc 6 mA Icc
UPB1502 UPB587
Frequency Divider

Frequency Divider
FOR HANDHELD [escofiertios
Divide by 2/4/8

Divide by 64/65, 128/129

...plus dozens of Bipolar Transistors
PROD I | CTS characterized at 2.5 Volts, including:

f= 1500 MHz f=2.5GHz f=1000 MHz

NE68519 NE68030 NE68039
1.3dB NF 1.90 dB NF 1.0dB NF
10.0 dB Ga 7.2dB Ga 11.6 dB Ga

NEC’S NEW LOW CURRENT SILICON ICs not only BB A b A TG

PR BB

reduce power consumption in your 3 Volt
designs, they reduce the parts count, improve
Sturfuce Mount packuges shown uctual size

' Ngepelimnility, and simplify t.he abaRtiy ...and a wide variety of 5 Volt RF ICs including:
NEC is committed to 3 Volt Silicon technology;

these parts are just an introduction. UPC2708 UPC2710 UPC2713
Wide Band Wide Band Amplifier Wide Band
There are more on the way. Soon. Amplifier DC to 1000 MHz Amplifier
: : DC t0 2.9 GHz 33 dB Gain DC to 1200 MHz

If 5 Volt ICs are the solution, NEC has a wide TN i o o
selection of them as well, all available right now. 10 dBm Psar 32dBNF

And don’t forget NEC’s huge family of discrete UPC2723 UPC2721 UPC2726

; h ized l d they' AGC Amplifier Down Convertor Differential
devices. Many are characterized at 2.5 Volts and they're | 100 \tz10 1100 MHz  RF=0410 3.0 GHz Amplifier

i in 2 varietv of packages. including a new 38 dBAGC IF=50-600 MHz 400 MHz to 1400 MHz
available in a va ety : pac. ages, ) 8 13 dB Gain Conversion Gain=15 dB 15 dB Gain
ultra-small SMD that's a third the size of a SOT 23!

For a FREE Product Selection Guide, call your NE(

nearest CEL Sales Office. Or circle the number below.

Typical Performance st 25°C, Frequency Range 1 3dB Bandwiath

CEL Headquarters, 4590 Patrick Henry Drive, Santa Clara, CA 95056-0964; (408) 988-3500 FAX (408) 988-0279 Santa Clara, (408) 983-7846 O Los Angeles, CA (310) 645-0985
San Diego, CA (619) 467-67270Bellevue, WA (206) 455-1101 QlRichardson, TX (214) 437-5487Q0lathe, KS (913) 780-1380Q Woodridge, IL (708) 241-3040 L) Cockeysville, MD (410) 6671310
Peabody, MA (508) 535-28850 Hackensack, NJ (201) 487-1155 or 48711600 Palm Bay, FL. (407) 727-8045QSnellville, GA (404) 978-4443 01 Nepean, Ontario, Canada (613) 726-0626

© 1993 California Eastern Laberasones
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RF news

1993 U.S. GaAs MMIC Market By Application
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GaAs MMIC Market To Grow — Over
the next five years, the market for galli-
um arsenide monolithic microwave inte-
grated circuits will grow 25 percent
annually, according to Allied Business
Intelligence of Oyster Bay, N.Y. The
company produced a report titled
“Amplifiers: U.S. Markets, Applications &
Competitors: 1993 to 1998 Analysis.”

Low cost wireless telecommunications
products are projected to grow substan-
tially, prompting the growth of the GaAs
MMIC market. The firm predicts the
greatest opportunities at 5.8 GHz, 2.4
GHz and above 30GHz. The report
includes sales and market share figures
for 39 amplifier 24 transistor and 21
MMIC manufacturers. The analysis was

conducted according to end use, selling
prices, operating frequencies, output
power, device technology, packaging
type and bandwidth. The research firm
predicts growth and lower prices in wire-
less telecommunications in both com-
mercial and consumer markets. (Data
for the graph above was provided by
Allied Business Intelligence, Inc.)

LAP-TECH inc.

FREQUENCY
CONTROL
PRODUCTS

LAP-TECH inc.
230 SIMPSON AVE.

| BOWMANVILLE, ONTARIO
CANADAL1C 2J3

TEL: 905-623-4101
FAX: 905-623-3886

o QUALITY <
JSO 9002 pendihg

* QUARTZ CRYSTALS 2 - 250 Mhz
Precision glass encapsulation
Cold Weld and Resistance weld holders
Leaded and surface mount styles
Standard and custom design

* CLOCK OSCILLATORS 0.25 - 170 Mhz
TTL, HCMOS AND ECL
Hermetic packages with through hole
and surface mount configurations

* EMERGENCY SERVICE

RF/Microwave Prototypes
Produced at Your Desk!

available.

Quick Circuit Model 7000

SYSTEM FOR ENGRAVING, DRILLING, &
ROUTING PROTOTYPE CIRCUIT BOARDS

QUICK
FLEXIBLE
VERSATILE

NO CHEMICALS

TUNED CIRCUITS

DESIGNED AND MANUFACTURED IN THE USA

2By = Works with files from your existing CAD

package

= Most boards can be made in less than an
hour so projects don't get delayed.

= FR4, G10, Duroid™ PTFE, and Ceramic
materials can ail be used.

= Analog, Digital, RF, and Microwave boards
are easily produced.

= Uses no chemicals, so there are no odors or
disposal problems.

= Tuned microwave circuits are easily
produced and adjusted - at your desk!

CIRCUIT BOARD PROTOTYPES
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7wy 1 -1ech, Inc.

5591-B New Peachtree Road - Aflanta, GA 30341
TEL (404) 4550676 FAX (404) 455-0970
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Marconi’'s 6200 Family of Microwave Test
Sets have been making microwave scalar
measurements to 46 GHz and providing
high-speed, high-resolution fault location
for coax lines & waveguide runs.

Now a powerful & economical new addition
to the family, the 6210 Reflection Analyzer
is here. it uses the highly accurate “6-port
coupler” technique to measure phase and
amplitude characteristics of network

inputs (S;4). The Test Set thus provides
accurate return-loss measurements, vector

measurements, and time domain measure-
ments. The frequency range of the Model
6210 starts at 250 MHz and extends to
26.5 GHz (or as limited by the host 6200
Series Microwave Test Set).

The Reflection Analyzer is housed in an
add-on adaptor that fits below the 6200
Series Microwave Test Set thereby retaining
its compact profile for portable and field
use. This adaptor technique also provides
an easy upgrade route for users of the
6200 Test Set now and at any time in the
future. All existing features of the 6200
Series Test Set are retained.

Key features of the 6210 include:

» Higher accuracy and wider range
reflection measurements as compared
to the RF bridge technique.

= Both vector and time domain analysis so
that the causes of reflections can be
diagnosed. Especially useful with fault
location.

« Smith Chart presentation for easier
impedance matching adjustments.

* Simultaneous time domain and frequency
domain measurements for full character-
ization of an input port.

For more information or to arrange a
demonstration contact:

Marconi Instruments, Inc.
3 Pearl Court

Allendale, NJ 07401
1-800-233-2955
201-934-9050

Microwave Reflection

Analysis Made Easy.
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In Canada, contact Canadian Marconi at 514-341-7630, X 4695.



RF industry insight

Antenna Technology Takes on the
Challenge of Wireless Applications

By Gary A. Breed
Editor

Radio signals must have an antenna
in order to radiate and be received.
Depending on the application, the
antenna may be simple or complex, effi-
cient or inefficient, large or small. For
new wireless communications equip-
ment, the requirements are often contra-
dictory, requiring tradeoffs or unusual
design solutions.

The first consideration is physical.
What is the shape and volume of the
device, is it fixed, handheld, or body-
worn. Is it going to be well-treated or
must it survive rough handling.

The next consideration is system per-
formance. What range is required? How
sensitive is the receiver, what is the
transmitter power, and what are the sig-
nal-to-noise specifications? What is the
frequency of operation?

With a picture in mind, an antenna is
selected from available products, or
uniquely designed to fit the require-
ments. The rest of this report will look at
some of the antenna solutions that have
been developed for wireless products.

Dipoles and Monopoles

The common “whip” antenna is still in
widespread use in those cases where
the protrusion of a slender rod or mast
can be accommodated. This has been
the most common antenna used in tradi-
tional mobile radio, both for vehicular
installation, and for handheld equip-
ment. Antennas for handheld products
are often physically shortened by the
use of a loading inductance: the well-
known “rubber ducky” antenna.

Because they are widely used, the
cost of this type of antenna is low. Adap-
tation from standard products is also
possible. For example, Part 15 devices
operating in the 902-928 MHz band can
use antennas designed for cellular tele-
phones with little or no modification.

Collinear arrays, like the common cel-
lular vehicle antenna with its distinctive
phasing coil, can be used when greater
antenna gain is useful. In particular,
such antennas can provide increased
range in locations where the path losses
are significant.

24

At frequencies of 900 MHz and above,
a dipole or monopole may be included
within the structare of a products. In one
case, a 915 MHz dipole has been incor-
porated into the plastic enclosure of a
notebook computer.

Other Configurations

Besides the simple dipole or mono-
pole configurations, loop and patch
antennas are ccammonly used. Each has
physical characteristics that may be
used to advantage.

Some pagers make use of loop anten-
nas comprising an etched copper trace
around the perimeter of the unit’s circuit
board. This allcws the small belt-worn
units to avoid external antennas that
might break or get in the way. At the
VHF frequencies most often used, the
loop will be smaller than the full wave-
length of a resonant loop, and matching
is required. As reported by Dr. lan Dil-
worth at RF Expo West 1994, the com-
pensation for a short electrical length
can be accomplished by capacitive, lin-
ear or inductive ‘oading, including induc-
tance contributed by ferrite materials.

Patch antennas are well-known in
radar and some satellite applications. As
such, they have thoroughly analyzed
and characterizzd. Physically, a patch
antenna constructed on common glass-
PTFE substrate material will be most
useful at frequencies above 2 GHz.
However, some high-dielectric-constant
ceramic substrates have been used to
make compact antennas for GPS at in
the 1.5-1.6 GHz range.

Diversity antennas are another family,
where sufficient physical separation is
present to combat fading due to multi-
path. At 2.4 GHz, two antennas can be
placed in a single compact package, but
a lower frequencies, other solutions are
required. One is to actually use two
antennas located at least one-quarter
wavelength apart. Another option is to
use polarization diversity, which can be
easily accomplished by mounting two
dipoles or monopoles at right angles to
one another. Polarization diversity, in
general, is not as effective as spatial

diversity, but it can provide a dramatic
improvement over a single antenna.

Future Applications

If development of products continues
as expected, new antennas must be
developed for severe environments,
reduced size, and flat form factors. For
applications involving Part 15 devices in
the microwave ISM bands at 3.4 and 5.7
GHz, multipath is more severe and
diversity becomes much more impor-
tant. Shorter wavelengths at microwave
frequencies can be an advantage, allow-
ing full-size resonant structures to be
constructed within a product’s package.

It may be necessary for new antennas
to cover more than one frequency, if
multiple-use products appear. For
example, a PCS cordless phone operat-
ing at 1.9 GHz may be combined with
900 MHz cellular circuitry in the same
unit. Other products may utilize two or
more of the unlicensed ISM bands in a
singte product, as well.

By definition, wireless RF products
radiate and receive signals! To get the
job done efficiently, the advanced cir-
cuitry inside a product needs a properly-
designed antenna. In today’s competi-
tive market, no weak links can be toler-

ated. RF
Antenna Manufacturers
The following companies make antennas
for personal communications:
Company Info/Card No.
Ace Antenna Company 187
Antenna Research Associates 188
Antenna Specialists 189
Celwave 190
Centurian International 191
Cushcraft Corp. 192
Kintronic Labs 193
Larsen Antennas 194
M/A-COM, Antenna & Cable Div. 195
Synetcom Digital 196
Teledyne Microwave 197
Telewave 198
Toko America 199
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Compact Software’s new SUPER-SPICE" time-domain
simulator is now available for PCs running Microsoft
Windows™!

SUPER-SPICE is a powerful time-domain simulator for
RF, Microwave, and high speed digital applications.
SUPER-SPICE combines a high performance
time-domain simulation engine with an easy-to-use
graphical interface and special models for high
frequency applications. SUPER-SPICE is integrated
with the Serenade Schematic Editor to provide a
complete solution for design capture and analysis.

SUPER-SPICE provides accurate simulation of signal
propagation in various transmission media.  High
accuracy models are included for different media

including microstrip, stripline, coplanar waveguide,
multiple coupled lines and discontinuities including
bends, tees, steps and crosses. SUPER-SPICE also
includes a unique electromagnetics module that
computes electromagnetic coupling between traces in
complex multi-layer media. Designers can use
SUPER-SPICE to quickly and accurately model
crosstalk effects in high-speed digital designs. Fast
time-domain calculations of layout-related factors
provide valuable insight into the operation of high-speed
PCBs, MCMs and device packages.

SUPER-SPICE is available for popular UNIX-based
workstations and IBM PCs running the Microsoft
Windows operating environment.

Gompact Software, Inc. * 201 McLean Boulevard » Paterson, NJ 07504, USA

Tel: (201) 881-1200

Fax: (201) 881-8361
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RF featured technology

Open Loop Modulation of VCOs
for Cordless Telecommunications

By Daniel E. Fague
National Semiconductor Corporation

Cordless telecommunications systems
are rapidly emerging, and low cost radio
front ends are paramount to their suc-
cess. Frequency modulation (FM) has
traditionally been the choice for low cost
radio systems, and indeed it is used in
today’s cellular telephones and analog
cordless phones. The Digital European
Cordless Telecommunications (DECT)
standard specifies the use of a digital
FM technique, Gaussian filtered Fre-
quency Shift Keying (GFSK). A relative-
ly simple technique to implement the
modulator for DECT is open loop modu-
lation of a VCO. This article will examine
the concept of open loop modulation as
used in DECT. Measured results from a
hardware implementation of the tech-
nique for a full frequency (2 GHz) VCO
are presented to demonstrate its robust-
ness. Also, measurements from a half
frequency VCO implementation are
used to show open loop modulation’s
performance in an actual DECT phone.

Frequency modulators are the current
choice for most mobile telephones.
Two reasons for this include the low
cost of both the modulator and demodu-
lator (limiting amplifier and FM discrimi-
nator) and the relative ease of imple-
mentation of FM systems. While both
analog cellular and analog cordless tele-
phones utilize FM methods, the com-
plexity of the modulators and radio front
ends is different. Cordless applications
typically can use less complex modula-
tor structures because they operate in
less “radio-hostile” environments. The
less complex modulators (and radio
front ends) translate directly to lower
cost telephones. Since digital communi-
cations methods are emerging as the
solution for future telecommunications
systems, the need to find low cost
implementations of high performance
modulators is ever greater.

The pan-European DECT standard
combines a high bit rate (1.152 Mb/s),
high frequency operation (2 GHz), and
fast switching between frequencies (~30
ms). A digital cordless telephone sold in

26

plus a frequency doubler.

the United States will have similar con-
straints to the DECT system. These
stringent requirements must be met
while keeping the overall cost of the
radio low enough to be competitive in
the consumer market.

The DECT standard calls for a (digital)
FM technique. This allows the use of FM
discriminators in the receiver, but other
requirements in the DECT system pre-
clude the use of conventional FM modu-
lators. A solution to the design of a sim-
ple FM modulator for cordless systems

Photo of the test circuit utilizing an open-loop modulated half-frequency VCO,

4

such as DECT is open loop modulation
of a VCO. Open loop modulation simpli-
fies the modulator because the loop fil-
ter in the phase locked loop will not
affect the modulation, since the PLL is
actually opened, or unlocked, when the
modulation is applied.

Several key factors allow for the loop
to be opened. First, the DECT bursts
are short (approx. 0.5 ms). This reduces
the time available for the VCO to drift. In
addition, very low leakage charge
pumps in PLL integrated circuits such as

LMX2315/20 Charge Pump Out

LMX2411 DAC Out

ORI ik 0
I%I
2N

R2

Wy

R1

o

AV veo

tune

Figure 1. Block diagram of open loop modulation.
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VNA Ampiifiers +17.5dBm, 05t0256Hz . 3292

Very New Amplifiers...at a very affordable
price, from Mini-Circuits! Yes, VNA-25 RF amplifiers are very
small, yet incredibly powerful (+17.5dBm typ. output at 1dB
compression). The SOIC-8 pin surface mount units operate
directly from a +3V to +5V single DC supply with 18dB typ.
gain and cover the popular 0.50-2.50GHz wireless band.
These units are very easy to use because all capacitors are
internal and RF/DC connections are separate, eliminating the
need for both external coupling capacitors and an RF choke. You can buy these very
new amplifiers for the low price of just $2.95 ea., gty. 1000. Development aty.10, only
$4.95ea.! So, call Mini-Circuits today for immediate off-the-shelf availability and
guaranteed 1 week shipment.

Mini-Circuits...we’re redefining what VALUE is all about!

Freq.(GHz) 5-8 .8-1.0 1.0-20 2025

Gain (dB) typ. 140 170 180 160

Max. Output {dBm)

@1dB Comp. typ. +18.0 +185 +17.5
| P 3rd Order

{dBm) tyy +27 +27 +27 +27
VSWR Cutput typ. 1.5:1 7 A7 ESaI
VSWR input typ. 6 21800 2100 1.4

DC Power.: +5.0V for specified performance.
Current,(mA): 85typ., 105 max

Themal Resistance. Junction-to-case: 125°C/W
Price ($) ea. : 2.95 (aty. 1000), 4.95 (qty. 10).

*All specs at 25°C (case temp. 35°).

sAvailable in Tape and Reel.

*MTTF at 150°C max. junction temp.: 3 x107hrs‘ryp,
*Case” is defined as mounting surface of leads.

+17.0

[JMini-Circuits’

P.O Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718)332-4661
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the National Semiconductor Corp.
(NSC) LMX2315 and LMX2320 prevent
the loop filter voltage from sagging dur-
ing unlocked bursts. Finally, any limita-
tions that can occur with open loop mod-
ulation can be overcome. This article
investigates those limitations and con-
centrates on methods to remove them.
Measured results of these solutions are
provided to illustrate their effectiveness.

These results include measurements
from both a full “requency (1.9 GHz) and
half frequency (950 MHz) VCO imple-
mentation.

Open Loop Modulation

The DECT system uses a Time Divi-
sion Multiple Access/Time Division
Duplex (TDMA/TDD) access method.
There are 24 time slots in a 10 ms

Typical HF High Dynamic Range Amplifiers

AMPLIFIER
MODEL

FREQ.
_(MHz)

GAIN
(@8)

2-70 22
2-32 12
2-32 22
2-70 22
2-32 22
2-70 12

dRGE)
1.5:1
1.5:1
1.51
1.5:1
1.5:1

QB-101
QB-102
QB-105
QB-7205
QB-7223
QBS-101

VSWR

NF P1dB
(@B)  (dBm)

3rds/2nds
(dBm)

4.5 31
6.2 28
4.5 37
4.0 2V
4.5 33
4.0 20

55/110
50/100
50/90
51/65
50/65
60/100

Q-bit Corporation

2575 Pacific Avenue NE * Palm Bay, Florida 32905

Main 407/727-1838  Sales 800/226-1772 » Fax 407/727-3729
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frame, or 420 ms per time slot. Ten fre-
guency channels are available, each
spaced 1728 kHz apart. This means a
total of 120 full duplex channels are
available for use. The modulation
method for DECT is Gaussian filtered
frequency shift keying (GFSK) with a
pre-modulation lowpass filter bandwidth
of half the bit rate (B,T= 0.5) and nomi-
nal peak frequency deviation of a quar-
ter of the bit rate (=288 kHz). Because
this is a frequency modulation tech-
nique, a voltage controlled oscillator
(VCO) can be directly modulated by the
baseband signal.

There are several techniques that can
be used to modulate a VCO. The most
common are modulation “in the loop”
and modulation “over the loop”. In gen-
eral, modulation in the loop can be used
when the output signal is narrowband
with respect to the loop filter. Modulation
over the loop can be used when the
time required to switch frequencies is
relatively long.

In DECT, however, neither of these
conditions is valid. The lock times of the
phase locked loop must be very short
(~30 ms) to avoid a blind slot, and the
output signal’s spectrum is much wider
(approximately 50 times) than the loop
filter bandwidth. In certain radio archi-
tectures such as single conversion
receivers [3,4], there is a need for wide-
band VCOs to cover the IF bandwidth
plus the system bandwidth. In DECT,
this amounts to a 130 MHz bandwidth at
1.77-1.90 GHz. Open loop modulation is
an exciting technique that allows for fast
switching speeds and wide output signal
bandwidths while delivering high perfor-
mance at the 130 MHz spread.

in open loop modulation, the PLL is
actually unlocked (“opened”) for a brief
time to allow the modulation to occur.
The modulating voltage is added to the
loop filter voltage (at the center frequen-
cy) at either a modulation port or the
tuning port (via a resistive adder). Figure
1 shows a block diagram of open loop
modulation. One of the key reasons that
open loop modulation can be used in
DECT is that the time slots are of very
short duration (420 ms), so the loop is
open only for that short time.

The sequence for open loop modula-
tion is as follows: Just prior to transmis-
sion, the loop is closed to lock the VCO
to the correct carrier frequency. The
modulating signal is then turned on, and
the loop remains closed to re-lock to the
center frequency.

At this point, the modulation signal is
simply the mean DC point of the modu-
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Figure 2. Eye diagram of the
demodulated output of the open
loop VCO (full frequency), modu-
lated by Gaussian filtered data.

lation. The loop is then opened, and
modulation by the transmit data occurs.
Once the modulation is finished, the
loop can be closed again, and the PLL
tuned to the receive frequency.

Since KV of a wideband VCO is on
the order of 70 MHz/V for a 3 V VCO, it
is important that the loop have very low
drift since relatively small volitage
changes can have a big impact on the
center frequency.

There are some elements of open
loop modulation that can limit perfor-
mance, as listed below:

* Frequency pushing: A change in VCO
output frequency caused by a change
in the VCO supply voltage.

* Load pulling: A change in VCO output
frequency that is caused by a change
in the load that the VCO output buffer
sees.

* Frequency drift: A change in the VCO
output frequency that is caused by RF
coupling or by droop in the VCO tuning
voltage. Droop in the VCO tuning volt-
age can be caused by leakage from
the PLL charge pump, the loop filter
components, or the resistive adder at
the tuning port.

Full Frequency
Experimental Setup

The circuit used for the full frequency
open loop modulation measurements
utilized the LMX2320 2.0 GHz PLL with
a TRI-STATE™ feature on the charge
pump output, a 130 MHz wideband
VCO, a 3.0 V regulator, and the Gauss-
ian fiter ROM-DAC on the LMX2411 to
shape the transmit data. The data rate
used was 1.152 Mb/s (DECT bit rate).

RF Design

Figure 3. Demodulated output of
the open loop VCO (full frequen-
cy), modulated by Gaussian fil-
tered data.

The carrier frequencies that were used
to demonstrate open loop modulation
performance were DECT channels 0, 5,
and 9. The circuit was implemented on a
printed circuit board. The power amplifi-
er load was simulated by a 10 ohm
resistor and a P-channel switch (for cur-

Figure 4. Plot of the open loop
modulated DECT signal in burst
mode as taken by a time gated
spectrum analyzer.

rent draw), and a PIN diode and 220
ohm resistor to ground (for load imped-
ance change). Measurements were
made by using a Rohde and Schwarz
CMT-55 DECT system tester to demod-
ulate the output of the circuit (from the
PIN switch), and the frequency offsets

HF LINEAR AMPLIFIERS - BROADBAND TRANSFORMERS

HF AMPLIFIERS per MOTOROLA BULLETINS

100 WATT 420-450 MHz PUSH-PULL LINEAR

x

AN758 300W $154.15
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ANTTOL 20W § 83.79

AR313 300W $366.00

k/:}.

’ y\ Compiete Parts List for HF Ampiitiers Described
in the MOTORGLA R.F. Device Data

EB63 140W § 89.65
EB27A 300W $136.80
EB104 600W $371.65 We also stock Hard-to-F

AN779H 20W § 93.20 AR305 300W $346.82

NEW!! 1K WATT 2-50 MHz Amplifier

AMPLIFIER — SSB-FM-ATV

CHIP CAPS—Kemet/ATC
METALCLAD MICA CAPS—Unelco/Semco
RF POWER TRANSISTORS

2 METER VHF AMPLIFIERS

35 Watt Model 335A.......... $ 79.95 Kit
75 Watt Model 875A ........... $119.95 Kit
Avaliabie In kit or wiredNested

e

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—Pornt

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

— 508 Milistone Drive » Beavercreek, OH 45434.5840 » (513) 426-8600 @

FAX (513) 429-3811

MINI—CIRCUIT MIXERS

SBL—1 (1—500M2)................ $ 650
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Add $4.00 for shipping and handling.

Inc.

INFO/CARD 22

L EDEC].

fpem=== == S AN

Crystals

» Microprocessor

» Military Spec/QPL
« Communication
 Custom Crystals

FREQUENCY PRODUCTS

ELECTRO DYNAMICS CRYSTAL CORP.

9075 Cody Overland Park KS 66214
Phone (800) EDC-XTAL

Oscillators
 Hybrid Clock

» TCXO

+ VCXO

* Custom Oscillators

Fax (913) 888-1260

INFO/CARD 23



Turn your
shielded room

into a reverb

“difficult” mid frequencies
between 30 and 150 MHz, where
other fractional-wavelength anten-
nas don’t measure up. Accepting
input power as high as 3500 watts,
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Magnetic mounting clamps
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26-0ct-93
19.18:48

9 msec trace shows no drift

Vreg causes 15 kHz jump
for 100 usec

Power amp causes a
<15 kHz spike

1.25:1 pulling causes a
<10 kHz offset

100 usec/dev trace

Power Down

Figure 5. Measurement of open loop frequency pushing, load pulling,
and frequency drift for DECT channel 0 at 25° C.

were determined from the demodulated
signal on a digitizing oscilloscope.

The circuit featured the National Semi-
conductor LMC6482 CMOS rail-to-rail
operational amplifier that was used to
control leakage due to the resistive
adder at the tuning port. The low output
impedance of the op amp allowed the
summing node to be a simple resistive
adder. An RF buffer with good reverse
isolation (>30 dB) was used at the out-
put of the VCO to effectively control the
load pulling caused by the power ampli-
fier and T/R swich. An NSC LP2951 low
dropout voltage regulator was used to
supply the 3.0 V' V to the components,
and this regulazion of the input battery
voltage plus power supply filtering limit-
ed noise and frequency pushing.

Full Frequency
Experimental Results

The first set of measurements shows
the experimental results of modulating a
full frequency (i.e., 1770 to 1900 MHz)
VCO. The performance is seen to be
very good. Figure 2 shows the demodu-
lated eye diagram of the open loop mod-
ulated DECT signal. The virtually perfect

eye diagram of Gaussian B, T= 0.5 fil-
tered data can be seen. Figure 3 shows
a time domain view of the demodulated
signal after the loop was opened. A
small 15 kHz jump that settles out can
be seen in this time domain plot. Figure
4 shows the open loop modulated DECT
signal operating in burst mode (i.e.,
TDMA/TDD operation). The measure-
ment was taken with a time gated spec-
trum analyzer to capture a number of
bursts. Note that the output spectrum of
the signal is a DECT-compliant GFSK
signal.

The next three plots show the small
imperfections that can occur in open
loop modulation. Figure 5 shows open
loop frequency pushing, pulling, and drift
at 25° C on Channel 0 in the DECT
band (~1.9 GHz). The lower trace is the
power down signal sent to the PLL to
TRI-STATE the charge pump. The
upper trace shows that there is imper-
ceptible frequency drift over a 9 ms
burst. The middle trace is a 10x zoom of
the upper trace, and it shows a 15 kHz
pushing jump while the voltage regulator
recovers from the PLL powering down.
This lasts about 100 msec. The (simu-

26-0ct-93
19:43:38 tr e X
1 Bt |

Frr—

= E e S 2 S s

1ns

Figure 6. Measurement of open
loop frequency pushing, load
pulling, and frequency drift on
DECT Channel 0 at —20° C.

Figure 7. Measurement of open
loop frequency pushing, load
pulling, and frequency drift for
DECT channel 0 at 60° C.
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Figure 8. Beginning of a demodu-
lated DECT burst. Note small (30
kHz) jump after power amplifier
power up signal goes low (upper
trace). Horiz. 5 ms/div., vert. 200
kHz/div.

lated) power amplifier turning on causes
a 15 kHz pushing spike, and 1.25:1 load
pulling causes a <10 kHz offset. Similar
curves are seen at Channel 9, the lower
end of the DECT band (~1.88 GHz).
Figure 6 shows the performance of
open loop modulation at —20°C. It can
be seen that the only difference in per-
formance is that the power amplifier
pushing creates a slightly larger spike at
the beginning of the burst, but the rest of
the performance is nearly identical to
that of 25° C. Figure 7 shows the perfor-
mance at 60° C. In this case, the power
amplifier pushes a slightly smaller spike.
However, a small frequency drift is now
noticed, and this is due to a small leak-
age from the charge pump to the VCO.

Half Frequency
Experimental Results

In a second experiment, a half fre-
quency VCO and doubler circuit was
implemented. This variation was tested
because a half frequency VCO has a
greater inherent immunity to RF radia-
tion than the full frequency VCO. This
higher tolerance for RF radiation exists
because the VCO operates at half the
frequency that the power amplifier radi-
ates, and thus is less likely to couple to
the power amplifier's output. A standard
balun was used, although a printed
balun can be used to save cost. The
next three figures show the performance
of the half frequency VCO open loop
modulation used in the DECT phone.

Figure 8 shows the start of a demodu-
lated burst from the DECT phone. After
the power amplifier is powered up (top
trace), a small (30 kHz) jump is seen to

RF Design

Figure 9. Complete demodulated
DECT burst. There is no center
frequency drift, and the deviation
is about 588 kHz (peak-to-peak).
Horiz. 0.5 ms/div. (expanded 5x to
0.1 ms/div.), vert. 200 kHz/div.

occur. Then, the demodulated random
data appears with no further drift. The
entire demodulated burst is shown in
Figure 9. Here, it can be seen that the
frequency deviation is approximately
588 kHz (peak to peak). Both Figure 8
and Figure 9 have vertical scales of 200
kHz/div. Finally, the received eye dia-
gram is shown in Figure 10, and it can
be seen that the demodulated signal is
Gaussian filtered (B, T= 0.5) data. A
photograph of the 950 MHz RF front end
board is shown on the first page of this
article.

Summary

As demonstrated in this article, the
principle of open loop modulation for
wideband VCOs can be implemented
and used in a practical and cost-effec-
tive manner. The measured results
show that the methods used to reduce

2 1

Figure 10. Received eye diagram
from the DECT phone. Bit rate is
1.152 Mb/s.
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or eliminate frequency pushing, load
pulling, and frequency drift are effective.
These methods are aiso robust, as the
circuit shows virtually no degradation in
performance over a wide range of tem-
peratures. Open loop modulation can
therefore provide a proven, low cost
solution to designers who are imple-
menting digital FM modulators in sys-
tems with short data burst durations. RF
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RF featured technology

A Fast Envelope Detector

By Dominic J. Ciardullo
Brookhaven National Laboratory

Traditional AM demodulating methods
include both synchronous (product detec-
tor) and non-synchronous (rectification)
techniques. While each has its merits,
both methods require some amount of fil-
tering to accomplish their goal of enve-
lope detection. In certain applications, the
resulting circuit delays present severe
limitations to the system’s response time,
(for example, when the detection scheme
is utilized within a feedback loop). This
paper describes a wideband, active
envelope detector with a response time
on the order of 1 us. The circuit
described has a demodulation bandwidth
of DC-350 kHz, and provides a high
degree of linearity over a dynamic range
in excess of 40 dB. The device is
designed for broadband carrier operation
(1 MHz to 5 MHz), but can easily be
adapted to demodulate carriers in other
ranges (up to VHF).

he circuit described was developed to

provide a real-time monitor for an
amplitude modulated RF signal swept in
frequency from 1 to 5 MHz. Although the
specific accuracy, linearity and dynamic
range requirements could have been sat-
isfied using more conventional detector
techniques, its inclusion as part of a feed-
back loop within a larger system was the
ultimate motivation for developing this cir-
cuit. Standard envelope detectors gener-
ally utilize a signal rectification/filtering
combination which requires a time con-

stant much greater than one RF period
(at the lowest carrier frequency) to main-
tain reasonable amplitude accuracy.

Most product (or synchronous) detec-
tors use a nondinear detection scheme
which requires filtering to extract the
“DC” term from its output to obtain the
original modulation waveform. Like the
rectifier approach, this filtering adds sig-
nificant delay to the response time of the
detector; This technique was therefore
determined unsuitable for our particular
application.

To circumvent the problem of
response delay. a vector addition tech-
nique is used tc convert an RF sinusoid
directly into a “DC” modulation signal,
with minimal RF processing of the carri-
er. This method is easily implemented
using currently evailable high speed ana-
log transconductance multipliers. It
achieves amplitude demodulation at fre-
quencies approaching that of the carrier,
without the long time constants typical of
other detection methods.

Basic Theory

Since minimizing delay is a primary
concern, it is desired to use a detection
method which does not depend on low
pass filtering to extract the modulation
signal. To do this, we will first split the
modulated carrier into two equal parts,
each of which contains both the intelli-
gence signal and the carrier RF. These
elements may then be combined in such

ﬂ') sin{owt)
Ve o
} X
A()Sin(et+4) Y A(t)
— - (+ -,»@—» 3
A
Al 1x* SARALL)
- ) -9 \

QUADRATURE ~ v @Y 2
PWR DRIVER

Figure 1. Envelope detector func-
tional block diagram.

a manner as to null out the RF while leav-
ing the modulation waveform intact. The
trigonometric identity

sin?(wt) + cos?(mt) = 1 (1)

shows that it is indeed possible to accom-
plished this task if the two components
are made to be 90° apart in phase. The
functional block diagram of such a detec-
tion technique is shown in Figure 1.

An incoming RF carrier is decomposed
into two equal amplitude, quadrature
phase components (| and Q):

. Y
| component: 5 sin(wt) @)

A(t)

Q component: — —— cos(mt
p 72 (wt)

where A(t) is the amplitude of the carrier
as a function of time (i.e., the modulation
waveform) and @ is the carrier frequency.
Note that we have assumed here the use
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Figure 2a. Functional diagram of the demodulator.
Portion of circuit in dotted box performs vector
decomposition.
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Figure 2b. Continuation of functional diagram. Cir-
cuitry in dotted box performs vector magnitude com-
putation.
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of a power divider to obtain the quadra-
ture phase split, with some insertion
phase ¢ (which is dependent upon the
RF frequency). The vector sum of the two
components is explicitly carried out to
obtain a linearly scaled version of the
amplitude modulating function, A(t).

To obtain the vector sum, both compo-
nents of the original carrier are squared,
then added together. The square root of
the sum of the squares is then computed
in real-time to obtain:

4 2 2
\[%] sinz(mt)+[—-A—\/(§t—)] cos?(wt) =

- MY
V2 )

using the trigonometric identity of equa-
tion 1. An important consequence of this
result is the fact that there is no RF term

in the solution; Although we started out
with two RF (amplitude modulated) sinu-
soids, the result is a scaled version of the
modulation waveform only. The signifi-
cance of this outcome is two-fold; First,
even though two non-linear operations

were involved, no filtering is required to
separate the carrier from the original
modulation waveform. Since no filtering is
required, there are no long time con-
stants to slow down the overall detector's
response time. In addition, the modula-
tion frequency can approach the actual
carrier RF, since ihere is no need to allow
room for filter “skirts”. The second impli-
cation of this result is one of practicality;
Any analog processing which follows this
portion of the electronics need only oper-
ate at the modulation frequency (as
opposed to at RF). Time delay and slew
rate now become the chief design con-
siderations from this point on in the cir-
cuit, rather than FF bandwidth.

Implementing The Block Diagram
A schematic for the envelope detector
as constructed is shown in Figures 2a
and 2b. The drawing is divided into three
basic sections; vector decompaosition,
vector magnitude computation and post
processing gain/offset/distribution. Ampli-
fier U1 is used -0 scale the maximum
amplitude of the modulated RF to 2 Vpp.
This upper limit is a constraint imposed

by the maximum input voltage to the vec-
tor magnitude section (the vector decom-
position section has unity gain). Poten-
tiometer R1 is calibrated such that the
peak carrier voltage applied to the input
of the circuit results in +1 Vpk at the out-
put of U1. This adjustment matches the
input signal to the AD834s to make full
use of their dynamic range.

Quadrature Phase Division

The 90° phase split can be accom-
plished using a good quality quadrature
power divider, many of which are avail-
able commercially. Using such a device
provides a quick, easy solution for fre-
quencies above approximately 100 kHz,
particularly if wideband carrier reception
is not a main concern. Active all-pass
networks [1] are a good choice for carri-
ers in the HF frequency range and below,
especially for applications where a 90°
splitter doesn't exist “off the shelf” or
when its cost is prohibitively expensive.
The advantage to using an active all-
pass network as opposed to a passive
one is the amplitude match afforded by
using operational amplifiers. The use of
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Figure 3. Absolute amplitude
response of both quadrature out-
puts.

feedback provides a very flat amplitude
response, resulting in a broadband ampli-
tude balance between quadrature out-
puts that is difficult to match using pas-
sive networks. An active phase split also
provides gain to preserve the original
amplitude of the input signal, eliminating
the 1/V2 scaling factor associated with a
power divider. Broader-band operation
can be accomplished by simply cascad-
ing additional sections, without incurring
an appreciable loss in carrier signal or a
significant increase in amplitude ripple.

The decision of which 90° phase shift-
ing technique to use was based upon
amplitude balance, cost and frequency
range requirements. The detector circuit
shown in Figure 2 uses AD847 high
speed op-amps to realize a pair of three
section active all-pass networks, which
provide quadrature outputs over a fre-
quency range of 1 to 5 MHz. The AD847
is a voltage feedback operational amplifi-
er, selected for its high speed at unity
gain, as well as its amplitude and phase
characteristics at the carrier frequencies
of interest. Figure 3 shows the absolute
amplitude response of both quadrature
outputs. The constant level shift between
the two plots is primarily due to the non-
exact component value match of the
resistors used for reverse termination of
each output. Note the response flatness
out to just above 3 MHz, where the plots
begin a slight roll off. Though down by
only 0.3 dB at 5 MHz, this translates
directly into a 0.3 dB amplitude error for
the overall detector. The vector sum cir-
cuitry cannot distinguish between a
change in amplitude at the input to the
detector or changes in the response
characteristic of the quadrature splitter.
For this reason, it is important to mini-
mize both the absolute response ripple
and the relative amplitude imbalance
between outputs of the splitter within the
desired band of operation, especially if
the envelope detector is to be used in a
high accuracy application.

The relative amplitude imbalance and
deviation from quadrature phase for the
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Figure 4. Relative amplitude and
phase balance of the two quara-
ture outputs.

active splitter outputs is shown in Figure
4. The worst-case phase deviation is
=1.7° at 1 MHz, the low end of the fre-
quency band of irterest. In general, devi-
ations from 90° of a few percent will have
minimal effect on the vector sum [2,3]
(and hence on the overall envelope
detection error).

Sum of Squares Function

The next step in implementing the
block diagram of Figure 1 involves squar-
ing each of the quadrature modulated
carriers. It is desirable to use variable
transconductance type multipliers (as
opposed to RF mixers) to carry out this
function, to elimirate any need for filter-
ing unwanted harmonics at the output.
Each carrier is applied to both inputs of
its associated multiplier. The resulting
outputs are then

[Asin(t)]® = ig—)z [1-cos(2mt)] (4)

[—A(t)cos(u)t)]2 - %z [1+ cos(20mt)]

where the modulation function A(t) is
greater by a factor of V2 than in equation
3; This is a consequence of using an
active 90° phase split as opposed to a
power divider. As can be seen by equa-
tion 4, the multiclier chosen should be
capable of operating at twice the carrier
frequency. In add tion it should be a four
quadrant device, since both inputs must
be capable of accommodating a bipolar
signal.

The Analog Devices AD834 transcon-
ductance multiplier was selected for this
application due tc its excellent combina-
tion of accuracy, dynamic range and DC
to 500 MHz bandwidth. The AD834 also
has differential cu‘rent outputs which can
be paralleled with one or more similar
devices, providing a convenient method
of summing their outputs. Since current
addition is inherently wideband, use of
these multipliers eliminates the need for
an additional DC coupled broadband
summing device. Adding the outputs from

A, [imor*-v? v
we-v,? = o
At)Sinfat)
- v, ® AQ
A(t)Sin(at+e) 1
Bt + A - .
A%
-At)Cas{ut) L
Acties Quadradire
Phaco Spt
[Aitpwetel] +{-Aticos(wt)] = (A x!

Figure 5. Block diagram of detec-
tor showing squaring function in
feedback loop which performs
square root extraction.

both AD834s we obtain

408mV 5;—92 [1- cos(2wt)] + ®)

_2(t_) [1+ cos(2wt)]J| =
= 408mV[A(D)]

where the 408 mV scaling factor is a
result of the +4 mA output current of the
ADB834 (from its transfer function) through
51Q resistors R66 and R67 in the
schematic of Figure 2.

The differential nature of the AD834
outputs requires the use of a difference
amplifier (e.g. an op-amp or an instru-
mentation amplifier) to convert the “sum
of squares” into a single-ended voltage.
The amplifier chosen for this purpose
need not be capable of operation at the
RF frequency; equation 5 illustrates that
once the squares of the quadrature carri-
ers are added together, all that remains is
a scaled version of the square of the
modulation term, devoid of any RF.
Selection of an appropriate differential
amplifier depends upon the delay and
common mode input voltage handling of
the amplifier, as well as on the slew rate
and the bandwidth of the modulation. As
indicated in the circuit schematic of Fig-
ure 2, an Analog Devices AD847 opera-
tional amplifier was chosen for this task.

Inspection of the circuit schematic in
Figure 2b reveals that each AD834 is
configured to output the negative of the
square of its input. This is done as a
practical matter to reduce crosstalk
between the input and output pins. Since
the same technique is applied to all three
devices which contribute differential cur-
rent to the summing node, only the sign

LECHDY oagE
HPasen WAVETEX 108 ONOLLORCOME
AF GENERATOR PUNGTION GEN
HPT44DA
PLOTTER @
1 . MODULATED R IR
o
iy * ENVELOPE
ARRER L L\ L 4o DETECTOR |OETECTED A8
IADSIm AT
L.

Figure 6. Test set-up for time
domain performance evaluation.
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Figure 7a. Risetime of the con-
structed envelope detector.

of the final result is affected. The reader
is directed to references [5] and [6] for
information regarding the practical
aspects of circuit design with the AD834
multiplier.

Square Root Function

To complete the analog vector sum
computation (and hence reconstruct the
modulating waveform A(t)), it is neces-
sary to take the square root of the result
found in equation 5. Several analog com-
putational ICs capable of performing this
calculation are available commercially.
One should note, however, that this com-
putational step presents significant limits
on both the dynamic range and time
delay specifications for the overall enve-
lope detector. For example, a 40 dB
dynamic range at the output of the
square-root function (the output of the
detector) necessitates an 80 dB range at
its input. In addition, the device selected
needs to have sufficient bandwidth to
accommodate both the expected modula-
tion frequency and the overall delay
specifications for the circuit.

For the constructed envelope detector,
a squarer is placed in the feedback loop
of an operational amplifier to approximate
the square root function shown in Figure
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Figure 8a. Overlay of modulated
carrier and detected RF.
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Figure 7b. Falltime of the con-
structed envelope detector.

1 [4]. This particular computational
method was selected because it allows
us to further capitalize on the benefits of
the current summing technique used to
implement the “sum of squares” in equa-
tion 5. In this case, a third AD834 multipli-
er operates as the squaring device. The
output of the third AD834 is simply paral-
leled with the outputs from the two previ-
ous multipliers, but with its two output
pins reversed. This has the effect of sub-
tracting the differential output current of
the third AD834 from the sum of the other
two. [Note, however, that the common
mode currents of all three multipliers still
add]. The difference voltage across the
summing node is amplified by the full
open loop gain of the AD847 operational
amplifier, which changes its output volt-
age until the voltage at both its inputs are
equal (i.e., the differential summing node
nulls to zero). A simplified block diagram
representation of this feedback loop is
ilustrated in Figure 5. This diagram is
meant as a generalized illustration of the
envelope detector. As such, the scaling
details of the AD834s used to effect the
squaring function blocks have been left
out for clarity. (It can be seen from the
schematic of Figure 2b that each multipli-
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Figure 9a. Overlay of modulated
carrier and detected RF.

er is actually configured to output a
scaled version of the negative square of
its input).

As shown in the diagram, the output of
the summing junction is multiplied by the
open loop gain of the amplifier, resulting

in
AOL[[A(t)sin(mt) o (6)

[~A()cos(@t)]? - vo? [ =V,

If the open loop gain is assumed to be
large (A, =70 dB for the AD847), then

(A(t)sin(wt))? +(=A(t) cos(at))’ (7)

where each term on the left side of the
equation represens the differential output
from one of the tFree muiltipliers. Substi-
tuting equation 5 into 7 and solving for V,
results in

Aty -V =0 (8)
Vo = A(t)

The voltage appearing at the output of
the AD847 is thus “the square root of the
sum of the squares”, which is essentially
the DC-coupled vector sum of the quad-
rature amplitude modulated carriers. This
approximation alsc holds true when using
the AD834s to effact the squaring func-
tions in Figure 5; The high open loop gain
of the AD847 OP-AMP is more than
enough to compensate for the 0.408
scaling factor of the multipliers (x4 mA
full scale output in1o 102Q, as compared
with their £1 V input amplitude).

Other Peripheral Circuitry

One half of amplifier U15 is used to
adjust the gain and offset of the detected
RF (this particular adjustment is applica-
tion specific). U15-U20 serve to buffer
and distribute the detected RF, with each

| De'tecte'd RF /
M““’]k{_—’-_é ik —‘/4‘(",;”'

NPT

iR |

H-H
1

4l
]

He i~ = Modulated 7 Tl 1
RF Carrier™ ¥ "]
L . -

EXT 099V AC
L~ CH1 50mV =

Chan 1 Chan 2 CH2 50mV =

CH3 2 V =
9B, JOMY 6D DY CH4 1 V = Trdiv 5ps

“— 766.4us

Figure 9b. Expanded view of
modulated carrier and detected
RF.

output capable of driving a 50Q load. A
regulated supply is important for this cir-
cuit because the AD 834s have current
source outputs.

Results

To evaluate the performance of the
constructed envelope detector it is neces-
sary to have some method of amplitude
modulating an RF carrier. The perfor-
mance of the modulator must meet or
exceed that of the envelope detector if
the test results are to be meaningful. For
the results presented here, the device
used to accomplish this task is a circuit
based on the AD834 multiplier.

Figure 6 shows the test set-up used
for the time domain plots of Figures 7a
and 7b. The Wavetek function generator
is first set to output a square pulse as the
amplitude modulating function A(t) for the
purpose of measuring the rise and fall
times of the envelope detector. The RF
source is set to output a carrier frequency
of 4.5 MHz at the maximum amplitude
acceptable to the modulator. Figure 7(a)
shows the rise time of the envelope
detector to be on the order of 1 pus (10%-
90%); The plot also indicates an addition-
al propagation delay time from input to
output of about 400 nsec. The fall time of
the detector under test is shown in Figure
7(b) to be approximately 1.5 usec.

Next, the function generator is set to
output a triangular waveform at a modu-
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Figure 10. Test set-up for network
analyzer based measurements.

July 1994



REF LEVEL DIV MARKER 389 805. 921H1
21,5008 3.000d8 MAG (UD! 63208
0.0deg 45.0000eg  MARKER 183 142, 879Hz
PHASE (D3) -45.315deg
_ _ _ Jawvputuoe
ﬁs\ RESPONSE
4 , PHASE
RESPONSE
10 100 1K 10K 100K 1
START 5.000Hz STOP 1 000 000.000Hz

Figure 11. Comparison of detect-
ed RF with modulation signal.

lation frequency of 1 kHz. The amplitude
of the waveform is adjusted to achieve
close to 100% modulation of the carrier.
Figure 8(a) shows the oscilloscope traces
of both the modulated 4.5 MHz carrier
and the detected RF (both traces overlay
one another). Figure 8(b) is an expanded
view, showing the amount of “failure to
follow” distortion at low signal levels.
These plots give a rough indication of the
linearity and dynamic range for the detec-
tor, and can be used for initial circuit
alignment. The lower bound on the
dynamic range is minimized by adjusting
the “zero input offset” potentiometer. Post
processing gain and offset adjustments
are determined by the particular applica-
tion requirements for the circuit. Figures
9(a) and 9(b) are similar plots, at a modu-
lation frequency of 10 kHz.

Figure 10 illustrates the set-up used to
obtain the plots in Figures 11 through 14.

For these measurements, an HP3577A
network analyzer is used to modulate the
RF with a swept sinusoid. The output of
the envelope detector is then compared
with the original modulating waveform to
determine its accuracy under a variety of
carrier conditions. For the tests that fol-
low, the AD834-based modulating circuit
shown in the diagram is adjusted to pro-
vide approximately 20% carrier modula-
tion. The reader should note that the fol-
lowing results represent the performance
of the modulator/envelope detector pair,
since the modulator is in fact inside the
measurement loop of the network analyz-
er. The delay performance of the modula-
tor is expected to be better than that of
the detector because of its 30 MHz band-
width. Amplitude accuracy and dynamic
range, however, are expected to be simi-
lar, based upon these specifications for
individual components utilized in the
modulator circuitry.

The plot of Figure 11 shows the ampli-
tude and phase response of the envelope
detector for a single carrier frequency of
f4=4.5 MHz, with the modulating signal
swept from 5 Hz to 1 MHz. The top trace
is the amplitude response (3 dB/div), indi-
cating a —3dB bandwidth of just below

RF Design

390 kHz. A high degree of amplitude
accuracy is indicated by the response
flatness, which is shown to be better than
0.5 dB (+0.25 dB) up to a modulation fre-
quency of 100 kHz. For those applica-
tions requiring the detector to reside with-
in a feedback loop, trace 2 is the phase
response (45°/div) of the detector. The
circuit exhibits 45° of phase shift at a
modulation frequency of approximately
180 kHz.

Figure 12 consists of 10 individual
amplitude response plots, overlaid on
the same graph. The plots are intended
to show the dynamic range of the detec-
tor with respect to the amplitude of the
carrier signal. Each of the traces results
from a 5 dB decrease in carrier ampli-
tude. [In each case, the carrier has
approximately 20% amplitude modula-
tion]. The demodulation bandwidth does
not start to significantly decrease until
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Figure 12. Detected RF vs. modu-
lation frequency for various carri-
er amplitudes.

the carrier is approximately 35 dB down
from its maximum amplitude. The detec-
tor circuit is still observed to be usable to
—45 dB, but with modulation bandwidths
only up to 10 kHz.

It is also desired to evaluate the enve-
lope detector at different carrier frequen-
cies, since the circuit constructed was
designed to operate with carrier fre-
quencies over a span of 1 MHz - 5 MHz.
The results of such a measurement are
shown in Figure 13. For this test, the
modulation frequency is swept from 1
kHz to 100 kHz. Since we are looking
for small (on the order of tenths of a dB)
changes, the upper modulation frequen-
cy was limited to 100 kHz for the pur-
pose of expanding the scale per division
of the plot. Each trace in the figure rep-
resents a different carrier frequency,
ranging from 1.0 MHz to 5.0 MHz in 500
kHz increments.

Note that the shape of all nine plots
are similar. From the graph, carrier fre-
quencies from 1 to 3 MHz are clustered
within 0.07 dB of one another. Significant
amplitude errors begin to be observed
above approximately 3 MHz, some of
which can be accounted for in Figure 3
(the amplitude response of the quadra-
ture phase split circuitry). It should be
noted here that the device used to mod-
ulate the RF in the test set-up (the
AD834-based modulator in Figure 10)
has as part of its circuitry a low pass filter
with a nominal cutoff frequency (-3dB) of
6 MHz. The response roll-off of this LPF
is believed to be predominantly responsi-
ble for the relatively large apparent
decrease in amplitude accuracy as the
carrier frequency is increased above 4.5
MHz. In other words, the envelope
detector is actually responding to the soft
portion of the LPF’s roll-off.

The final plot, presented in Figure 14,
shows the delay of the circuit for various
carrier frequencies. In this measure-
ment, the modulation frequency is swept
from 10 Hz (the lowest frequency avail-
able from the network analyzer) to 500
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Figure 13. Envelope detector out-
put versus modulation frequency
at different carrier frequencies.

kHz. The upper modulation frequency
and lower carrier frequency were pur-
posely chosen to coincide. It is interest-
ing to note that the envelope detector is
capable of demodulating frequencies
approaching tha: of the carrier; this is
possible because no explicit filtering is
used during the AM detection process.

Conclusion

An envelope detector circuit has been
developed which operates over a carrier
range of 1 MHz to 5 MHz. Specific delay
requirements prevented the use of classi-
cal rectifier or product detector tech-
niques, which depend on low pass filter-
ing to extract the modulation signal. To
minimize the overall response time of the
envelope detector, a vector addition tech-
nique is used to null the carrier while
keeping the modulation intact. The circuit
presented is implemented using currently
available high speed analog transcon-
ductance multipliers, and achieves ampli-
tude demodulation at frequencies
approaching that of the carrier, without
the long time constants usually associat-
ed with other detection methods. The
specific RF carrier bandwidth is easily
modified by replacing the active all-pass
section of the circuit with a 90° power
divider, appropriately selected (or
designed) to effect the desired overall
detector amplitude accuracy.

Test results for the envelope detector
constructed have been presented to eval-
uate the device under varying conditions
of modulation frequency, carrier ampli-
tude and carrier fraquency. In addition to
its us response time, use of the vector
processing method allows the device to
provide accurate envelope detection over
a wide dynamic range. The dynamic
range of the device is measured to
exceed 35 dB for modulation signals up
to 100 kHz (45 dB for modulation below
10 kHz).
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RF featured technology

An AM Detector Compatible With

SSB-SC

By Chase P. Hearn
NASA

A recent article [1] presented an AM
detection circuit which is basically a cor-
relation detector. The local oscillator
(LO) signal was generated with a zero-
crossing detector driven from the input
signal, which is basically an amplitude-
limiting operation. The carrier phase of
an AM signal is (ideally) unaffected by
the sidebands, so ideal limiting pro-
duces a constant-amplitude signal
which is phase coherent with the carrier.
This LO signal actuated an analog gate
to perform the required multiplication
operation. This implementation pro-
duced the desired linear relationship
between the input signal and the
demodulated output over a 50 dB
dynamic range.

nother approach to correlation
detection is diagrammed in Figure .
The LO is also derived from the input
signal, but the carrier is extracted by a
passive narrowband filter (B, < 0.1 Bg)
prior to limiting. This extends linear
operation to input signal-to noise ratios
(SNRs) lower than is possible with the
usual envelope detector. This approach
avoids the acquisition problems associ-
ated with a phase-locked-loop (PLL)
carrier filter. The original application
involved post-detection filtering of dis-
crete sidebands in a bandwidth much
less than B. The design goal was lin-
ear detection at SNRs in B¢ as low as
zero dB, and a dynamic range of 60 dB.
These goals were fully met.
This approach is also applicable to the

detection of sincle sideband-supressed
carrier (SSB-SC) signals if there is suffi-
cient residual carrier to be regenerated
and maintain at least a 7-8 dB carrier-to-
noise ratio (CNR) in the carrier-filter
bandwidth, B.. This was found to be
possible except with very weak signals
or unusually high carrier suppression.
Carrier bandwidths between 300 and 30
Hz were evaluated, which provided CNR
improvements of 14 to 24 dB with Bz =
8 kHz. When tha CNR in B, becomes
too low, the detected audio quality suf-
fers, and better performance is obtained
with an independent LO signal, as nor-
mally used for SSB detection.

The operational behavior of this circuit
is noticeably different from a diode AM
detector. The difference between correct
and incorrect turing is more prominent,
and is characteristic of the locking of a
PLL demodulator. This is attributed to
the narrow bandwidth of the carrier filter
and the frequency-dependent differential
phase shift between the signal and LO
inputs to the multiplier produced by that
filter. The detection gain of a correlation
detector is dependent on that phase dif-
ference, so a phase-trim adjustment
may be needed in one path to set the
phase difference at the detector inputs
to 0 or 180 degrees with the carrier cen-
tered in B...

Also, care should be taken to mini-
mize level dependent phase shift (AM-
PM conversion) through the limiter. In
SSB reception, sideband energy can fall
within B, if it is too wide, and produce

sideband-dependent phase modulation
of the regenerated carrier when the
resulting carrier-to-interference ratio is
much less than 10 dB. This modulation
dependent LO “phase jitter” affects the
demodulation process in the same way
additive input noise affects a diode
envelope detector: the optimum (coher-
ent) phase relationship between the sig-
nal and LO is corrupted, and the demod-
ulated output degraded.

A detailed circuit diagram of a “com-
patible linear demodulator,” or CLD,
operating at 500 kHz is shown in Figure
2 [2]). The CA-3089E is a multi-function
IC designed as a quadrature FM detec-
tor; only the limiter and product detector
are used in this application. The source-
follower input amplifier was added to
provide an input resistance compatible
with vacuum tube circuitry. The carrier
bandpass filter consisted of two series
resonant crystals coupled capacitively to
produce a B of approximately 75 Hz. A
bandwidth of 300 Hz and a single-pole
response was found satisfactory for AM
operation, but smaller bandwidths and
steeper skirt selectivity produced better
SSB reception at the expense of more
critical tuning. This is appreciated by
noting that with B.=30 Hz, a receiver
(LO) drift of 15 Hz would produce a
large signal-LO differential phase shift at
the demodulator inputs.

Circuit evaluation consisted of quanti-
tative dynamic range and distortion
measurements and listening to AM
broadcast, radio amateur and short-
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Figure 1. Block diagram of the detector.
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Figure 2. Schematic of the detector.
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wave transmissions, and subjectively
comparing the performance to the inter-
nal diode detector in a military R-388
receiver.

The experimental detector was usable
with AM inputs less than 10 pV to 0.1
volt, a dynamic range of more than 60
dB. Total harmonic distortion (THD) was
at least —40 dB. The unusual tuning
characteristic of the CLD was not found
to be an operational problem; no further
adjustment was necessary once the sig-
nal was properly “tuned in”.

The CLD was judged to be marginally
better when an AM signal was very
weak and noticeably superior when
strong selective fading was present. The
detection linearity of a diode detector
should be inferior to the CLD, but no lin-
earity measurements were made on the
R-388 diode detector.

Reception of SSB with the CLD was
better with a 30 Hz filter bandwidth,
probably because of sideband-induced
phase jitter; however, the increased tun-
ing sensitivity necessitated more opera-
tor attention and “tweaking” after the ini-
tial set-up than the R-388 detector. The
SSB performance of the CLD degraded
relative to the R-388 when the input sig-
nal was very weak, and the regenerated
LO became excessively noisy. Detection
of SSB with the R-388 was accom-
plished in the CW detection mode, using
the CW beat oscillator, no AGC, maxi-
mum AF gain and minimum RF gain. In
conclusion, this circuit was judged to be
an excellent AM detector, but inferior to
a good SSB demodutator with an inde-
pendent LO for SSB reception. RF
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RF cover story

A High Power, Low Distortion
Feed-Forward Amplifier

By Walter Koprowksi
Power Systems Technology Inc.

The use of sophisticated radio tech-
nology to provide basic telephone ser-
vice has created a need for cost-effec-
tive high power amplifiers. The technical
requirements are that each amplifier will
handle 1-24 RF channels and provice
high peak power output with low inter-
modulation products (-55 dBc). For this
application, multiple amplifiers are
installed in an unattended station that
provides wireless telephone service to
isolated subscribers and emergency ser-
vices, and offers new choices for tele-
phone service in developing countries.

olid state amplifier technology has

been in existence for over thirty
years. The common design procedure is
to choose the highest gain and power
capability for the output transistors and
then select the necessary driver stages
for the overall gain required. A typical
block diagram is shown in Figure 1.

The driver stages are class A biased,
low cost, high performance hybrid ampli-
fiers. These amplifiers were specifically
designed for low distortion and wide
dynamic range performance required in
the CATV industry. The output capability
of the hybrid amplifiers is approximately
0.5 watt. Internally matched at both the
input and output to 50 ohms, these
amplifiers offer the design engineer a
distinct advantage over the discrete
transistor approach.

In the intermediate amplifier section

>

Intermediate Power Ampkfier Section

Power Ampiiies Section = Push-Pull Class AB

Figure 1. Standard high power amplifier design.

are two discrete bipolar transistors. The
first stage biased class A, and the sec-
ond stage is a push-pull device biased
for class AB operation.

The PA section of a standard high
power amplifier is designed utilizing two
push-pull transistors biased class AB
which are connected together using a 3
dB quadrature hybrid for balance and
good input/outout VSWR. The advan-
tage of using class AB is improved
power output capability at a lower power
consumption tran a class A. However,
the disadvantage is lower linearity perfor-
mance. Typical performance of a class
AB amplifier under two-equal-tone condi-
tions is —30 dBc, as shown in Figure 2.

When confroated with a specification
of —55 dBc intermodulation distortion at

a given power output, the designer must
either use a very large class A biased
amplifier, or use some means of distor-
tion cancellation.

Feed-Forward Cancellation

The concept of feed-forward cancella-
tion has been used by manufacturers of
hybrid CATV amplifiers for many years.
The technique is to isolate the distortion
of the power amplifier and re-inject it
180 degrees out of phase to cancel the
distortion at the output. A standard feed-
forward amplifier system is shown in the
block diagram of Figure 3.

The RF input signals are equally split
by means of a two-way divider. Half of
the signal power goes into the power
amplifier, and half goes through a delay
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Figure 2. Typical 2-tone IMD per-
formance of a standard amplifier.
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Figure 4. Block diagram of a 358 MHz multitone feed-forward ampilifier for 24 carriers spaced 25 kHz.

line. The multiple tones are amplified in
the main amplifier, which also generates
a certain amount of intermodulation dis-
tortion. A directional coupler is used to
obtain low-level sample of the signal
and its distortion, and provide it to one
of the inputs of a two-way combiner that
is part of the error signal path.

The 0 degree two-way combiner will
algebraically sum the signals as long as
both inputs are of equal phase and
amplitude. The purpose of the delay line
between the input divider and the error
signal combiner is to assure that the
input carriers and the sampled main
amplifier carriers arrive at the two-way

combiner at the same time and 180
degrees out of phase. Fine amplitude
and phase adjustment is accomplished
via an attenuator and phase shifter in
the main amplifier section. The signal
carriers are canceled, and the output of
the combiner, which now contains only
the distortion products, is fed into the
error amplifier. The error amplifier is a
class A ultra-linear design, and its func-
tion is to amplify the distortion required
in the cancellation loop to cancel the
intermodulation products. The error
amplifier output is connected to a direc-
tional coupler used for distortion cancel-
lation. The choice of coupling factor is

important so as to maintain minimum
main line loss as well as to limit the
power capability of the error amplifier.
For proper cancellation to take place at
the output, it is imperative that the sig-
nals are equal in amplitude and 180
degrees out of phase when they reach
the coupler. The delay line in the output
main line compensates for propagation
time in the error amplifier. Fine phase
and amplitude adjustments are accom-
plished using a phase shifter and atten-
vator in the error amplifier.

Feed Forward Correction System
A feed-forward amplifier used for mul-

100002 100.40,200.MHz 2 30.clay,deliveryz Guaranteed

AMPLIFIERS
The RF People

RF Design

ustom configurations available’
For FREE catalogue CALL 1-800-986-9700

INFO/CARD 39

FAX  408-986-1438
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Figure 4(a). Multi-carrier input
signal to amplifier.

Figure 4(b). Main amplifier output
before distortion cancellation.

Figure 4(c). Amplifier distiortion
(error signal).

Frequency Range:

Gain:

Number of Channels:
Channel Spacing:

Power Output:
Intermodulation Distortion:
Dynamic Range:

Stability:

Environmental:
DC Power:
Size:

300-400 MHz

54 dB +0.5 dB

1-24

25 kHz

12 watts (average)

-55 dBc maximum

30 dB

Unconditionally stable for any
source and load impedance
Oto +50° C

—42 to -54 VDC, 6 A maximum
15 x 21 %x5.25 nches

Table 1. Feed-forward amplifier specifications.

titone amplification of signals at 358
MHz is shown in Figure 4. The RF input
accepts up to 24 carriers which are
spaced 25 kHz apart. The input signals,
shown in Figure 4(a), are divided in
power to provide the drive to the main
amplifier, and to the delay line that feeds
the two-way combiner. The intermodula-
tion distortion of the main amplifier is

—28 dBc, shown in Figure 4(b). The car-
riers are canceled in loop 1, and the
residual distortion is amplified by the
error amplifier. Figure 4(c) shows the
distortion that feeds the output direction-
al coupler used for final cancellation.
The final output shown in Figure 4(d) is
the result of a feed-forward cancellation
which exceeds -55 dBc.

specialties.

KR Electronics designs and manufactures all types of LC
Filters for the OEM market. Linear phase anti-aliasing,
phased matched bandpass and group delay equalized
video filters with sin(x)/x correction are a few of our

KR Model 2124 lowpass filter balances cost, size, and
performance. Ideally suited for many video applications.

O Passband Ripple <0.15 dB to 5.5 MHz

Q Group Delay Ripple <20 nsec to 5.0 MHz
Q Stopband >40 dB by 8 MHz

Q DIP Package 0.60" x 0.87" x 0.30"

Choose one of our standard filters or let us design one to
your specifications. Call or fax for a fast response.

Quality Filters for Over 20 Years

INFO/CARD 40
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Figure 4(d). Output after feed-for-
ward cancellation.

The amplifier system is housed in an
enclosure 15x21x5.25 inches designed
for rack mounting. The system contains
internal heat sinks and fans that draw air
from front to rear and provide proper
cooling. Power is supplied by two high
efficiency DC-DC converters. A
fault/alarm board provides local and
remote identifications of amplifier over-
drive and excessive output load VSWR.
Specitications for the amplifier are con-
tained in Table 1.

Conclusion

This article describes the overall oper-
ation of a multitone high power amplifier.
The use of feed-forward cancellation
techniques allows for significant inter-
modulation distortion improvements and
encourages the use of class AB linear
power amplifiers for applications in wire-
less communications equipment.

Readers may obtain more information
about this amplifier by contacting the
author at the address below, or by cir-
cling Info/Card #201. RF

About the Author.

Walter Koprowski is Vice President,
Amplifier Engineering at Power Sys-
tems Technology Inc., 105 Baylis
Road, Melville, NY 11747. He can be
reached at (516) 777-8900, or by fax
at (516) 777-8877.
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RF products

Network Analyzers Upgraded

Hewlett-Packard has upgraded
the performance and reduced the
price on two of its high-perfor-
mance network analyzers, the
HP 8753 and 8752. The
HP8753D now has an integrated
S-parameter test set, improved
dynamic range, TRL and LRM
calibration, power specified at
the test port and added power
control features, 30 kHz start fre-
quency, and an optional high-
stability frequency reference. In
addition, the HP 8753D has a
new disk drive which supports
both LIF and DOS formats, a
new CPU which is 67% faster,
and improved data and port-han-
dier interfaces. Dynamic range is
improved in both the standard 3
GHz source and optional 6 GHz

source by eliminating a doubler.
Dynamic range for the 6 GHz
source has been improved 25 dB
to 105 dB, and the 3 GHz source
has been improved 10 dB to 110
dB. The HP 8752C now has an
optional 6 GHz source, built-in
step attenuator and a 67% faster
CPU. Base price of the HP
8753D RF network analyzer is
$34,500. Base price for the HP
8752C is $22,000. Until Novem-
ber 30, 1994, HP offers cus-
tomers a 20% discount on the
HP 8753D and a 15% discount
on the HP 8752C for any working
vector network analyzer with an
operating frequency that includes
1 GHz.

Hewlett-Packard Co.
INFO/CARD #250

Four-Quadrant
V,ut Multiplier

Analog Devices has
announced the industry's first 250
MHz, four-quadrant voltage-out-
put monolithic analog multiplier.
The ADB835 can generate a linear
product of its “X™ and “Y” input
voltages with a 3 dB bandwidth of
250 MHz. Small-signal rise-time
is 1.0 ns; full-scale (=1 to +1 V)
rise and fall time is 2.5 ns (with
150 Q loads). Settling time to
within 0.1% of full scale is typical-
ly 17 ns. High gains are achieved
over wide bandwidths with low

noise contribution (44 nV/VHz).
Few external components are
required to apply the AD835. Its
differential multiplication (X,Y)
and summing (Z) inputs are high
impedance nodes that do not
require signal conditioning. Like-
wise, its low-impedance output
signal needs no additional buffer-
ing to drive £2.5 V into loads as
low as 50 Q. The AD835 is priced
at $7.95 in 1000s and packaged
in 8-pin mini-DIPs and 8-lead
SOICs.

Analog Devices

INFO/CARD #249

RF Design

GPS Antenna
Module

Toko America has introduced
the AMG series, a complete
antenna module for GPS applica-
tions. This miniature module
includes the antenna element,
bandpass filter, and low noise

amplifier, sealed in a 38mm
square package. The antenna is
centered at 1575.42 MHz for
GPS receivers, and operates on
4 to 5.25 V over the temperature
range of —40 to +85 °C. The mod-
ule provides excellent gain and
directivity. Typical antenna gain is
4 dBi at 90° angle of elevation, -4
dBi at 0°. The maximum axial
ratio is 3 dB. Typical gain of the
low noise amplifier is 26 dB, with
maximum current consumption of
25 mA and typical noise figure of
1.6 dB. The module can be pro-
vided with or without a radome. A
cable and connector are also pro-
vided, and can be customized
upon request. Samples are avail-
able from Toko America for $150.
Toko America, Inc.

INFO/CARD #248

SMT Inductors

The 1008CX series from Pulse
Engineering contains surface
mount RF inductors with induc-
tances from 4.7 nH to 4700 nH.
The inductors are characterized
at high frequencies and have
high Q and high self resonant fre-
quencies. The 1008CX series
comes in the industry standard
1008-size footprint, with spot
welded wire bonds that will not
open under severe reflow condi-
tions. Gold terminations are stan-
dard, with other types available.

A sample kit is available for $99
plus shipping and handling. An
0805-sized series will be avail-
able for sampling in September,
with low-profile 1008-sized and
ferrite core series to follow shortly
afterward.

Pulse Engineering, Inc.
INFO/CARD #247

Prototyping
System

The Wainright Solder-Mount-
System allows “freehand” con-
struction of experimental circuits
of all kinds — without the the need
for tools or services. Only diago-
nal cutting pliers and a soldering
iron are needed. Solder-Mounts
are self adhesive pieces of print-

ed circuit material (epoxy glass)
with an etched and tinned pattern
of soldering points — each laid out
for one or more component
types. To build a circuit, compo-
nents are soldered to a suitable
Solder-Mount, the paper cover
removed from the adhesive, and
the Solder-Mount with the com-
ponent is then placed on a cop-
per-clad and tinned groundplane.
No layout or wiring plan is need-
ed. The metal surface of the
groundplane serves as electrical
ground, providing a definite
ground potential at every point in
the circuit. Stray capacitance to
ground is very small and can be
compared to a printed circuit
board.

Wainwright Instruments, Inc.
INFO/CARD #246
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RF products conies

SIGNAL
SOURCES

Miniature Oscillator
The Wenzel Associates Minia-
ture Oscillator (WAMO) provides
power consumption of less than 1
W at 25° C. At 1.33 x 1.33 x 1.33
inches, this 10 MHz oscillator
rivals the performance of larger
oscillators with temperature sta-
bility of +5 x 102 over 0 to 50° C
and phase noise of —160 dBc/Hz
at 1 kHz offset. Pinout is compati-
ble with industry standard minia-
ture designs. The WAMO is avail-
able as a MIL, Space or Com-
mercial grade unit.
Wenzel Associates, Inc.
INFO/CARD #245

SC-Cut OCXO

Model 2930200 from Piezo
Crystal Company utilizes Piezo’s
World Class “SC” cut crystals.
The frequency range is from 80
to 110 MHz. Typical phase noise
at 100 MHz is -90 dBc/Hz at 10
Hz, -120 dBc/Hz at 100 Hz, -140
dBc/Hz at 1 kHz and -153
dBc/Hz at 10 kHz. Frequency sta-
bility is +2 x 1078 from 0 to +50°
C, and the size of the 2930200 is
2.00 x 2.00 x 1.00 inches. The
approximate price is $350 to
$450 in quantities of 500 pieces.
Piezo Crystal Company
INFO/CARD #244

Low Profile OCXO

Piezo Technology has intro-
duced its model XO5008, which
features a maximum height of
0.75 inches, with a footprint of 1.5
x 1.5 inches. The standard center
frequency is 10 MHz, with fre-
quencies available from 3 MHz to
50 MHz. The unit features tem-
perature stability of £0.08 ppm
over —-40 to +85 °C, sinewave
output, five minute warm-up, and
moderate current consumption.
Piezo Technology, Inc.
INFO/CARD #243

SMT VCOs

A series of surface mount, volt-
age controlled oscillators is avail-
able from ST Microwave. The
new design utilizes silicon bipolar
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transistors with high-Q silicon var-
actor tuning diodes on advanced
thin-film hybrid microwave inte-
grated circuit substrates. GaAs
FET buffer amplifiers are includ-
ed to insure stable operation.
Models are available at 2 to 6, 6
to 12, and 12 to 18 GHz, with
power output of +10 dBm on the
two lower frequency units and -5
dBm on the higher frequency
unit. The packages measure 0.45
x 0.45 x 0.16 inches. Production
quantities are available in 60 to
90 days.

ST Microwave Corp.
INFO/CARD #242

SIGNAL
PROCESSING
COMPONENTS

Miniature Mixer

The ZP-11A mixer from Mini-
Circuits offers space-saving
miniature construction plus h gh
reliability backed by a five-year
guarantee. The RF and LO ports
can operate from 1400 to 1900
MHz, while the IF operates from
40 to 500 MHz. Conversion loss
specifications are statistically
controlled to better than 4 5¢
from mean. Conversion loss is
flat (0.6 dB typ.) over the full
range, and 1 dB compression is 1
dBm typ. A miniature connector-
ized package houses the mixer.
Mini-Circuits
INFO/CARD #241

Threshold Detector
Daico Industries introduces a
flatpack threshold detector to its
detector series. Model CTDO8014
has an operating frequency of 10
to 3000 MHz. Detection is over the
dynamic range of —25 to —10 dBm,
with 1.2 dB hysteresis. Transition
time is 300 us, (10%/90% RF).
Input flatness is +1.5 dB with
VSWR of 1.5/1. The detector is
comes in a 14-pin flatpack.
DAICO Industries
INFO/CARD #240

Bandpass and

Lowpass Filters

In three ditferent diame-ers,
this new series of coaxial tubular
filters offers either bandpass or
lowpass characteristics from 30
MHz to 5000 MHz. The filters pro-
vide rejection of 70 dB and
greater while VSWR is main-
tained at 1.5:1 or better. A wide
choice of connectors is offered,

including SMA, N, TNC and BNC
types as well as pins for PCB
mounting.

Atlantic Microwave Ltd.
INFO/CARD #239

INMARSAT
Phase Shifters

Vectronics introduces several
phase shifters in the INMARSAT
band for phased-array applica-
tions. Three-bit and four-bit units
are available in switched-line
designs (individual bit values vary
linearly vs. frequency). All units
feature low insertion loss and
excellent phase accuracy. A
number of different internal TTL
driver options are available with
switching times as low as 200 ns.
Vectronics Microwave Corp.
INFO/CARD #238

Diplexer

The GLDI-001 diplexer is a
high performance, low cost solu-
tion to diplexing in the 30 to 152
MHz range. Maximum insertion
loss is 0.7 dB, minimum isolation
is 40 dB and VSWR is main-
tained at or below 1.5. The
diplexer meets or exceeds mili-
tary environmental requirements.
Prices start at $135 each in
quantities of one to five.
Geoffroy Labs
INFO/CARD #237

AMPLIFIERS

Feedforward Amp
Model PA09005200-01R, a
200 W PEP, wideband, feedfor-
ward cellular base station amplifi-
er provides intermodulation prod-
ucts of —-60 dBc. This is accom-
plished over a 25 MHz instanta-
neous bandwidth at 20 W multi-
channel output power. Gain is 53
dB and the power requirement is
26V, 9.5A.
AML Communications
INFO/CARD #236

Broadband

Amplifiers
EM Research Engineering

introduces its line of broadband
modular amplifiers. These linear
amplifiers have an instantaneous
bandwidth of 10 to 1000 MHz and
output powers ranging from 100
mW to 10 W with an input of 0
dBm. Variable gain control is
available as an option in these
amplifiers. Pricing starts at $485
for a 1 W amplifier in small quan-
tities (1 to 4).

EM Research Engineering, Inc.
INFO/CARD #235

4W UHF Amplifier
ENI's model 604L power ampli-
fier produces 4 W of linear class
A output over 0.5 to 1000 MHz.
With a gain of 40 dB, the 604L
features harmonics more than 18
dBc below the fundamental and
low intermodulation distortion.
Other features include uncondi-
tional RF stability, +13 dBm over-
drive protection, and infinite maxi-
mum load VSWR. The 604L is
available for 30-day delivery at a
cost of $2850.
ENI
INFO/CARD #234

25-100 MHz,

100 W Amplifier

Model AQ05 from LCF Enter-
prises has an output power level
of 100 W CW and operates from
25 to 300 MHz. The module mea-
sures 6.0 x 2.0 x 1.0 inches
(excluding mounting feet and
connectors), and delivers a mini-
mum gain of 35 dB. Operation is
from a 24 VDC supply. Cus-
tomization to other frequencies
and output powers is available.
LCF Enterprises
INFO/CARD #233

Broadband,

100 W Amplifier

Model 7100LC is an instanta-
neous broadband RF power
amplifier especially designed for

| e
European EMC testing. Power
output of 100 W CW covering 80-
1000 MHz will offer solutions for
many different applications. An
IEEE-488 /RS-232 interface kit
model KE| IF-488, is available
Price for the 7100LC is $19,500.
Kalmus Engineering Inc.
INFO/CARD #232
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10W Cellular Amp

The QBS-227 is a 10 W, 1 dB
compression point, linear power
amplifier operating over the 800
to 960 MHz frequency range.
Having minimum gain of 40 dB,
the QBS-227 uses a 24 V supply
with an operating case tempera-
ture range of —20 to +70° C. With
a +50 dBm third order intercept
point, the QSB-227 has —40 dBc
third order intermod product lev-
els when two one watt tones are
being amplified.
Q-bit Corp.
INFO/CARD #231

SEMI-
CONDUCTORS

SOT-143 NPNs

A family of NEC devices from
California Eastern Laboratories is
designed as an alternative to
other manufacturers devices in
mixers, oscillators and LNA appli-
cations. The NE85639R has f of
7 GHz and lgq,, of 100 mA,
NE68139R has t; of 9 GHz and
lemax ©f 66 MA, NE68039R has fy
of 10 GHz and I, of 35 mA,
and NE68539R has f; of 12 GHz.
A range of performances are
available from the family; noise
figures from 1.1 dB at 1.0 GHz,
insertion power gain to 15 dB at
1.0 GHz and outstanding low
voltage/low current operation
from VHF to 2.5 GHz.

California Eastern Laboratories
INFO/CARD #230

Evaluation Kits

A series of MMIC evaluation
kits from Richardson Electronics
contains the MMIC devices most
widely used for low-noise ampli-
fiers, general medium power
applications, upconverter/down-
converter and antenna switching
for cellular, PCN and other appli-
cations. The kits are marketed as
the RF Gain, Ltd. MMIC Evalua-
tion Kits.
Richardson Electronics, Ltd.
INFO/CARD #229

IF ICs

AT&T Microelectronics has
introduced a line of general pur-
pose intermediate frequency (IF)
integrated circuits. Included in the
offering are a quadrature modula-
tor, a programmable AGC amplifi-
er and two quadrature demodula-
tors with integrated AGCs. The
W2009 quadrature modulator has
1/Q input bandwidth of 4 MHz.

RF Design

The W1466 amplifier provides up
to 45 dB gain in selectable 3 dB
steps; its 3 dB bandwidth is 100
MHz. Both the W1452 and
W1575 combine a quadrature
demodulator with digitally pro-
grammed IF AGC amplifier. Pro-
duction quantities of the IC are
available now, with pricing of
$2.50 for the W1466, $4.50 for
either the W1452 or W1575, and
$3.40 for the W2009.

AT&T Microelectronics
INFO/CARD #228

Power MOSFET

Motorola is announcing a new
surface mount RF power MOS-
FET designed for broadband
commercial and industrial appli-
cations at frequencies to 520
MHz. The MRF5003 device sup-
plies up to 3 W output power at
7.5 V with minimum gain of 9.5

dB at 512 MHz. The MOSFET
has low feedback capacitance
(C,ss = 4.4 pF typical) and can
withstand 20:1 load VSWR at any
phase angle when properly
mounted. Pricing for the
MRF5003 is $7.91 in low vol-
umes.

Motorola Semiconductor
Products Sector

INFO/CARD #227

TEST
EQUIPMENT

Synthesizers

The 68000B synthesized CW
generators and 68100B synthe-
sized sweep generators are avail-
able in six models covering differ-
ent frequency ranges from 0.01
to 40 GHz. The 68000B delivers
precise CW and digitally-stepped

_Sprague-Goodman

* ¢

Surfcoil”
SMT Inductors

* Inductance from 10 nH to 1 mH

* 8 model series in 3 sizes:
2.5x2.0x 1.6 mm (0.098" x 0.079" x 0.063")
3.2x25x2.2mm (0.126" x 0.098" x 0.087")
45x32x3.2mm (0.177" x 0.126" x 0.126°)

* Shielded, unshielded, ferrite core and

nonmagnetic models

* Operating temp: -20° to +85°C

* Carrier and reel standard

* Fully encapsulated

Phone, fax or write today for

Engineering Bulletin SG-800B.

SPRAGUE
GOODMAN

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

INFO/CARD 42

gue-Goodman

iy
i

Filmtrim®
Single Turn Plastic
Trimmer Capacitors

¢ Cap ranges: 1.0-5.0 pF to 25-500 pF
¢ Qto 5000 at 1 MHz
* Operating temp:
PTFE, Polycarbonate, Polyimide:
-40° to +85°C
Polypropylene: -40° to +70°C
High temp PTFE: -40° to +125°C
* 6 sizes from 5 mm to 16 mm
* More stable with temperature than
other single turn trimmers
Phone, fax or write today for
Engineering Bulletin SG-402€E.

SPRAGUE |
GOODMAN

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

INFO/CARD 47
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signals for LO substitution and
stimulus applications. The
68100B adds analog sweep
capability and external
AM/FM/squarewave modulation
for network analysis applications.
Prices start at $20,500.

Anritsu Wiltron

INFO/CARD #226

Synthesizer/Sweeper
Giga-tronics has introduced 2
to 20 GHz models of its GT 9000
microwave synthesizer and GT
9000S synthesized microwave
sweeper. Both the GT 9000 and
9000S have —95 dBc/Hz phase
noise at 10 kHz offset from 2
GHz and output power of +13
dBm or greater. Internal pulse
modulation is standard, while
built-in amplitude, frequency and
scan modulation are available
options. The 9000S adds analog
and digital sweep of both fre-
quency and power. U.S. list
prices for the 2 to 20 GHz GT
9000 and GT 90008 are $22,950
and $24,950, respectively.
Giga-tronics, Inc.
INFO/CARD #225

CABLES &
CONNECTORS

Press-In

Connectors

Delta Electronics’ line of press-
mount coaxial receptacle is
designed to require only one
through hole in the housing, as

opposed to the one hole plus two
or four tapped holes for flange-
mounted jacks. Delta’s press-
mount receptacles are currently
available in type N and SMA
series, and can be provided with
tab, slotted, or solder pot contact
ends.

Delta Electronics

INFO/CARD #223

TNC Jack

COAXICOM has announced the
release of a “pre-assembled” TNC
bulkhead jack for RG402 (0.141
dia.) semi-rigid cable. Model
4539CC-430-1 is directly soldered
to the cable jacket after stripping
back the cable's center contact
and plugging it into the captive
female contact at the rear of the
connector. Part number 4539CC-
431-1 is available for RG405
(0.085 dia) semi-rigid cable.
Coaxial Components Corp.
INFO/CARD #222

High Isolation
Cables

A line of cables from Storm
Products offer improved isolation
over traditional RG cables and
are well suited for extended fre-
quency use through 5 GHz.
Shielding effectiveness is —85 dB
at 1 GHz with an insertion loss as
low as 0.15 dB/ft. These RG
equivalents use standard, com-
mercially available connectors.
Storm Products Co.
INFO/CARD #224

Foam Cable

Connectors

Custom made UHF and Type
N coaxial connectors that are
designed to fit the full range of
RG low-loss foamed cables are
available from Tru-Connector.
Both male and female connectors
designed for use with 1/2-, 3/4-
and 7/8-inch low-loss foamed
cables. Field serviceable without
special tools, they are designed
for applications up to 200 MHz.
Tru-Connector Corp.
INFO/CARD #221

Low-Loss Cable

Both the 7/8 inch LMR-1200
and 1-1/4 inch LMR-1700 cables
use a bonded aluminum tape and
overbraid outer conductor, making
them more flexible and less prone
to kink than corrugated cables.
LMR-1200 cable has 1.26 dB/100
ft. loss at 900 MHz and is priced
at $4.75/ft. LMR-1700 cable pro-
vides 0.94 dB/100 ft. loss at 900
MHz and is priced at $7.65/ft.
Times Microwave Systems
INFO/CARD #000

Proven Performmance:
Hi-Rel Airbome RF Transmitters and Receivers

Don’t Settle for Less

B Miniature & Rack Mount

®m UHF/VHF/TV Bandwidths

B Fixed Frequency/Synthesized Multichannel
H 2 to 200 Watts Power Output

B Standard Military Frequency Ranges

For Full Details CALL 215-968-4271

AYDIN XX VECTOR

Aydin Vector Division * P.O. Box 328 + Newtown, PA 18940-0328 « TEL: 215-968-4271 - FAX 215-968-3214
In Europe: Aydin International UK. « 1/3 Hunting Gate * Hitchin, Herts SG4 OTJ < England TEL: 44-0462-434555 FAX: 44-0462-420727

& Offthe-Shelf/Custom Design
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® Used in Virtually Every Major Aerospace Program

B MIL-STD-2000 and WS6536 Workmanship and
Special Parts Screening Available
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REF tutorial

Transmission Line Fundamentals

By Andy Kellett
Technical Editor

Transmission lines are among the
blackest of RF “black magic”. At first
glance, a transmission line appears to
be nothing more than an RF garden
hose, piping RF energy from one place
to another. However, transmission lines
exhibit a complex behavior which
enables them to be used as impedance
transformers and even filters. The pur-
pose of this article is to quickly arrive at
a few basic equations from which we
can derive the quantities and formulas
most often used in transmission line
problems.

Figure 1 demonstrates the notation
used in this article and most books.
The distance between the end of the
cable and some point along the cable is
called x. The distance from the load end
of the cable to the same point along the
cable is called d. The total length of the
cable is s so that x+d=s. The impedance
the cable sees looking toward the signal
generator is Z_, and the impedance the
cable sees looking into the load is Z,.
Quantities having to do with the end of
the line connected to the signal source
use the subscript s (for sending or
source end), for instance, the potential
at the sending end is called E,. Quanti-
ties relating to the end of the line con-
nected to load are denoted with the sub-
script r (for receiving). The potential on
the line at the load-end of the line is
called E .

The electrical model for a section of
transmission line used in this article is

illustrated in Figure 2. This model
assumes that the line we are working
with propagates the EM wave along the
axis of the line, with the magnetic and
electric fields perpendicular to the axis.
This is called the TEM mode. For the
cables used in RF work, it is hard for
anything but the TEM mode to be trans-
mitted down the line because the only
dimension in RF cables that approaches
the wavelength of RF signals is the
cable’s length.

The model, as drawn here represents
an unbalanced line, but the same quan-
tities and resuits are obtained when the
impedance and current are shared by
both conductors.

The guantity, "z", in Figure 2 is the
impedance per unit length of line, and
"g" is the unit admittance. Both of these
quantities are complex, being made up
of real and imacinary parts as shown in
equations 1 and 2.

(1M

Z=r+jwl
y=g+joc @

The real part of the impedance is the
resistance of the line, the imaginary part
is the familiar expression for inductive
reactance. The admittance is made up
of a conductancz (the real part) and the
inverse of the capacitive reactance (the
imaginary part).

At the source end of the line there
exists a potential E between the conduc-
tors and a currant | flowing through a
point at that end. On the other end there

will be a potential E+AE and a current
I+Al. If a transmission line were really
like a garden hose, AE and Al would be
zero, but it turns out they are not. The
impedance per unit length, z, is respon-
sible for dropping the potential, while the
admittance is responsible for shunting
some of the current. The amounts of
these drops are given in equations 3
and 4.

AE = —i(zAx) ©)
Al = ~(E + AE)(yAx) 4

Dividing both equation 3 and 4 by Ax
and taking the limit as Ax goes to zero
we get the derivatives describing the
changes in voltage and current for an
infinitesimal section of cable:

)

dE
o PR
AX 1 dx

; Al di

lim | —=—(E+ AE —=-E
m | 4 =€+ a8 | & -y @

We can eliminate | from equation 5
and E from equation 6 by differentiating
again with respect to x to get:

2
JgE__d, (7)
dx? dx
d dE
—=——7 8
dx? dx ®

and substituting the expressions for dl/dx
and dE/dx from equation 5 and 6 into the
the right side of equations 7 and 8. The
result is a set of differential equations:

| S

-

—

]

a4

I
=

Z | —

2
|

/W\

ZAX

I+Al

——

yAX E+AE

i

Figure 1. Diagram showing notations used to identi-
fy positions along cable of length s.
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Figure 2. Electrical model of a section of lossy trans-

mission line transmitting a signal in the TEM mode.
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d’E
X
d
33 =lyz (10)

This form of differential equation has
solutions :

E = Ae VY 4 BeV®YX (11)

=A% YY" 4BV (12)

Plug these solutions into the differen-
tial equations to verify them. So much
for the easy pan, the calculus, the rest
of the work is messy algebra.

The parameters A, B, A’ and B’ are to
be determined by the boundary condi-
tions imposed on the particular trans-
mission line situation, but ohm's law
links the parameters of equation 11 with
the parameters of equation 12, so one
set must be solved in terms of the other.
To solve A’ and B’ in terms of A and B,
differentiate equation 11 and substitute
that derivative and equation 12 into
equation 5:

A(~Vay)e V" +8(Jzy)e ™ = (13)
—|(’A’e VX L BeYdY |z

N /

Equating the coefficients in front of

identical exVyzx terms in equation 13
yields:

~AZ=-A\zy (14)
-B'z=Byzy (15)

These can each be solved in terms of
the primed parameters:

A= P (16)
[2
Vy

ra Al

3k (17)
Vy

The boundary conditions encountered
by the line determine what form the con-
stants A and B take. Even non-uniform
lines can be described with these equa-
tions if they are piece-wise uniform, i.e.
made up of segments of uniform line.
Equations 11 and 12 are the starting
point from which we derive all the really
useful tools in transmission line analysis
such as reflection coefficient and
VSWR.

58

Picking Familiar Parameters out
of the Equations

At this point we should examine the
results of our work and condense some
notation into commonly used parame-
ters. Because transcendental functions
(such as exponentiation) must have
unitless solutions, it is clear that the
units for the parameters A and B in
equation 11 should have units of volt-
age. Transcendental functions also have
unitless arguments, and working out the
units of V(zy)x shows that this is the
case for our solution. The quantity \/_y IS
commonly given the symbol y and called
the propagation constant. y has both
real and imaginary components:

Y=vyzy =o+jp (18)

The real part, (o), describes the attenua-
tion in the line, while the imaginary part,
(B), is the factor that determines how
quickly the phase of the transmitted sig-
nal changes witt the distance it travels
down a line. The quantity V(z/y) is the
characteristic impedance of the line,
common\]Lalled Z,. Examining the
units in V(z/y) should make this seem
plausible. Equations 11 and 12 using
the new quantities are written as

E = Ae—(@+iB)x , ggla+iB)x (19)
= A o-oripyx _ B (aripx (20)
Zo Zy

Before we continue, it must be pointed
out that the equations derived so far
have only shown variation in space. The
time variation will be added later, but for
now quantities that do not depend on
frequency will be developed.

From now on, unless otherwise noted,
losses will be ignored, that is we will let
o of equations 19 and 20 equal zero so
that:

E = Ae IBx 4 Bel (21)
=P gmibx _ B ipx (22)
Zo Zo

Removing losses makes the math
much easier, and is an accurate
assumption for short lengths of line.
When this is dong \}_Lbecomes joV(lc)=ip
and Z, becomes V(l/c). Calculations that
require loss terms are most commonly
done using a ccmputer or the Smith
Chart.

Impedances
A signal source looking into the end of
a transmission | ne sees some imped-

ance. The impedance seen depends on
both the characteristic impedance of the
line and the impedance connected to
the load end of the transmission line. To
find the impedance at the source end of
the cable (or at any other place along
the cable) we need to find the ratio of
voltage to current at that point.

At the receiving end of the cable, x = s
and equations 21 and 22 become:

Eg = Ae™iPs 4 Belfs (23)

and
A -ips _ B s
Zq Zy

Solving these equations for A and B
yields (after lots of algebra)

Ir (24)

| .
A= g(zR 4 ZgherIiE (25)

Rz 7 \o-iBs
- ?(ZR ZO)e (26)

Which, when plugged back into 21 and
22 gives, (remember s=d+x, and el® =
cos a +j sin a).

E = En cos(Bd) + jlnZo sin(Bd) 27)

| =g cos(Bd) + j';—Rsin(Bd) (28)
0

This expression is useful for determin-
ing the voltage and current along the
transmission line in terms of the voltage
and current at the load. Similarly, for
x=0, A and B can be solved to get:

s ES +2ISZO (29)
==l
B= STSO (30)

Plugging these back into 21 and 22
gives an expression for voltage and cur-
rents along a line in terms of the voltage
and current at a distance x from the
sending end of the cable.

E =E, cos(Bx) - jI R, sin(Bx) 31)

| =g cos(Px) - ]E_Z sin(Bx) 32)

Equations 27 and 28 can be used to
find the impedance seen at the sending
end of the cable. Using the expressions
for | and E at the sending end (d=s) in
the relation Z = E/I, we get

E

Zs=——-s-=

ls Ig cos(Bs) +

ER cos(Ps) + jigZg sin(Bs)
Er sin(ps) (68}
Zo
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dividing through by I cos Bs yields the

familiar equation

Zo=2 Zg +!Zo tan(fBs) (34)
Zy + jZg tan(Bs)

Time Variation

A true wave solution contains varia-
tions in both space and time. Substitut-
ing the expressions for A and B in
equations 25 and 26 into equation 21

e-1n
2

i?R(ZR ~ 2, )elle-B)

(Zg +2Zg)ell@t+P) 4 (40)

gives:
This relation is the basis for the quar- | ‘ This is a solution to the wave equation.
ter wave transformer. A length of line E= ﬁ(zR .,.zo)elﬁ(s-x) + (37) It may seem dubious that we arrive at a
one-quarter a wavelength long has an 2 solution to the wave equation (a partial

input impedance given by:

2
Z, = Zo” (35)

ZR Because s—x=d, this can be rewritten as:

By selecting a quarter-wavelength line
with the appropriate characteristic
impedance, the input impedance of the In

—ipd
transmission line/load combination can E(ZR -Zp)e 2

be tailored to any desired impedance.
Another special case of equation 34
puts Zg=2, yielding:
1 particular point.)
ZS = ZO ; = Zo (36)

Which means that any line and load
whose impedances match always pre-
sent that impedance at the sending end
of the line, no matter the length.

lH = IRej“"

The result is:

I%(Zn ~Zg)e X
E= I%(ZR + Zo)ede +

(remember d is a measure of distance
from the load end of the line to some

Assuming I has the form:

where |5 hat is a complex constant).
R

differential equation) without starting with
the wave equation, (equations 9 and 10
are ordinary differential equations in x).
However, had we started the derivation
in a way that led to the wave equation
(38) (as is done in many texts [1,2]) and used
separation of variables to solve it, equa-
tions 9 and 10 pop out as the ordinary
differential equations in x that must be
solved. The ordinary differential equa-
tions in time that arise have solutions of
the form given in equation 38.

The two terms in equation 40 represent
two waves travelling in opposite direc-
tions. You can verify this by seeing how d
(39) has to change to keep the argument of
each exponential term constant, (the
argument of the exponential in each term
is the phase of the wave it represents).

R cesign
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For example, take the second term on
the right hand side of equation 40. The
real part of that term is (ignoring the fac-
tor in front of the exponential):
cos(wt — Bd) (41)

When the argument, wot-fd, equals
zero, equation 41 is at its maximum.
Using the maximum as a "tracking point”
we see what happens as t gets bigger
(as time does when it moves forward). In
order to maintain the argument's zero
value as t gets larger, d must also get
bigger. This means the maximum occurs
at a point where d is larger, i.e. further
from the load end of the line. Of course
any other reference point besides the
maximum could have been chosen and
the resuits would be the same.

Applying this type of verification to the
other term in equation 40, it can be seen
that there are two waves, each traveling
in opposite directions. The wave travel-
ing away from the source end is called
the incident wave, and the wave travel-
ing away from the load end is called the
reflected wave.

Phase velocity

As in the last section, we will follow a
particular point on a wave to determine
phase velocity, which is the speed at
which the wave travels along the trans-
mission line. Because we are following a
fixed point on the waveform (again use
the crest for a mental example), we set
the phase equal to a constant:

(wt - Bd) = const.

Taking the derivative of this with
respect to time we get:

(42)

%( t—Bd) = %const.: 0 (43)

The quantity d(d)/dt is the velocity we
are looking for, so solving for that quan-
tity we get:

This is the phase velocity. Notice if we
select the phase of the other term to set
constant, the absolute value of the
phase velocity is the same, but the sign
is reversed, again demonstrating that
the two terms represent waves travelling
in opposite directions.

Reflection Coefficients

While the existence of two waves has
been established, the amplitudes of the
waves relative to each other has not
been discussec. The reflection coeffi-
cient is the ratio of the reflected and inci-
dent wave amplitudes at the load end of
the line:

E-

=t 45
F=ss (45)

Where E+ represents the incident
wave voltage and E- represents the
reflected wave voltage. Generally, I' is a
complex numter. The magnitude of
each wave is given by the coefficients in
front of each exponential term in equa-
tion 38. Plugging these coefficients into
equation 45 results in :

|
5 (Zr=20) (za-25)  (ag)

P IR(Z Z _(ZR+ZO)
- A +Zo)

Some special cases help demonstrate
I f Zg = Z,, T = 0, which means there
are no reflections in a line terminated in
its characteristic impedance. For Zg=0,
(a short circuit), and Zg=co, (an open cir-
cuit), the magnitude of T = 1, indicating
the incident and reflected waves are
equal. Figure 3 demonstrates the rela-
tionship between the two current waves
in a short-circuited line.

Standing Waves, VSWR

Except for lines terminated in open
and short circuits, the reflected and inci-
dent waves do not have equal ampli-
tudes, meaning there will never be total
cancellation of the two waves (see Fig-
ure 4). The ratio of the maximum volt-
age amplitude along a line to the mini-

4 _o
&t P (44)
d=0 d=1/8 A d=1/4 d=3/8 A
-~
7 o
7
< 4’—\I=— )
'\ Ls 9
A 4
—» = resultant

mum voltage amplitude along the line is
called the voltage standing wave ratio
(VSWR), (because voltage and current
are proportional, the ratio of currents
can also be used):

E |
< Ens]_ s B

= L
|Emm| |Im|n|

The maximum amplitude occurs
when the maximum of the reflected
wave coincides with the maximum of the
incident wave, and the minimum ampli-
tude occurs when the maxima are 180
degrees apart, so that :

vswr = E+* - &)
E+-E-|

Notice that if both the numerator and
enominator on right hand side of equa-
tion 48 is divided by |IE+l, the result is:

e
=y 49
VSWR = —IE+ _ 1+ (49)
1- E-| 1-|r|
E+
Conclusion

Of course nobody goes about solving
a transmission line problem by starting
with differential equations. This tutorial
only touched upon the really useful
tools in transmission line analysis, such
as reflection coefficient and VSWR.
However, it is hoped that this tutorial
has helped to make use of those tools
more intuitive and less mechanical by
illustrating the principles that lead up to
them. RF
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Crystal Filters

Raltron Electronics Corp.

Raltron's line of low cost standard and
custom RF filters is currently enjoying
about 25% a year growth, and is expect-
ed to continue expanding linearly for at
least the next two years.

Driving applications include beepers,
cordless and cellular phones, satellite
and other systems for wide area voice
and data transmittal. These forms of
wireless communication employ super-
heterodyne radio receiver techniques
with intermediate frequencies (iF) in
need of filtering. Popular frequencies
include 10.7 MHz, 21.4 MHz, 70 MHz
and 90 MHz.

Since half the world's growth in beep-
ers right now is in China, and the Chi-
nese are very political in their business
dealings, developments in Chinese poli-
tics greatly affect Raltron's sales of crys-
tal filters, and will probably continue to
do so in the future.

Technological developments of small-

Product Forum is a new feature starting this month in RF Design. Replacing the
RF Product Report, the Product Forum is a collection of comments from manufac-
tures about the markets and technology for a selected product. It is written by the
manufactures themselves, with no editing, (except for grammar and length), by

the editors of RF Design.

er components, higher frequencies and
wider bandwidths also affect Raitron's
sales.

Low cost, low insertion loss, wide
selection and superior Raltron service
all contribute to faster time to market,
and greater market growth for Raltron.

For more information on Raltron's
crystal filter products circle INFO/CARD
#199

Piezo Technology, Inc.

The crystal filter market includes two
different technologies, discrete and
monolithic crystal filters. PTl is a major
supplier of both. The biggest market for
traditional discrete crystal filters is mili-
tary — guided weapons, navigation,
radar, and EW - and it's no secret that
demand for these systems is shrinking.

The monolithic crystal filter market is pri-
marily communications systems, and
this market is exploding.

The "communications highway" con-
sists of land mobile communications,
cellular telephone systems, and now
"wireless" systems. The traditional 10.7
MHz and 21.4 MHz IFs have migrated
toward new standards of 45 MHz and 70
MHz, with some IFs being above 100
MHz. Expanding demand here has satu-
rated some suppliers, with lead times of
six months or more. In this area, PTl is a
technology leader, and is capable of
supporting requirements, including fun-
damental mode devices, to 200 MHz
and beyond.

For more information about PTI's crys-
tal filter products circle INFO/CARD
#198 RF
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Signature $51-100.00 $8.00
$101-150.00 $10.00

Name $151-200.00 $14.00

Title Phone $201-250.00 $18.00

Company $251-300.00 $20.00

Address All additional amounts, please combine above.

City/State/Zip. Outside U.S. TRIPLE Shipping Charges

Country

RD HANDBOOKS

Special Set Prices

#R-21 Any 4 for $69
#R-22 Any 5 for $84
#R-23 Any 6 for $98
#R-24 Any 7 for $110
#R-25 Any 8 for $122

Mix and match the RF
Handbooks and . . . SAVE!

Send to: Argus Book Department « 6151 Powers Ferry Road, NW » Atianta, GA 30339-2941 » (404) 618-0398 » Fax (404) 618-0347




RF marketplace

Classified display ads are available at $115 per column inch. Frequency rates available for multiple
insertions. Please call for further information, 1-800-443-4969, ask for Carmen Hughes. Or fax your ad
copy for a rate quote to (404) 618-0342.

PRODUCTS &

ERVICES

A-Comm ELECTRONICS
Refurbished Test Equipment
DC-26ghz HP GR Wavetek Tektronix
= Send for Catalog listing =

7198 S. Quince Street
Englewood, Colorado 80112

303 290 8012 Fax 303 290 8133

COAXIAL CONNECTOR SOCKET

Designed to reach between tightly

5> packed Coaxial connectors, this socket

/ is the perfect tool for tightening coaxial
= 3

connectors to specific torque values. The

socket fits a standard 1/4" drive wrench.

KCR PRODUCTS 800-283-6368 or 904-238-7295

RE Deagicfn
115810/0-443EA96'9;

INFO/CARD 70

INFO/CARD 71

NOLAN LABORATORIES, INC.

ANALOG & RF MODELS

SPICE models from DC to 10 GHZ
Full non-linear models including:
RF pin diodes, class C, opto, & logic.

Give us a call at (602) 575-5323

We also do measurements and consulting.
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g

» Voltage Controlled Oscillators
» Phase Locked Oscillators FOR
» Frequency Synthesizers
» Radar Receivers
» Subsystems
* Integrated Assemblies

o EE Ow S WS Wy 3R

Consulting, Design, Test and Manufacture

RF, Microwave, Antennas,
Electromagnetics, EMI/RFI,
Bioelectromagnetic Sensors

Design and Support for Manufacturability

k_J
-
-
-
-
-
=

It’s Here . . .

PRODUCT SHOWCASE

omponents, Inc.

A Division of Aura Systems Inc.

27721-A La Paz Road
Laguna Niguel, CA 92677
Ph: 408.280.7073 Fax: 408.280.1633

James A. Nolan, MSEE PO Box 567
President Conifer, CO 80433-0567

(303) 838-0057

See page 47 for details
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SPECTRUM PROBE

1l Tha low circult loading SCOpe probe
produces a 60 <8 sSpectrum analyzer

EMC  RFI diaplay on your inexpersive 8cops

AC Power line - FCC limited computers
Field Strength - E field medical
Conducted Radiation - current avionic
Radiation Sources - voltage automotive

EMI Sources,and leak sniff ind.process
Ultrasonics Infrared TV remotes
Remote (line) Controllers household

Ask for these application notes, ifications,
saqgs & f nan!y':’n ormat? 1.

255 Spectrum Probe 30 KHz to 2.5 MHz $279
107 Probe 1to 100 MHz $249 ($279 extra shisiding)
Accessory Current Adapters: A5 $1% A7 $2¢

SMITH DESIGN
207 E.Prospect Ave,N.Wales, PA 19454

Technical tips show how scope
amplitude allows estimating field
strength 300 uV/M 10100 V/M, to find
and reduce radiation per FCC

art 15,18,VOE. You can sniff and
ind that radiation!

ther tips show current adapters

(40 pA to 100 mA) with typical
calibration curves. Useful for RTCA/
DO-160, MIL-STD481 requirements.
Good also for capacitor, board, and
1C lead currents.Computer switching

ower su?ply servicing is speeded

y current measurements.

An unusual tip shows how you
can connect standard low cost com-
ponents within an outlet strip. These
out'ets then allow operation of your
equipment well isolated from r
line RF noise.Included is the FCC
line (LISN) network, allowing you to
measure conducted EMI from your
equipment per FCC part 15 18,VDE.

— Fix conducted EM/ |

(215) 661-9107

RSG-10

SIGNAL GENERATOR

The $2495 profit generator
Quality crafted in the USA

Finally, a synthesized signal generator that’'s & =
designed to help you generate more than just signals. The Ramsey RSG-10, is the signal gen-
erator you can afford, the signal generator that’s designed to do what a signal generator is
meant to do- provide a very stable, accurate, easy to control signal from 100 Khz to 1.0 Ghz.

gent microprocessor controlled/programmable memory, for example, can store up to 20 of
your most commonly used test set-ups. And unlike other units, just one touch of the memory
exchange button is all it takes to quickly shift from one test set-up to another. You get more
work done, easier and faster.

For the price, you wouldn't expect any more. But, there is more to the RSG-10. An intelli

At $2495, the Ramsey RSG-10 is your profit generator.

RAMSEY ELECTRONICS
793 CANNING PARKWAY, VICTOR, NY 14584

Fox: (716) 924-4555

TELEX: 466735 RAMSEY CI
ORDER DIRECT—CALL 1-800-446-2295 m @
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ELECT%DNICS

[ " Waere your dreams tara iato restiy = |

PACKAGE

« STD. 5 AND 10 MHZ OCXO

iw‘ K % S /| * TCXO+ VCXO - TC-VCXO

E N * VCO’s » CLOCK OSCILLATORS
Wi |« CUSTOMIZED CRYSTAL FILTERS
STD. 10.7 MHZ, 21.4 MHZ and 45 MHZ

* LIC FILTERS

« STANDARD IF FREQUENCYCRYSTALS

* SURFACE MOUNT AND LEADED

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

FREQUENCY CONTROL PRODUCTS
CRYSTAL OSCILLATORS CRYSTAL OVENS

VCXO'’s MO05
TCXO'’s M18
OCXO's M43
» LOW PROFILE +» SINE OR SQUARE WAVE
w» TIGHT STABILITIES 1w PHASE LOCKING INPUTS
» INTERNAL SMD CONSTRUCTION

RESEARCH, INC.

P.O. Box 3389 Charlottesville VA 22903
(804) 295-3101 FAX (804) 977-1849
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L-C and transmission
line filter design and
analysis for your e T
PC compatible

AR, INC.+COMCLOE, INC.

R——

PCFILT)

* 7 years in development.

¢ Internal analysis and optimization.
* Pole placers or lowpass reference scaling.
* Practical and flexible.

ALK Engineering

1310 Emerson Ave.
Salisbury, Maryland 21801
(410) 546-5573 Fax (410) 860-9069

Need Clock Oscillators or Crystals? Call 1-800-333-9825  714-991-1580
Quartz Crystals 50Khz to 200Mhz

TTL Clock Oscillators 250Khz to 70Mhz

HCMOS Clock Oscillators 3.5Mhz to 50Mhz

Tni-State, Half Size and Surface Mount also available on request
Fast Service - 3 weeks or less
Special frequencies our specialty
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N
KINTRONIC @LABS, INC.

OFFER YoOU?
HIGH QUALITY, AFFORDABLY PRICED

- WHAT CAN

Custom Antennas

RF Components (VHF, UHF &
(LF, MF & HF Bands) | Microwave Bands)
*inductors *High Gain,

*RF Switches Vertically Polarized,
*RF Patch Panels Series Fed Arrays
*RF Chokes *Wide Band,

*Mica Capacitors*
(Cornell Dublier)

Omnidirectional,
Vertically Polarized

*Vacuum Biconicals
Capacitors* *Tunable Discones
(Jennings) Utilizing A

*Rigid Transmission | Patented Design
Line & Accessories | «Covert Designs
For Indoor Or
*In Stock Ready For | Outdoor
Immediate Delivery Applications
Kintronic Laboratories, Inc.
P.O Box 845
Bristol, TN. 37621-0845
Phone: 615-878-3141
\_ Fax: 615-878-4224
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RF POWER CONSULTING
Engineer with over 20 years of experience in high power

HF-VHF designs is available for consultation.
(Recently retired trom a major semiconductor manufacturer)

Specialties: MOSFETs, amplifiers (classes A-D), power combiners, RF
transformers, filters, PC lay-outs, directional couplers, ETC.

Modern RF lab is available at the premises.

H.0. Granberg
Phone: 602-943-0401 Fax: 602-944-5019
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RF Design

1-800-443-4969
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distribution system.

your own, send us your resume today.

RF Services Manager

Take charge of FCC licensing activities
and developing cell planning strategies.
More specifically, you will oversee cell
planning for all CellNet installations
and RF related activities, including the
design of RF networks for each site and
managing RF Field Engineers. Selected
candidate will have 5-8 years of experi-
ence in the cellular or related industry
and 3+ years in management. You must
be knowledgeable about RF propa-
gation theory/practice/application,
antenna design, FCC regulations and
cellular rollout planning.

Sr. RF System Engineer

You will provide technical leadership
and detailed expertise for the planning,
design and development of WAN and
LAN radio systems. Requires at least
7 years of experience with digital and
radio communication systems develop-
ment, as well as DSP and RF circuit
design. Familiarity with narrowband
and spread spectrum modulation is also
necessary, as is exposure to digital cir-
cuitry for microcomputers.

Sr. RF Design Engineer

Responsible for concept design,
prototyping, RF layout development
and project management of a 900 MHz
wireless radio product. We require 7+
years of high volume commercial prod-
uct design experience with oscillators,
synthesizers, receivers and transmitters.
CAE experience is a must; RF ASIC
preferred. Oversight of subcontracted
projects is a definite plus.

' AREER OPPORTUNITIES -

The CellNet Breakthrough

We've created CellNet™, a state-of-the-art communication system designed to
help electric utilities automate their entire power distribution networks. The
CellNet system is a scalable, bi-directional network capable of real-time commu-
nications that enable utilities to remotely monitor and manage every point in the

This is electrifying work, with the challenge of creating progressive solutions that
foster positive environmental impact and more efficient use of our existing
resources. If you are a talented RF professional ready to make a breakthrough of

RF Product Engineer
Improve quality margins, reduce costs
and increase product functionality as
champion of release products. You must
have 8 years of experience in electron-
ics manufacturing including product/
process engineering, as well as an
emphasis on RF products.

Q@

All positions require a BSYMSEE
or equivalent.

&5

We offer some powerful reasons for
joining us: a challenging work
environment, competitive salary, and
a comprehensive benefits package.
For immediate consideration, please
send your resume, indicating position
of interest, to CellNet, Professional
Staffing, Dept. RF0794, 75 Shoreway
Road, San Carlos, CA 94070 or FAX
it to (415) 592-6858. EOE. CellNet is a
trademark of CellNet Data Systems.

CELLNET

DATA SYSTEMS
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CuniCow, the leader in Information
Solutions for Better Patient Care, has
current openings for the following
positions:

V¥ Hardware Services Engineers ¥

Provide technical services to perform
RF site surveys and maintenance, Clin-
iCom hardware troubleshooting, and
provide an engineering interface to
the customer. BSEE or equivalent with
at least 2 years RF communication sys-
tem installation and troubleshooting
are required. Excellent written and
verbal skills and the ability to manage
multiple projects in a high stress envi-
ronment are necessary.

CU%Com

the leader in information
solunons for berter patient care

Please send resume and salary require-
ments to (NO phone calls, please):

Attention: HR
4720 Walnut Street
Boulder, Colorado 80301
EOE

Cellular Engineers: Design/develop RFand analog circuits for high capacity cel-
lular systems. Requires minimum of 2 years expefience in any of the following:
[ Yan Yoo DSP, ASIC Design, Cae Development, Digitai Modulation, Digital Mobile Com-
| munications, Cnannel Equalizers, Transmitter-Recetver Synthesizer or Audio
Q D Design, Digital Signal Processing

| B L S i
D ...YOUR CAREER
Spread Spectrum Design: Resp: for design d and test of RF cir-
cuits and sy for spread-sp: wireless sy g 1.8/2.4 GHz
% wideband frequency synthesizer and VCO and GAAS linear power amplifiers. Ana-
lyzed and simulated communications System performance. Assisted in producibility
\emmee?  00e5IgN and sysTem integration.

Product Marketing Manager: Our chent, a well known microwave firm, seeks an experienced profes-
sional 1o perform classical marketing functions for a product line: i.e., develop short and long tem
i plan, ce, etc. Excellent n p along with i
benefits. J
SRS T W e S . -
Digital ASIC Design Engi : Will be resp for the design of high speed CMOS digital
circuit on a gate and & component level. Requires BS/MS in EE with 3 1o 5 years experience in
high speed SMOS digital ASIC design in its entirety; design with testability; simulation; timing
analysis; test vector. Also requires design experience with FPGAs for prototyping. Must be famil-
iar with Verilog HDL on SUN platform with UNIX. Experience designing clrcuit with low power

techniques is highly desired.

RF/Synthesizer Design: Positions avail for pei in the design and develop-

| ment of cammunication recei systems and y Experience in RF synthesizer |
design, RF circuitry, low power circuit design and GaAs/Siticon MMIC design is desirable. At least a |

LBS egree in Engineering is required.

RFIC Deslgn: MS or PhD in Electrcal Engineering with minimum § years related experience pre-
terred. The candidate should have a good knowledge and experience in Linear Bipolar High Fre-
quency IC design and measuremert techniques in design IC’s jike Amplifiers, Mixers, Oscillators,
VCO's, Pr: I y s, Limiting A iers, etc. operating up to 2 GHz in Bipolar or BIiC-
MOS technologies.

MMIC Design Engineer: Develop L/S band GaAs MMICé)ower amplifiers for
cof ial wireless col i Requires: M.S. or BSEE, +2 years expe-
rience with GaAs MMIC design, simulation, packaging and test.

Sr. RF Systems: Responsible for design and integration of RF sub-
system on a component level basis in hand-heid celluiar phone appli-
link budget system performance budget; PCB layout
support. Also vesgonslbfe for supporting system integration.
Requires BS/MS in EE, minimum of 8 years related RF circuit and
system design experience. Broad knowledge of AF circuit In wire-
less communication portable products Is essential. Should be
tamillar with digital signal processing theory and its applica-
tions. Experience in RF subsystem design and overall sys-
tam famillarity with Digital and/or Analog Hand-held Cellular

ngicongment igaligh ire:
COMMUNICATIONS
d EXECUTIVE SEARCH

800 Turnpike St. » North Andover, MA 08145
We specialize in the placement of communications both nationally and internationally.
FOR THESE AND OTHER OPENINGS
CALL COLLECT: TEL: 508-685-2272 FAX : 508-794-5627
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We'll

Supply
The Way.

;27 aN
NGRAND
Mobile Computing for the

550 Second Strect S.E.
Cedar Rapids, IA 52401

When it comes to teck nological innovation, Norand has been a leader in more ways than onc. Just as we
refuse to acknowledge limits to technology itsclf, so our scope remains wide, as cvidenced by the impact
we've had on portable data products and solutions. Our current record of achievement includes
innovations in automared route distribution, portable dala collection systems/ products, RF Systems, radio
data networking, RF terminals and integrated bar code printers, terminals with portable/mobile capability,
and PENKEY, our most recent rclease. Join us, and lend your talents to the pursuit of still higher
technology, focusing on Wireless Data Solutions & Technologics, Software and Hardware, SNMP, ODI
Drivers, EtherNet, Novell Protocols, C & C++ languages, Windows Programs/Drivers, ASIC, DSP, and other
disciplines key to pursuing the next gencration. We currently need technology leaders for:

MANAGEMENT POSITIONS OPEN WIRELESS SYSTEMS
* NETWORKING S/W DEVELOPMENT * CONTINUATION ENGINEERING
ENGINEERING POSITIONS

» SR. ENTERPRISE NETWORKING * RF TECHNICAL LEAD ENGINEER
DEV. ENGINEER * OPEN SYSTEMS TEST ENGINEER
* SR. CONSULTING ENGINEER-RF * S/W DEV. ENGINEER/LIBRARIAN

* LEAD ENGINEER,; DIGITAL/DSP

The above positions represent some of the current opportunitics which are available at Norand. They
require a minimum 4-year degree in a relevant discipline, 2 minimum 3.5 years’ development and/or design
expericnce, and a desire to be challenged. If you perceive yourself as limited in your current position, and
posscss the vision we're secking, please investigate the Norand Job Opportunity Hotline (1-800-501-
JOBS), or post an inquiry on Internet (HOCHSTAB @NORAND.COM). Fax: (319) 369-3791.
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Communications

N\ It's what's

7 - inside that

b

Wireless
Products

Rockwell has been the leader in wireline communications devices for some 15 years.
Eighty percent of the worldwide fax machine installed base and more than sixty percent
of personal computer data and data/fax modems use Rockwell technology.

Today. as we enter the new era of wireless systems communications, we plan to remain at
the forefront. All the technologies required for the "communicate-anywhere-at-any-time"
era are being developed at Rockwell Telecommunications, including:

» Digital Cellular and Cordless Telephony
¢ Packet Data
*  Wireless LAN
* Personal Communications Systems
The skill setfs required for these programs include:
* Advanced signal processing algorithms and communications protocols
Miniaturized low power RF transceiver design

* RF systems integration architectures and device implementations
* Digital modulation schemes and multiple access technologies

Immediate employment opportunities are available in all the above product and technol-
ogy areas for:

RF TECHNICAL GROUP LEADERS
RF SYSTEMS DESIGN ENGINEERS
RF CIRCUIT DESIGN ENGINEERS

If you would like to know more about becoming part of our vision of the wireless future,
and you have experience with any of the technologies listed above, apply today.
Positions may be in Newport Beach, CA or other locations in the country. For immediate
consideration, fax your resume to (714) 833-6793, Attn: RFD-0794-DG or mail to:
Rockwell Telecommunications, Attn: RFD-0794-DG, 4311 Jamboree Road, P.O. Box C,
Newport Beach, CA 92660-3095. Equal Opportunity Employer M/F/D/V.

N Rockwell reiccommunications
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" CAREER OUPPORTUNITIES

R DR ENNeRR

A Southeastern Cleveland, OH corpora-
tion is seeking an engineer to design
and develop RF based products. The
development role will range from the
conception of new products through
first production run. Responsibilities
include product cost estimation, RF and
analog design, and testing of designs.
Requirements: BSEE or equivalent, 7-10
years experience in the design of RF
transmission line products at power
levels up to 5kW, and frequencies up to
2500 MHz. Candidates must have a
thorough knowledge of RF transmission
line fundamentals, and direct experi-
ence in the design of radio frequency
filters, directional couplers, and other
products of this nature. Candidates
must also be familiar with stripline and
microstrip design techniques, as well
as coaxial transmission line configura-
tions of the above devices. Familiarity
with CAD tools for design of the above,
as well as good mechanical ability, is
desired.

COMING TO A
CITe NzaR You

Learn DSP and
put your
knowledge to
work
IMMEDIATELY!

&ﬁ” 7 Domain Technologies, Inc.

E00-8567-5034

By taking this

Please respond to: Argus Business
RF Desin, P.0. Box 76828
Atlanta, GA 30328
ATTN: Carmen Hughes

Atlanta San Jose
Salt Lake City
Washington D.C.
Toronto Austin
Scottsdale, AZ

Hours 9-5 EST. you will really
Ask for a brochure learn DSP.

Our 2-Day Advanced M
Course is ready. Call for § Guaranteed!

more info.

404-SE7- 4512 3-Day Course

An Equal Opportunity Employer
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4049613002
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Leader in the placement of RF Professionals

Call Toll Free 800-433-2160

TECHNICAL

1. CH. Des. — HOW test des. & dev. Broadband -
Sprv. 9 To 85K

2. Cell. Sys. Engrs. (sev.) - Dev. new srvs, ntwk pl.,
Freq. Coord., Intl. & USA Loc., 50-75K

3. App. Eng. — Anal. & Dig. Sys. for video & data ntwks
BSEE, S. Loc. 50's

4. Test Eng. - RF test eqp. — FL Loc. To 40K

5. Proj. Eng. — Modules & Hybrids MW Loc. ~ 50's

6. RF Des. Eng. - CATV & LAN Prod. - S.E. To 55K

1.

RF Des. Eng. - RF Amps & Hybrid Oscill
S. Loc. 55K
. Sr. RF Des. - Telecom. Prod. — Must know C & C++
60's S. Loc.
Please call about our many other positions domestic and international for full details.

FAX 817-599-4483

9. Jr. RF Eng. - BSEE 1 + yr exp. N.E. 40's
10. Microwave test Tech - Test microwave radios
High 30's TX Loc.
11. Sr. R&D Eng. - Fiber & Broadband LAN 5 yrs.
N.E.Loc. Sal. open
12. RF Des. - EMC Prod. - 8 Loc's - Sal. 35-60K

SALES AND MARKETING
1. Reg. Sales Mgr. — Components — 70-90K + Comm.
2. Nat. Sales Mgr. - ENIC Prod’s Sal. Open + Comm.
3. South Amer. Sales Mgr. — Must be bilingual comp
Sal. Neg.+ Comm.
4. Acct. Rep. - Sys. Blcck & Sub Assemblies
To 85K + Comm.

JIM YOUNG & ASSOCIATES

One Young Plaza 1235 Ranger Highway Weatherford, TX 76086
Call for information about these and many other opportunities nationwide
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Electronics Instructor:
B.S.E.E. or B.E.T. or related degree. 2
years experience in directly related field.
Good communication and presentation
skills required.

Starting Date: August 1, 1994

Send resume and transcripts to:

Dr. Veldon L. Law
John Wood Community College
150 South 48th Street

Quincy, lllinois 62301
17/

Phone: 217/224-6500, Ext. 164
FAX No. 217/224-4208
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—— 1owAERMIDWEST
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RF/MICROWAVE WIRELESS
WORK WITH AN RF ENGINEER IN YOUR MOVE TO THE MIDWEST'

My clients need top-notch RF Design Engineers and Managers,
3 to 10+ years experience, HF 10 3.0 GHz, Receivers, Transmit-
ters, Power Amplifiers, Synthesizers, Spread Spectrum,
ASIC/MMIC Design, Modems, Communications DSP
DON GALLAGHER MSEE

Phone:  319-895-8042 Fax:  319-895-6455
1145 LINN RIDGE RD. MT. VERNON, IA 52314
) YEARS OF RF ENGINFERING, MANAGEMEN [, AND PLACFMENT OF ENGINEERS
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