
COMPACT SOFTWARE 
¿ in dBc/Hz 

design 
engineering principles and practices June 1993 

di i PLL - Design Kit 
SSB Phase Noise plot 

VCO Noise and Closed Loop Noise 

WMsesri 
¡/CO ] 
WMHz 

I 

10. KH 1 MHz 10 MHz 

! TOTO MHz 
SJWERGY 
veo i 

SWVSX 

BAO MHz ' 
400-800MHz / i 

T . 

HI 

Cover Story 
New VCOs Founded on 
Theory and Modeling 

Featured Technology 
Broadcasting Applications 



We’re On Your Waveleng 

Q-bit Corporation designs and manufac¬ 
tures high quality RF amplifiers in the 100 KHz 
to 3 GHz frequency range for commercial and 
military applications. Standard catalog models 
are 100% tested and have guaranteed perfor¬ 
mance. Screening to military standards and 
space qualification are available. 

Products created for the custom market 
include amplifiers, limiters, voltage-controlled 
amplifiers and attenuators, noise sources and 
integrated sub-assemblies. 

For premium performance at a reasonable 
price, get the guaranteed Q-bit advantage. 
Don’t release your design without us. 

Q-W 
QB«** 

Call us for a catalog available on a PC compatible data disk. 
2575 PACIFIC AVENUE NE. PALM BAY, FL 32905 • TELEPHONE (407) 727-1838 • TWX (510) 959-6257 • FAX (407) 727-3729 
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Performance and value beyond anything in its class... 

FREQUENCY 

03 □DDB 3D 

//^AN930 SPECTRUM ANALYZER 

A IKI03 A microwave Æ>lll /JV SPECTRUM ANALYZER 
At last, a high performance microwave spectrum 
analyzer that's truly portable and affordable. 

Featuring low-order, preselected mixing and a highly 
stable synthesized RF system, the AN930 provides superior 
amplitude and frequency measurement performance over its 
entire 9 kHz to 22 GHz frequency range. Support for external 
mixers extends the AN930 measurement range beyond 
22 GHz. A high impedance input permits measurement of 
baseband signals to 0 Hz and 40 volts peak amplitude. 

Logical front panel controls on the AN930 reduce most 
measurements to a few simple steps. A powerful micro¬ 
processor provides advanced tools to simplify the solution 
of many complex measurements. The large, 
easy-to-read, 7-inch display speeds viewing 
and interpretation of measurements. 

/Æ 
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STANDARD FEATURES INCLUDE: 
+ 30 dBm to -120 dBm measurement range, 300 Hz to 
30 MHz analog resolution bandwidth, 3 Hz to 100 Hz 
digital resolution bandwidth, built-in 1 Hz resolution 
frequency counter, high speed time-domain sweep 
with pretrigger and delayed trigger, sensitive AM/FM 
receiver, RS-232 and IEEE-488 interfaces, and operation 
from DC power. 
OPTIONAL FEATURES INCLUDE: 
Rechargeable battery pack, built-in 2.9 GHz tracking 
generator, internal memory expansion (up to 99 traces 
and control setups plus 64 kbyte user-definable macro 
storage memory), 200 Hz to 1 MHz supplemental 
resolution bandwidth filters including EMI bandwidth 
filters, quasi-peak detector, and 0.02 ppm high stability 
time base. 

For more information or a demonstration, contact 
your local IFR distributor or representative, or call IFR 
directly at 316/522-4981. 

IFR SYSTEMS, INC. 

OUFTÍ0 WITH MOÍ IM 

Utt 
10200 West York Street / Wichita. Kansas 67215-8935 U SA 
Phone 316/522-4981 / TWX 910-741-6952 / FAX 316/524-2623 
INFO/CARD 2 
Please see us at MTT-s, Booth #1321. 



POWER 
spunats 
COMBINERS 
the world’s largest selection 
2KHzfo lOGHz from$295
With over 300 standard models, from 2-way to 48-way, 0° 90° and 180°, 
50- and 75-ohms, covering 2KHz to 10GHz, Mini-Circuits offers the world’s 
largest selection of off-the-shelf power splitter/combiners. And, with rapid 
turnaround time, we’ll also supply “special” needs, such as wider band¬ 
width, higher isolation, lower insertion loss and phase matched ports. 

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

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

finding new ways ... 
setting higher standards 

C3 Mini-Circuits^. 
" P.O Box 350166, Brooklyn. New York 11235-0003 (718)934-4500 Fax (718) 332-4661 

Distribution Centers NORTH AMERICA 800-654 7949 • 417-335 5935 Fax 417-335-5945 EUROPE 44-252-835094 Fax 44-252-837010 

F134 Rev D 



For detallad specs on all Mini-Circuits products refer to 

• THOMAS REGISTER Vol. 23 • MICROWAVES PRODUCT DIRECTORY 
• EEM • MINI-CIRCUITS' 740-pg HANDBOOK. 
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WE'RE 

We've been the leader for 26 years and keep getting better. 
Whether its small quantities direct from stock or all 
encompassing blanket agreements... We have creative 
solutions to meet your price, quality and delivery objectives. 
We're in control and we're there for you. 

Stock Switches Stock Digital Attenuators 

Con¬ 

fig 

Freq 
MHz 

IL 
dB 

Iso 
dB 

Switch 
Speed 
msec 
Max 

Con¬ 
trol 

Package Part No. 

SP2T 20-2000 0.7 85 3.000 TTL SMA CDSO622 

SP2T 5-400(1 1.0 79 0.035 HL SMA CDSO882 

SP4T 20-2000 0.9 72 3.000 TTL SMA CDSO624 

SP2T 10-2000 0.60 82 1.000 TTL 14 Pin DIP DSO052 

SPST 10-2000 1.8 67 0.035 TTL 14 Pin SMP DSO790 

SP2T DC-2000 0.7 50 0.200 TTL TO-5 DSO813-T 

SP4T DC-2000 1.7 70 0.075 TTL 14 Pin DIP DSO874 

# Of 
Sec¬ 
tions 

Freq 
MHz 

LSB 
Range 
dB 

IL 
dB 

Switch 
Speed 
pSEC/ 
Max 

Con¬ 
trol 

Package Part No. 

4 10-100C 1-15 1.9 0.030 TTL SMP DAO784-1 

6 10-1000 1-63 4.2 0.050 TTL 24 Pin DIP DAO886 

7 DC-1000 0.5-63.5 7.1 0.100 TTL 38 Pin DIP DAO897 

7 10-1000 0.5-63.5 6.4 0.035 TTL SMA CDAO867 

WE ACCEPT VISA AND MASTERCARD 

DA1C0 INDUSTRIES, INC. 
2453 E. Del Amo Blvd., Rancho Dominguez, CA 90220 
Telephone 310/631-1 143 • FAX 310/631-8078 
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32 Implementation of a C-QUAM 

AM-Stereo Receiver Using a 
General-Purpose DSP Device 
This article provides an introduction to AM 
stereo technology followed by description of 
a method to perform this function in DSP 
firmware. The derivation and implementation 
of filtering, digital demodulation, a digital 
phase lock loop and stereo decoding are 
covered. 
—Dion Messer Funderburk and Sangil Park 

44 Rise Time/Fall Time 
Enhancement of Class C 
Bipolar Common Base 
Transistor Amplifiers 
A technique is described whereby rise and 
fall times of class C amplifiers can be 
enhanced by the injection of base current 
and reverse-biasing the base to emitter junc¬ 
tion, respectively. 

— Timothy P. Hulick, Ph.D. 
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cover story 
54 New VCO Family is Created From Theory and Modeling 

A new line of VCO products from Synergy Microwave features circuits 
designed with the latest theoretical approaches, using extensive software 
modeling. — Michael S. Vogas 

tutorial 
74 Transistor Biasing Fundamentals 

This basic note covers the requirements for biasing transistors in small-sig¬ 
nal and power amplifier applications. — Gary A. Breed 
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design awards 
77 A Generic GPIB/RS-232 Controller 

This software contest entry was written to perform repetitive tests under a 
variety of conditions using the IEEE-488 instrumentation bus or RS-232 seri¬ 
al commands. The program operates with common GPIB interface cards. 

— Kevin Cordle 

79 An Isolation Probe for Oscilloscopes 
This entry in the 1992 contest design category describes an inexpensive, 
high performance probe that uses RF concepts to provide high voltage DC 
isolation between the circuit and scope. —Eugene E. Mayle 

84 Broadcast Radio Uses Home-Made Components 
The 1992 contest submission takes a historical look at radio, using a home¬ 
made coherer and modern audio integrated circuit. A fun example of the 
best of old and new technology. —Jim Escoffier 
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accompany request. If available, single copies and back 
issues are $5.00 each (in the U.S.). This publication is avail¬ 
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al, 300 Zeeb Road, Ann Arbor, Ml 48106 USA (313) 761-
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HIGH POWER 
COUPLERS 

MULTI-OCTAVE 
BANDWIDTH 

FREQ. RANGE 1 -1000 MHz 

POWER TO 100 Kw 

TYPICAL SPECIFICATIONS 

MODEL C2838 

FREQUENCY RANGE. 30- 100 MHz 

COUPLING . 60 db NOM 

FLATNESS . ±0.5 db MAX 

DIRECTIVITY . 20 db MIN 

VSWR (ML) . 1.15:1 MAX 

POWER . 50 Kw MAX 

CONNECTOR. 3-1/8 EIA 

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

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

WERLATONE INC. 
DECADES AHEAD 

P.O. Box 47 
Brewster, NY 10509 
Tel. (914) 279 6187 
FAX. (914) 279 7404 
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W editorial 
What is 
“Wireless?” 

By Gary A. Breed 
Editor 

Everyone has a different definition of 
the term wireless'. The mobile com¬ 

munications industry considers it to 
mean just cellular, mobile data and 
PCN/PCS. The computer industry only 
acknowledges wireless LANs, radio¬ 
linked peripherals, and perhaps cellular 
hookups used with “personal digital 
assistants.” The automotive industry 
looks at wireless as vehicle locating sys¬ 
tems, keyless entry and alarm systems. 
Other parts of the transportation industry 
see only vehicle tracking systems and 
automatic toll collection. 
With so many opinions on the mean¬ 

ing of wireless, it’s no wonder that the 
general public hasn’t a clue about the 
size and scope of new RF product 
development. Yet, we expect these 
consumers to make a decision to buy 
new products using wireless technolo¬ 
gy. Of course, I have heard the argu¬ 
ment that the radio portions of most 
new wireless products are supposed 
to be invisible to the consumer; and, 
therefore, the consumer does not 
need to know anything about the tech¬ 
nology. This may be true when an 
application becomes a mass market 
item, but the first buyers of new tech¬ 
nology are educated and aware. 
These trend-setters need to know 
what’s inside, and they need some 
knowledge of capabilities and limita¬ 
tions. 

I see the same lack of understanding 
among business and financial analysts. 
They form their opinions based on their 
industry contacts — and they have 
heard the same limited views of wireless 
that I pointed out at the start of this col¬ 
umn. This is not good news! We want 

investors in new RF technology to 
understand that the wireless renais¬ 
sance represents a huge market. We 
don’t want them to think in terms of 
modest-sized single markets like wire¬ 
less LANs or home security. We want 
the financial community to understand 
that RF is an enabling technology for 
many products — a total market that is 
on the same scale as the personal com¬ 
puter boom. 
What can you do to raise aware¬ 

ness? First, you can make sure that 
your own companies understand the 
entire scope of new applications. If 
you are at the staff level, make sure 
your conversations with colleagues 
and supervisors include comments 
about the “big picture.” Seemingly rou¬ 
tine conversations with your banker, 
tax accountant or other friends and 
colleagues can plant seeds of informa¬ 
tion. 

If you are a higher-ranking engineer 
or manager, you can really make an 
impact. Simple statements can pre¬ 
sent a subtle message, like, “RF is 
really exciting right now,” or, “There 
are so many things happening in RF 
that I can’t keep track of them all.’ 
Comments like this attract questions. 
Be ready to respond with explanations 
about RF technology and the many 
products being readied for the market¬ 
place. 
Each of us will benefit from growth in 

the RF marketplace. And if we all help 
promote the new ideas now taking 
shape, that growth will happen sooner. 

June 1993 



SAGE AGE INTERFACES 
ASSEMBLIES • COMPONENTS • DROP-INS 

To Switch, Divide, Filter, Control 

functions. At Sage, major 

investments in new technology 

are ushering in products and 

interfaces for the future, a 

future era we call the Sage Age. 

Times are changing. 

Applications demand more from 

components, subassemblies and 

subsystems. The age of compo-

ents is evolving to an age of 

signal interfaces: Analog to Digi¬ 

tal, RF to Microwave, Microwave 

to Microwave and Microwave to 

Optic. For thirty eight years, Sage 

has developed technology to 

meet the most difficult compo¬ 

nent performance requirements. 

Our technology spans electro¬ 

mechanical products, connector-

ized passive components, and 

patented caseless Wireline™ 

hybrid and coupler products. 

Having such diverse interface 

technology creates design flexi¬ 

bility and permits Sage to 

integrate component require¬ 

ments into signal processing 

SPACE - INTERFACES 

A class 100 clean room 

and highly reliable 

proven designs contribute

for ground and ship based radars, 

Sage products provide critical 

system interfaces which improve 

system performance and reduce 

system costs. If you need creative 

engineering to improve your 

system’s cost or performance, 

Enter the Sage Age of Value 

Engineering. 

subassemblies. Need creative 

help? Send us your block diagram 

and Enter the Sage Age of 

Innovation. 

to a growing demand for Sage 

Space Qualified Electro¬ 

mechanical Switches, Filters, 

Couplers, Hybrids, Power 

Dividers and 

creative interface 

assemblies. If you have recently 

lost a Space Qualified vendor, 

come to Sage. Our expanding 

capability is filling many voids. 

Call or Fax for a copy of our 

Space Qualified Capabilities 

Profile. For Space Age products 

Enter the Sage Age of Quality. 

COMMERCIAL - INTERFACES 

Drop-in Caseless Wireline™ 

couplers and 

hybrids lead the 

Sage thrust into the 

PCN, Cellular and 

Satcom markets. 

Increasing demand has 

caused expansion of the 

caseless product line to 

include the following new 

couplers and hybrids: 

DEFENSE - INTERFACES 

From high performance aircraft 

rotary joints, to phase shifters for 

advanced missile systems, to 

hybrid I coupler I filter assemblies 

INTERFACE CHART 
INTERFACE 
PRODUCT 
CAPABILITY 

FREQUENCY 
RANGES 
COVERED 

CATALOG 
CUSTOM 

COMMERCIAL 
DEFENSE 

SPACE 
QUALIFIED 

Electromechanical 
Switches DC-18 GHz ✓ ✓ 
Phase Shifters DC-26 GHz / ✓ 
Rotary Joints DC-40 GHz 7 
Passive Connectorized 
Filters 100 MHz -26 GHz ✓ ✓ 

Hybrids 60 MHz - 26 GHz J 
Couplers 60 MHz -18 GHz 
Power Dividers 100 MHz - 18 GHz ✓ 
Drop-In Caseless 
Wireline Hybrids 25 MHz -18 GHz 
Wirepac Hybrids 25 MHz- 4 GHz 
New Technology Products 
Interface Assemblies DC-26 GHz * J 

• Miniature (0.050" Dia.) 

MC Series Wireline™ 

• Flange mounted FA 

Series Wirepac™ 

• 75 Ohm 75HC 

Series Wireline™ 

• 10 dB couplers 

GC Series Wirepac™ 

• Easy form KA 

Series Wirepac™ 

Caseless packaging technology 

and flexible design interface 

technology are targeting new 

communications systems and 

radar/lFF applications. Demand¬ 

ing, FAA Mode S performance 

requirements are presently being 

satisfied by rugged Diplexer I 

Phase shifter I Coupler interface 

To tackle the competitive de¬ 

mands of these changing times, 

you need a fresh approach from 

professionals with a tradition of 

integrity, success and customer 

service. From off the shelf 

products to creative ways to 

switch, divide, filter or control, 

Sage interfaces give you more 

performance and value. Get all 

your signal where you want it. 

Learn more about Sage technol¬ 

ogy. Call or Fax your component 

or assembly interface require¬ 

ments today and let us send you 

our 140 page product guide. 

Enter the Sage Age. 

gsaqe 
LABORATORIES, INC. 

11 Huron Drive 
Natick, MA 01 760 

Tel: (508) 653-0844 
FAX: (508) 653-5671 
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PROFESSIONALS YOU CAN WORK WITH 
TECHNOLOGY THAT WORKS FOR YOU 

Please see us at MTT-s, Booth #1101. 
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SIGNAL GENERATORS 

PSG2400A (100kHz to2.4GHz) 

PSG1000B (10kHz to 1GHz) 

Wayne Kerr/Farnell offers a family of 
low cost, high performance, synthesized 
signal generators. 

The PSG2400A covers a range of 
100kHz to 2.4GHz and features com¬ 

prehensive modulation facilities, dual 
modulating oscillators, 0.1 Hz to 500kHz, 
wideband FM, SELCALL/DTMF/AM/©M 

and pulse. Sweep and sinad are standard. 

The PSG1000B has a frequency range 
of 10kHz to 1GHz with AM/FM/ipM, 
pulse optional, and much more. 

Both units have IEEE-488.2 and 
LabWindows drivers as standard. They 
also have AC/DC/battery operation for 
field applications. 

WAYNE KERR 
A Farnell Instruments Company 

For more details, 
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No compromise 
necessary. 

Murata Erie’s new 
ASIC-based DCXO 

-10ppm 

Temperai 

Excellent frequency stability has been a fact of life 
with crystal oscillators for years. So has small size (a 
relative term), low cost and flexibility. But, did you ever 
try to get everything that you needed in a single oscillator/ 
package? No way. One, maybe two desirable charac¬ 
teristics but certainly not all. You had to compromise. 

Now, compromise no more. 
Murata Erie has the solution. . .our new ASIC-based, 

digitally compensated crystal oscillator is exceptionally 
stable, truly tiny, low in cost and extremely flexible. 
It is basically everything that you always wanted in a 
crystal oscillator but always had to compromise to get. 

Check some of these features and specifications: 
■ To ±0.25ppm stability 
■ Less than 5.0 cubic centimeters volume 
■ 100 mW max power 
■ Built-in interface for reconfiguration 

capability and software 
■ Single +5VDC power supply 

IS 

Frequency Range 

Stability over -40°C to +85°C 

Output 

Power Dissipation 

Short Term Stability 

Package Size 

DC2210AH 

10MHz to 25MHz 

+0.5ppm 

"HC” CMOS 

+5V@15mA 

1x10E-9@T=1 sec. 

0.79” X 0.79' X 0.45". PC PINS 

Find out more about how you can take the compro¬ 
mise out of your crystal oscillator specifications. Write 
for complete details on Murata Erie’s new ASIC-based 
DCXO or call 1-800-831-9172, FAX: 1-404-684-1541. 

MURATA ERIE NORTH AMERICA 
Marketing Communications 
2200 Lake Park Drive 
Smyrna, GA 30080 
Delivering Technology Worldwide™ 
INFO/CARD 9 
Please see us at MTT-s, Booth #835. 



Giga-tronics 

8540 

Universal 

Power 
Meter 

Incredibly Fast and Accurate 

CW and Peak Power Measurements 
At A Truly Incredible Price. 

UNIVERSAL POWER 
MEASUREMENT 

Incredible is credible when describing 

an exclusive Burst Mode capturing 

more than 2,000 readings in the same 

tick of a clock. 
the 8540 Series of Universal Power And because the 8540 Series uses 
Meters. 

From Giga-tronics, the new power 
diode sensors, you can measure all the 

way from —70 to +20 dBm with the 
in power meters. same sensor, and without range 
For the very first time, you can make 

CW and peak power 
changing delays. 

If you’re worried about 

having to write new code for 

your computer controlled 

testing, don’t be: The 8540 Series 

uses the same GPIB command set as 

HP’s 436A.437B and 438A. 

Think about what all this will do 

for your ATE productivity as well 

as for your company’s bottom line. 

FAST, EASY PEAK POWER 
MEASUREMENT 

Now, an easy-to-use CW power meter 

can also measure pulsed RF signals with 

the simple addition of a peak power 

sensor. 

There are no time-consuming, 

unreliable duty cycle corrections, and 

you’ll get the same accuracy and speed 

you’d get with a much-more-

expensive dedicated peak power 

meter. 

View the pulsed signal’s amplitude 

profile on a scope and see the exact 

power measurement point on the 

pulse. Measure the overshoot. 

Measure the droop. 

The two-line display also lets you set the desired resolution 

and select either Un or Log readout for each line. 

Giga-tronics 
measurements quickly and accurately 

with a single meter—a Universal Power 

Meter. 

And all for about the same price 

you’d pay for the competitor’s CW 

on/y power meter. 

POWER MEASUREMENTS 
INSTANTLY 

Imagine seeing display updates 

instantly: measurement speeds over 

the GPIB exceeding 200 

readings per second and à 

CALIBRATOR 

ZERO 
CAL 

'c, 1993 Giga-tronics Incorporated 

10.318 dBn 
31.492 dB 

FREQ REL 

CO 
MENU dB/mW 

□ RECALL 

'he 8540 Series features intelligent design and sophisticated software. The result is 

a simplified front panel and extensive built-in capabilities that prevent many common 

operational m.stakes that typically lead to inaccurate measurements. 



The Secret Is The Sensors 

Surface Mount technology 

assures greater sensor 

accuracy and reliability 

s 

£ 
10 

just look 

at the incred-

ible improvement 

in speed you’ll get with 

iga-tronics' diode sensors. 

You’ll be confident of your peak 

power readings, and still have all the 

benefits of an incredibly fast CW 

power meter. 

ONE OR TRUE TWO CHANNEL 
OPERATION 

If a single-channel meter is what you 

need, the Model 854 1 is the meter for 

you. But if you need two-channel capa¬ 

bility, the Model 8542 lets you see read¬ 

ings from both channels simultaneously 

SIMPLE, INTELLIGENT 
OPERATION 

The 8540 Series has only half as 

many controls as other power meters, 

access to extensive built-in capabilities. 

For example, you use the same key 

to zero and calibrate the power 

sensors. The meter automatically 

determines the function you want by 

detecting whether a sensor is 

connected to the calibrator. 

Imagine all this power and perfor¬ 

mance. But why just imagine? Get the 

truly incredible Giga-tronics 8540 Series 

Universal Power Meter, and start 

measuring CW and peak 

power in a fraction 

Ik,. of the time. 

•70 -60 -50 -40 -30 -20 -10 -0 10 
IMPOT POWER (dBm) 

The Giga-tronics 8540 Series delivers 

incredible performance by taking full 

advantage of the speed and dynamic 

range of diode sensors. 

What’s more, Giga-tronics has solved 

the challenge that previously limited 

but don’t let that fool you. Intelligent design 

and sophisticated software give you easy 

42 Power Meter 
I FREQ CORR 

•M 
•• OFFSET 

■■■CAL FACTOR 

«■■AVG 

A two-line bock lit LCD display 

brorides you more data in less time. 
14 

3 

■■■FREQ CORR 

»OFFSET 

ICAL FACTOR 

■■AVG 

■Ml REMOTE 
■MS RO 
■■■TALK 
■■■LISTEN 

POWER 

diode sensors to the “square law' 

region—below -20 dBm—by utilizing 

a built-in power sweep calibration 

system. So you get speed and a 

5 dBn 
010 

full 90 dB dynamic range 

Call us toll-free at 

I 800 726 GIGA. 

Outside the U.S. 

call your local 

Giga-tronics 

representative, or 

The peak sensor adds a call00l408734 5780. We ’ 11 send you 
marker on a monitor output • r t 
, more information or arrange for an 
for setting an exact measure- ” 

ment point on pulsed signals, incredible hands-on demonstration. 

without sacrificing 

accuracy. 

Giga tronici 

Giga-tronics Incorporated 

488 Tasman Drive 

Sunnyvale, California 94089 

Telefax: 408 747 1265 
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KFdesign 
Introducing The 

1994 RF Design Directory 
ON LABELS OR ON DISK! 

Introducing the 1994 RF Design Directory. Available on labels or diskette, you’ll find over 1,250 listings of manu¬ 
facturers, vendors and consultants of rf products and services. Listings contain: Contact Name, Company Name, 
Address, Telephone, Fax Number and a brief description of the product or service offered. 

This format makes the Directory-On-Disk 
the perfect mailing list for your: 

- Product Surveys 
- Promotional and Product Announcements 
- Market Information and Surveys 
- Trade Show Mailings and Surveys 
- Association Mailings and Surveys 
- User Group Mailings and Surveys 
- Services and Seminars Mailing 

Directory-On-Disk allows you to 
sort by: 

- Alpha Order 

- ZIP Order 

- Product Category 

Also Available on 4-UP Cheshire 
and Pressure Sensitive Labels 

1994 RF Design Directory Order Form: 
_ Book - $19.95 ea. 
Labels or Diskette: $250 

_ Pressure Sensitive Labels _ 5 1/4” Floppy ASCII Disk 
_ 4-UP Cheshire Labels _ 3 1/2” Floppy ASCII Disk 

Method of Payment: 
_ Check payable to: CARDIFF PUBLISHING CO. 
_ Bill My □ VISA □ MC □ AMEX 
$_ Total Enclosed 

Signature _ Date_ _ 
Card# _ Exp._ 

Name _   Co._ 
Address _   MS _ __ _ 
City/State _   ZIP_ 
Country _ Phone_ FAX _ 

SEND TO: CARDIFF PUBLISHING CO. PH: 1-800-255-8080 
6300 S. SYRACUSE WAY, #650 
ENGLEWOOD, CO 801 11 USA FAX: 303-267-0234 



your requirements with greater STEL-113O 60MHz Linear Quadrature Amplitude Modulator5 ’ -

availability, than anyone else ’s. STEL-1 172B 50 MHz 32-bit NCO. Quadrature Outputs 

Check US out for frequency synthesis, STEL-1173 50MHz 48-bit NCO. Sub-MicroHz Resolution 

or just about any kind of modulation - SIEL-! 173RH 40 MHz Rad Hard with I MRad Tolerance 

... nu CX4 r-k- jnAM STEL-1174 50 MHz 16-bit NCO, Low Price 
AM, PM, FM, Chirp, and QAM. .u, »u 

r STEL-1175 80 MHz 32-bit NCO with Linear PM 

Our twelve NCO chips enable you to 
build your own DDS systems for high 
volume applications and minimal 
cost. And for fast, flexible designs, or 
low production runs, choose from our 
thirteen DDS boards. 

STEL-1176 

STEL-1177 

STEL-1178A 

STEL-1179 

STEL-1180 

STEL-2172 

STEL-2173 

80 MHz 

60 MHz 

80 MHz 

25 MHz 

60 MHz 

300 MHz 

1GHz 

83/4 Decade Decimal NCO with BCD Control 

32-bit NCO with Linear PM and FM ports 

32-bit NCO Dual with PSK 

24-bit NCO, PSK and Low Price 

32-bit Chirp Generating NCO 

28-bit ECL NCO 

GaAs NCO with PSK 

This family supports all your needs, 
from low cost high volume 
applications, all the way to space 
quality and radiation hardening. 

For more information, call today. 

STANFORD 
= == I == = = ===== 
= 2=========^= = = 

ASIC 
Custom 
Products 
Division 

2421 Mission College Blvd. 
Santaclara, CA 95056-0968 
Phone: 408/980-5684 
Fax: 408/727-1482 

Board Level DDS Products _ 
Product Clock Frequency Description 
STEL-1272 Quadrature output DDS 

Oto 22 MHz 

STEL-1 273 Oto 22 MHz DDS with Sub- MicroHz Resolution 

STEL-1275 Oto 35 MHz DDS with Linear PM 

STEL-1 276 0 to 35 MHz DDS with 0.1 Hz Resolution and BCD Control 

STEL-1277 Oto 35 MHz DDS with Linear PM and FM 

STEL-1375A Oto 35 MHz Miniature DDS Module with Linear PM 

STEL-1 376 Oto 35 MHz Miniature DDS Module with BCD Control 

STEL-1377 0 to 35 MHz Miniature DDS Module with Linear PM and FM 

STEL-1378A Dual Oto 35 MHz Miniature DDS Module with PSK 

STEL-1479 0 to 12 MHz Hybrid DDS, 1.5" by 0.8", Low price 

STEL-2272 Oto 130 MHz DDS 

STEL-2273A 0 to 400 MHz DDS with PSK 

STEL-2373 0 to 400 MHz DDS Hybrid with PSK, 2" by 1.1" 

Chassis Level DDS Products _ _ 
Product Clock Frequency Description 
STEL-9272 0 to 130 MHz Complete DDS with Phase Lockable Clock 

STEL-9275 0 to 400 MHz Complete DDS with Phase Lockable Clock 

For sales support outside the 
continental United States, 

please contact your 
International Sales 
Representatives. 

Unhid Kingdom: 
BH IBEXSA Electronics Lid. 

Mr. Mick Mercer 
Phone: +44 622 882467 
FAX: +44 622 882469 

Germany: 
Alfatron GmbH 
Mr. Christian Streicher 
Phone: +49 89 45 110 250 
FAX: +4989 45 110129 

France: 
P2M 
Mr. Philippe Resnier 

Phone +33 1 »62 64 64 
FAX: +33 1 »62 40 10 

Italy (north): 
MicroElit S.p.A. 

Mr. Franco Cugusi 
Phone: +39 2 481-7900 
FAX: +39 2 481-3594 

Italy (south): 
MicroElit S.p.A. 
Dr. Massimo Martinuzzi 
Phone:+39 6 868-94-326 

FAX: +396827-5270 

Spain: 
Tekelee Espana 

Mr. Moises Gracia 
Phone: +34 I 320-4160 

FAX: +34 I 320-1018 

Denmark: 
Vallentin Elctronik ApS 

Mr. Lars Vallentin 
Phone: +45 4217 24 17 

FAX: +45 42 17 15 18 

Japan: 
Manibun Corporation 

Mr. Toshi Ishizawa 
Phone: +81 3 3639-9821 

FAX: +81 3 3661-7433 

India: 
Accutrol Systems, Pvt., Lid. 
Mr. Vivek Raghavan 
Phone: +91 812 648079 

FAX: +91 22 202-9403 

Isreal: 
Regev Aviation 
Mr. Zeev Regev 

Phone: +972 3 533-4359 
FAX. +972 3 533-9302 

Sweden: 
I. E. K. 
Mr. Bill Oslerlund 
Phone: +46 8 80 46 85 
FAX: +46 8 26 22 86 

Australia: 
Sabtek Electronics 

Mr. Grant Amor 
Phone: +61 8 373-0233 
FAX: +61 8 373-0206 

Switzerland: 
Dimos AG 
Mr Un Oggenfuss 
Phone: +41 I 730-1088 
FAX: +41 1 730-5133 

INFO/CARD 11 
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When you're 
chances are you 

Unique 
HMIC 
silicon 
process. 

From cellular base stations to automotive 
sensors, from the global positioning system 
to pen-based computers, you'll find 
M/A-COM's components, subsystems and 

systems wherever you find today's most 
advanced RF and microwave 

technology. 
Since we combine 

proven technological 
expertise with innovative 

high-volume, low-cost 
manufacturing capabilities, M/A-COM is, 
increasingly, the technological partner of 
choice for the world's most competitive 
companies. In fact, we are the only 
independent RF and microwave company 
with both the products you need to 
compete successfully today and the 
technology you'll need to stay in the 
forefront tomorrow. 

We cover the spectrum. 

Our new products and our new semi¬ 
conductor-based design, manufacturing 
and packaging technologies offer customers 
unequalled advantages. 

Our integrated-solutions approach begins with 
predictive, physics-based, computer-integrated model¬ 
ing and design methods that substantially reduce 
development risk, time and expense. Advances such as 
our unique ability to link on-wafer testing with contin¬ 
uous flow manufacturing not only cut production costs 
but also enhance performance anci predictability. The 

result is hardware that meets or surpasses 
market requirements, and also complies 

with budget, time-to-market and 
volume considerations. 

M/A-COM's GaAs technology sets 
the industry standard. 

We speak digital. 

Today, we are integrating the worlds of digital and 
microwave technology and creating the — 
seamless communications and trans¬ 
portation networks of tomorrow. 

Microwave coaxial 
surface mount connector. | 

As applications for wireless 
technology increase, the interface 
between microwave and digital tech¬ 
nology becomes increasingly important. Our digital 
signal processing capabilities transparently link 



out in front, 
'11 get there first 

with the products and solutions they 
require. At competitive prices. 

At M/A-COM, the changing de¬ 
mands of the marketplace don't 
come as a surprise because our 
R&D initiatives are structured to 
encompass both near term and 
longer range product develop¬ 
ment. In this way, we can 
anticipate change and ensure 
reliable, predictable transitions 
from initial product concept to timely 
delivery. 

Choose your partner. 

The most important technological choices 
and decisions are made in the earliest 
stages of the product development 
process, and demand an understanding 
and awareness of each system and its 
unique technological needs. This is when 
M/A-COM's strengths and experience 
are of greatest benefit to customers. Our 
expertise, our ability to adapt to the 
changing needs of both commercial and 

Switch, 
Limiter 
and LNA 
integrated 
into a 
common 
medium. 

microwave technology to the digital world. And make 
possible the highly integrated, multifunction solutions 
which will become the standards of the wireless 
industry. 

We're thinking smaller. 

Lower power consumption, reduced size, lessened 
noise, and increased efficiency are all critical attributes 
of today's portable, high-performance products. 
Because we have expertise in areas such as high-speed 
digital signal processing, voice and data compression, 
miniaturization, and end-to-end systems modeling and 
simulation, we can provide the portable marketplace 

government industries, and our commitment to our 
customers make us your best choice as a technology 
partner. A partner you can count on to help you get to 
your destination first. 

But whether you are currently looking for solutions 
designed in at board level or off-the-shelf components, 
you will benefit from calling us at 1-800-366-2266. In 
Europe: +44 (0344) 869 595. In Asia: +81 (03) 3226-1671. 

INFO/CAHD 12 
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Your 
Spectrum Analyzer 

Is Good... 

Our EM-2701 Preselector 
Will Make It Better! 

• Frequency: 9 kHz- 1800 MHz • IEEE-488 Control • Bypass Mode 

ELECTROMETRIES 
A PENRIL CORPORATION® 

U.S Manufactured Products 

100 Church Street • Amsterdam. New York 12910-4299 • TEL: 518/843-2600 • FAX: 518/843-2812 • TWX: 710-446-4798 
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Ig7 letters 
Sprague'Goodman 

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

A Second Look at Double 
Tuned Circuits 
Editor: 
Following the RF Tutorial, “Double 

Tuned Circuits”, by Andrzej B. Przedpel-
ski, (HF Design, Nov. 1992), I want to 
make several additional remarks. 
Regardless of the circuit topology, the 

coupling coeffcient can be computed 
starting from the two possible coupling 
configurations presented in Figure 1a 
and 1b, where all the reactances are of 
the same type (capacitive or inductive). 
For the circuit of Figure 1a, the cou¬ 

pling coefficient has the expression: 

kc = Xc/ViW Xc)(Xœ + Xc) (1 ) 

while for the circuit of Figure 1b, the 
coupling coefficient is: 

i. _ [_ X01 ■ X02_ (2) 
C \ (XOi+ Xc) (X02 + Xc) 

The employment of equations 1 and 2 
for different double tuned circuit configu¬ 
rations leads to well known formulas. 
Even “strange” topologies, as that of 
Figure 1c, can be handled with equation 
1 considering that L02 is in series with 
C02 = oo F. The coupling coefficient is 

kc = x^/Cc 
I also consider it interesting to notice 

that if the tuned circuits are mutally 
coupled as in Figure 2b, then increas¬ 
ing or decreasing kc has no effect on 
the resonant frequency of the two sep¬ 
arate circuits, (and hence on the cen¬ 
tral frequency of the double-tuned cir¬ 
cuit characteristic), and the frequency 

08 

0« 

04 

02 

0 

4006*3 4206*3 4406*3 4606*3 4806*3 5006*3 

Frequency 

Figure 3. 

Glass and Quartz 
Pistoncaps'’ 

• Designed to meet MIL-C-1 4409D 
• QPL models 
• Extremely stable over temperature, 

frequency, voltage, etc. 
• Cap ranges: 0.5-3.0 pF to 1.0-120 pF 
• Zero backlash multiturn adjust 

mechanism 
• Operating temp: -55° to +125°C 

(models to + 200°C) 
• Q to 1500 at 20 MHz 
• Wide variety of configurations for PC 

and panel mounting 
• Voltage ratings from 500 to 5000 V 
Phone, fax or write today for 
Engineering Bulletin SG-205A. 

SPRAGUE 
Gooomon 

Figure 4. 
134 Fulton Ave., Garden City Park, NY 11040 
Phone: 516-746-1385 • Fax: 516-746-1396 

Figure 2. 

RF Design 

characteristic for different coupling 
coefficients has the same shape as in 
Figure 3. 

If capacitive or inductive (not mutual!) 
coupling is employed, then the situation 
changes. For example, in the double¬ 
tuned circuit from Figure 2a, as Cc is 
increased (and consequently the cou¬ 
pling is increased), the resonant fre¬ 
quency of both circuits decreases 
(which is absolutely normal, because 
C01 and Cc are somehow in parallel). 
The global effect is that the selective 
characteristic tends to leave almost 
unchanged its right peak position and 
shifts to the left its left peak, as present¬ 
ed in Figure 4. 

Ion-Constantin Tesu 
Iasi Poltechnic Institute, Romania 

DECT IC Info 
In the April Cover Story, “Radios for 
the Future: Designing for DECT,” we 
somehow included an INFO/CARD 
number that was not on our reply 
card. We apologize for the mistake. 
Readers interested in the National 
Semiconductor DECT chipset 
described in that article can get more 
information by ca ling National’s Cus¬ 
tomer Service Center at (800) 272-
9959. 

INFO/CARD 14 
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SurfcoiT 
SMT Inductors 

• Inductance from 10 nH to 1 mH 
• 8 model series in 3 sizes: 
2.5 X 2.0 X 1.6 mm (0.098" x 0.079" X 0.063") 
3.2 x 2.5 x 2.2 mm (0.126" x 0.098" x 0.087") 
4.5 x 3.2 x 3.2 mm (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 
Gooomon 

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

Surface Mount 

Filters 
for the same low price 

$25 
each in quantities of 100 

• 10 to 1600 MHz 

• Three Sections 

• 3 dB BW: 5% to 20% 

• 50 dBc Stopband Rejection 

• -25° to +50°C Operation 

Special models are also available 
with as many as eight sections, 
3-dB bandwidths from 3 to 
100%, and increased lowpass 
and highpass configurations. 

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

(714) 240-1233 

@
Lark Engineering Company 
A Division of Baier & Baier, Inc. 

27151 Calle Delgado 
San Juan Capistrano, CA 92675 
FAX: 714-240-7910 
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Ri calendar_ 
June 

14-18 IEEE MTT-S International Microwave Symposium 
Atlanta, GA 

Information: John C. Hoover, Electromagnetic Sciences, Inc., 
Tel: (404) 263-9200 ext. 4245. Fax: (404) 263-9207. 

1 5-1 7 Electric 93 
Atlanta, GA 

Information: Continental Exhibitions, Inc., 370 Lexington 
Avenue, Suite 902, New York, NY 10017-6578. Tel: (800) 222-
2596. Fax: (212) 370-5699. 

1 8 Automatic RF Techniques Group Conference 
Atlanta, GA 

Information: Conference Chairman, Jonathan Schepps, David 
Sarnoff Research Center, MS 3-074, 201 Washington Road, 
Princeton, NJ 08540. Tel: (609) 734-2185. Fax: (609) 734-
2034. 

24-30 Symposium on the Air-Sea Interface: Radio and Acoustic 
Sensing, Turbulence and Wave Dynamics 

Marseilles, France 
Information: Dr. Michael Skafel, NWRI, CCIW, Box 5050, 
Burlington, Ontario, L7R 4A6, Canada. Fax: (416) 336-4989. 

27-2 1993 IEEE AP-S International Symposium and URSI Radio 
Science Meeting 
Ann Arbor, Ml 

Information: University of Michigan Conferences and Semi¬ 
nars, Ms. Ann Pendleton. Tel: (313) 936-0379. Fax: (313) 764-
2990. 

28-30 Spread-Spectrum Communication Systems & Applications 
Ann Arbor, Ml 

Information: Engineering Conferences, 400 Chrysler Center, 
North Campus, The University of Michigan, Ann Arbor, Ml 
48109-2092. Tel: (313) 764-8490. Fax: (313) 936-0253. 

August 
2-5 International Microwave Conference 

Sao Paulo, Brazil 
Information: Paulina Cardoso, IMT-Escola de Engenharia 
Maus, Estrada das Lagrimas, 2035, 09580 S. Caetano do Sul -
SP, Brazil. 

9-13 IEEE International Symposium on Electromagnetic 
Compatibility 

Dallas, TX 
Information: Dr. Frederich M. Tesche, c/o International Compli¬ 
ance Corporation, 1911 E. Jeter Rd., Argyle, TX 76226. TeL 
(817) 491- 3696. Fax: (817) 491-3699. 

18-21 IEEE 1993 International Geoscience and Remote Sensing 
Symposium (IGARSS ’93) 
Tokyo, Japan 

Information: Mr. Natsuhiko Motomura, Remote Sensing Tech¬ 
nology Center of Japan, 7-15-17 Roppongi, Minato-ku, Tokyo 
106, Japan. Tel: (81) 3-3403-1761. Fax: (81) 3-3403-1766. 
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Nothing is more important in business today than reliability. Your product... 
and your reputation...depend on it. 
So do ours. That’s why we take 

every step we can to ensure that when you 
put our RF and microwave connectors and 
cable assemblies in your products, you can 
trust them as if you had built them yourself. 

We’ll work with you from Day One to 
design, develop and manufacture products to 
meet the most demanding specs. We have a 
state-of-the-art RF test lab as well as on-site 
plating facilities. We use performance testing 
to ensure that our connectors work in your 
environment. We provide superior quality 
control. And MRP manufacturing helps keep 
your inventory and costs in check. 
What does that get you? An extensive line 

of RF connectors and cable assemblies 
including standard SMA. SMB, SMC, 
SSMB, SSMC, K, TNC, N, Slide-on, QPL 
and Between-Series adapters as well as cus¬ 
tom designs built to meet the most exacting 
standards. All delivered on time. Every time. 

Take, for example, our MCX connectors. 
Lighter and more compact than SMBs, 
they’re an ideal choice for small, portable 
50 ohm applications ranging to 3 GHz. And 
for a low-cost, easy assembly cable junction 
to printed circuits, take a look at our two-
piece coaxial terminators. They come in a 
variety of styles for popular RG series and 
similar cable types and allow pre-assembly 
to simplify wave soldering. 
And we’ll keep adding smart designs like 

these so that, whether you need RF connec¬ 
tors and assemblies to meet industry, commu¬ 
nication-grade, aerospace or military stan¬ 
dards. ITT Cannon Sealectro is ready. 

Rely on it. 

For more information, call or write us 
with your specifications: 

ITT/Cannon/Sealectro 
585 East Main Street 
New Britain, CT 0605 1 
800-532-3750 • 203-223-2700 

ITT Cannon 
SEALECTRO 

A company committed to continuous improvement and customer satisfaction. 
INFO/CARD 17 
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REcourses_ 
Basic Radar 
July 13-15, 1993, Atlanta, GA 

Radar Design Workshop 
August 17-19, 1993, Atlanta, GA 

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

Navstar/GPS 
September 22-24, 1993, Boston, MA 

Information: University Consortium for Continuing Education. 
Tel: (818) 995-6335. Fax: (818) 995-2932. 

Wavelet Transform: Techniques and Applications 
August 9-11, 1993, Los Angeles, CA 

Active and Passive RF Components: Measurements, 
Models, and Data Extraction 
August 16-20, 1993, Los Angeles, CA 

Information: UCLA Short Course Program Office. Tel: (310) 
825-1047. Fax: (310) 206-2815. 

Eighth Vacation School on Data Communication and 
Networks 
July 12-16, 1993, Birmingham, UK 

Ninth Vacation School on Satellite Communication 
Systems 
July 18-23, 1993, Guildford, UK 

Information: The Institution of Electrical Engineers, Savoy 
Place, London WC2R OBL, United Kingdom. Tel: (44) 071-240 
1871. Fax: (44) 071-497 3633. 

High-Speed Communication Networks 
August 16-18, 1993, Santa Cruz, CA 

Compression Technologies: Image, Video & Associated 
Standards for Computers, Communications & Consumers 
August 19-20, 1993, Santa Cruz, CA 

Information: University of California Extension. Tel: (408) 427-
6600. Fax: (408) 427-6608. 

Electromagnetic Compatibility and Interference 
September 14-17. 1993, San Diego, CA 

Finite Element and Finite Difference Time Domain Methods 
for Solving Electromagnetic Engineering Problems 

July 19-21, 1993, Worchester, MA 
Information: Southeastern Center for Electrical Engineering 
Educat on, Kelly Brown - Registrar. Tel: (407) 892-6146. Fax: 
(407) 957-4535. 

Analyzing Communication System Performance 
July 14-16, 1993, Washington, DC 
September 13-15, 1993, San Diego, CA 

Digital Cellular Radio 
July 27-30, 1993, Washington, DC 

Nonlinear Microwave Circuits 
August 9-11, 1993, Washington, DC 

Telecommunication Traffic Engineering 
August 16-18, 1993, Washington, DC 

Modern Receiver Design 
August 23-27, 1993, Washington, DC 

Microwave Radio Systems 
August 25-27, 1993, Washington, DC 

Introduction to Wireless Telecommunications: 
Technologies, Applications, Regulatory Issues, 
and Market Dynamics 
August 30-September 1, 1993, Washington, DC 

Mobile Satellite Communication Systems 
August 30-September 1, 1993, Washington, DC 

Principles and Applications of High-Frequency Radio 
Communications 
August 30-September 2, 1993, Washington, DC 

Lightning Protection 
September 9-10, 1993, Washington, DC 

Global Positioning System: Principles and Practice 
September 15-17, 1993, San Diego, CA 

Future Telecommunications for Providers, Suppliers, 
Users, and Regulators 
September 20-22, 1993, Washington, DC 

Information: The George Washington University, Continuing 
Engineering Education, Merril A. Ferber. Tel: (202) 994-8522 
or (800) 424-9773. 

Linear Design Seminar 
July 14, 1993, Raleigh, NC 
July 15, 1993, Atlanta, GA 
July 27, 1993, Dayton, OH 
July 28, 1993, Cleveland, OH 
July 29, 1993, Philadelphia, PA 
August 11, 1993, Detroit, Ml 
August 12, 1993, Chicago, IL 
August 17, 1993, Iselin, NJ 
August 19, 1993, Orlando, FL 

Information: Texas Instruments. Tel: (800) 477-8924 x3443. 

RF/MW Small Signal/Low Noise Amplifier Design 
June 13-14, 1993, Atlanta, GA 

RF/MW Large Signal Amplifier Design 
June 13-14, 1993, Atlanta, GA 

Applied RF Design Techniques I 
June 21-25, 1993, Burlington, MA 

RF/MW Circuit Design 
July 5-9, 1993, Oxford, UK 

RF Circuit Components: Measurements, Models and Data 
Extraction 
July 12-16, 1993, Okford, UK 
August 16-20, 1993, Los Angeles, CA 

RF Circuit Design: Passive and Active Linear Networks 
August 24-27, 1993, Los Altos, CA 

RF Design: Nonlinear Circuits and Devices 
August 30-Sept 2, 1993, Los Altos, CA 

Information: Besser Associates. Tel: (415) 949-3300. Fax: 
(415) 949-4400. 

Workshop in Finite Elements in Electromagnetics 
June 21-25, 1993, Troy, NY 

Information: Rensselaer Polytechnic Institute, Office of Contin¬ 
uing Education. Tel: (518) 276-8351. 

Inherently Conductive Polymers: An Emerging Technology 
September 8-10, 1993, Boston, MA 

Information: Advanced Polymer Courses, Dr. M. Aldissi. Tel: 
(802) 655-2121 . Fax: (802) 655-2025. 
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ULTRA-BROADBAND 
RF POWER AMPLIFIER SYSTEMS 

From KALMUS ENGINEERING, Of Course! 

EMI-EMC-RFI 

• AC Operation 
• Fully Protected 
• Drive Mismatched Loads 
• No VSWR Shutdown 
• ALC Flat Gain Response 
• Remote Functions 
• Lowest Prices 

ALL SOLID-STATE MOS FET RF AMPLIFIER SYSTEMS 

MODEL RFOUTPUT FREqUENCY RANGE GAIN USA PRIK 

700LC 1.5WCW .003-1000 MHz 33dB $ 1,695 
704FC 4WCW .5-1000 MHz 33dB $ 2,195 
210LC 10W CW .008-225 MHz 40dB $ 2,495 
710FC 10WCW 1-1000 MHz 40dB $ 6,695 
*727LC 10WCW .006-1000 MHz 44dB $ 7,750 

NEW 713FC 15WCW 10-1000 MHz 42dB $ 4,250 
225LC 25WCW .01-225 MHz 40dB $ 3,295 
•737LC 25WCW .01-1000 MHz 45dB $ 9,995 
712FC 25WCW 200-1000 MHz 45dB $ 6,950 

NEW 714FC 30WCW 10-1000 MHz 45dB $ 9 950 
250LC 50WCW .01-225 MHz 47dB $ 5,250 
715FC 50WCW 200-1000 MHz 47dB $16,990 
707FC 50WCW 400-1000 MHz 50dB $ 9,990 

NEW 716FC 50WCW 10-1000 MHz 47dB $17,950 
*747LC 50WCW .01-1000 MHz 47dB $19,500 
116FC 100WCW .01-225 MHz 50dB $ 8,800 
709FC 100WCW 500-1000 MHz 50dB $16,990 
717FC 10OWCW 200-1000 MHz 50dB $19,500 

NEW 718FC 100WCW 10-1000 MHz 50dB $26,950 
•757LC 100WCW .01-1000 MHz 50dB $29,950 
122FC 250WCW .01-225 MHz 55dB $14,650 
723FC 300WCW 500-1000 MHz 55dB $29,995 

LA500G 500WCW 500-1000 MHz 57dB $53,500 

RUGGED VACUUM TUBE DISTRIBUTED AMPLIFIERS 
116C 100WCW .01-220 MHz 50dB $ 9,295 
122C 200WCW .01-220 MHz 53dB $11,750 
134C 500WCW .01-220 MHz 57dB $19,800 
137C 1000WCW .01-220 MHz 60dB $27,550 
140C 2000WCW .01-220 MHz 64dB $44,990 

Warranty: Full 18 months all parts. Vacuum tubes 90 days. 

* Indicates Dual-Band System (coaxial band switching) 

L_ __ 

ENGINEERING 

The War III's Most Complete 
Une of RE Power Amplifiers 

1-800-344-3341 
(206) 485-0000 ^(200) 480-3657 
2182087th S.L Woodinville, WA 98072 USA 
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RF news 
ITU Streamlines 
Telecommunications 
Sector 
The World Telecommunication Standard¬ 
ization Conference recently completed a 
meeting to streamline the Telecommuni¬ 
cation Standardization Sector to increase 
its competitiveness in the global standard¬ 
ization arena. An advisory group was set 

up to review priorities and strategies for 
activities of the Telecommunication Stan¬ 
dardization Sector, to review progress in 
the implementation of its work program 
and to recommend measures to foster 
cooperation and coordination with other 
standards bodies and with other organiza¬ 
tions having interests in telecommunica¬ 
tion standardization. In addition, the Con¬ 
ference officially launched the ITUDOC — 

Surface Mount 
Siâial Processing Components 

... custom engineered Your Way! 
LORCH ELECTRONICS now offers the broadest line of custom 
engineered surface mount RF/IF signal processing components in 
the industry! They’re available in a wide variety of space-saving 
packages including low-cost commercial, gull wing, flat pack, open 
substrate, and MIL hermetic styles. 

• ATTENUATORS • PHASE SHIFTERS • COUPLERS 
• SPLITTERS • HYBRIDS • MIXERS • FILTERS 

• DOUBLERS • TRANSFORMERS • QPSK MODULATORS 
• BALUNS • PHASE DETECTORS 

Take advantage of over 25 years experience in the design of 
precision signal processing components for commercial, 
aerospace, and military applications. Challenge our design team 
with your most difficult surface mount requirements. You’ll get an 
immediate response offering the optimum product solution to meet 
your particular requirements. Call, write, or FAX today! 

LORCH ELECTRONICS VERNITRON 
CORPORATION 

the ITU’s electronic document exchange 
service. The service includes administra¬ 
tive, general information documents, and 
ITU standards. The Conference also 
announced the availability of all ITU 
telecommunication standards on CD-
ROM. 

NIST Budget Increased — Presi¬ 
dent Clinton’s fiscal year 1994 budget 
request of $535.2 million for the Com¬ 
merce Department’s National Institute of 
Standards and Technology is a $151.2 
million, or 39 percent, increase over the 
current appropriation of $384 million. 
$241 million will be spent to fund 
research and supporting services includ¬ 
ing initiatives in high performance com¬ 
puting, advanced manufacturing, 
advanced materials, electronics, 
biotechnology and chemical processing 
and international trade and standards. 
$232.5 million has been appropriated for 
technology development and technology 
transfer and $61.7 million will fund 
design work for a 10-year project to 
replace scientifically obsolete laboratory 
space at NIST’s 25- to 35-year-old facili¬ 
ties in both Maryland and Colorado. 

U.S. and Russia to Harmonize 
Standards — A memorandum of 
understanding on scientific and techni¬ 
cal cooperation was recently signed by 
the Department of Commerce’s National 
Institute of Standards and Technology 
and the State Committee of the Russian 
Federation for Standardization, Metrolo¬ 
gy and Certification. Both parties will 
work together to promote international 
standards and product acceptance crite¬ 
ria; develop new methods and reference 
standards/materials for different types of 
measurements; harmonize standards for 
legal metrology; research precise mea¬ 
surements of physical quantities and 
comparisons of standards of basic phys¬ 
ical units; perform fundamental research 
in chemical, physical and engineering 
metrology; and other activities related to 
standards and/or metrology. 

New Passivating Process for Gal¬ 
lium Arsenide — Researchers at the 
Georgia Institute of Technology have 
developed a new process for stabilizing 
gallium arsenide semiconductors. The 
process protects the gallium arsenide 
device from corrosion, mechanical dam¬ 
age and electrical deterioration. The 
new technique produces a stable nitride 
film at low temperatures and does not 
damage the fragile crystalline structure 
of the material. The technique can be 

2801 72nd Street North • St. Petersburg. FL 33710 • (813) 347-2181 • FAX (813) 347-3881 
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ANY KIT 

CALL: 1-800-PENSTOCK (408) 730-0300 
FOR OVERNIGHT DELIVERY ON TOKO PROTOTYPING KITS 

Fixed Inductors $9900 LL Chip Inductors M900 

Surface Mount Inductors $9900 5MM Surface Mount Coils $9900 

5MM Coils $5900 7MM Coils $5900 10MM Coils $5900 Molded Coils $5900

[■¿TOKO PDBTBCK 
RF/MICROWAVE DISTRIBUTION 
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REnews continued 
used with other lll-V compound semi¬ 
conductors as well. Georgia Tech scien¬ 
tists believe the nitriding process could 
be used to insulate and seal the junc¬ 
tions of capacitors, to insulate areas 
between transistors, and to provide the 
dielectric layer for making capacitors. 
Because it uses low temperatures, the 
process could be used to passivate a 
fully-fabricated electronic device. 

Multi-GHz Bandwidth Supercon¬ 
ducting ADC — Hypres, Inc. recently 
developed and tested a 10-GHz band¬ 
width superconducting flash analog-to-
digital converter (ADC) that achieves 4.4 
effective number of bits (ENOB) at a 4-
GHz s gnal bandwidth. An 8-bit device 
was tested in liquid helium at a tempera¬ 
ture of 4.2K. Tests includec sampling 
low-bandwidth (100 kHz) and high-band-

and I make sure they’re built right. If anything goes wrong I 
take it very personally. A while back I decided that we were 
having more long term failures than we should. No more than 
anybody else in the business, but still... it wasn’t right. So, I 
developed a new test that gets us fewer long-term failures than 
anyone around, under four per million device hours. 

I’m convinced we’re the better supplier for your porce¬ 
lain chips, so I’ve put together a package with our new test 
data that will convince you too. Don’t take my word, call and 
check it out for yourself. 

Ultra Hi Q 

You need more information, or have a problem -
talk to me! I’m sitting right next to the production 
line so I can get you the answer you need, fast. Like I 
said, I take this very personally. 

Ask for me, Mark, 315-655-8710, and I'll send 
. you our test data and sample kit. 

The best quality control is the right attitude. 

dielectric 
laboratories 
inc. 

Cazenovia, NY 13035 
Tel: 315-655-8710 
FAX: 315-655-8719 

width (2 to 12 GHz) signals at a 1-Gsam-
ple/s rate. At 100 kHz, the ENOB was 
measured to be 7.5; at the higher signal 
range it was 7.25. The ADC was fabri¬ 
cated with 2-um junctions at 5000A/cm2 

using Hypre’s standard eight-layer niobi¬ 
um process. Characteristics include low 
circuit complexity, less than 1 mW power 
consumption, and a full scale sensitivity 
of 10 mA into 25 ohms. 

Commercial Satellite Equipment 
Market to Grow — According to a 
recent report from Market Intelligence 
entitled, “Satellite Communications 
Equipment Markets: VSAT and Mobile 
Applications Unleash Satcom,” the com¬ 
mercial satellite equipment market is 
expected to expand from $1.3 billion 
worldwide in 1992 to $2 billion in 1998 
at a 7 percent compound annual rate. 
Major end-user growth in demand will 
come from retail, automotive and media 
businesses. Along with private business 
networks, demand for distance learning 
and public sector applications — espe¬ 
cially in less developed parts of the 
world — will fuel earth station growth. 
According to the report, most growth will 
take place outside North America. 

Siemens Division Relocates — 
The Siemens Integrated Circuit Division 
recently relocated. Their new address is: 
01950 North Tantau Avenue, Cupertino, 
CA 95014. Tel: (408) 777-4500, Fax: 
(408) 777-4957. 

Samsung Acquires Interest in 
array Microsystems — array 
Microsystems has announced that Sam¬ 
sung Electronics Company has acquired 
a 20 percent interest in array Microsys¬ 
tems through an equity investment. 
Samsung and array have been working 
together since January 1991 on a family 
of video compression ICs targeted at the 
multimedia market. 

Oscillator Markets, Applications 
and Competitors — A new market 
survey is available from Allied Business 
Intelligence entitled, “Oscillators: North 
American Markets, Applications & Com¬ 
petitors: 1993 to 1996 Analysis.” The 
report looks at production, market 
shares, trends, competition, technology, 
forecasts and applications. For example, 
according to the report 55 percent of 
oscillators sold to the merchant market 
in North America in 1992 were for nar¬ 
rowband applications. Growth is expect¬ 
ed to be around 7.25 percent annually 
through 1996 for these products. 
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Outstanding Team Member! 
Teamwork: 

total satisfaction 

In March of this year, Cougar 
Components received Northrop’s 
Outstanding Team Member 
award. 

With this award, Northrop 
recognizes that Cougar 
Components’ performance in 
1992 "best exemplifies those 
achievements expected from a 
World Class Supplier." We are 
proud to be honored in this way 
and would like to thank all of the 
employees, representatives and 
suppliers of Cougar Components 
for their continuous support in 
our quest for World Class 
performance. 

Cougar manufactures amplifiers, 
AGC amplifiers, attenuators, 
limiters and limiting amplifiers 
in various package styles to best 
meet our customers’ needs. 
Cougar is made up of people 
who believe in continuous 
quality improvement; we’re 
always open to new ideas and 
possibilities. Quality and service 
is Cougar’s concern from the 
time we pick up the phone to the 
time our customer ships their 
final product and everyone is 
satisfied. 

WORI P Cl ASS St PPI 
Cougar Components takes pride 
in providing superior perform¬ 
ance, on-time delivery and 
exceptional support to all of its 
customers. 

COUGAR COMPONENTS 
199> 

To request more information 
about Cougar and receive a free 
catalog, please contact us at: 

PH: 408-492-1400 
FX: 408-492-1500 
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news continued 
Broadcast Symposium Call for 
Papers — The 43rd Annual Broadcast 
Engineering Symposium sponsored by 
the Broadcast Technology Society of the 
IEEE has issued a call for papers. The 
symposium will be held September 22-
23, 1993 in Washington, DC. Technical 
papers should focus on AM, FM and 
Television digital transmission tech¬ 
niques; antenna design and testing; 
transmitter development and other relat¬ 
ed topics. Send abstracts by June 15 to 
Philip A. Rubin, Rubin Bednarek & 
Associates, 1350 Connecticut Avenue, 
NW #610, Washington, DC 20036. Fax: 
(202) 296-9383. 

Disaster Relief Aided by New Cel¬ 
lular Technology — In December, 
1992, the Indonesian Island of Flores was 
devastated by an earthquake and tidal 
wave that caused the deaths of more than 
2000 people and destroyed much of the 
island’s infrastructure. To aid relief efforts, 
Motorola implemented their new Wireless 
Local Loop product, WILL'. The system 
was developed to serve the basic telepho¬ 
ny needs of people in urban and difficult to 

reach rural areas and is intended to pro¬ 
vide fixed telephony services in areas with 
little or no existing wireline telephone ser¬ 
vice or as a supplement to the existing 
wireline service. From order placement to 
system optimization, the WILL“ project 
took three weeks; installation of the opera¬ 
tional system was completed in five days. 

Microwave Hybrid Circuits Call 
for Papers — Rogers Corporation has 
issued a call for papers for the 1993 
Microwave Hybrid Circuits Conference. 
The conference, to be held October 17-
20 in Apache Junction, AZ, will address 
the theme: “Microwave Packaging for 
the 90’s.” New MIC/MMIC papers on 
microwave or millimeter work will be 
considered. Suggested subjects include: 
new applications for microwave; innova¬ 
tive design, processing and quality 
issues; advancement in materials; mate¬ 
rials testing; packaging techniques; 
unsolved problems in design or imple¬ 
mentation; software tools; and high vol¬ 
ume manufacturing methods. Papers 
which address the theme of this year’s 
conference will be given special consid¬ 

eration. Send abstracts as soon as pos¬ 
sible to: General Chairman, Rogers 
Corp., 100 S. Roosevelt Ave., Chandler, 
AZ 85226. Tel: (602) 961-1382. Fax: 
(602) 961-4533. 

Compression Labs to Help Devel¬ 
op Digital Simulcast HDTV Sys¬ 
tem — Compression Labs recently 
announced that they will participate in 
the development of the Advanced Tele¬ 
vision Research Consortium’s (ATRC) 
digital simulcast HDTV system. Their 
partners will include the David Sarnoff 
Research Center, Philips Consumer 
Electronics, Thomson Consumer Elec¬ 
tronics and NBC. The system will under¬ 
go testing from the Federal Communica¬ 
tions Commission's Advisory Committee 
System Test Program at the Advanced 
Television Test Center early next year. 

RFID Open Protocol Released — 
Micron Communications, Inc. recently 
announced the publication of the 
“Micron RFID Protocol.” The radio fre¬ 
quency identification protocol is open so 
that other companies can license it to 

Sprague EMI/RFI Filters 
Top performance... broad a vailability... subminiature size 

for feed-thru applications 
Count on Sprague’ for the precise filter 

performance you need for both commercial 
and military applications— and a delivery 
schedule to match. We're ready to meet your 
project requirements with a wide choice of 
standard MLC (multi-layer ceramic) capacitor 
and capacitor/inductor filter configurations. 
All provide maximum insertion loss over a 
wide frequency range. In addition, Sprague' 
is on the QPL for MIL-F-15733 and MIL-F-28861 
for many of the most active slash sheets. For 
technical information contact Sprague’, 1600 
Curran Memorial Highway, North Adams, 
MA 01247. Phone: (413)664-4431. 
Fax: (413) 662-2494. For literature 
phone: (402) 563-6572. 

SPRAGUE Ceramic EMI/RFI Filter Circuits 

A COMPANY OF 

Current Rating 

Type Decade DC AC 

C 20dB 7-15 5-15 

LI 40dB 0.1-20 0.1-15 

L2 40dB 0.1-10 0.1-15 

Pi 60 dB 0.1-10 -

T 60dB 0.1-15 0.1 4.0 

LL1-2 80 dB 0.1 -3.0 0.1 -2.0 

SPRAGUE 
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make compatible RFI components and 
systems. Persons interested in receiving 
a copy of the protocol may contact Kae 
Wiemer at (208) 368-4000. 

Dynascan Changes Name — Dyna-
scan Corporation has announced a name 
change to Cobra Electronics Corporation. 
The change comes in response to the 
recognition the company has received for 
their Cobra brands which include cordless 
telephones, answering systems, CB 
radios, radar and laser detection systems 
and scanners. 

Rapid Systems Moves to New 
Location — Rapid Systems, Inc. has 
announced the relocation of their offices 
to: 4307 Leary Way NW, Seattle, WA 
98107. Tel: (206) 784-4311. Fax: (206) 
784-0333. 

Scientific-Atlanta Ships Inmarsat-
M Terminals — Scientific-Atlanta has 
announced that its Model 9821 MariS-
tar-M' is the first terminal to be 
approved by Inmarsat for connection to 
its new Inmarsat-M digital service net¬ 

work. Two yachts, the 92-foot Ampro 
Viking and the 46-foot Jackerel are now 
equipped with the capability to transmit 
and receive voice transmissions any¬ 
where in the world, including the middle 
of the ocean. The unit consists of a light¬ 
weight above-deck antenna and a small 
below-deck electronics unit which is 
about the size of a VCR. Digital voice 
telephone service is provided at a com¬ 
pressed rate of 4.8 kilobits per second. 

New EMC Company — Euro EMC 
Service recently announced their start¬ 
up. The new firm offers EMC testhouse 
capabilities, consulting, training, and 
R&D. Their address is: Euro EMC Ser¬ 
vice (EES), Dr. Hansen GmbH, Pots¬ 
damer Str. 10 (TZT), D-O-1530 (14513) 
Teltow, Germany. Tel: (49) 3328 
477141 . Fax: (49) 3328 477142. 

Consortium Formed to Advance 
Synthesizing, Processing of Elec¬ 
tronic Materials — A team comprising 
five high-technology industrial firms, four 
universities and a national laboratory has 
undertaken a two-year program that 

promises to significantly advance the 
nation’s capabilities in high-performance 
electronic and optical devices. The 
alliance, headed by Hughes Research 
Laboratories and Texas Instruments’ Cen¬ 
tral Research Laboratory as principal part¬ 
ners, has been funded by the Advanced 
Research Projects Agency to study ways 
to advance the synthesis and processing 
of new electronic materials. The major 
goal of the program is to enhance molecu¬ 
lar beam epitaxy technology, thus improv¬ 
ing the U.S. competitive position in semi¬ 
conductor structures. The program is val¬ 
ued at approximately $10 million with 
more than half the funding provided by the 
industrial partners. 

Pineapple Technology Acquires 
Amplifier Product Line — Pineapple 
Technology Inc. has announced the acqui¬ 
sition of the amplifier product line devel¬ 
oped for the TV broadcast industry from 
Spectrian (formerly MMD). The product 
line consists of solid-state amplifiers and 
subassemblies designed and manufac¬ 
tured for OEM’s in the domestic and 
international TV broadcast markets. 

FILTERS 
CUSTOM & OFF-THE-SHELF 

ON TIME! 
Over the years, Allen Avionics has used its vast 
engineering experience to 
accommodate the needs of 
the electronics industry. 
Backed by an efficient and 
knowledgeable sales staff, 
we re ready to deliver your 
quality filters . . FAST! 

Call or fax to get our comprehensive 
catalog filled with valuable information. 

ALLEN AVIONICS, INC. 
224 East Second Street. Mineola. NY 11501 
Phone: (516)248-8080 • Fax: (516)747-6724 

RF-2800 
Series 
• 1-88 MHz 

• +65 dBm 
0IP3

•+120 dBm 
0IP2

• 4.5 dB Noise 
Figure 

• 16 dB Gain 

• Lower Gains 
Available 

• Quality at 
Low Cost 

Products precisely right for the electronics industry. 
P.O. Box 740 
State College, PA 
16804 

High Dynamic Range 
• RF Front-end Systems 
• Antenna Preamplifiers 
• Antenna Multicouplers 
• 2-Tone Test Source Amplifier 

Related HDR Products 
• Mixers/Converters 
• RF Multicouplers 

See the Locus Difference 

BLOCUS, Inc. 
KAMAN 

814-466-6275 FAX 814-466-3341 
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RF industry insight 

Military RF Systems — 
Selecting the Right Targets 
By Gary A. Breed 
Editor 

There is no question that the contin¬ 
uing reduction in military spending 

is wreaking havoc in many parts of the 
RF community. The threat of the Sovi¬ 
et superpower is probably gone for 
good, and although there remain other 
threats to U.S. interests worldwide, 
there is no more arms race. The cuts 
are deep enough to keep the most 
prominent Senators and Representa¬ 
tives from bringing lucrative military 
contracts to companies in their dis¬ 
tricts, and many bases are slated for 
closure. 
Even with a smaller budget, howev¬ 

er, the U.S. military is still a very large 
market for RF products. This report 
will highlight a few areas where signifi¬ 
cant military development and manu¬ 
facturing is being funded. 

Superconductivity 
The increased performance and 

smaller size afforded by superconduct¬ 
ing circuits has the attention of per¬ 
sonnel directing military development 
funding. James Long, Vice President 
of Superconductor Technologies 
notes, “We should thank DARPA, 
which is now ARPA, for maintaining 
support for several key technologies.” 
Recent projects at Superconductor 
Technologies include a notch filter 
bank for a program administered by 
Wright-Patterson AFB, a 35 GHz to 1 
GHz downconverter, a 2 GHz minia¬ 
ture lumped-element filter, and several 
delay lines. 
The military sees a benefit from 

superconductors in high performance 
microwave and high frequency circuit¬ 
ry. Low-loss printed delay lines can 
replace large, lossy coaxial cable 
assemblies without the high dispersion 
and radiation of ordinary micro¬ 
stripline. High performance filters can 
be constructed as loaded cavities or 
stripline instead of full-size cavities. 
The size and weight savings can be 
critical in airborne surveillance or EW 
systems. 
The major problem area is in cooling 

the superconductors to liquid nitrogen 

A soldier uses the AN/PRC- 119 SINC-
GARS manpack radio. 

temperatures. Fortunately, some high 
performance systems are already using 
cooled low-noise amplifiers, and can 
support additional system components. 
Superconductor Technologies is work¬ 
ing closely with cryogenic cooler manu¬ 
facturers to develop small, inexpensive 
and reliable coolers. 
An additional benefit in the eyes of the 

funding authorities is transfer of technol¬ 
ogy to commercial markets. Supercon¬ 
ductors are already in use as interfer¬ 
ence fi ters for radio astronomy, and in 
spacecraft communications and sensing 
equipment. Research is underway into 
low-loss MRI (magnetic resonance 
imaging) coils and cellular base station 
channel filters. 

Military Programs 
“Communications systems are 

among the most active military pro¬ 
grams right now,” notes Roger Lesser, 
Editor of Defense Electronics. The 
SINCGARS manpack radio program 
(ITT Aerospace, prime contractor) and 
the MILSTAR satellite communications 
program (Lockheed, prime contractor) 
are both in full production. Although 
they have seen a slight slowdown in 
the delivery schedule, these programs 
have seen no cuts. 
A more recent program noted by 

Lesser that offers a new opportunity is 
Combat Talon, a Special Operations 
support aircraft carrying communica¬ 
tions, surveillance and countermea¬ 
sures equipment. Loral, Hughes and 
Texas Instruments are mentioned as 
military contractors involved in this 
program. This type of program is an 
example of the military's interest in C4I 
systems, which provide information 
that can make more efficient use of 
manpower and hardware. Also in this 
category are threat simulators, which 
allow training in a realistic environ¬ 
ment, and which are also used for EW 
system evaluation. There is also con¬ 
tinued work on smart munitions, which 
minimize pilot risk and improve com¬ 
bat effectiveness. 
Even program cancellations can 

have a bright side. Recently, the Air¬ 
borne Self-Protection Jammer (ASPJ) 
program was canceled, leaving the 
Navy without a replacement for older 
countermeasures systems. Numerous 
defense contractors (Loral, Lockheed 
Sanders, Litton, Raytheon, Tracor and 
Martin Marietta) are offering versions 
of existing systems that can update 
the Navy’s F-18 and F-14 fighters at a 
lower cost than ASPJ, while keeping 
production and support personnel 
busy. 
Of course, the NAVSTAR/GPS pro¬ 

gram must be noted. This military nav¬ 
igation system is rapidly becoming a 
significant civilian market, with exten¬ 
sive use in land surveying and com¬ 
mercial transportation. Hand-held GPS 
receivers are approaching the $500 
price range. NAVSTAR/GPS is an out¬ 
standing example of a military pro¬ 
gram with a major spinoff into com¬ 
mercial and consumer markets. With 
budget cuts and careful spending, 
such multiple-use systems may have 
the edge in receiving funding for 
development. RF 

For reprints of this report, call Cardiff 
Publishing Company at (303) 220-0600. 
Ask for the Circulation Department. 
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ampu^ 
Our customers have become accustomed to expecting the best 
performance in the industry at acceptable prices. To ensure 
that the amplifiers that you use are highly reliable, go 
with a product that offers a mature technology, has a 
high MTBF (Mean Time Between Failure) and allows 
you to customize your system without sacrificing 
quality and reliability. Why, you ask? Because we 
offer you these features: 

>- Internal voltage regulators 
► Reverse voltage protection 

Ability to withstand an infinite VSWR at 
the input or output 

► Wide operating tem¬ 
perature range 

> Amplifiers that are 
unconditionally stable 

LOW NOISE AND GENERAL PURPOSE AMPLIFIERS 

All of this, plus the added 
advantage of having ampli¬ 
fiers in stock for that quick 
delivery that is so important 
to you, is why you want to 
go to MITEQ. 

Model 
Number 

Frequency 
(MHz) 

Gain 
Gain Var. 
(Min.) (Max.) 
(dB) (±dB) 

Noise Figure 
(Max. dB) 
Band 

Low Mid High 
VSWR 
(Max.) 

Output 
1 dB Gain 
Comp. 

(Min., dBm) 

DC 
Power 

(♦V)(@ mA) 

AU-1310 
AM-1300 
AU-1378* 
AU-1379* 
AU-2A-0150 
AU-3A-0150 
AM-2A-000110 
AM-3A-000110 
AU-1021 
AU-1158 
AMMIC-1318 
AMMIC-1348 
AM-2A-0510 
AM-3A-0510 
AM-3A-1020 

.01 

.01 

1 

-500 
- 1000 
-300 
-500 
-500 
-500 
-1000 
- 1000 

5-300 
20-200 
100 - 2000 
100-2000 
500 - 1000 
500 - 1000 
1000 - 2000 

30 
25 
17 
13 
30 
45 
25 
37 
24 
30 
6 
14 
24 
38 
30 

0.50 
0.75 
0.50 
0.50 
0.50 
0.50 
0.75 
0.75 
0.50 
0.50 
1.00 
1.00 
0.50 
0.50 
0.50 

1.3 

1.9 
2.2 
1.3 
1.3 
1.4 
1.4 
2.2 
2.7 
4.5 
5.0 

1.6 
1.9 
2.3 

1.8 

1.4 
1.6 
1.6 
2.4 
2.7 
4.0 
5.0 
1.5 
1.5 
2.1 

1.5 
1.8 
1.9 
2.4 
1.5 
1.5 
1.8 
1.8 
2.6 
2.7 
4.0 
5.0 
1.6 
1.6 
2.4 

2:1 
2:1 
2:1 
2:1 
2:1 
2:1 
2:1 
2:1 
2:1 
2:1 
2:1 
2:1 
2:1 
2:1 
2:1 

8 
6 

-2 
-2 
8 
10 
8 
9 

20 
17 
12 
14 
0 
10 
10 

15 
15 
6 
6 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 

50 
50 
10 
10 
50 
75 
50 
75 
175 
125 
35 
150 
50 
75 
75 

Designed for low current battery operation 

POWER AMPLIFIERS 
AUP-1374 
AUP-1383 
AUP-1382 
AMP-1380 
AMP-1381 
AMP- 1389 

10-500 
20- 300 
20- 300 
10- 1000 
20- 1000 
10- 1000 

30 
35 
40 
20 
30 
12 

1.50 
1.50 
1.50 
1.50 
1.50 
1.00 

4.5 
2.4 
2.4 
6.0 
4.2 
10.0 

5.0 
2.5 
2.5 
6.5 
3.6 

10.0 

5.5 
2.6 
2.6 
7.0 
3.8 

10.0 

2:1 
2:1 
2:1 
2:1 
2:1 
2:1 

29 
29 
29 
29 
29 
29 

21 
21 
21 
21 
21 
21 

5! 
6! 
6 
5 
6 
S 

Other options available 

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

100 Davids Drive, Hauppauge, NY 11788 
TEL: (516) 436-7400 FAX: (516) 436-7430 
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RFfeatured technology_ 
Implementation of a C-QUAM 
AM-Stereo Receiver Using a 
General Purpose DSP Device 
By Dion Messer Funderburk and Sangil Park 
Motorola Inc., Digital Signal Processing Operations 

The audio consumer market has 
embraced digital audio systems with 
DSP (digital signal processing) as the 
latest and best technology for audio 
electronics. DSP is used in these sys¬ 
tems to create concert hall effects, 
reverberation and noise cancellation as 
well as CD quality sound. Since these 
are all firmware solutions, the DSP’s use 
can be extended to that of digitally 
receiving radio signals as well, which 
reduces analog circuitry in audio sys¬ 
tems while providing superior quality 
sound. 

The authors derived and implemented 
an algorithm to perform AM radio 

reception with and without the C-QUAM 
(C-QUAM is a registered trade mark of 
Motorola, Inc.) (Compatible Quadrature 
Amplitude Modulation) stereo signal. 
This paper outlines this derivation, 
analysis and implementation of the digi¬ 
tal radio using digital signal processing 
techniques. 

Background 
The FCC approved a stereo system 

for FM broadcast at the peak of AM 
radio popularity. When this occurred in 
1961, AM radio had the biggest share of 
the radio market (1). The stereo sound 
that FM provided quickly eroded the AM 
radio market and efforts were made to 
create a stereo broadcast system for 
AM. Many techniques were developed 
to perform AM stereo transmission to 
recover a larger share of the radio audi¬ 
ence lost to FM. 
To this day the FCC has not specified 

one particular AM stereo technique as a 
standard as they did with FM, but did 
complicate the design by specifying that 
every AM stereo broadcast technique 
must allow installed monaural AM 
receivers to receive an undistorted sig¬ 
nal when tuned to a stereo channel. As 
much as this complicated the design of 
AM stereo techniques, the FCC tested 
and approved (approved, not specified) 
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Figure 1. C-QUAM AM stereo 
transmitter. 

Figure 2. Analog C-QUAM AM 
stereo receiver. 

several standards including the C-
QUAM technique in 1981 (2). There are 
more C-QUAM stations than any other 
AM stereo technique with approximately 
574 stations throughout tne United 
States and 206 stations internationally 
for a total of 780 C-QUAM stations world 
wide using the C-QUAM stereo trans¬ 
mission technique (3). 
The compatibility issue of receiving a 

stereo signal undistorted on a non¬ 
stereo receiver has made the most obvi¬ 
ous method of providing an AM stereo 
signal impossible to use. The most obvi¬ 
ous technique is that of modulating a 
carrier with the L + R signal and a 90 
degrees shifted carrier with the L - R 

signal, generally referred to as Quadra¬ 
ture Amplitude Modulation (QAM). 
Envelope detectors are the most popu¬ 
lar method of detecting the AM radio 
signals and they would not be able to 
detect this signal if a large modulation 
index existed in a stereo signal in which 
L only or R only was transmitted. Thus, 
it would not be compatible with existing 
receivers which use envelope detectors. 
A unique and patented method is 

used to create the C-QUAM stereo sig¬ 
nal. This technique transmits L (left 
channel) and R (right channel) informa¬ 
tion by encoding L + R and L - R chan¬ 
nel information into the phase of the 
transmitter carrier. Finally, the “modified” 
carrier is then amplitude modulated by 

Figure 3. Detailed system diagram for the digital AM stereo receiver. 
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You don't always get 
what you pay for. 

With PTS synthesizers, you get more. 
Because we’re synthesizer specialists, we give 
you more for your money in more ways than one. 
From our economy PTS xlO, to our space¬ 
saving PTS 310, to our top-of-the-line PTS 1000, 
we have more models to cover your source needs 
from 100 KHz to 1 GHz. 
And more options, including: 

• OCXO, TCXO or external standard, 
• choice of resolution from 
100 KHz to 0.1 Hz, 

• DDS with phase-
continuous switching, 

• digital phase rotation, 
• BCD or GPIB 
remote control, 

and almost a hundred 
others to let you specify a 
synthesizer so well-tailored 
to your requirements that 

But wait, there’s less! 

All of our synthesizers feature low power 
consumption, low spurious output (as low as 
-75 dBc), low phase noise, and fast frequency 
switching (as fast as 1 psecond). 

And all of our models are available, at a lower 
price, in a remote-only OEM configuration for 
easy integration into your OEM system. 

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

Call or FAX us for your 
copy, or for immediate 
engineering assistance. 

it’s like having one custom made for you. 
Our priority in design and manufacturing is to 
make our synthesizers more reliable, and this 
has led to a demonstrated MTBF of 25,000 
hours. That’s why we can back them with our 
all-inclusive 2-year warranty, along with a flat¬ 
rate service charge for eight years following the 
warranty period. 

PROGRAMMED TEST SOURCES 
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Figure 4. DSP56002 block diagram. 

the L + R signal (4). The output of the I 
and Q modulators, of Figure 1 respec¬ 
tively are: 

l = [L(t) + R(t)]cos(wct) (1) 

and 

Q = [L(t)-R(t)]sin(wct) (2) 

These signals are summed and added 
to the carrier signal to result in 

I + Q + cos (œc t ) = [L(t) + R(t)] cos (<oct) 

+[L(t)-R(t)]sin(wct) + cos(wct) (3) 

which can be expressed as 

B(t)cos[wct + y(t)] (4) 

where 

B(t)=^T(t)7R(t)f7[^^ 

and 

Ym-tan 

The limiter then serves the purpose of 
creating a constant amplitude signal 
while maintaining the unique phase 
information. 

Acos[coct + y(t)] (7) 

This signal essentially becomes the 
carrier which is modulated by the L(t) + 
R(t) signal. The resulting signal from the 
transmitter is: 

(8) 

Tx(t) = A[1 + L(t) + R(t)]cos[œct + y(t)] 

It is possible to receive this signal 
undistorted on a non-stereo system with 
an envelope detector. Because an enve¬ 
lope detector ignores the phase informa¬ 
tion contained in the signal (5), the 
result w II be 

A[l + L(t) + R(t)]cos(œct) (9) 

which is the standard signal which 
would be seen by the receiver if the 
transmitter was monaural. 
A block diagram of the analog receiver 

is shown in Figure 2. The output of the 
envelope detector is simply the L + R + 
C(carrier) signal normally expected from 
a monaural system. Using this output 
and comparing it to the QAM output, the 
input to the QAM portion of the block 
diagram shown in Figure 2 can be gain 
modulated to remove the cosy term (the 
input signal is divided by the cosy term), 
with the resulting output of the I and Q 
demodulators being the required signals 
(3): 

[1 + L(t) + R(t)] (10) 

and 

[L(t)-R(t)] (11) 

The output of the QAM detector with¬ 
out gain modulation contains the L + R 
and the L - R encoded signals in the 
form given below: 

l(t) = A[1 +L(t) + R(t)]cosy(t) (12) 

Q(t) = A[l + L(t) + R(t)]siny(t) (13) 

= A[L(t)-R(t)]cosy(t) 

The resulting signals after gain modu¬ 
lation are added together to produce the 
left only signal and subtracted to pro¬ 
duce the right only signal. 

Implementation Considerations 
Figure 3 is a detailed diagram of the 

DSP based system. The input to the sys¬ 
tem comes from the AM receiver front end 
tuning circuitry and has been downcon-
verted to the 450 kHz IF frequency. The 
sampling rate at the IF frequency would 
have to be at least 900 kHz to meet the 
Nyquist criteria (6). The AM signal is con¬ 
fined to a 10 kHz channel, however, so if 
the signal is further downconverted, a 
smaller sampling rate could be used to 
reconstruct the signal. As shown in Figure 
3, the IF signal is downconverted to 
approximately 25 kHz and a sampling rate 
of four times that is employed in the 
sigma-delta A/D convertor (7). The analog 
multiplier shown in Figure 3 creates all 
ranges of harmonic frequency contents 
above the fundamental carrier frequency, 
However, sigma-delta A/D converter tech¬ 
nology is based on oversampling and dec¬ 
imation processing technology, it elimi¬ 
nates the need to use an anti-aliasing filter 
(8,9). 
The resulting digital signal now 

becomes the input to a general purpose 
digital signal processor. All functions to the 
right of the gray line are firmware solu¬ 
tions. The first function necessary is to 
separate the signal to retrieve the I and Q 
channels by demodulation to baseband. 
The digital input samples are multiplied by 
the current sine and cosine values of the 
numerically controlled oscillator (NCO). 
This operation is performed at the input 
sample rate of approximately 100 kHz. 
This is at a sample rate that is over four 
times the needed rate for reconstruction of 
the 10 kHz signal, therefore, the results of 
the last operation are low pass filtered and 
decimated to a sampling rate of approxi¬ 
mately 25 kHz. 

DSP Architecture 
The Motorola DSP56002 was used for 

the digital radio firmware implementa-

Figure 5. Design criteria for each 
stage half-band filter. 
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Figure 6. Two-stage cascaded 
half-band filter structure. 

tion. The DSP56002, shown in Figure 
4, is a fixed point processor with a 
dual Harvard architecture and a 56-bit 
accumulator for full 24-bit by 24-bit 
multiplies. The 56-bit accumulator is 
particularly well suited for audio appli¬ 
cations due to the additional accuracy 
offered by the extended accumulator 
length. The DSP56002 has an on-chip 
PLL so that it can be operated at the 
fully specified processor speed by 
locking to, and multiplying up, a low 
speed external clock source. The abili¬ 
ty to operate external to the 
DSP56002 at a lower speed reduces 
the signal interference problems in a 
design. 

Halfband FIR Filter Design 
Since the phase response is very 

important to decode the stereo signal 
and for the DPLL, a linear phase FIR fil¬ 
ter is used which utilizes 4:1 decimation 
and LPF. Consider a special FIR filter 
called the half-band filter, which gives 
the required filter response and is com¬ 
putationally much simpler than conven¬ 
tional FIR filters. The half-band filter fre¬ 
quency response is symmetric about 
half the Nyquist frequency. This con¬ 
straint results in half of the filter coeffi¬ 
cients being exactly zero. Clearly if this 
symmetry can be tolerated in a design, 
considerable computational complexity 
can be avoided. 

Let Hh(z) be a linear-phase FIR filter 
transfer function with an odd number of 
coefficients, N. Since the linear-phase 
FIR filter has symmetric coefficient val¬ 
ues, the frequency response Hh(ei<") is 
real-valued function as 

M 

Hh(e¡“) = Xbncos(nœ) (14) 
n = 0 

where M = (N-1)/2. Assuming the cut¬ 
off frequency of the half-band filter is œc 

= rr/2, we have 

(Op + ws = rt (15) 

where cop and ws denote the passband 
and stopband edges, respectively. 
Moreover, assume that the passband 
ripple and the stopband ripple are the 

same (i.e., 8P = 8S = 8 ). Thus, the 
response exhibits symmetry around rt/2. 
Figure 5 shows a plot of such a symmet¬ 
ric halfband FIR filter response. In view 
of the symmetry, it is straightforward to 
show that 

Hh[ei“] = 1-Hh[e<™)] (16) 

Also, in terms of H(z), 

Hh(z) + Hh(-z) = 1 (17) 

Substituting equation 14 in equation 
17, it can be shown that the coefficients, 
bn, have the following constraints: 

As a result, the impulse response 
sequence has every odd-number sam¬ 
ple equal to zero for M odd (except the 
coefficient h(M) = bM = 0.5). Since the 
half-band filter is based on a symmetri¬ 
cal FIR design, the number of multiplica¬ 
tions in implementing such a filter is 
one-fourth of that needed for arbitrary 
FIR filter designs. 
The halfband filter coefficients can be 

obtained via the Fourier series method 
using a Kaiser winoow (10). By choos¬ 
ing proper parameters in the Kaiser win¬ 
dow, more than -120 dB of stopband 
attenuation with specified transition 
bandwidth can be realized. Perhaps the 
only real drawback of the filter design is 
the requirement that 8P = 8S shown in 
Figure 5. For most practical systems we 
have 8, « 8n. However, since the 
design curves are relatively insensitive 
to 5, the computational price paid for 
designing a filter with 5P much less than 
required is generally small, and almost 
always much less than the 2:1 speedup 
achieved by these filters. 
The halfband symmetric filter has a 

natural application in decimators with 
sampling rate changes of 2. However, 
since a halfband filter can only achieve 
a 2:1 decimation, a series of such fil¬ 
ters should be cascaded to perform a 
higher decimation filter process. To 
obtain 4:1 decimation LPF with linear-
phase response, a cascaded structure 
of two half-band filters has been imple¬ 
mented. Figure 6 shows the block dia¬ 
gram of a 2-stage decimation struc¬ 
ture. 

F¡ in Figure 6 denotes the sampling 
rate of the input signal to the decimation 
filter. Note that the decimation of 4:1 can 
be achieved by two 2:1 decimators in 
cascade. For this imolementation, an 
11 -tap FIR filter is used for the first 
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Figure 7. Frequency responses of 
the IF stage and compensated fil¬ 
ter. 

stage filter, while the second is done 
with 31 taps. This is efficient in reducing 
the number of operations performed per 
input since the signal is downsampled to 
approximately 50 kHz in the first filter 
using only 11 taps. The second filter, 
which takes 31 taps, is performed at the 
lower sampling rate. 
For decimation, this cascaded half¬ 

band filter structure has the following 
advantages: significantly reduced num¬ 
ber of computations; reduced memory 
requirement; simplified filter design 
problem; and reduced finite-word-length 
effects (11). 

Let’s examine the lowpass filter fre¬ 
quency regions for the individual stages. 
For the kth stage decimator, when k = 1, 
2, the lowpass filter’s passband, transi¬ 
tion band and stopband regions are 

0 < f < Fk : kth stage passband 

Fp < f < Fk - Fp : kth stage transition 19) 

Fk - Fp < f < Fk : kth stage stopband 

where Fp and Fk are the passband fre¬ 
quency and the sampling frequency of 
the kth stage output, respectively. Signal 
energy in the transition band will alias 
back upon itself (after decimation by 
2:1) only from Fp up to F^/2; hence the 
baseband, 0<f<Fp, is protected against 
aliasing. The output of this decimation 
(D) filtering is 

lD(k) = A[1 + L(k) + R(k)]cos(y(k)) (20) 

QD(k) = A[l + L(k) + R(k)]sin(y(k)) (21) 

where 

y(k) = tan 1_L0±±W_ 
1 + L(k) + R(k) 

(22) 

which is the discrete form of the con¬ 
tinuous time equations 1,2 and 6. 
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Figure 8. Block diagram of demo 
board. 
Compensation Filter Design 
Following the decimation filters are the 

filters which compensate the signal for 
the poor frequency response of the typi¬ 
cal AM receiver front-end. A typical AM 
receiver front-end is analog and cuts the 
bandwidth to about 3.5 kHz as shown in 
Figure 7. This performance can be 
improved by applying a linear phase fre¬ 
quency compensation filter to the signal 
at the output of the 4:1 decimation filter 
stage. 
Consider a filter which can compen¬ 

sate the frequency distortion by the 
front-end analog band-limiting filter. The 
objective is to design a compensation 
FIR filter whose transfer function Hc(w) 
is such that its magnitude response 
approximates the inverse transfer func¬ 
tion of the front end and has the linear 
phase property. Since the resulting FIR 
coefficients are real numbers, Hc(ío) is 
an even function in the interval < co < 

It is convenient to define the normal¬ 
ized frequency 0 <v < 1 where v = f/fN, 
so that the normalized Nyquist frequen¬ 
cy fN = 1. Using the Fourier series repre¬ 
sentation the transfer function can be 
expressed as (12) 

Hc(v) = ¿h^nje^ (23) 
n = —«o 

where the Fourier series coefficients 
hc(n) are obtained by 

hc(k) = £jHc(v)e-i^ (24) 

Since Hc(v) is an even function in the 
interval of -1 < v < 1, equation 24 can 
be modified by 

1 (25) 
hc(n) = jHc(v)e”in’'vcos(n;tv)dv n>0 

o 
and hc(-n) = hc(n). Since the transfer 
function Hc(v) is an unknown arbitrary 
function, it is extremely hard to find a 
closed form solution of the integration in 
equation 25. A numerical integration 
technique is used to find a set of coeffi¬ 
cients for any shape of transfer function 
(13). It is important to divide the given 
interval into N smaller intervals (A), so 

that the discontinuity between subdivi¬ 
sions becomes minimum. The numerical 
approximation of equation 25 can be 
expressed as 

n v, (26) 
hc(n)= £ jHc(v)e i"™ cos(n?rv) 

i = 1 vr 1 

Hence, approximating equation 25 by 
equation 26 amounts to finding the 
solution for the subinterval (v¡.|, v¡). 
There are numerous methods to find 
the solution (13), however, it has been 
found that Simpson’s method gave us 
the optimum estimation on this imple¬ 
mentation. 
For convenience, let’s define 

g¡ = jHjvje-i™'' cos(nrtv)dv (27) 
V|-1 

Applying Simpson’s rule on equation 
27, the FIR filter coefficients hc(n) 
defined in equation 23 can be obtained 
as (13) 

(28) 
* r N-1 N-1 

hc(n) = - g. + gN+2£ g^A^g^ 
° L i = i i = i 

However, it is not practical to have an 
infinite number of coefficients as shown 
in equation 23. So the series summation 
in equation 23 can be truncated at a 
predetermined finite number as 

Hc(v) = £hc(n)e'n,IV (29) 
n = -L 

The truncation in equation 29 can create 
the leakage phenomena wnich can be 
smoothed by a window function (10). In 
this implementation the Blackman-Harris 
window has been used to optimize for 
maximum side-lobe attenuation. Using the 
window function w(n), the FIR filter coeffi¬ 
cients of equation 29 can be rewritten as 

hc(n) = w(n)hc(n) for-L<n<L (30) 

where the Blackman-Harris window 
function is defined as (13) 

w(nj = 0.358 + 0.488 cos — + 
v N 

0.1 41 2 cos 
2nn 
~N~ 

+ 0.011 cos 
3rtn 

~Ñ~ 
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(31) 

Since the frequency response of the 
compensation filter requires only monot¬ 
onic changes with respect to frequency, 
a simple (11 -tap) symmetric FIR filter 
can compensate the frequency drooping 
to make a flat spectral response as 
shown in Figure 7. This effectively 
enhances the frequency response of the 
signal before further processing, and 
thus improves the quality of the final 

Figure 9. Test system block dia¬ 
gram. 
audio output. The typical frequency 
response, the compensation filter 
response and the combined filter 
response are shown in Figure 7. 

Detection 
Following the frequency compensation 

(FC) filtering, lFC(k) and QFC(k) are the 
inputs to the digital equivalent of enve¬ 
lope detection in the first process of 
recovering the left and right signals. If 
the effects of phase error are ignored, 
then 

IFC =A[1 + L(k) + R(k)]cos[y(k)] (32) 

and 

Qfc = A[l + L(k) + R(k)]sin[y(k)] (33) 

and H(k) is the output of the digital 
envelope detection: 

H(k) = 7^(Kj7Q2̂ k) {34) 

= A(l + L(k) + R(k))^siny2 + cosy2

= A(l + L(k) + R(k)) 

H(k) can then be used to estimate 
1/cos(y(k)) where C(k) is this estimate. 
An error signal can then be formed 

since H(k) is known and since the esti¬ 
mate C(k) multiplied by lFC (k) should 
equal H(k), if the estimate has convergec. 

e(k) = lFC (k)C(k-1)-H(k) (35) 

The error signal e(k) can then be used 
to update the estimate by 

C(k) = ßC(k-1) + (1-ß)e(k) (36) 

ß is selected based on the signal char¬ 
acteristics and it controls the rate of con¬ 
vergence of the estimate C(k). A value 
of 0.99 is typical, and is used in this 
application. 
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At the time point, k, it is assumed that 
the iterative equation of 36 has con¬ 
verged and thus e(k) = 0 or, from equa¬ 
tion 35: 

C(k)= 1 (37) 
cos(y(k)) 

Thus, I and Q signals can be modified 
by multiplying by this value of C(k) 
which results in: 

lE(k) = lFC (k)C(k) = A(l + L(k) + R(k)) 
(oo) 

QE(k) = QFC (k)C(k) = A(L(k)-R(k)) 

which, with the exception of the carrier 
signal in the I channel, are the desired 
signals needed to obtain the left and right 
channel information. The carrier compo¬ 
nent is removed by a highpass filter. The 
same digital highpass filter is applied to 
both channels for two reasons. The first 
reason is that both channels need to have 
the same gain and amplitude characteris¬ 
tics to recover the right and left informa¬ 
tion correctly. The second reason is that 
the Q channel does have some phase 
information at baseband which needs to 
be removed so as not to distort the signal 
and will be discussed in the next section 
of this paper, but 

lHPF (k) = A(L(k) + R(k)) (39) 

Qhpf (k) = A(L(k)-R(k)) 

Now, by adding and subtracting the I 
and Q channels, the desired left and 
right channel signal can be found. 

'hpfW + Qhpf(M = 2AL(k) (4Q) 

IhpfÍ^) - QHPF (k) = 2AR(k) 

phase error. The resulting demodulator 
output signal is 

RQ(k) = A[1 + L(k) + R(k)] 

sin y(k)+ 0e -$e 

(43) 

plus double frequency terms which are 
filtered out by the low pass decimation 
filters previously discussed. After multi¬ 
plying by the estimate of the inverse 
cosine term 

(44) 

sin Y(k)+ 0e“K 
A[1 + L(k) + R(k)] — -- --

COS ï(k) + ( 0e 

or 

QE(k) = A[l + L(k) + R(k)]-

tan y(k) + 0e - $e

It is straightforward to show that 

QE(k) = 

A 

(45) 

(46) 

(L(kj-R(k)) + (1 + L(k) + R(k))tanf <|>,-»e] 

^1 — tan y tan| 

Since tan(<i>e — $e) is assumed small as 
(<t>e - 4>e) approaches zero 

Digital Phase Lock Loop 
All derivations to this point have 

ignored the phase error present when 
demodulating most real signals. A 
phase lock loop (PLL) is typically used 
to track and estimate the phase error. A 
digital phase lock loop (DPLL) was 
designed for the C-QUAM receiver and 
the following derivations include the 
phase error term. The input signal 
before demodulation looks like 

R(k) = A[l + L(k) + R(k)]- (41)

cosí—(k) + 0e(k) + y^)] 

The numerically controlled oscillator 
(NCO) output would be: 

Nl(k) = cosi — (k) + $ (k)| (42) 
k“s J 

A^L(k)-R(k)) + (l + L(k) + R(k))tan^-0e 

and using the same assumption for 
additional simplification: 

(48) 

QE(k) = A (L(k)-R(k)) + tan^e-$e j 

The highpass filter discussed previously 
is now used to remove the baseband 
phase term and a lowpass filter is used to 
isolate this phase term and remove the 
left and right channel information: 

T = tan^e-$e J <49 ) 

The new phase error estimate would 
typically be computed by: 

where $e is the current estimate of the 

+ (50)

However, since it is very processor 
inefficient on a DSP to perform inverse 
trigonometric functions, <|>e - $e is never 
calculated. The input to the loop filter is 
tan(<|)e - $e) and the output is 
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TLF (k) = ßTLF (k-1) + (1-ß)T (51) 

which is also in the form of tan(<|>e - $e). 
Also note that if x=tan(<|>e - $e), then 

sin Í <|>e - ] = ~r=X (52)
V 7 Vl + X2

and 

COsi«|)e-$e |= , 1 (53) 
k ) y1 + x2

so that the sine and cosine of the new 
estimated phase error can be formed 
from trigonometric manipulation: 

sin ^enew = (54) 

cos^e-^sin^-b 

Sin 0e -$e COS $old 

and 

C0S Ke» = (55) 

cos^e -$e jcos$old + 

sin|0e-$e|sin$old

Since ojc/ais = 1/4, only four values of 
sine and cosine need to be stored in a 
modular table to compute the NCO out¬ 
puts which are then updated with the 
new phase error estimate using the 
same trigonometric manipulations used 
in equations 44 and 45. The final NCO 
output values are 

N,(k) = cos[ — (k) + $ ] (56) 
(.“s ) 

and 

N0(k) = sini— (k) + $e | (57) 
' 7 

which can be calculated using trigono¬ 
metric identities in terms of sin $e and 
cos $e as shown in the previous equa¬ 
tions. Note that finding the value of $e is 
never required using this expansion. 

Hardware/Test 
Figure 8 is a block diagram of the 

board built to test and verify the 
firmware solution. A Motorola MC13023 
C-QUAM AM receiver front end is used 
to create the 450 kHz IF signal input to 
the Motorola MC1496 modulator. The 
output of the modulator is the input sig¬ 
nal for the Motorola DSP56ADC16 
sigma delta analog to digital convertor. 
The resulting digital output is then 
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Synergy has introduced 
a selection of high per¬ 
formance, low cost 
standard catalog and 

custom highpass, lowpass and 
bandpass filters covering pass¬ 
bands within the DC to 2000 
MHz range. These filters are 
readily available in standard pin 
packages as well as the newest 
Synergy patented metal surface 
mount package with either leaded 
or flush mounting configurations. 

Most importantly, when you 
specify Synergy, you benefit from 
our Sales and Applications team 
to assist you in the wide choices 
of available filters. 

For a copy of our latest catalog, 
contact: 
SYNERGY MICROWAVE 
CORPORATION, 
483 McLean Boulevard, 
Paterson, NJ 07504. 
Phone (201) 881-8800 or 
FAX (201) 881-8361. 
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RETRANSMITTERS 

passed to the DSP56002 for processing. 
The Left and Right channel outputs of 
the DSP56002 are then converted to 
analog by the PCM56 and further ampli¬ 
fied. Figure 9 shows the complete sys¬ 
tem used to demonstrate the board and 
the firmware. 

Conclusion 
The authors have shown that this 

combination of analog front end and 
firmware on a DSP can perform AM 
stereo reception. Additionally, the per¬ 
formance of this radio is much better 
than the fully analog counterpart, 
achieving more than 40 dB of channel 
separation. 
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RF featured technology_ 

Rise Time/Fall Time Enhancement 
of Class C Bipolar Common Base 
Transistor Amplifiers 
By Timothy P. Hulick, Ph.D. 
Aerodyne Industries 

Class C RF defines a class of ampli¬ 
fiers which is non-linear, but highly 
power efficient, suitable for phase, fre¬ 
quency, or 100 percent pulse amplitude 
modulation. The circuit surrounding the 
amplifying device is simple compared to 
the linear class A and AB amplifier since 
no input bias supply is needed. At UHF 
and higher, grounded or common base 
is usually the preferred configuration 
because it offers higher gain than the 
grounded emitter case. A generic com¬ 
mon base amplifier with shunt collector 
supply voltage feed is shown in Figure 
1. 

Generally speaking, for most applica¬ 
tions the speed at which an amplifi¬ 

er of the type shown in Figure 1 
responds to the RF drive is not too 
important. For example, when RF drive 
is applied to a class C RF power amplifi¬ 
er stage in a hand-held FM voice com¬ 
munication device, it is sufficient that the 
amplifier rise to its full output power 
before modulation is applied. Rise time 
may be as long as a microsecond, 
which is of no consequence in an appli¬ 
cation such as this. Also, when drive is 
taken away such as when reverting to 
the receive mode in a communicator, fall 
time may also be as long as a microsec¬ 
ond, which again, is of no consequence. 
Certainly, FM broadcast transmitters are 
not concerned about rise time or fall 
time because they are voice transmitters 
and essentially turn on or off only once 
per day or are continuously on. 
Users of pulse modulation of class C 

amplifiers, such as that used in radar, 
with a pulse width as short as one 
microsecond, usually don’t care about 
rise or fall time. If the ON time is consid¬ 
ered to be that time between the 90 per¬ 
cent ON points, the RF drive pulse width 
may be adjusted or stretched to accom¬ 
modate the slow class C amplifier. 
There may be applications where the 

class C stage must respond to its RF 
drive pulse with far less rise time/fall 

Figure 1. A typical class C com¬ 
mon base RF amplifier topology. 
time deterioration than that required by 
the applications just mentioned. As ana¬ 
log to d gital converters gain in sampling 
rate and word size, wider bandwidth 
baseband signals (such as television 
video) can be accurately digitized for 
further use by the RF engineer. 

It is possible to synthesize linear 
amplitude modulation onto a carrier by 
gating the RF carrier drive to a number 
of non-linear, but highly efficient RF 
sources. Each RF source must be of the 
correct power level, representing the 
weight of each digital bit, then power 
combined to a single output port. (1) 
The process and topology represent a 
high level digital to analog RF converter 
with carrier, or, a synthesized unbal¬ 
anced mixer. This kind of modulation 
scheme requires that high level RF sig¬ 
nal sources respond nearly instanta¬ 
neously to the digital command to turn 

on or turn off compared to the shortest 
total on-time. The shortest total on or off 
time is equal to the period of the sam¬ 
pling frequency. In the case of digitized 
video (4.2 MHz bandwidth) where the 
sampling frequency must be at least 8.4 
MHz, the on-time is as short as 119 
nanoseconds. It is imperative that rise 
and fall times be only a small portion of 
this time or glitchy distortion is the result 
— that is to say, at least short enough 
so that the the glitches fall outside the 
RF passband and can be filtered out. 
Figure 2 shows the detected RF out¬ 

put of a typical high power class C UHF 
transistor amplifier when driven with an 
assumed perfectly square drive pulse of 
RF (10ns rise/fall time). 
Rise time deteriorates from 10ns to 

300ns while fall time from 10ns to 
125ns. The circuit used is a specific 
design derived from Figure 1 using a 60 
watt device operating at 645 MHz. The 
device fails to turn on quickly because 
ON bias must be derived from drive. 
Until drive is applied, the transistor is 
biased off. Fall time suffers because 
stored charge in the device must bleed 
on its own since no external help is pro¬ 
vided with circuitry. If a pulse of base¬ 
emitter current could be provided at the 
moment drive power is applied for the 
duration of the slow rise time, turn on 
time may be reduced to essentially that 
of the drive pulse. Likewise, if reverse 
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Figure 2. Rise/fall times of a typi¬ 
cal 60 W, class C UHF bipolar 
power transistor driven with a 
drive pulse with 10 ns rise/fall 
times. 

Figure 3. An assumed perfect RF 
drive pulse (a), and the detected 
class C output (b). 

June 1993 



29 Hot New Ways to Build 
Really Cool Power Amplifiers 

High efficiency. And low thermal resistance. Together, they keep our new Power FETs 
running cool — and that can help put your amplifier reliability problems ON ICE. 

Our D Series devices are ideal for C-Band analog applications, while our DD parts 
guarantee outstanding IM3 performance and flat gain in your digital and mixed-signal circuits. 

For space applications, our “C” Series FETs 
deliver Power Added Efficiencies (PAE) of 56% . 

And for L, S, and UHF Bands, our new 10 and 
20 Watt devices offer efficiencies as high as 44%. 

For added reliability, all our Power FETs are 
Silicon Dioxide passivated for exceptional tolerance to 
RF overdrive conditions. 

They’re in stock now, in quantity, so delivery 
is no sweat either. And with industry standard packages, 
they're hot to drop-in to your designs. 

Circle the number below, or call your nearest 
CEL Sales Office. We’ll send you out data sheets and a 
Product Selection Guide immediately. 

NEC 

Frequency Part No. P1dB GL(dB) PAE 

3.7 to 4.2 
for 

Space 

NEZ3742-10C 1OW 15.0 56% 

NEZ3742-5C 5W 15.0 56% 

NEZ3742-2C 2W 15.0 56% 

4.4 to 5.1 

NEZ4450-15D, DD 18W 10.0 35% 

NEZ4450-8D, DD 9W 10.5 37% 

NEZ4450-4D. DD 4.5W 10.5 40% 

5.9 to 6.4 

NEZ5964-15D, DD 18W 9.0 33% 

NEZ5964-8D, DD 9W 9.5 35% 

NEZ5964-4D, DD 4.5W 10.0 37% 

6.4 to 7.2 

NEZ6472-15D, DD 18W 8.0 31% 

NEZ6472-8D, DD 9W 8.5 33% 

NEZ6472-4D, DD 4.5W 9.0 35% 

7.1 to 7.7 
NEZ7177-8D, DD 9W 8.0 31% 

NEZ7177-4D, DD 4.5W 8.5 33% 

7.7 to 8.5 
NEZ7785-8D, DD 9W 7.5 31% 

NEZ7785-4D, DD 4.5W 8.0 33% 

California Eastern Laboratories 

CEL Headquarters, 4590 Patrick Henry Drive, Santa Clara, CA 95056-0964; (408) 988-3500 FAX (408) 988-0279 □ Santa Clara, CA (408) 988-7846 □ Los Angeles. CA (310) 645-0985 

San Diego, CA (619) 467-67270 Bellevue, WA (206) 455-1101 □ Richardson, TX (214) 437-54870 Shawnee, KS (913) 962-2161 □ Woodridge, IL (708) 241-3040 □ Cockeysville, MD (410) 667-1310 

Peabody MA (508) 535-2885 □ Hackensack, NJ (20» 487-1155 or 487-1160 □ Palm Bay FL (407) 727-8045 □ Snellville, GA (404) 978-4443 □ Nepean. Ontario, Canada (613) 726-0626 

© 1995. Califa -mi Eastern I ahtrakines 

INFO/CARD 32 



bias voltage is applied to the base-emit¬ 
ter junction at the moment that drive is 
removed, stored charge may be pulled 
out quickly reducing the fall time to 
essentially that of the drive pulse. It is 
the purpose of this presentation to show 
that external circuitry exists to perform 
these two functions and that it is auto¬ 
matic and self adjusting. 

Slow Rise/Fall Time Analysis 
If a gated RF drive envelope to a class 

C common base amplifier is assumed to 
be perfectly square at the leading and 
trailing edges, rise and fall time 
response of the class C stage will deteri¬ 
orate. To be more specific, the output 
will rise to the top at a time later than 
that of the drive pulse and will return to Figure 4. A circuit to detect the 

drive pulse and provide class A 
bias current to the transistor. 
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What's In This For You? 
Reference QQJ . Qr¡ven p[[ Synthesizer 

zero at a time later than that of the drive 
pulse. Figure 3 ¡Illustrâtes this point 
graphically. 
The rise time deterioration is t2-t1, 

while the fall time deterioration is t4-t3. 
The challenge is to reduce t2-t 1, and t4-
t3 to the smallest values possible. Fur¬ 
thermore, this must be done without 
ringing and overshoots. The only test 
equipment needed to measure the 
rise/fall time deterioration represented 
by Figure 2 are fast diode detectors, 

Q2520: 12bit, 80 MHz DAC 
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output, wide frequency range, and fine frequency resolution 
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free "DDS/PLL Hybrid" Application Note and discover 
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Qualcomm 
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Tel: (619) 597-5005 
— Fax: (619) 452-9096 
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tO t1 t2 t3 t4 t5 

Va X X H L L X 

Vb L H X X X L 

Vc H H L L L H 

Vd L L H H H L 

Ve H H L L L H 

Table 1. A truth table is presented 
showing voltage values at vari¬ 
ous points in the circuit (see Fig¬ 
ure 7). 
minimum stray capacitance on the lines 
carrying the detected signals, matching 
which minimizes reflections, a pair of 
directional couplers and a good dual 
trace oscilloscope. 

A Solution 
The following amplifier base bias con¬ 

ditions are sufficient to minimize t2-t1 , 
and t4-t3. 

• The transistor should be biased for 
class A operation during the rise time. 

Figure 5. Scheme to bias Q1 class 
A during rise time. 
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DETECTED RE DRIUE PULSE 

FROM 
RISE TIME 
COMPARATOR 

Ci| As IOC g 

R1H % 10R 10

Figure 6. Circuit to sample and hold the fall time ref¬ 
erence level. 

Figure 7. Representative circuit showing the func¬ 
tions to enhance rise/fall times. 

• The transistor should be biased for 
class C operation after the rise time has 
expired and before the fall time is initiat¬ 
ed. 

• The amplifier should be biased for 
cut-off during the fall time. 

In order for class A bias to be applied 
during the rise time, it is necessary to 
sense the presence of the drive pulse. A 
fast diode detector can be used for this 
purpose, causing a voltage comparator 
to change state. A functional circuit 
could be that of Figure 4. 

The base of the class C amplifier 
could be AC coupled to the ou:put of the 
comparator of Figure 4 to cause base¬ 
emitter current to flow during the rise 
time, biasing the stage in class A. Cur¬ 
rent DC is limited by means of a series 
resistor with the DC blocking capacitor. 
The capacitor is charged at the end of 
the rise time, reverting amplifier bias 
back to class C. A functional diagram is 
shown in Figure 5. 
Since RFC2 is much larger than 

RFC1, the shot of base-emitter current 

largely bypasses RFC2 instead finding 
ground through RFC1 until the blocking 
capacitor is charged. 
While the drive pulse remains on after 

rise time, the RF transistor is biased for 
class C. At fall time, another voltage 
comparator may be used to sense when 
the drive pulse envelope is falling and 
can change state early in the fall time. 
This changing state can be used to 
ground the positively charged side of the 
blocking capacitor in Figure 5. This 
causes an instantaneous reverse bias of 
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Figure 8. Rise time reference and 
fall time reference superimposed 
on detected drive pulse. 

the base-emitter junction of the transis¬ 
tor, causing it to cut-off. 
The previous three step process is 

easy to see when presented functional¬ 
ly. Even the reference for the rise time 
comparator is easy to establish since it 
must only be arbitrarily close to ground. 
The fall time reference must be self 
adjusting, however, since the top of the 
drive pulse envelope may be any detect¬ 
ed voltage level depending on the RF 
drive power of the amplifier. It is suffi¬ 
cient to say that a reference for the fall 
time comparator must be derived from 
the detected drive pulse itself, then set 
somewhat below the top of the drive 
pulse envelope. The comparator will 
change state as the detected drive pulse 
falls below the reference. The reference 
can be established by means of a sam¬ 
ple and hold circuit, and charge can be 
stored by a capacitive voltage divider 
driving a JFET input operational amplifi¬ 
er used as a voltage follower/buffer. Fig¬ 
ure 6 shows the functional solution to 
the fall time reference circuit. The 
switch, one-fourth of a quad bi-lateral 
CMOS analog switch, is closed momen¬ 
tarily by AC coupling its gate to the rise 
time comparator output. When the 
switch opens, the peak detected drive 
pulse amplitude is stored across the two 
series capacitors. The ratio of the two 
capacitors determines the reference to 
peak drive voltage ratio. 
For the composite circuit, it is only 

necessary to combine Figures 4, 5 and 
6 into a practical configuration, deciding 
on component values and preventing 

logic impossibilities and short circuits 
from occurring. A complete functional 
diagram is shown in Figure 7. 
A truth table (Table 1) describes the 

logic states leading up to establishing 
• class A bias during rise time 
• class C bias between rise time and 

fall time 
• cut-off bias during fall time 
Figure 8 indicates the position of the 

drive pulse and reference voltages at 
selected times corresponding to the 
logic level states of Table 1. 
A realizable circuit with proven com¬ 

ponents is shown in Figure 9 (see page 
50). Maximum economy of quad pack¬ 
ages is used where one bilateral CMOS 
switch in a package of four is left over, 
so it is used as a logic inverter. Fast 
switching transistors and fast voltage 
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Figure 9. A practical rise/fall time enhancement circuit. 

comparators are used throughout. JFET 
input voltage follower operational ampli¬ 
fiers are used where it is important to 
have very high input impedance so as 
not to discharge the hold capacitors. Cir¬ 
cuit component values are real in a 
proven circuit for a 60 watt class C ampli¬ 
fier. RF components are not specified 
since they are unique to the design, but 
RFC2 must be five to ten times greater 
than RFC1 for the base-emitter junction 
to be pulsed properly. The fall time refer¬ 
ence capacitors discussed and shown in 

Figure 6 are C4 and C5 in Figure 9. They 
are in a 10:1 ratio so that the fall time ref¬ 
erence is set at 10/1 1 of the peak detect¬ 
ed drive pulse value, or 91 percent. 

Results 
Figure 2 shows the typical grounded 

base response time of the unmodified 
class C amplifier. 

Figure 10 shows the actual enhanced 
rise time (steepness of leading edge 
slope). The horizontal trace at the bot¬ 
tom is the rise time reference set by 

Figure 11. Detected output of 
enhanced amplifier along with fall 
time reference. Compare to Fig¬ 
ure 2. 
R6R7 in Figure 9. Likewise Figure 11 
shows the actual enhanced fall time with 
the horizontal trace indicating the posi¬ 
tion of the fall time reference established 
across C4 and C5 in Figure 9. 

Figure 12a and 12b show side by side 
the unenhanced output of the class C 
amplifier along with the enhanced. 

It is felt that the circuit component val¬ 
ues of Figure 9 are universal for any 
class C solid-state amplifier except 
those RF components unique to the 
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Figure 12. a) Unenhanced output 
pulse retuned to take on a better 
shape than that of Figure 2. b) 
Output pulse with rise time/fall 
time enhancement engaged. 

amplifier itself and the value of C6 and 
R21. R21 is chosen to limit the base 
pulse current amplitude to a safe level 
for the RF transistor while C6 must be 
chosen to allow the base pulse to con¬ 
tinue through the rise time and not to 
discharge completely during fall time 
until fall time is complete. This circuit 
has been tried successfully using RF 
transistors capable of 10 watts through 
60 watts with changes only to these two 
component values. 
A patent has been applied for for the 

Rise Time/Fall Time Enhancement 
method just described. For its commer¬ 
cial application, please consult the 
author. RF 
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RF cover story_ 

New VCO Family is Created From 
Theory and Modeling 
By Michael S. Vogas 
Synergy Microwave Corp. 

Synergy Microwave Corporation intro¬ 
duces a series of Voltage Controlled 
Oscillators (VCOs) covering the 400 to 
1800 MHz range. These VCOs are 
extremely rugged, hermetically sealed 
and are offered in Synergy’s 16 pin 
metal package, plug in, and surface 
mount form. These devices exhibit 
extremely low phase noise and are con¬ 
structed using a minimum number of 
parts, making them a low cost design 
alternative to other VCOs. In this article, 
a theoretical/CAD oscillator design 
approach is presented that led to the 
design of this new product line. 

Although numerous researchers in 
the past have published oscillator 

configurations based on some form of 
small signal analysis, these approaches 
require a combination of theoretical and 
empirical calculations and do not always 
lend themselves to the desired result as 
tuning of the final device is inevitable. 
Synergy’s approach involves simulation 
with Compact Software’s Harmonica 
Linear/Nonlinear Harmonic Simulator, 
resulting in considerable savings in 
design time as well as tuning time, yield¬ 
ing results very close to the desired per¬ 
formance. 
Transistor selection is of primary 

importance. For a frequency range of a 
few hundred megahertz to several thou¬ 
sand megahertz, VCOs are commonly 
built around Bipolar Junction Transistors 
(BJTs) due to their inherent low noise. 
Contrary to popular belief, fmax is not the 
most definitive quantity in the selection 
of the device. fmax is defined as the fre¬ 
quency at which the unilateral gain falls 
to unity, and the device ceases to oscil¬ 
late. With a high fmax , the device is sus¬ 
ceptible to oscillations outside the 
desired frequency range, and extrane¬ 
ous coupling between the device leads 
may arise. Needless to say, if cost is to 
be kept low, devices with very high fmax 
are prohibitive. 
Lax should definitely be within the 

desired range of operation, but power 
dissipation is also an important criteria 
in the selection of the device. Power dis-

Figure 1. Block diagram of a typi¬ 
cal oscillator network as it is 
used for graphical/computer 
analysis. 

sipation is important, as VCO active 
devices operate at high power levels. 
Also, care should be taken to control the 
oscillation totally through the external 
circuitry with no possible spurious oscil¬ 
lations inside the device. A preliminary 
simulation/construction of a ncn-oscillat-

ing circuit is necessary in order to prove 
that the device is free of unwanted spu¬ 
rious oscillations. The line of BJTs 
selected offers an ideal choice as they 
can typically be used up to 8 GHz and 
lend themselves to all forms of external 
positive feedback, while producing an 
average negative resistance of 50 to 
400 ohms (1). 

Basic Theory of Operation 
Most of the available literature on 

oscillators describes the operation of 
oscillators using small signal S-parame-
ters. The main reason for this occur¬ 
rence is that small signal S-parameters 
are readily measurable and all transistor 
manufacturers supply them for their 

54 

Series feedback Circuit Parallel Feedback Circuit 

Figure 2. Typical BJT configurations for the main transistor network of 
Figure 1. 
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Figure 3. Small signal models for 
the configuration used. 

devices. The small signal design tech¬ 
nique offers valuable insight into the 
conditions that govern oscillator starting, 
while giving a rough prediction of the 
possible frequency range of operation. 
The disadvantage, though, is that those 
estimates are valid only for the first few 
cycles after the device is turned on. 
A proper way to describe the oscilla¬ 

tion process is through a thorough 
derivation of the feedback network of 
the device, with an application of the 
Barkhausen criteria. The Ba'khausen 
criteria state that the product of the for¬ 
ward gain path and the feedback path 
for the complete oscillator network 
should be equal to unity, while the feed¬ 
back loop should add the output wave 
form to the input of the combined net¬ 
work with no phase shift (i.e. positive 
feedback). During that condition the 
mechanism that keeps the device in 
oscillation is the continuous balancing of 
these two quantities. For example, as 
the oscillation amplitude of the device 
increases, its gain decreases to satisfy 
the previous criteria. 
The derivation of the equations for the 

feedback loop and the forward gain of 

Figure 4. Transistor in CB show¬ 
ing biasing network and biasing 
parasitics. 

the device can be very complex in cer¬ 
tain cases, and special care should be 
taken in identifying the two loops. Rohde 
(2) offers a very good description of that 
process. In addition to the above, a 
rather simplistic method of describing 
the oscillation criteria has been used in 
the industry. That process is not favored 
for its insight in the operation of the 
device, but rather for its ease of applica-
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Figure 5. Block diagram at a typical oscillator network. 

tion. In that latter approach, considera¬ 
tions for the input resistance of the 
device attempt to explain why the ampli¬ 
tude of the signal starts increasing while 
building up from the internal noise level. 
Looking at Figure 1, it can be seen that 
this happens because the resistance of 
the combined active device is greater 
than the resistance of the load, namely: 

will cease when the real parts 
respective impedance and the 
device become equal, or: 

I-Roscl = R r and X osc = -X r or 

alternatively when Tr • Tosc = 1 

of the 
active 

(2) 

|-R 0SC |>Rr and Xosc =-Xr (D 

As the oscillation amplitude keeps 
increasing, the DC operating point of the 
device shifts continuously thereby 
changing the gm of the device and, of 
course, its input and output impedance. 
This situation produces a frequency 
shift, a change in output harmonics 
and/or a change in output power levels, 
and the oscillator operation predictions 
in general. The increase in amplitude 

Where Tr and Tosc are the reflection 
coeffic ents produced by Rr+jXr and 
ROsc+ixosc respectively. When steady state 
occurs, the device reaches saturation lev¬ 
els. Rosc is a very important quantity and is 
accurately described by the nonlinear l-V 
relationship of the transistor. If we look at a 
common base transistor we can see that, 
due to the nonlinear current source, the 
value of Rosc varies non-linearly about a 
given l-V operating point. Since that resis¬ 
tance is related to the internal current 
source, we can imagine the total current 
as the sum of all the individual currents at 
all harmonic frequencies. This can be sim¬ 
ply stated as: 

n = 0 

Where ldc is the DC current through 
the device when it does not oscillate, 
and I,, l2, l3 are the currents of the first, 
second and third harmonics, respective¬ 
ly, which come into play when the 
device starts oscillating. The total cur¬ 
rent mentioned before is related to the 
internal current generator of the transis¬ 
tor, and we can thus express the total 
transconductance characteristic of the 
device as: 

” (4) 
^mtotal “ 9m0 + 9m1 + 9m2 + 9m3 + ”'~ Z-9mn 

n = 0 

In the above, gm0 is the value of 
transconductance at DC while gm1 , gm2 , 
etc. are the values at the first, second 
and third harmonics respectively. It is 
important to keep in mind that gml , the 
transconductance attributed to the first 
harmonic is approximately equal to 
0.7gm0 , and is the most important of all 
the harmonics in equation 4. As the 

Figure 7. SuperCompact linear analysis of oscillator as per Figure 3. 
The varactor locus is created by cumulative varactor iterations for vari¬ 
ous capacitances. 

oscillations increase in amplitude the 
value of gml decreases in order to keep 
the device meeting the oscillation crite¬ 
ria, and have Gmtota i equal to a constant 
value for a specific DC input current. 
The latter explains why the magnitude of 
Rosc is more negative while the system 
commences oscillation and settles down 
to a more positive number when the 
system reaches equilibrium. Also, the 
fact that the gm terms are a decaying 
series verifies the fact that the system 
can not oscillate to infinity. 
There are several options (3) available 

for the main transistor network, with 
some presented in Figure 2. A common 
base or common emitter configuration is 
used, with the feedback element in 
series or parallel form. The configuration 
selected for Synergy’s designs is the 
common base (Figure 2c) because it 
lends itself more easily to oscillation and 
presents an inherent isolation from out¬ 
put (collector) to input (emitter). In this 
configuration we can assume that the 
internal AC base resistance rb is much 
less than rc, the internal AC collector 
resistance, an assumption which is true 
because rb is less than 20 ohms while rc, 
may well be in the ten Megohm range. 
Based on the above assumption, we 
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then the output admittance will be given 
by 8: 

Yi 2y2i 
in - y 11 

y load +y 22

_ „ yi 2y21 
out- y22-- 777 

J source /11 

(7) 

(8) 

In view of equations 7 and 8, the sta¬ 
bility of the device can be ascertained in 
two ways: the Linvill stability factor (equa¬ 
tion 9), or the condition in equation 10 
which states that the Z (or Y) matrix of the 
complete network should be equal to 0.0. 

c = |y2iyi2| (9) 

2Re{y 11 }Re{y 22 }-Re{y 21y12} 

where c > 1 for instability 

Figure 8a. Magnitude of output 
S11. 
can safely assume that there is a factor 
a such that: rm (transfer resistance of 
the BJT current generator) = a-
rc, where a is called the short circuit 
current multiplication factor, a quantity 
greater than or equal to unity. The 
importance of a in the determination of 
the oscillation conditions is easily seen if 
we attempt to find the input impedance 
of the previous circuit. It can be easily 
proven that the input impedance is: 

R.n=^ le =0 = re + r— (5) 
'e rb + rc 

= re+rb(1-a) 

From 4 and 5 we can see that it is 
possible for a common base configura¬ 
tion to develop a negative input resis-

Figure 8b. Typical negative resis¬ 
tance input for the high, mid and 
low bands. 

tance (since a >1) if rb (or rb in series 
with another impedance) becomes suffi¬ 
ciently large. The latter can be easily 
satisfied by the addition of an external 
element like the microstrip inductance Le 
(Figure 3). In order to examine the sta¬ 
bility of such a network let us assume 
that the admittance matrix of the com¬ 
bined device and base stub is Y. In that 
case we have: 

or [V] = [Z] ■ [I] where the determinant 
of [Z] is equal to 0.0 for the onset of 
oscillation. We shall use the second 
method which gives us a little more 
insight into the operation of the circuit. If 
we add the output impedance Rb the 

RF Design 

Yu Viz 

.Y21 Y 22 
(6) 

If the output pon is terminated with a 
frequency varying network Yload , the 
input admittance is given by equation 7. 
Similarly if the input port is terminated 
by a frequency varying network Ysource , 

F(GHZ) IS11r| |S11 OSC 1 <S11r <S11 ose

0.570 0.915 1.118 +178.8 -179.0 
0.740 0.925 1.993 +150.7 -153.0 
0.930 0.930 1.175 +156.0 -156.0 

Notice that |S11r|> 7- ? 
|S11osc| 

and < S1 1r = - < S1 1osc

Table 1. Table of the elements of 
Figure 3 as the varactor is tuned 
across the band. 

With broadband frequency coverage from 800kHz to 1 GHz, 
ENI's Model 603L will solve your power amplifier needs. 

■ Rugged, Compact Design 
" 3W Class A Output 
■ 40dB Small Signal Gain 

For more information, contact us at: 
100 Highpower Rd., Rochester NY 14623 
Tel: (716) 292-7440 ■ FAX: (716) 427-7839 
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Figure 9. Typical phase noise setup. 
Figure 10. Typical phase noise for the 500-1000 MHz 
unit. 

microstrip inductance Lb and the varac-
tor/inductor combination to the network 
we get a network similar to the one in 
Figure 3c. The following loop equations 
can then be derived: 

(10) 
F0! j(œL-1/œC) + r, + rb +1* rb + L* 

|o] L ^ + ̂ +1* rtt+Rt+rh + Lh] 

ft] 

The determinant of the above matrix 
must reduce to 0, so the above equation 
becomes: 

j(œL-1/œC)(rc +R, +rb +Lb) + re ■ 

(rc+R1) + (re+R1+(1-a)rc)- (11 ) 

(rb+Lb) = 0 

By setting the reactive part to 0.0 we 
can show that the resonant frequency is: 

fo = (1/2it) J(1/LC) (12) 

Similarly, by setting the real part to 0 
we can show that: 

(13) 

If a>1 in 13, by properly choosing R, 
(i.e. the output matching network) and Lb

(4) (the length of the microstrip induc¬ 
tor), we can ascertain that the circuit will 
oscillate. Furthermore, by properly 
selecting the value of the capacitance/ 
inductance at the emitter, we can tune 
the circuit over a range. 

Circuit Simulation 
A proper method for simulation of 

oscillating circuits is the nonlinear 
approach, which can be achieved by 
using Microwave Harmonica Ver. 3.0 
and its harmonic balance techniques. 
The approach describes the active 
device with a nonlinear large signal S-
parameter model, and simulates the 
network using well defined goals for 
oscillation ranges, fundamental and 
output harmonic power levels. The lin¬ 
earized approach described in the fol¬ 
lowing section (5) involves a simplistic 
method for the design of the unit. It 
offers a prediction of the output oscilla¬ 
tion range but it has no insight into any 
of the circuit performance parameters 
associated with the nonlinear parts of 
the models. 
The f rst step in the simulation is to 

determine the optimum base reactance 
at the desired frequency range of oper¬ 
ation (Figure 4). This reactance is 
selected to make certain that the tran-

Only TECDIA has THREE! 

sistor will oscillate at one frequency in 
the region of interest (preferably mid¬ 
band). The value of that inductance can 
be arrived at by a simulation of the 
transistor in CB configuration with the 
base stub present and including all par-
asitics, DC block capacitors and bias¬ 
ing networks. Such a network is shown 
in Figure 4. The best choice for a stub 
length is one that achieves maximum 
amplitude for S1 1 and S22. In general, 
the longer the stub, the lower the fre¬ 
quency and vice versa (4). The Opti¬ 
mization Option in SuperCompact is 
ideal for arriving at the correct value of 
the base inductance. Care should be 
taken to see that in the process of max¬ 
imizing S11 and S22, S21 is kept rela¬ 
tively constant as that quantity will now 
roughly govern the linearity of the out¬ 
put power. To establish the conditions 
of oscillation in Figure 5, the following 
have to be met: 

rr sn = i, <rr<sn, 
and T, - S22 = 1 < F, < S22

We can continue the optimization by 
matching the output of the transistor, 
S22, to the 50 ohm load (Figure 5). This 
is usually achieved by maximizing S1 1 
while the output is conjugately matched. 
A typical output matching network is a 
combination series/open stub (Figure 6). 
During the optimization process in 

SINGLE LAYER CHIP CAPACITORS 

THREE 
Type C 
ioov 

■ Extremely smooth and uniform metallized surfaces 
■ Pt metallization to withstand 400°C die attach temperature up to 20 min max. 
■ TiW adhesion layer to prevent diffusion and provide stability at very high temperatures 

2672 Bayshore Parkway, Suite 702, Mountain View, CA 94043 
Tel: (415) 967-2828 Fax: (415) 967-8428 

Range 
Nominal 
Power 
Output 

Flatness 
2nd 
Harmonic 

(MHz) (dBm) (dB) (dBc) 

400-800 14.5 3 9 

500-1000 14 3 10 

600-1200 14 3 10 

700-1400 14.5 3 10 

800-1600 13.5 3 10 
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Raltron manufactures its 

compact VC 7025 Voltage 

Controlled Crystal Oscillator 

to meet your Phase Locked 

Loop specifications, deliver¬ 

ing deviation sensitivity or 

pullability of up to ± 100 

PPM/V. Big performance in 

a small package. At a price 

you’ve been looking for. 

Telecommunications: 

If you're 
info it... 
listen to 
this! 

VCXO WITH PULLABILITY 
Raltron manufactures a 

complete line of the highest 

quality VCXO’s to both 

standard and custom speci¬ 

fications. Send us your 

VCXO specifications today 

or call (305) 593-6033 for 

more information. 

Raltron Electronics Corp. 
2315 NW 107th Avenue, Miami. Florida 33172 U.S.A. 

Fax (305) 594-3973 Telex 441588 RALSEN 
(305) 593-6033 

Crystals 
Crystal Oscillators 
Crystal Filters 
Ceramic Resonators 

RALTR>R 
Only Raltron has it all. 
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Figure 11. Typical power output 
MHz unit. 
Microwave Harmonica, the lengths of the 
series and open stubs are left to vary 
freely while a goal of matching a 50 ohm 
load has been selected. Of course, this 
particular matching network is not the sole 
solution, just a simple choice out of many 
(some very complex) that the designer 
can use for effective matching to the load. 
Once the output has been matched, the 
input of the one port network, which now 
looks similar to the combined network in 
Figure 1, is plotted. If the matching at the 
output was performed properly, the value 
of its reflection coefficient should still be 
much greater than one. The output can 
either be plotted as 1/SHosc on the Smith 
chart in order to match any loops in the 
locus, or in a tabulated form in order to 
match amplitude and phase to the reflec¬ 
tion coefficient of the resonator. Loops in 
the locus of the active device at this point 
may indicate a possibility for injection lock¬ 
ing or spurious oscillations (see Figure 7). 
The resonator section is usually com¬ 

posed of a network of varactors, with a 
short-circuited stub to ground which 
serves as a matching network to the input 
of the transistor combination. Both sec¬ 
tions of the circuit as per Figure 1 were 
simulated simultaneously using 
Microwave Harmonica, with the results 
shown in Figure 7. The varactor locus is 
achieved by using successive sweeps 
while changing the varactor capacitance. 
A tabulated form of the results is shown in 
Table 1 clearly showing the oscillation 
condition for 500-1000 MHz VCO. 
The output value of S1 1 for the com¬ 

bined oscillator network is shown in Fig¬ 
ure 8a for two values of the varactor 
capacitances one at the low and the 
other at the high end of the 500-1000 
MHz VCO. Note that the output ampli¬ 
tude variation is minimal and the output 
magnitude of S11 is better than 13 
showing a robust oscillation across the 
range. For the same system the value of 
the output impedance, approximately -
500 ohms, is very constant across the 
range and is seen in Figure 8b. 

for the 500-1000 
Figure 13. Typical lobe power output. 

The devices exhibit excellent phase 
noise characteristics as seen in the pre¬ 
vious two figures. The phase noise was 
measured using the phase discriminator 
method using an HP 11804 phase noise 
measurement system. A typical layout is 
shown in Figure 9 and a typical phase 
noise plot is shown in Figure 10. The 
noise figure is -100 dBc at 10 kHz from 
the carrier and -75 dBc at 1 kHz. 
The output power variation and the 

tuning voltage across the range for a 
500-1000 MHz VCO are shown in Fig¬ 
ures 11 and 12 respectively. A typical 
oscillator lobe is shown in Figure 13. 
The VSWR is measured to be 1.85:1 
across the band or better. The tuning 
sensitivity is 50-70 MHz/V and the 
absolute maximum tuning voltage is 25 
volts. Typical frequency pulling is 17 
MHz peak to peak and frequency push¬ 
ing 3 MHz per volt. 
A table of the specifications of the five 

devices that cover the above mentioned 
range is shown in Table 2. This represents 
only the initial range to be introduced; a 
complete family of devices covering all 
commercial ranges is in development. 

Conclusion 
A concise description of a method for 

the design of a VCO has been present-

ed, and the results of applying this 
method to five new VCO models have 
been demonstrated. 
The author would like to thank Dr. 

Ulrich Rohde for his support and 
insightful help on phase noise mea¬ 
surements and theoretical considera¬ 
tions on the oscillators, and Mr. 
Shankar Joshi, Chief Engineer at Syn¬ 
ergy Microwave, for his constant sup¬ 
port and technical help on finalizing the 
conceptualized units. 

For more information on this new VCO 
family, please call Synergy Microwave 
at (201) 881-8800, or circle Info/Card 
#250. RF 
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Figure 12. Tuning curve for the 
500-1000 MHz VCO. 
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FREE desk reference, consultant, 
resource center, and catalog 

comprehensive 
test and 
measurement 
catalog 
available! 

The latest 
information on 
1,500 products. 

Specifications 
for more than 
500 new 
products. 

Background 
information for 
every class of 
products. 

Cross-indexed 
for easy use. 

© 1993 Hewlett Packard Co. TMTÄM304/RFD 

Get your free issue of the 1993 HP Test & Measurement 
Catalog while supplies last. 

The only way to get your 
personal copy of the 1993 
Hewlett Packard Test & Mea¬ 
surement Catalog is to ask for it. 
Give us a call, and we’ll send it 
to you free. 

Better than ever, with more 
than 500 new products and 688 
pages, it gives you complete, 

up-to-date information on 1,500 
test and measurement products 
and services. 

You’ll find comprehensive 
product descriptions with specs 
and current prices, as well as 
new product updates and 
tutorials. It’s even cross-indexed 
to make feature and price 
comparisons easy. 

The source that engineers, 
managers, technicians, and 
buyers all consult is yours free 
with a phone call. But hurry, 

before someone else walks off 
with the last copy. And all the 
answers. 

Call today. 
1-800-452-4844, 
Ext. 7287. 
Offer valid only in the U.S.A. 

There is a better way. 
HEWLETT 
PACKARD 
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The FS700 LORAN-C frequency standard 

10 MHz cesium stability 

* 
$4950 

Cesium long term stability at a fraction 
of the cost 

Better long-term stability than rubidium 

Not dependent on ionosphere position 
changes, unlike WWV 

Complete northern hemisphere 
coverage, unlike GPS. 

7he FS700 LORAN-C frequency standard provides the 
optimum, cost-effective solution for frequency manage¬ 
ment and calibration applications. Four 10 MHz outputs 
from built-in distribution amplifiers provide cesium 
standard long-term stability of 10“ l2 , with short-term sta¬ 
bility of 10“ 10 (10" optional). Reception is guaranteed in 
North America, Europe and Asia. 

Since the FS700 receives the ground wave from the 
LORAN transmitter, reception is unaffected by atmos¬ 
pheric changes, with no possibility of missing cycles, a 
common occurrence with WWV due to discontinuous 
changes in the position of the ionosphere layer. Cesium and 
rubidium standards, in addition to being expensive ini¬ 
tially, require periodic refurbishment, another costly item. 

The FS700 system includes a remote active 8-foot 
whip antenna, capable of driving up to 1000 feet of cable. 
The receiver contains six adjustable notch filters and a fre¬ 
quency output which may be set from 0.01 Hz to 10 MHz in 
a 1-2-5 sequence. A Phase detector is used to measure the 
phase shift between this output and another front panel 
input, allowing quick calibration of other timebases. An 
analog output with a range of ± 360 degrees, provides a 
voltage proportional to this phase difference for driving 
strip chart recorders, thus permitting continuous moni¬ 
toring of long-term frequency stability or phase locking of 
other sources. 

: "99400" MS USA 
jtiorM Middletown, Cfi 

ESEARCH SYSTEMS 

FS7OO: The optimum frequency 
management system 

1290 D Reamwood Avenue ■ Sunnyvale, CA 94089 ■ Telephone: (408) 744-9040 
FAX: 4087449049 • Telex: 706891 SRS UD 
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Reproducís 
Time Interval Analyzers 
Guide Technology has intro¬ 

duced a line of time interval ana¬ 
lyzers and modulation domain 
analyzers. Named the GT650 
Series, these AT/386 plug-in 
boards are the latest addition to 
Guide Technology's line of high 
performance time and frequency 
instruments. There are five mod¬ 
els in the series — three with two 
channels and two with 16 chan¬ 
nels. The two channel models 
have a frequency range from DC 
to 400 MHz (2 GHz optional), with 
measurement rates from 2 MS/s 
to 10 MS/s, and single-shot reso¬ 
lution from 100 ps to 2 ns. The 16 
channel models have a frequency 
range of DC to 25 MHz, with mea¬ 
surement rates of 2 MS/s and 25 
MS/s, and single-shot resolution 

of 20 ns. Being on a PC, these 
time interval analyzers offer signif¬ 
icant advantages in performance 
and value. The software for these 
instruments is far more complete 
than what is customary on bench-
top IEEE-488 instruments. Pro¬ 
grams are provided for high 
speed measurement directly to 
PC memory, with extensive analy¬ 
sis capability. All models come 
with a DOS-based software pack¬ 
age providing a virtual instrument 
front-panel on the PC’s monitor 
for interactive benchtop use. An 
MS-Windows virtual front panel is 
expected by the fourth quarter 
1993. The GT651 is priced at 
$13,500. 
Guide Technology, Inc. 
INFO/CARD #249 

Surface Mounted 
Mixer 
RMS-1 1 is a double balanced 

mixer which spans a very wide 
bandwidth, 5-1900 MHZ, in a 
compact 0.25 x 0.31 x 0.2 inch 
package. Newer design tech¬ 
niques have been adapted to 
widen the bandwidth to 1.9 GHz 
and maintain good LO-RF and 
LO-IF isolations. Average values 
of LO-RF and LO-IF at 1.9 GHz 
are 26 and 28 dB and at 1 GHz 
are 29 and 31 dB. A single mixer 
can satisfy the requirement of 
both cellular and PCN bands. 
Conversion loss is 7.2 dB in the 
800-1000 MHz band and 8.5 dB 
in the 1800-1900 MHz band. The 

High Volume, 
Single Layer 
Capacitors 
American Technical Ceramics 

is pleased to introduce its ATC 
114 Parallel Plate Capacitors, 
designed for high volume applica¬ 
tions. These high quality, very 
low cost, single layer capacitors 

mixer has an all ceramic body, 
thus matching temperature coeffi¬ 
cient of different parts, and it 
uses all-welded construction. The 
part is also available in leaded 
version as LRMS-11X. Both parts 
can be supplied in tape and reel, 
use ultra-rel diodes and carry a 
five-year warranty. 
Mini-Circuits 
INFO/CARD #248 

have an operating frequency 
range to 50 GHz. The ATC Uni¬ 
versal Barrier Termination’s supe¬ 
rior bond strength ensures bond¬ 
ability and solderability, while pro¬ 
viding versatility in attachment 
techniques. All ATC 114 capaci¬ 
tors meet all relevant and applic¬ 
able industry and military specifi¬ 
cations. Three stock sizes are 
offered: 25, 35 and 50 mils 
square, and values from 1.0 pF to 
270 pF at 100 WVDC are offered. 
Kits containing five values, ten 
pieces per value are available for 
$29.95, and kits containing ten 
values, ten pieces per value cost 
$39.95. Orders are shipped with¬ 
in 48 hours. 
American Technical Ceramics 
Corp. 
INFO/CARD #247 

Communications 
Signal Processor 
The ASIC and Custom Products 

Division of Stanford Telecommuni¬ 
cations announces that first-silicon 
prototypes of the STEL-2000 digi¬ 
tal, fast acquisition, spread spec¬ 
trum communications processor 
have arrived and will soon be 
available for Beta-site sampling. 
The STEL-2000 is a single CMOS 
ASIC device which performs all 
the digital processing required to 
implement the baseband functions 
of a fast acquisition direct 
sequence, spread spectrum, radio 
link. Capable of transmission in bi¬ 
phase shift keying (BPSK) or 
quadri-phase shift keying (QPSK) 
modes, it operates at 10 MChips 
per second in transmit and receive 
modes. A proprietary acquisition 
processing technology used in the 
STEL-2000 permits acquisition of 

Load Pull 
and Noise 
Measurement 
Focus Microwaves introduces 

the Microwave Tuner System 
(MTS), a fully programmable 
load/source pull measurement 

RF Design 

bursts of data with a single symbol 
preamble, making the modem 
extremely efficient when operating 
with short bursts. All parameters in 
the device are fully programmable, 
allowing it to operate over a wide 
range of conditions in a large 
number of applications. 
Stanford Telecommunications, 
Inc. 
INFO/CARD #246 

system for noise and high power 
applications in the 800 to 3000 
MHz frequency range. The basic 
configuration includes two pro¬ 
grammable tuners (max. VSWR > 
10:1, RF resetability > 50 dB) with 
SMA connectors (other connec¬ 
tors optional), an IBM-PC compati¬ 
ble tuner controller and GPIB 
interface and software for tuner, 
setup and test fixture calibration, 
noise figure and noise parameter 
measurement, load and source 
pull of power, gain, efficiency, 
intermod and JDC spectral perfor¬ 
mance. Load/source pull data is 
converted to ISO contours over 
load/source impedance charts. 
Options include: extended fre¬ 
quency from 750 to 4200 MHz, 
software for test fixture, PC com¬ 
patible two channel analog inter¬ 
face, calibration services, and two 
day training. The MTS basic sys¬ 
tem costs $19,900. Delivery is two 
weeks ARO. 
Focus Microwaves, Inc. 
INFO/CARD #245 
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LOWER 
S/Filsyn" Filter 

Design Software 

PRICE! 
Product Spotlight: 
Amplifier Modules 

NEW FEATURES! 
■ Design lattice & ladder 
wave digital filters 

■ Design rectangular and 
round rods 

Plot from the optimizing 
pre-processor 

■ GUI simplifies operation 
■ Easier to use manual complete 

with many designs 
■ Users Guide for PC users 

Call our NEW telephone number and 
ask about the 50% off discount! 

415-325-4373 
DGS ASSOCIATES, INC. FAX 415-325-7278 
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CRYSTALS 
70KHz-200MHz 

OSCILLATORS 
70KHz-200MHz 

TCXO,VCXO,TCVCXO 
4 MHz-125MHz 

Alignment Oscillators 
Crystal and Oscillator 

Accessories 

Call or fax TOLL FREE for information 
® 

INTERNATIONAL CRYSTAL MFG. CO., INC. 
P.O. Box 26330 • 729 W. Sheridan • Oklahoma City, OK 73126-0330 • (405) 236-3741 

FAX (405) 235-1904 • Toll Free Phone 1-800 725-1426 • 24 Hour Toll Free Fax 1-800 322-9426 
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Digital Cellular 
Motorola's MHW926, 

MHW927A and MHW927B are 
UHF, linear power amplifier 
modules designed to serve the 
needs of the new United States 
Digital Cellular (USDC) system. 
The devices deliver six watts 

average power, operate with a 
12.5 V supply and cover the 
824 to 849 MHz band. All fea¬ 
ture 50 ohms Zin and Zout and 
have a third order intermodula¬ 
tion distortion specification of 
-29 dBc. Prices are $55.44, 
$56.25 and $56.25 for the 
MHW926, MHW927A and 
MHW927B, respectively. 
Motorola Semiconductor 
INFO/CARD #244 

High OHIP2 
The Locus model RF-2286A 

provides an output second har¬ 
monic intercept point, OHIP2, 
of +60 dBm minimum over a 
wide temperature range with 
less than 4.0 W of DC power. 
The unit utilizes GaAs 
MMIC/MIC thin film construc¬ 
tion and measures 1.5 x 2.5 x 
0.350 inches, less mounting 
and I/O projections. 
Locus, Inc. 
INFO/CARD #243 

Modular Series 
Each member of Comlinear’s 

Modular Series amplifiers has 
been optimized in a particular 
perfo'mance area to provide 
the features best suited to spe¬ 

cific applications. Features 
include true DC coupling, 160 
MHz to 1.1 GHz bandwidths, 
fixed or flexible gain and I/O 
impedance, BNC or SMA 
female connectors, 10 dBm to 
27 dBm max. power outputs, 
and -25 to +85 degree C oper¬ 
ating range. 
Comlinear Corp. 
INFO/CARD #242 

Low Noise 
Model AU-1415 is a low 

noise amplifier operating over 
the frequency range of 1 to 400 
MHz. Typical gain is 45 dB and 
typical gain flatness over the 
entire band is less than +0.5 
dB. Noise figure is 1.6 dB max. 
and 1.4 dB typ. at 400 MHz. 
Internal voltage regulation 
allows operation at any DC volt¬ 
age from +15 to +30 V, with 
nominal current draw at 135 
mA. 
Miteq, Inc. 
INFO/CARD #241 

Cascaded Power 
Amplifier 
The model A2P2520 thin-film 

cascadable amplifier operates 
over the frequency range of 100 
to 2500 MHz with a minimum 
gain of 34.5 dB (0 to 50 
degrees C). Noise figure is typi¬ 
cally 3.2 dB. Typical output 
power at the 1 dB compression 
point is +27.5 dBm. typical 
third-order intercept point is +40 
dBm. Operating current is 370.0 
mA at 15 V. 
Cougar Components 
INFO/CARD #240 

Digital Cellular 
Receive 
The QBS-141 and -142 were 

specifically designed for digital 
cellular receive base stations. 
Both devices have less than 1 
dB noise at +25 degrees C, 
two redundant RF signal paths, 
90 degree hybrid combiners for 
soft-fail, reverse voltage pro¬ 
tection to 100 V, and a DC 
power input fuse protected to 
2.0 A. 
Q-bit Corporation 
INFO/CARD #239 
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Spexpo 
October 19-21, 1993 
Tampa Convention Center 

RF Expo East showcases real-world engineering problems and solutions. 
Here is a sample of the wide-range of topics in papers now being considered for this fall's show: 
• Personal Communications 
DECT, CT-2, PHP, PCS, PCN, Microcell 

• Data Communications and DSP 
Wireless networks, RF digital signal processing, analog to digital conversions 

• Specialized Design Techniques 
Medical, Automotive,Scientific, Military, Broadcast 

• New Wireless Applications 
Part 15, Spread Spectrum, RF-ID, Factory Automation 

• Cellular and Mobile Radio 
Circuit Design, components, antennas, digital cellular 

• Test, Measurement and Analysis 
Test Methods, CAD/CAE, Analytical Methods 

• Essential RF Circuits 
Oscillators, Amplifiers, RF Power, Mixers, Filters, Synthesizers 

In addition to the complete course schedules of papers and tutorials, RF Design is proud to 
announce the introduction of RF EXPO PLUS: Commercial Space Applications. 
With this program, RF Expo East 1993 adds a special focus area to our already comprehensive 

technical programllncluded will be a three-day engineering track targeting Commercial Space Appli¬ 
cations, with such topics as: 

• LEO Systems • Video Compression 
• INMARSAT • Direct Satellite Broadcast 
• IRIDIUM • Satellite Paging 
• GlOBECOM • Space-Qualified Performance 
• GPS/NAVSTAR • Remote Sensing and Imaging 

In addition, you'll see the latest in RF technology. 
As more than 100 exhibiting companies bring their top engineering and marketing people to talk to 

you about: components, test equipment, system components, transmission line components, systems 
EMC/EMI products, packaging, and RF design-related services. 

Whether you are an experienced RF engineer or an industry newcomer, RF Expo East has some¬ 
thing for you. 

Eighth Annual For complete information: 
Call: (800) 525-9154 or (303) 220-0600 
Fax: (303) 770-0253 
Write: RF Expo East, 6300 S. Syracuse Way, #650, 
Englewood, CO 80111 

October 19-21 , 1993 
Tampa Convention Center 
Tampa, Florida 

Sponsored by RF Design magazine 



Choose from 
a world of high 

performance crystal 
packages designed 
for: 

¡(^products continued 

MICROWAVE APPLICATIONS 

From miniature Surface Mount to "World Class" crys¬ 
tals, EG&G's complete line of AT-cut crystals are ideal 
for a variety of microwave, telemetry and satellite 
communications applications. 

When you need ULTRA-LOW aging, high perfor¬ 
mance under rugged conditions or have applications 
requiring precision timing, EG&G’s engineering staff 
is available to fill your needs and solve your problems. 

Broadband 
Pre-Amplifier 
Operating within a bandwidth 

of 10 kHz to 1000 MHz, the AR 
Model _N1000 offers a combi¬ 
nation of low noise (3.5 dB typ., 
4.5 dB max., from 2 to 1000 
MHz) and high gain (30 dB min¬ 
imum) for applications where 

So, give us a call at 1-800-424-0266. (U.S.orCanada) 
No matter what size your applications may be. .. 

our crystals are a perfect fit. 

EBsß 
FREQUENCY PRODUCTS 

4914 Gray Road • Cincinnati. Ohio 45232 I In Canada represented by: ELLAM & Assoc. Ltd. 

■Ml Phone 513-542-5555 • FAX 513-542-5146 I Phone 613-727-3892 -FAX 613-727-0368 
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LAP-TECH INC. 

FREQUENCY 
CONTROL 
PRODUCTS 

system noise level must be 
reduced while retaining existing 
components. Output power with 
a -18 dBm input signal is +11 
dBm at less than 1 dB compres¬ 
sion; harmonic distortion is -20 
dBc max. at rated output. Price 
is $700, delivery from stock. 
Amplifier Research 
INFO/CARD #238 

80W Power 
Amplifier 
This RF power amplifier has 

an output power level of 80 W 
CW from 100 to 500 MHz. The 
unit can be customized to deliv¬ 
er 100 W output over the fre¬ 
quency band from 225 to 400 
MHz. Model 500- 100-80-35A 
delivers high efficiency in a 
small package size. The unit 
measures 3.2 x 2 x 1 inches (10 

dB size) and 4.84 x 2 x 1 inches 
(for 35 dB or gain). 
LCF Enterprises 
INFO/CARD #237 

MMIC Amplifier 
Designed for operation at 2 to 

18 GHz, this physically small 
1.65 inch long unit provides 22 
dB of gain and a 1 dB com¬ 
pressed power of 18 dBm. 
Noise figure is 7 dB max. up to 
14 GHz and 8 dB maximum at 
18 GHz. Maximum RF input 
survivability is +20 dBm. 
Optional input RF limiters are 
available to protect the amplifier 
against higher levels. Field 
removable SMA connectors are 
provided for drop-in applica¬ 
tions. 
AML, Inc. 
INFO/CARD #236 

40/45 dB DLVA 
Model LVDN-0518-50 is a 

0.5 to 18 GHz, truly DC-cou¬ 
pled, 40/45 dB detector log 
video amplifier (DLVA) with 
noise immunity circuitry. The 
rise time is 20 ns max. and the 
recovery time is 150 ns typi¬ 
cally. The TSS is -42 dBm 
minimum with linearity, fre¬ 
quency, and baseline accura¬ 
cy of ±1 .0 dB. The LVDN-
0518-50 operates from ±9 V to 
±18 V at 75 mA. Size is 2.3 x 
2.3 x 0.45 inches. 
American Microwave Corp. 
INFO/CARD #235 

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

DISCRETE 
COMPONENTS 

Variable Capacitor 
A new PTFE high-voltage vari¬ 

able capacitor boasts 0.025 per¬ 
cent linear resolution. Suitable in 
motor driven control applications, 
this capacitor features roller bear¬ 
ing construction with an anti¬ 
backlash leadscrew. These 

phase change is typically within 1 
to 3 degrees of 90 degrees. The 
series has a low profile height of 
only 3.5mm and a 6mm square 
footprint. 
Toko America, Inc. 
INFO/CARD #233 

SIGNAL 
PROCESSING 
COMPONENTS 

LAP-TECH INC. 
230 SIMPSON AVE. 
BOWMANVILLE, ONTARIO 
CANADA L1C2J3 

TEL: 416-623-4101 
FAX: 416-623-3886 

• CLOCK OSCILLATORS 0.25 - 170 Mhz 
TTL, HCMOSANDECL 
Hermetic packages with through hole 
and surface mount configurations 

• EMERGENCY SERVICE DELIVERY 
• QUALITY « 

ISO 9002 pendihg 
4 

durable capacitors contain no 
glass or oellows. 
Polyflon Co. 
INFO/CARD #234 

Phase Shifters 
The B4QF series of 90 degree 

phase shifters includes parts 
available from 1 to 500 MHz. 
Typical insertion loss is 3 dB, 
amplitude unbalance is less than 
1 dB, imoedance is 50 ohms, and 

Filter Bank 
Model 13SFBX-1000/3400P is 

a 13 channel filter bank covering 
input frequencies of 1.0 to 3.4 
GHz. Insertion loss is 6.0 dB 
max., while rejection is 60 dB at 
±200 MHz from center frequency. 
The 3 dB bandwidths are 5 to 10 
percent of center frequency, and 
switching time is 1 us max. 
Eastern Multiplexers, Inc. 
INFO/CARD #232 
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I&Q Demodulator 
Merrimac model IQM-35-1575 

is a complex l&Q demodulator 
designed to cover the 1575 MHz 

GPS band. The design includes 
high speed electrically switched 
calibration circuits, allowing pre¬ 
cise setting of quadrature under a 
wide range of conditions. 
Merrimac Industries, Inc. 
INFO/CARD #231 

Diplexer 
K&L’s dielectric resonator 

diplexer channelizes two sets of 
frequency bands (824 to 849 
MHz and 869 to 894 MHz) to one 
common port. Maximum VSWR is 
1.4:1, insertion loss is < 3 dB 

across the entire band and < 2 dB 
at mid-band. Its dimensions are 
3.5 X 1.33 X 0.8 inches. 
K&L Microwave, Inc. 
INFO/CARD #230 

Isolator 
Trak Microwave introduces the 

first of their MICpuck™ family of 
isolators operating in the L-band. 
The magnetically shielded, metal 
encased isolators operate from 
1.37 to 1.44 GHz, have isolation 
of 20 dB min., insertion loss of 
0.5 dB max. and maximum 
VSWR of 1.2:1. Connections to 
the 25 mil substrate are gold and 
the termination is 1 W, although a 
15 W termination is available for 
use with proper heat sinking. 
Trak Microwave Corp. 
INFO/CARD #229 

Caseless Coupler 
Sage Laboratories has devel¬ 

oped an octave band, 10 dB, drop-
in, caseless coupler to complement 
its family of Wirepac™ 90 degree 
hybrids and couplers. The model 
GCB6 series provides excellent 

coupling flatness and directivity 
greater than 20 dB over octave 
bands from 250 to 4000 MHz. 
These couplers are only 0.145 
inches in diameter but handle 400 
W average power at 300 MHz. 
Sage Laboratories, Inc. 
INFO/CARD #228 

110 dB SPDT 
Switch 
Model SW-2187-1DS is a reflec¬ 

tive PIN-diode pulse modulator/ 
switch with a frequency range of 
0.5 to 18 GHz, video transients of < 
-70 dBm, and isolation of 110 dB 
from 1 to 18 GHz. The switching 
speed is 50 ns and the insertion 
loss is 4.5 dB max. Control is sin¬ 
gle-ended ECL. Power supplies ±5 
V at 50 mA. Size is 0.792 x 1.91 x 
0.50 inches. 
American Microwave Corp. 
INFO/CARD #227 

Isolator 
An isolator from McManus 

Microwave measures only 1 x 1 x 
0.4 inches and operates from 395 
to 425 MHz. Isolation is 20 dB 

min., insertion loss is 0.6 dB 
max., and VSWR is 1.20 max. 
The input connector is a 0.040 
inch dia., 0.080 inch long glass 
feed- through pin, and output 
connector is an SMA female. 
McManus Microwave 
INFO/CARD #226 

SUBSYSTEMS 

DSP Development 
The WBC25 DSP Workbench 

was designed for benchtop devel¬ 
opment, yet is compact enough 
for embedded applications. The 
DSP Workbench is based on the 
TMS320C25 50 MHz DSP and 
provides a full complement of 

Turn your shielded room into a reverb chamber 
at frequencies from 30 to 1000 MHz. 

Our Cavitenna' cavity-exciter uses the wall or ceiling as 
its groundplane, and delivers field strengths you usually 
associate with antennas bigger than your room. 

This 4-foot-wide top-loaded monopole, with typical 
gain over 5 dB, is especially welcome in the “difficult” 
mid frequencies between 30 and 150 MHz, where other 
fractional-wavelength antennas don’t measure up. 
Accepting input power as high as 3500 watts, the 
Cavitenna cranks out well over 700 volts per meter at 

100 MHz, and even more at 200 MHz. 
Magnetic mounting clamps make installation and 

relocation in the shielded room fast and easy. Easy, too, 
is the price. 
You should talk volts/meter and rf power with some¬ 

one who knows your language and most often knows 
your problems. That’s one of our applications engi¬ 
neers, who’ll pick up the phone when you call, toll-free, 
1-800-933-8181. 

RF Design 

nmniFieR 
nesenncii 

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

For engineering assistance and service throughout Europe, call 
EMV GmbH • Munich • 89612-8054 

EMV Ltd. • London • 908-566-556 

EMV S.A.R.L. • Paris • 1-64-61-63-29 
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Compact Software again leads the 
ANALOG DESIGN AUTOMATION 
field with its new EASi Interface. 

The exciting EASi Interface makes it even 
simpler to use our circuit simulators. 
Super-Compact and Microwave Harmonica. 

EASi (Environment for 
Analog Simulation) provides 
you with the most advanced 
user interface tools available 
today for workstation CAD. 
Using X-Windows and Motif 
standards. EASi presents you 
with a uniform environment -
a “look and feel” with clear 

As EASi as 

statistical analysis and more. EASi interfaces with 
our linear and nonlinear engines, including our new 
Super-Spice, as well as our electromagnetic simu¬ 

lator, Explorer, providing 
highly-acclaimed accuracy 
and efficiency of computa¬ 
tions. You switch from one 
engine to another with the 
mere “click” of a mouse 
button and when the 
simulations are complete, 
EASi guides you through the

menus, fill-forms, and editor windows that take you 
quickly through analysis, tuning, optimization. 

almost limitless possibilities of tabular and 
graphical outputs. And it’s network compatible too! 

WELCOME to a new world of high-productivity using Compact’s EASi Interface. 

Compact' 
Software 
The Leader In CAD Software 

INFO/CARD 54 

483 McLean Boulevard, Paterson, NJ 07504 USA 
TEL: (201) 881-1200 or FAX: (201) 881-8361 

In Europe, contact the European Support Center 
TEL: (49) 7309-5075 or FAX: (49) 7309-3275 

Please see us at MTT-s, Booth #859. 



continued 

memory and I/O peripherals. 
Priced at $695, the Workbench 
package includes Micro Plat¬ 
forms’ Direct Access Kernel and 
development software compatible 
with MS Windows 3.1 . 
Micro Platforms 
INFO/CARD #225 

Exciter 
The model DE4030 agile exciter 

is a multi-mode radio exciter suit¬ 
able for communications, ECM and 
comm simulation applications. It 
covers 100 kHz to 150 MHz in 2 Hz 
steps and can tune between any 
two frequencies in this range in 1 
microsecond. Mechanically, the 
exciter is a board set consisting of 
two, 9x9 inch 6U VME cards. 
Digital Radio Corp. 
INFO/CARD #224 

Fiber Optic 
Antenna Link 

United Technologies Photonics 
has announced a pedestal-mount¬ 
ed multichannel fiber optic link for 
antenna remoting applications. It 
features higher optical output 

power, higher dynamic range and 
lower noise than currently available 
fiber optic links, plus improved 
bandwidth and stability. The sys¬ 
tem can transmit a multichannel 
signal through a single fiber. 
United Technology Photonics, 
Inc. 
INFO/CARD #223 

1 kW HF 
Transmitter 

Harris RF Communications’ new 
lightweight, compact 1 kW HF 
transmitter includes a microproces¬ 
sor-controlled exciter and 1 kW 
power amplifier and power supply. 
The enclosure is a standard 19-
inch metal rack cabinet. The RF-
1140A covers the 1.5 to 29.9999 
MHz range in 10 Hz increments, 
with frequency agile tuning. 
Harris RF Communications 
INFO/CARD #222 

CABLES & 
CONNECTORS 

Low Impedance 
Cable 
The LZ series of very low 

impedance microstrip transmis¬ 
sion lines is designed for trans¬ 
mitting high current (to 100 A), 
fast rise time (to 1 ns) pulses in 
low impedance applications. 
These unique lines are avail¬ 
able with characteristic imped¬ 
ance values of 1, 2, 3, 6 and 12 
ohms and are a standard length 
of one meter. Price is $290.00 
per meter, with delivery from 
stock. 
Avtech Electrosystems, Ltd. 
INFO/CARD #221 

Micro-Coaxial 
Connectors 
A 50 ohm micro-coaxial contact 

designed for high speed data 
transfer has been introduced by 
Harting Elektronik. The twin con¬ 
tact is designed to be used in the 
IEC 1076-4-2 2.5mm high density 
connector system. The contacts 
are rated to 2 GHz, have VSWR 
of 1.25:1 and crosstalk attenua¬ 

tion of 33 to 41 dB, depending on 
PCB material. 
Harting Elektronik, Inc. 
INFO/CARD #220 

Surface Mount 
Connector 
A new surface mount miniature 

connector is available from 
Huber+Suhner. Designated the 
SMD-MMCX, this connector is 
designed to operate either as a 
right angle or vertical pc board 
launch and has excellent electri¬ 
cal specifications up to 6 GHz. 
The connectors are available as 
single units or in tape and reel. 
Huber+Suhner, Inc. 
INFO/CARD #218 

High Velocity 
Cables 

Miniature high velocity cables 
from Storm Products offer low 
attenuation and capacitance. The 
cable O.D. sizes range from 
0.050 to 0.155 inches with a typi¬ 
cal velocity of 83 percent. A low 
density PTFE dielectric and vari-

Programmable 
Attenuators 

50P-076 
Frequency Range 

DC-1000 MHz 
Attenuation Range 

0-127 dB in 1 dB steps 

5134 Commerce Square Drive 

P50 006 
Frequency Range 
10-600 MHz 
Attenuation Range 
0-63 dB in 1 dB steps 

Indianapolis, Indiana 46237 
' INFO/CARD 55 
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RF products continued 
ous shield configurations result in 
reduced attenuation and reduced 
crosstalk. 
Storm Products Co. 
INFO/CARD #217 

Coaxial Adapters 
A new series of coaxial 

adapters from Pasternack Enter¬ 
prises includes C female to BNC 
female bulkhead, 75 ohm N male 
to 75 ohm BNC female, 75 ohm 
BNC male to 75 ohm BNC male 
and 75 ohm N female to 75 ohm 
BNC male types. All adapters 
have brass nickel plated bodies, 
PTFE insulation, silver plated 
contacts and an operating tem¬ 
perature of -65 to +165 degrees 
C. 
Pasternack Enterprises 
INFO/CARD #216 

Semi-Rigid 
Cable 
Replacement 
T-tlex coaxial cables from 

Times Microwave Systems were 
developed to replace RG-402 

and RG-405 semi-rigid cables in 
both new and existing applica¬ 
tions. These flexible cables use 
the standard connectors that 
are currently used with RG-402 
and RG-405 semi-rigid cables. 
Attenuation specifications for T-
flex cables match MIL-C-17 
requirements, and shielding 
effectiveness is greater than 
100 dB. 
Times Microwave Systems 
INFO/CARD #215 

TEST 
EQUIPMENT 

Voltage/Power 
Meters 
The Rohde & Schwarz URV 

35 level meter is a light, com¬ 
pact, precision voltage and 
power meter covering DC to 
26.5 GHz. The URV 35 has 
both digital and moving-coil dis¬ 
plays. The URV 55 performs 
voltage measurements to 2 GHz 
and power measurements to 
26.5 GHz and has an IEC/IEEE 

bus. Both instruments use 
“intelligent” measuring heads 
which contain calibration infor¬ 
mation for accurate measure¬ 
ment. 
Rohde & Schwarz 
INFO/CARD #214 

VXI Noise 
Modules 
Noise Com has introduced a 

new series of VXIbus noise gen¬ 
erators. ~he VXI-7000 series cov¬ 
ers frequency bands between 10 
Hz and 40 GHz in C size mod¬ 
ules. The unit delivers white 
noise with a Gaussian amplitude 
distribution. Noise power can be 
attenuated from 0 to 127 dB in 1 
dB steps. 
Noise Com, Inc. 
INFO/CARD #213 

Power Meter 
The Boonton 4400 peak power 

meter provides 14 automatic 
power and time measurements of 
pulsed power signals from 30 
MHz to 40 GHz. With a 47 dB 
dynamic range (57 dB in CW 

mode), the 4400 can capture 
pulses with rise times as fast as 
10 ns. Waveforms can be dis¬ 
played on either linear or logarith¬ 
mic scales. A new “peaking-
mode" uses DSP to peak-detect 
through 5 million continuously 
acquired samples. Price is 
$13,000. 
Boonton Electronics Corp. 
INFO/CARD #212 

Signal Generator 
Option 
Option 8 for the Marconi 

Instruments 2030/2040 series 
of signal generators provides 
RF profiling and offset capabili¬ 
ty as well as user-defined seg¬ 
mented sweeps. RF output pro¬ 
filing provides output levels as 
a function of frequency. Seg¬ 
mented sweep allows genera¬ 
tion of up to 10 sweep bands, 
with each band potentially hav¬ 
ing different output levels, start 
and stop points and frequency 
resolutions. Base price of 
Option 8 is $1500. 
Marconi Instruments 
INFO/CARD #211 

High Performance Attenuators 

■ New Low Prices 

■ History of Durability 

■ Impressive Accuracy 

■ Quick Delivery 

■ Long Operational Life 

For price list and FREE catalog, contact: 

Kay Elemetrics Corp. 
12 Maple Avenue, PO Box 2025 
Pine Brook, NJ 07058-2025 USA 
TEL: (201) 227-2000 
FAX: (201) 227-7760 

Manual Step Atl enuators 
837 5OÍ2 DC-1500MHz 0-102.5dB ,5dB Steps 
839 5011 DC-2000MHz 0-101dB IdB Steps 

1/839 50Í2 DC-lOOOMHz. 0-22.1 dB .IdB Steps 
847 75Í2 DC-lOOOMHz 0-102.5dB .5dB Steps 
849 75Í2 DC-1 500MHz 0-101dB IdB Steps 

1/849 7511 DC-500MHZ 0-22.1 dB .IdB Steps 

860 50Í2 DC-1500MHZ 0-132dB IdB Steps 
865 600Í2 DC-1 MHz 0-132dB IdB Steps 
870 75Í2 DC-lOOOMHz 0-132dB IdB Steps 

Programmable Attenuators 
4440 50Í2 DC-1500MHZ 0-130dB lOdB Steps 
4450 50Q DC-1500MHz 0-127dB IdB Steps 

1/4450 50Í2 DC-lOOOMHz 0-16.5dB .IdB Steps 
4460 50Í2 DC-1 500MHz 0-31 dB IdB Steps 
4480 50Í1 DC-1 500MHz 0-63dB IdB Steps 
4540 50Í1 DC-500MHZ 0-130dB lOdB Steps 
4550 50Í2 DC-500MHZ 0-127dB IdB Steps 

1/4550 5012 DC-500MHZ 0-16.5dB .IdB Steps 
4560 50Q DC-500MHZ 0-31 dB IdB Steps 
4580 50Í2 DC-500MHZ 0-63dB IdB Steps 

INFO/CARD 56 
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Successful engineers like yourself are con¬ stantly searching for information to keep 
them up-to-date on the rapidly changing 
world of electronic technology. Twice a 
year, this vital information is presented in 

the technical sessions and complete tutorial 
series at the RF EXPOs. 

If you were unable to attend the show or a 
particular session — you can now obtain the 
same information in the RF EXPO Proceedings. 

You'll find almost every paper that was present¬ 
ed at the show, published in the proceedings. 
Topics covering: 

•PIN diodes, transistors and other RF compo¬ 
nents • Direct Digital Frequency synthesizers • 
amplifier and oscillator design • test methods • and 
many other essential RF topics. 

Don't miss the opportunity to purchase your 
own copy of the RF Expo Proceeding today. Set 
prices are available at discounted rates. 

Hurry, supplies are limited! 
Please send me the 
□ RF Technology Expo 93 
□ RF Technology Expo 92 
□ RF Technology Expo 91 
□ RF Technology Expo 90 
□ RF Technology Expo 89 
□ RF Technology Expo 88 

following Proceeding: 
□ RF Expo East 92 
□ RF Expo East 91 
□ RF Expo East 90 
□ RF Expo East 89 
□ RF Expo East 87 
□ RF Expo East 86 

Price: 
$145 each - outside U.S. Add $14.00 to total order for ship¬ 
ping charges. 

Take all 13 for for $1,508 A savings of $377 
□ RF Technology Expo 87 

Name_ 

Title _ Phone_ 

Co. Name_ 

Payment: (payment must accompany order) 
□ Check enclosed 
□ Bill my : □ VI □ AE □ MC 

Card #_ Exp._ 

Address_ 

Bldg. No. _ M/S_ 

City_ State _ ZIP _ _ 

Country _ Postal Code_ 

Signature_ Date_ 

SEND TO. 

OR FAX TO: 

RF EXPO PROCEEDINGS 
6300 S. Syracuse Way, Suite 650 
Englewood, CO 80111 
USA 

(303) 267-0234 



RF tutorial_ 

Transistor Biasing Fundamentals 
By Gary A. Breed 
Editor 

This tutorial is a basic one; covering 
the requirements for biasing bipolar 
junction (BJT) and field-effect (FET) 
transistors in various circuit configura¬ 
tions. Biasing for both small-signal and 
power transistors is covered. Note that 
this review is not intended to teach bias 
calculations or actual circuit design — it 
is meant to remind engineers of the 
basic performance factors that are con¬ 
trolled by transistor bias. 

Biasing is a key element in circuit 
design, with some specific require¬ 

ments in RF circuits. Many requirements 
are common to all AC circuits, while a 
few RF-specific techniques must be 
employed to achieve the desired perfor¬ 
mance. 
The simple purpose of biasing is to 

establish a quiescent operating point. 
This is done to assure that the desired 
output voltage/current swing occurs with 
the given input voltage/current swing. 
The first task in determining bias circuit 
design is defining the input-output rela¬ 
tionship. 

Classes of Operation 
Transistors have transfer functions 

which have four regions, which are easi¬ 
est to describe in terms of DC. Cutoff is 
the first region, where the applied volt¬ 
age (bias-plus-signal) is below the 
threshold at which the device begins to 
conduct. As the input increases, there is 
a transition region where the transistor 
begins conduction. In this region, the 
input-output relationship is not linear. 
The primary region of interest is the lin¬ 
ear region, where a change in input 
results in a predictably larger change 
(gain) in the output. Finally, there is sat¬ 
uration, where the transistor is at its limit 
of voltage or current handling and the 
output no longer changes with an 
increase in the input. 
Class A operation — This is the oper¬ 

ating condition for linear amplification. 
The combination of bias and input signal 
are always within the linear region of the 
transistor. Nearly all small-signal ampli¬ 
fiers and high-linearity power amplifiers 
may operate in class A. 
Class B operation — Class B is nearly 

always used in push-pull amplifiers. 

Figure 1. Several bias circuit configurations: (a) voltage divider, (b) BJT 
self-bias, (c) JFET self-bias, (d) diode voltage-drop bias, (e) resistor iso¬ 
lated bias, and (f) RFC isolated bias. 
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MIXERS 
UNPRECEDENTED 

IN VALUE. 

SURFACE MOUNT 
board area ,25x.3O" 

tape and reel available 

SOLDER PLATE 
OVER NICKEL METALIZARON 
improves solder reflow reliability 

and eliminates leaching 

actual 

RUGGED CONSTRUCTION 
passes MIL-M-28837 

shock and vibration tests 

ALL-WELDED 
INTERNAL CONSTRUCTION 

withstands up to 240°C for 5 minutes 

ALL-CERAMIC 5 to 3000MHz J39L 
Now you can buy very low-cost, high-performance 

commercial mixers with the ruggedness and reliability 
required for military applications. That’s value! 

... Only from Mini-Circuits. 

Model LO Freq. (MHz) 
(dBm) LO,RF IF 

Midband, dB 
Conv. Isol 
Loss L-R L-l 

RMS-1 1X +7 
RMS-1 IF +7 
RMS-30 +7 
RMS-25MH +13 

5-1900 
350-2000 
200-3000 

5-2500 

5-1000 
DC-400 
DC-1000 
5-1500 

7.1 
5.5 
6 5 
7.5 

29 31 
31 30 
26 22 
32 32 

$ea. 
(10-49) 

3.95 
4 95 
6.95 
7.95 

finding new ways ... 
setting higher standards 

C3 Mini-Circuits 
■■ ■■ PO Box 350166, Brooklyn. New York 11235-0003 (718)934-4500 Fax (718) 332-4661 

Distribution Centers NORTH AMERICA 800-654-7949 • 417-335-5935 Fax 417-335-5945 EUROPE 44-252-835094 Fax 44-252-837010 

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

CUSTOM PRODUCT NEEDS.. Let Our Experience Work For You. 
INFO/CARD 57 

Please see us at MTT-s, Booth #1221. 
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Each device operates linearly for half a 
cycle while the other device is in cutoff, 
and the alternating contributions are 
combined at the output into a single lin¬ 
ear signal. The transition region causes 
some problems in the changeover from 
one device to the other, so most push-
pull amplifiers are biased a little bit 
toward class A, resulting in a hybrid 
mode called class AB. Small-signal 
amplifiers rarely use class B. 
Class C operation — This class only 

exceeds the transistor turn-on threshold 
on peaks of the input waveform. This 
mode offers efficient power amplifica¬ 
tion, but is highly non-linear. Class C is 
only used in power amplification where 
linearity is not an issue (CW, FM, or with 
a modulated amplifier). 

Bias Circuits 
Developing the appropriate DC bias 

voltage at the base or gate of a transis¬ 
tor can take many forms. Figure 1 
shows some of the most common con¬ 
figurations, including voltage dividers, 
self-bias circuits (using current through 
the base-emitter or gate-source junction 
to establish the bias voltage), and exter¬ 
nal regulators. 

In small-signal circuits, resistive self¬ 
bias and voltage-divider bias circuits are 
the most common. But in critical RF 
applications, and at microwave frequen¬ 
cies where input matching may be rela¬ 
tively complex, the bias voltage is often 
generated external to the circuit and 

coupled via an RF choke to the circuit. 
Special considerations in small-signal 
biasing include temperature compensa¬ 
tion, controlling bias-dependent S para¬ 
meters or stability factors, and maintain¬ 
ing sufficient quiescent current for maxi¬ 
mum dynamic range. Reference 1 con¬ 
tains a more detailed explanation of 
small-signal amplifier biasing considera¬ 
tions. 
Power amplifiers have different 

requirements for biasing, although the 
basic requirement of applying a voltage 
to the base or gate is unchanged. In 
BJT power amplifiers, low impedance 
inputs and high RF currents require a 
low-impedance bias circuit that can 
maintain the proper voltage ir the pres¬ 
ence of currents generated by the RF 
input. Low bias voltages (usually under 
one volt) prohibit the use of a resistive 
voltage divider except in low power (up 
to 50-watts) amplifiers. The forward volt¬ 
age drop across a rectifier diode is often 
used, since the typical 0.7-volt drop is 
close to the class B bias level for BJTs. 
For better regulation and adjustable 
control over bias points (to improve lin¬ 
earity), a transistor regulator is also 
often used. This approach requires 
selection of a regulator capable of low 
voltage operation. 

In power FET circuits, bias current is 
not much of a factor, but a variable volt¬ 
age is often needed. Bias is often used 
in over-drive or high-VSWR protection 
circuits, since it can bring the transistors 
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closer to cutoff, lowering gain, reducing 
current drain and power output. Setting 
equal quiescent currents in multiple¬ 
device amplifiers is another place where 
adjustable bias is needed. A low imped¬ 
ance bias circuit is not required, but the 
gates are typically driven from a low-
impedance RF circuit, requiring coupling 
capacitors to keep the bias circuit above 
DC ground. 

Finally, temperature compensation is 
a key issue. In an active bias regulator 
circuit, a thermistor or other thermal 
detector must be used to automatically 
track bias with temperature. The com¬ 
plexity (and resulting precision) of the 
bias regulator will vary according to per¬ 
formance requirements and safety func¬ 
tions to protect the transistors from ther¬ 
mal damage. More information on power 
transistor biasing can be found in refer¬ 
ence 2. 

Summary 
The message of this short review is 

that transistor bias requirements can be 
simple, or they may be quite complex. 
Bias circuit design is not a task to be 
handled casually. A common result of 
deficient bias circuits is that the transis¬ 
tor circuit operates adequately under 
ideal conditions of gain, signal level and 
temperature; then exhibits unexpected 
behavior when placed into operation in a 
more realistic (and variable) operating 
environment. RF 

References 
1. Chris Bowick, RF Circuit Design, 
Howard W. Sams & Co. 
2. Norm Dye and Helge Granberg, 
Radio Frequency Transistors, Butter-
woth-Heineman. 

Measure Up With Coaxial Dynamics 
Model 83550 Digital Wattmeter 
The "Generation Gap” is filled with the “new" EXPEDITOR, 
microprocessor based R.F. AnaDigit System. 
The EXPEDITOR power computer ... you make the demands, 
it fills the requirements. 
• Programmable forward AND reflected power ranges. 
• Can be used with the elements you now have. 
• Compatible with all Coaxial Dynamics line sizes 
and power ranges. 

• 18 scales from 100 mV to 50 kW. 
Contact us for your nearest authorized 
Coaxial Dynamics representative or 
distributor in our world-wide sales network. 
• PEAK POWER CAPABILITY 
NOW AVAILABLE 

COAXIAL 
DYNAMICS, INC. 
15210 Industrial Parkway 
Cleveland, Ohio 44135 
216-267-2233 1-800-COAXIAL 
Fax: 216-267-3142 
Service and Dependability. ...A Part of Every Product 

INFO/CARD 58 

Who will win the 
EEsof software? 

Who will win the 
Noise Com test set? 

See the 
RF Design Awards 
Contest results 
in the July issue! 

June 1993 



RF design awards_ 
A Generic 
GPIB/RS-232 Controller 
By Kevin Cordle 

Often times it is desirable to perform 
repetitive tests on a design using differ¬ 
ent stimuli and under varying enviro-
mental conditions. The IEEE-488 instru¬ 
mentation bus is an ideal way to do 
this, using precision test equipment 
equipped with GPIB capability. The 
“GPIBCTRL.EXE” program is a general 
purpose GPIB controller program which 
allows one to rapidly write and run pro¬ 
grams to control GPIB equipped instru¬ 
ments. It includes a full screen editor 
with cut, paste and undo capabilities 
and a complete and easy to learn GPIB 
macro language. The user interface is 
written using Borland’s Turbo Vision and 
employs a graphical-like interface, 
including pull down menus, dialog 
boxes, resizable, multiple windows and 
full mouse support. Anyone who is famil¬ 
iar with the Borland Language products 
will feel at home with this editor. 

In addition to GPIB control, “GPIBC¬ TRL.EXE” also includes an RS-232 
capability. This allows one to control, not 
only IEEE-488 instrumentation but also 
instruments controlled via serial commu¬ 
nication. GPIB and serial control state¬ 
ments can be mixed in the same macro 

program, allowing one to talk to both 
GPIB and RS-232 instruments at the 
same time. 
Online help is available at any time 

from within the program. This help sys¬ 
tem makes use of hypertext techniques 
to provide rapid access to the various 
help topics included. 

Hardware Requirements 
“GPIBCTRL.EXE” requires an IBM or 

compatable running DOS 3.0 or higher 
with 640K of memory. Best performance 
will be found using a 386 or 486 although 
it will also run on an XT type machine. 

Software Requirements 
“GPIBCTRL.EXE” will work with any 

PC based GPIB controller card which 
uses character based I/O and interfaces 
with software through a DOS device dri¬ 
ver loaded in the Config.sys file. The 
program has been tested using both 
Metrabyte and National controller cards. 
The DOS device driver name and any 

initialization string required are stored in 
a file called “GP BCTRL.CFG”. This 
must reside in the same directory from 
which “GPIBCTRL.EXE” was loaded. 
The device driver name and the optional 

initialization string may also be entered 
and saved from within “GPIBCTRL.EXE” 
via pull down menu “GPIB”. Refer to 
your GPIB controller card manual for the 
applicable initilization procedure need¬ 
ed. Serial communication parameters 
are also saved in the .CFG file and can 
be changed via pull down menu “COM”. 

Full mouse support is provided but 
requires a driver compatable with 
Microsoft 6.0 or later. This program was 
written using Turbo Pascal, Ver. 6.0 with 
Turbo Vision by Borland. It employs 
object oriented programming (OOP) 
techniques. Any changes to the source 
code, GPIBCTRL.PAS, will require ver¬ 
sion 6.0 with Turbo Vision and the “Sci¬ 
ence and Engineering Tools” package 
by Quinn-Curtis. This latter software 
package contains the RS-232 Pascal 
unit needed for serial communication. 

Macro Programming 
The GPIB bus is controlled from this 

program by entering a series of com¬ 
mands, one command per line, into the 
editor file. When the macro is complete 
the program in memory can then be 
RUN, or STEPped through one line at a 
time. The syntax to send a command 

VAR 
HP8590A 18 

BEGIN 
Remote HP8590A 

Clear HP8590A 
Output HP8590A MKN 

Output HP8590A CF 120MZ 

Output HP8590A MKF? 

Enter HP8590A 
END 

— define Analyzer as at 
addr 18 

— Place instr on addr 18 in 
remote 

— Clear it 
— MKN tells Analyzer to 

enable marker 
— CF 120MZ = center freq 

to 120 Mhz 
— MKF? tells analy. to 

send marker freq 
— read it off the bus 
— end of program 

VAR 
HP8590A 
BEGIN 
Comment **This is the start of the Macro** 
Remote hp8590a 
Clear hp8590a 
Outputhp8590a mkn 
Output hp8590a cf 120mz 
Gosub HerelAm 
Pause 
END - - End of program 
HerelAm . Start of Subroutine 
Loop 3 - — start of Loop 
Output hp8590a mkf? 
Enter hp8590a 
Loopend — end of Loop 
SubEnd . End of Subroutine 

Figure 1. Program example. Figure 2. Program example illustrating loops and 
subroutines. 
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out on the bus is “OUTPUT <device 
addr> <device command>”. The syntax 
for reading data from the bus is “ENTER 
<device addr.>”. All data read in from 
the bus is returned to the Editor Clip¬ 
board where it can be edited or saved to 
a file. In addition to the basic 
OUTPUT/ENTER commands, GPIBC-
TRL.EXE also includes a small library of 
macro language commands for manipu¬ 
lating program execution. These com¬ 
mands are only used within the program 
and are not sent out on the bus. The fol¬ 
lowing macro language commands are 
implemented at the present time: 

BELL: Rings the PC bell to alert user. 

COMMENT <string>: This statement is 
used to comment your macro program 
code. It is not sent out on the bus but 
simply skipped over during program 
execution. 

PAUSE: Pauses program execution, 
displays a user entered text string, then 
waits for user interaction before continu¬ 
ing. 

WAIT <number>: Halt macro program 
execution <number> of milliseconds and 
then continue. 

JMP <number>: Jumps <number> of 
spaces from current macro program 
position to new position then continues 
execution. 

GOSUB <name>: Branches off to sub¬ 
routine located at <name> position in 
the file, executes the subroutine, then 
returns to the program positon immedi¬ 
ately following the GOSUB command. 
The body of the subroutine is terminated 
by a SUBEND statement. 

INPUT : Prompts user for input, then 
sends that input out on the bus. This is 
only used in place of the <device com-
mand> position of an OUTPUT or 
WRITECOM statement. 

LOOP <number> : Executes a body of 
program statements <number> of times. 
The loop body is terminated by a 
LOOPEND statement. 

RUN <program> ccommand line para-
meters>: Temporarily halts macro exe¬ 
cution, exits GPIBCTRL.EXE, runs <pro-
gram>, then returns to GPIBCTRL.EXE 
and continues macro execution. This 
feature allows one to perform tasks 
which are not a part of GPIBCTRL.EXE. 

VAR : Marks the start of a variable block 
where symbolic names are designated 
to represent the <device addr> position 
of GPIB statements. This block is termi¬ 
nated by a BEGIN statement. 

BEGIN: Marks the beginning of the main 
program body of statements and termi¬ 
nates the VAR block assignments. 

END : Marks the end of the main body 
of programming statements. All subrou¬ 
tines called by GOSUB are located 
after this END statement. Program exe¬ 
cution is halted after END is encoun¬ 
tered. 

Further information on these com¬ 
mands, their syntax and use can be 
found in “GPIBCTRL.DOC” or can be 
accessed via the help menu (F1 ) from 
within tne program. 

Programming Example #1 
The program shown in Figure 1 con¬ 

trols an HP8590A spectrum analyzer. It 
first pu:s the instrument in remote, then 
clears its state. The next command 
enables the marker function, then the 
frequency is set and read off of the bus. 
NOTE that “MKN”, “CF 120MZ” and 

“MKF?” are commands specific to the 
HP8590A spectrum analyzer and not 
GPIBCTRL.EXE. Refer to the program¬ 
ming documentation for the instrument 
you wish to control for the required code. 

Programming Example #2 
The program shown in Figure 2 is the 

same as #1 above but highlights the use 
of the LOOP, GOSUB and COMMENT 
macro commands to read three center 
frequency values from the HP8590A 
analyzer. 

Error Trapping 
One of the major advantages of using 

GPIBCTRL.EXE over programming indi¬ 
vidual programs using BASIC, PASCAL, 
etc. is that it provides ready made error 
trapping. This feature, in conjunction 
with the fact that all of the PC controller 
initialization is taken care of, makes this 
program a quick way of rapidly design¬ 
ing GPIB controller programs. When an 
error is encountered GPIBCTRL.EXE 
will halt, display the offending line num¬ 
ber, and give the user a chance to 
RETRY, CONTINUE or ABORT pro¬ 
gram execution. 

Documentation/Source Code 
Included in the GPIBCTRL software 

package are the following files: 

GPIBCTRL.TPU — Pascal unit contain¬ 
ing help constants. This file is produced 
by the Turbo Pascal Ver 6.0 help file 
compiler from GPIBCTRL.TXT 

GPIBCTRL.TXT — ASCII help file. This 
text is used by the Turbo Pascal Ver. 
6.0 help compiler to produce the online, 
hypertext, help file. 

GPIBCTRL.HLP — Compiled, hypertext 
version of GPIBCTRL.TXT. 

GPIBCTRL.EXE — Compiled, exe¬ 
cutable GPIB Control program. 

GPIBCTRL. PAS — Source code for 
GPIBCTRL.EXE. 

GPIBCTRL.CFG — Configuration file 
read by GPIBCTRL.EXE upon initial 
start up. This ASCII file contains the 
GPIB controller card initialization strings, 
DOS device driver name and the RS-
232 com port parameters. The initial, 
values are for the Metrabyte (MBC) 
GPIB card. 

GPIBCTRL.DOC — User manual in 
Microsoft Word for Windows, Ver. 2.0 
format 

GPIB. ICO — GPIBCTRL icon for users 
of Windows 3.X. 

The author wishes to relay a special 
word of thanks to National Instruments 
for the temporary loan of their PC 
GPIB controller card in testing this pro-
gram. RF 

This article is available on disk from 
the RF Design Software Service. See 
page 98 for ordering information. 
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An Isolation Probe for 
Oscilloscopes 
By Eugene E. Mayle 
R.L Drake Co. 

Virtually every consumer electronics 
product requires a power supply. More 
often than not the supply is derived from 
the AC line. Because of advantages in 
efficiency and size, off-line switching 
supplies are frequently chosen over line 
transformer types. Whether designed in¬ 
house or purchased as a subsystem, 
the switching supply will eventually 
require troubleshooting. This will most 
likely involve the monitoring of wave¬ 
forms on an oscilloscope. For the non¬ 
isolated side this can pose considerable 
risk of shock. Even with an isolation 
transformer the chassis of the scope 
presents a non-insulated contact to one 
side of a potentially lethal source. 
Portable LCD based scopes are not cost 
effective in a lab environment where 
bench scopes are already in place and 
isolated probes utilizing optocouplers 
can cost more than some scopes. By 
exploiting fundamental RF concepts, an 
inexpensive and high performance isola¬ 
tion probe can be easily built. 

This paper will describe the third of 
three prototypes. A summary of the 

development of each prototype is pre¬ 
sented below. Prototype 1 established 
the basic feasibility of achieving a 5 
MHz response across the isolation 
boundary. Using an intermediate fre¬ 
quency (IF) of 50 MHz, filtering require¬ 
ments were eased and the viability of 
PN junction diodes was maintained. 
Transformer core and winding variations 

were evaluated for effectiveness. Input 
impedance and attenuation were set at 
19 kohms and 1/19 respectively. Prob¬ 
lems to be resolved included large ripple 
in the scope’s displayed response, spu¬ 
rious oscillations in the bipolar Colpitts 
local oscillator (LO), an erratic DC offset, 
trailing edge overshoot on squarewaves, 
and asymmetrical swing compression. 
Prototype 2 included mechanical 

refinements such as a circuit board 
mounted 9 V battery and switch, a three 
position input switch, and a pivoting rigid 
ground tip. The isolation gap on the 
board was increased, the LO was 
changed to a transformer coupled JFET 
type, and a static DC offset adjustment 
was added. Input impedance was selec¬ 
table between 500 kohms (DC), 20 
kohms (DC), and 20 kohms (AC). Trail¬ 
ing edge overshoot had vanished but 
the reason was unclear. Ripple and off¬ 
set problems persisted. Parasitic capaci¬ 
tance in the inout switch caused 
response variations between selections. 

In prototype 3, the input switch was 
eliminated by using forked input paths of 
22 kohms and 440 kohms. The battery 
was taken off of the PC board to allow 
slimming of the probe. The rigid ground 
tip was replaced with the flexible alliga¬ 
tor clip type. The DC offset anomalies 
including asymmetrical swing were 
solved by dynamic balancing in the 
modulator, capacitive coupling of the 
isolated grounds and partial ground 
shielding of the input paths. Trailing 

edge overshoot was minimized through 
input lowpass filtering. 

Block Diagram 
As each block is described (see Figure 

1), keep in mind the design goals of minia¬ 
turization and efficiency. The function of 
the attenuator block is to provide one of 
two levels of voltage attenuation, constant 
from DC to several MHz. The attenuator 
should lightly load generators of moderate 
impedance (1 kohm) while presenting a 
predictable source impedance to the mod¬ 
ulator. Full scale CRT readings of ±400 Vp 
are ultimately desired. 
The input lowpass filter should minimize 

spurious output signals in the passband by 
greatly attenuating input signals at or near 
the LO and its harmonics. Additionally, the 
filter should provide attenuation of the LO 
leaking to the input. It may also provide 
transient compensation. 
The modulator should convert the atten¬ 

uated baseband input signal to sidebands 
of a much higher intermediate frequency. 
A maximum input voltage of ±1 Vp should 
be converted with little distortion. Drive 
requirements should be minimized and 
synchronizable with the demodulator. Inte¬ 
gral drive isolation is required. 
The IF coupler should couple the modu¬ 

lator signal to the demodulator while pro¬ 
viding galvanic isolation of high voltages 
(>1000V) between the same. A high 
immunity to external fields is desired. 
The power splitter should provide 

equal and in-phase drive to both the 

Figure 1. Isolation probe block diagram. Figure 2. Isolation probe schematic. 
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Figure 3a. Simple sample and 
hold circuit. 

Figure 3b. S/H with floating trans¬ 
former. 

modulator and demodulator while also 
providing galvanic isolation of high volt¬ 
ages (>1000V) between the same. Loss 
and external radiation should be mini¬ 
mized. High frequency operation with 
nominal bandwidth and inherent imped¬ 
ance scaling to the LO are implied. 
The demodulator should convert the 

double sideband intermediate signal 
(coupled from the modulator) to a base¬ 
band signal which proportionally dupli¬ 
cates the input signal. Drive require¬ 
ments should be minimized and syn¬ 
chronizable with the modulator. 
The output lowpass filter should pass 

signals below the cutoff frequency with 
minimum distortion while greatly attenu¬ 
ating those far above cutoff (i.e. the LO). 
The filter may provide frequency and 
transient response compensation. 
The LO’s function is to control the 

switching action of the modulator/ 
demodulator pair. Control of the fre¬ 
quency, duty cycle, and efficiency is 
implied. The LO should operate from a 9 
V transistor battery providing approxi¬ 
mately 40 hours of operation. 

Schematic 
The probe’s schematic is shown in 

Figure 2. Appendix 1 lists component 
specifications. Most of the components 
of Figure 2 can be assigned to a specific 
functional block in Figure 1. The remain¬ 
ing components are transitional — serv¬ 
ing two functions. 

Signals enter the probe through input A 
or B with G as the common reference. The 
total resistance of R2 and R3 was chosen 
to be 20 times greater than R1. This ratio 
provides good on-screen resolution of 
switching supply drive signals through 
input A and output flyback through input B. 
The dual inputs allow two levels of signal 
division without the added parasitic capac¬ 
itance of a switch. Parasitic capacitance, 
inherent in R2 and R3 of input B, produce 
a zero in the probe’s response which must 
be compensated for. This compensation is 
partially provided by C3 which is also an 
element of the input lowpass filter. To 
maintain equivalent frequency response 
through input A, variable capacitor C1 is 
provided. 
Because the response of the lowpass 

filter relies upon the impedance and 
transmission characteristics of the mod-
ulator/demodulator and coupling trans¬ 
former, these circuits will be presented 
first. 
The modulator and demodulator are 

identical and reciprocal circuits. Dual 
diodes CR1 and CR2 are used as cur¬ 
rent controlled switching elements in the 
modulator, while CR3 and CR4 are used 
in the demodulator. Separated differen¬ 
tial secondary windings of transformer 
T1 provide in-phase switching of the 
diodes. The drive from the LO is 
stepped up 2:1 via the primary winding 
of T1. The balanced taps of the sec¬ 
ondary windings feed 1:1 primary and 
secondary windings of coupling trans¬ 
former T2. The returns of these wind¬ 
ings a'e made to their respective 
grounds. The phasing of T2 is such to 
produce a positive output for a positive 
input. Toroidal cores are used for all 
transformers and inductors in the probe 
because of their shielding properties. 
No matter how meticulous one is in 

the selection of components and the 
construction of this circuit, some imbal¬ 
ance in the modulator/demodulator will 
exist. Potentiometer R5 is paralleled 
across series diodes CR1 and CR2 with 
its wiper capacitively coupled to the sec¬ 
ondary tap. This provides a means to 
adjust the balance of the modulator/ 
demodulator and eliminate the subse¬ 
quent DC offset. 
Operation of the modulator/demodulator 

could be explained in the familiar terms of 
frequency translation, IF coupling, and 
synchronous detection. However, illustra¬ 
tion of a transformation of a sample and 
hold circuit to the modulator/demodulator 
of Figure 2 will be used instead. 

Figure 3a is the basic sample and hold 
circuit with sampling switch, S, and hold 
capacitor Ch. If the time constant RgxCh is 
small and the sampling frequency high, 
the charge on Ch proportionally tracks the 
level of signal generator Vg. 
Figure 3b splits, S, and Ch into two 

parts. A floating transformer, T, is intro¬ 
duced between the two switches. The 
mutual inductance, M, cancels the wind¬ 
ing inductance, L, and therefore this 
transformer ideally presents no imped-

Figure 3c. S/H with isolation 
transformer and electronic 
switch. 

anee to signal flow. This type of device 
is used in “all-pass” delay equalizers for 
filters. The splitting of Ch allows the 
transfer of charge to be more efficient by 
bypassing the input attenuator as a load 
for the modulator’s sampled signal. 
By grounding T in Figure 3c, isolation is 

created. The arrangement of the dual 
switches prevents a DC short for both 
source and load. Having been replaced by 
their diode equivalents, the switches oper¬ 
ate at a near 50 percent duty cycle as the 
LO alternately forward and reverse biases 
the diodes via the drive transformer. 
Because the switching spreads the 

signal’s energy over many harmonics, 
the coupling transformer’s bandwidth 
becomes crucial to coupling efficiency. 
Therefore, synchronous switching is 
required for proper operation. 
The modulator/demodulator could be 

thought of as a transmitter and receiver 
pair with the coupling transformer 
replacing the antennas and free-space. 
By combining the dominant elements of 
diode and transformer models, a base¬ 
band model representing the modula¬ 
tor/demodulator and coupling trans¬ 
former losses was developed. This 
model is depicted in Figure 4. An impor¬ 
tant test of the model’s validity is that it 
generates the same conversion loss as 
the actual circuit. Therefore, conversion 
loss measurements became the means 
to calculate the model resistor values. 
The inductances in the composite com¬ 
prise the T equivalent of the coupling 
transformer. The equations for calculat¬ 
ing the T equivalent of a 1:1 transformer 
are given below: 

L(series) = L(winding) - M(mutual ind.) (1) 

L(shunt) = M(mutual ind.) (2) 

M(mutual ind.) = L(winding) x K(cou-
Pling) (3) 

All of these elements would change if 
the components were altered. Even the 
small amount of bias current flowing 
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Figure 4. Modulator/demodulator 
baseband model. Figure 5a. Input A step response. 
through the drive winding affects the loss. 
The values in the lowpass sections C3-

L1-C4 and C6-L2-C7-C13 would cause 
severe ringing if the model was a short. 
The actual step response through input A 
of the probe is illustrated in Figure 5a. The 
frequency response for both inputs is plot¬ 
ted in Figure 5b. With only a 20 Vpp signal 
available, measurements through input B 
are difficult. A breadboard of the model 
and lowpass sections (including input 
attenuator) shows good correlation with 
the input step response. 
The model is provided for those who 

wish to optimize the response using 
computer software. It should be noted 
that the circuit elements of Figure 2 
were obtained empirically before the 
model was developed. Optimization 
must weigh the importance of the follow¬ 
ing requirements: 

1. Attenuation of input signals at fre¬ 
quencies close to the LO. 

2. Attenuation of LO leakage to the 
input. 

3. Attenuation of LO leakage to the 
output. 

4. Light loading of the circuit being 
monitored. 

The force that drives this near miracle 
of DC transmission through an insulated 
boundary is the LO. The choice of oscil¬ 
lator type usually follows from experi-

ence after analyzing the requirements. 
With two series diodes in each arm of 
the modulator it is referred to as a class 
2 mixer. Theory and experience tell us 
that class 2 mixers require +13 dBm of 
LO drive. Additionally, minimization of 
spurious outputs from mixers require 
low LO harmonic distortion. 
The transformer coupled JFET design 

of Figure 2 was found to satisfy these 
goals. With transformer feedback (T3) 
between gate and source, a winding 
ratio of 3 to 2 respectively resulted in 
less than 5 percent harmonic distortion 
at +14 dBm output into 200 ohms. The 
oscillator draws 10.8 mA at 9 V, result¬ 
ing in a DC to AC efficiency of about 27 
percent. At 6 V the efficiency is about 34 
percent with an output of +13 dBm. The 
theoretical efficiency of an oscillator 
meeting these goals is 50 percent. C8, 
C9, and C12 serve bypass functions. R6 
diverts some of the bias current into the 
modulator/demodjlator transformer T1 
to affect conversion response. Oscilla¬ 
tion frequency is determined by the pri¬ 
mary winding inductance of T3 resonat¬ 
ing with C10 and C1 1. The salient fea¬ 
tures of the LO design are low compo¬ 
nent count, frequency adjustment by 
changing C10, power adjustment by 
changing R7, small power deviation vs. 
supply slump, and low power drain. 

Series capacitors C14 and C15 provide 
DC stabilization for the converted signal 

Figure 5b. Isolation probe’s trans¬ 
mission response, inputs A and B. 

Dimensions 
Power consumption 
Sampling frequency (adjustable) 
Load requirements 

Impedance 
-3dB bandwidth 
Overshoot 
Nonlinearity 

<1% 
<5% 

Conversion gain 
LO leakage 

INPUT “A” 
22ki2 H <5pF 
5.7MHz 
<1% 

±20Vpp 

±30Vpp 

15.6mV/V 
<-60dBm 

16.5cm X 1,2cm 
11 mA @ 9V 
48MHz ± 3MHz 
1MQ//15-20pF 

INPUT “B" 
440kQ // <0.3pF 
4.6MHz 
<3% 

±400V 

391 uV/V 
<-75dBm 

Table 1. Isolation probe specifications. 

through the connection of the isolated 
grounds. Without this capacitance stray 
fields capacitively coupled to the balanced 
input are equally likely to induce current 
flow in the signal path as the ground path. 
Current flow through the signal path will be 
manifest as level fluctuations. Capacitance 
between the isolated windings of T1 and 
T2 is typically 1.5 pF. Adding 16 pF across 
the isolated grounds reduces DC fluctua¬ 
tions to a negligible level. Though this con¬ 
figuration negates true differential mea¬ 
surements by the probe, it greatly reduces 
the amount of shielding required. 

Finally, resistors R8 through R11 are 
required to dissipate any charge that 
might accumulate across capacitors 
C14 and C15 during usage. Because 
the voltage rating of 0.25 W carbon film 
resistors is specified at 250 to 500 V, 
four were connected in series. The mag¬ 
nitude of the chain provides a short time 
constant (1.5 ms) and negligible current 
flow (1 1 uA) with a 1000 V differential. 

Operation and Performance 
Extreme caution is advised when 

working with high voltages. If at all pos¬ 
sible, the circuit under test should be de¬ 
energized and allowed time to discharge 
before connecting the probe. The probe 
should be insulated to prevent inadver¬ 
tent conduction to the user or shorting 
within the unit under test. Adding a sig¬ 
nal path clip-lead is advisable. 
Operation is essentially the same as a 

standard probe. Any scope with 1 Mohm 
input impedance shunted by 15 to 20 pF 
will work. The vertical gain should be set 
to 20 mV/div and band limiting to 20 MHz 
is preferable. Connect the probe via a 
BNC connector to the scope. Clip on a 9V 
transistor battery to the supply probe using 
coax shield as a return and flip on the 
switch. After the scope has warmed up, 
the probe’s DC offset can be adjusted. 
Short the probe’s signal input to its ground 
reference; then, adjust R5 so that there is 
no offset between the scope’s DC and 
GND input selections. 
The transient response of the probe is 
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Appendix 1. 

best set by using a 10 to 20 Vpp square¬ 
wave at 400 to 500 kHz. Apply the signal 
to input A of the probe and adjust C1 to 
obtain the best compromise between mini¬ 
mum overshoot and rise and fall times. 
Then apply the signal to input B and do 
the same thing using C2. Unless a larger 
signal is available the vertical scale may 
need a temporary adjustment. C2 in the 
author’s probe was realized by two short 
lengths of PTFE insulated bus wire sol¬ 
dered so as to overlap. They were stiff 
enough to retain adjustment made by pry¬ 
ing with a plastic flat blade. If a signal gen¬ 
erator is available you may want to check 
the frequency response. For the majority 
of uses the transient response should be 
the major concern. 
Though not necessary, it is recom¬ 

mended that the scope’s display be cali¬ 

brated to obtain a convenient magnitude 
of volts per division. I suggest 2.5 V/div 
through input A which results in 50 V/div 
through input B. This is done by apply¬ 
ing a reference 10 V signal (DC or AC) 
across input A and the ground and then 
adjusting the vernier control on the 
scope’s vertical gain selector. The 
scope’s vertical position control may 
need adjustment after this step. Table 1 
lists the specifications of the probe as 
obtained in the author’s prototype. 

Monitoring 500 kHz drive and flyback 
waveforms using the probe results in 
near identical waveforms as when using 
an isolation transformer with standard 
probes. The reference lead of the isola¬ 
tion probe should always be connected 
to the “ground” of the circuit under test 
when accurate high frequency wave¬ 

forms are to be monitored. For near 
sinusoidal waveforms this is not 
required; though the circuit will be 
loaded by the 16 pF/88 Mohm coupling 
network C14-C15 and R8-R11. 
The applications for isolated monitor¬ 

ing of signals are endless. With proper 
scaling of the input attenuator this probe 
would be suitable for both audio and 
video equipment work. A flourish to the 
design can be had by adding an AIGaAs 
LED (with series resistor) in shunt with a 
recalculated value of source resistor in 
the LO. This would serve as a power-on 
indicator. These LEDs require only a 
milliamp of current, would pose no 
reduction in efficiency, and might pre¬ 
vent unnecessary battery drain. It is 
advisable to maintain a visible gap 
between the isolated windings of T1 and 
T2. Coated magnet wire is used for all 
transformer and inductor windings called 
out in Appendix 1. 

Conclusion 
An economical high performance isola¬ 

tion probe has been presented. Though 
conceived for switching power supplies 
the theory and background development 
will allow the reader to modify the design 
to suit his or her own applications. It is 
believed that optimization could extend the 
bandwidth 25 to 50 percent while main¬ 
taining the same overshoot. By increasing 
the sampling frequency even greater per¬ 
formance is possible. 
While hybrid isolation amplifiers are 

commercially available, bandwidths are 
typically 100 kHz or less. We all benefit 
when technology is widely and properly 
used both in economy and quality; but, 
this is possible only when knowledge is 
shared. RF 
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Wavetek Components Deuver 
More than 20 years in the design and 
manufacture of high performance 
attenuators and filters has led us to one 
important conclusion: There is no such 
thing as an unimportant component. 

Every RF and microwave compo¬ 
nent we make has the same dedication 

stones of all Wavetek components: 
miniature passive filters from 500 KHz 
to 4 GHz, programmable attenuators 
from DC to 3 GHz, standard and custom 
products. 

Today Wavetek filters and attenu¬ 
ators serve in a wide array of demand-

to quality and workmanship that our ing applications in aerospace, defense, 
highest Military Standard products_do. IBM communications, and test equipment 
We know that not just something -but- industries. These industries count on 
someone depends on our products. WB us. So can you. Because we build every 

Not only do we design our compo¬ 
nents to exceed specified performance 
characteristics, we build them that way. 
Wavetek production processes are qual¬ 
ified to MIL-T-45208, with documented 
quality processes and procedures. 

Quality, reliability, performance 
and expeditious delivery are the corner¬ 

component knowing someone impor¬ 
tant relies on it. 

Find out how Wavetek RF and 
microwave components can deliver for 
you. Call 1-800-851-1202 today and 
request our free Wavetek RF & 
Microwave Components Catalog. 
Experience Wavetek delivery. 
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Broadcast Radio Uses 
Home-Made Components 
By Jim Escoffier 
NASA 

This 1992 contest entry describes an 
AM radio receiver that combines a 
detector using early- 1900s technology 
with an IC audio amplifier of current 
design. 

The circuit described here (Figure 1) 
uses a coherer for signal detection. It 

is probably more appropriate for a crystal 
receiver than a coherer, but this was done 
to make it recognizable by today’s engi¬ 
neers. In a coherer circuit, a tuned front 
end was not generally used. The closest 
thing to front-end selectivity would be a 
resonant antenna, and that would proba¬ 
bly only happen by accident. Also, audio 
amplification was hardly necessary as the 
sound was usually produced by a door¬ 
bell. The integrated circuit amplifier was 
used simply to include the oldest and 
newest of technologies. 
Real coherer circuits tended to be 

somewhat less sophisticated, consisting of 
only a battery, the coherer and a doorbell 
in series, responding only to on-off keying 
(Figure 2). By using mechanical feedback 
for decohering, some resemblance to the 
original modulation might be maintained 
but the resulting audio would probably not 
be high fidelity. 
An antenna and earth ground were 

connected to the two terminals of the 
coherer. A sufficiently strong signal would 
cause arcing through the powdered met¬ 
als of the coherer, causing the particles 
to stick together and complete the circuit 
through the bell. Once stuck, or cohering, 
current flowed and the bell rang until 
something interrupted the circuit, or deco¬ 
hered it. Decohering was done with a 

Figure 2. Typical coherer circuit. 

second bell mechanism called a tapper, 
usually with a second battery, which con¬ 
tinuously tapped the body of the coherer 
sufficiertly violently to cause the particles 
to separate. Later implementations used 
a single battery for both mechanisms and 
a sensitive relay to switch the bell cur¬ 
rent. Neither advance caused much con¬ 
cern among the folks developing vacuum 
tube detectors. 

Radio Construction 
First, empty an oatmeal box. The pre¬ 

ferred method is to dump the contents in 
an ordinary trash receptacle; however, if 
your mother won’t let you do that, the 
contents may be eaten. Remove the top 
from the lid so that only a hoop remains. 
It should be capable of sliding down 
over the box. To make the coupling link, 
wind ten turns of no. 22 wire over the 
hoop and fasten the ends with glue. 
Wind 79 turns of no. 22 wire over the 
oatmeal box starting near the bottom to 
allow maximum adjustment of the cou¬ 
pling link. File down one pre-1950 silver 
dime and two half-inch steel washers 
and place the filings in a small plastic 
vial to make the coherer. To form the 
contacts, drive two small nails through 
opposite ends of the vial. Decohering is 
accomplished by taping or gluing the 
coherer assembly to the loudspeaker 
cone, where the audio vibration sepa¬ 
rates the particles. 

If desired, the battery can be removed 
from the circuit and the coherer replaced 
with a crystal. The crystal can be made by 
sprinkling a little powdered sulphur over a 
spot of melted solder. A few seconds of 
feeling around on the residue of the sul¬ 
phur with a catwhisker will produce a cou¬ 
ple of sensitive spots. Make the cat¬ 
whisker with almost any fine stiff wire. You 
can unwind a spare wirewound resistor to 
get wire for catwhiskers. As long as the 
resistance is fairly low it works just fine. 

Bolt everything down on a scrap of 
wood with wood screws, and wire every¬ 
thing together with long wires with little 
curlicues on the ends, just like the old 
days. Extra credit will be given for using 
double cotton covered solid wire. Using a 
real diode or a PC board will be consid¬ 
ered cheating (except for the amplifier 
stage — SMT may be used for that). HF 
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in the 1910s. Jim’s address is 1615 
Saturn St., Merritt Is., Fla. 32953. 

84 June 1993 



ABSORPTIVE or REFLECTIVE de to 5GHz 
Truly incredible... superfast 3nsec GaAs SPDT reflective or absorptive 

switches with built-in driver, available in pc plug-in or SMA connector models, 
from only $14.95. So why bother designing and building a driver interface to 
further complicate your subsystem and take added space when you can 
specify Mini-Circuits' latest innovative integrated components?^ 

Check the outstanding performance of these 
units... high isolation, excellent return loss (even in the 
“off” state tor absorptive models) and 3-sigma 
guaranteed unit-to-unit repeatability for insertion loss. 
These rugged devices operate over a -55° to 
+100°C span. Plug-in models are housed in a tiny 
plastic case and are available in tape-and-reel format 
(1500 units max, 24mm). All models are available for 
immediate delivery with a one-year guarantee. finding new ways 

setting higher standards 

specifications Absorptive SPDT 
(»VP) YSWA-2-50DR 

ZYSWA-2-50DR 
Frequency de- 500- 2000-
(MHz) 500 2000 5000 

Ins. Loss (dB) 1.1 14 1.9 
Isolation (dB) 42 31 20 
1 dB Comp. (dBm) 18 20 22.5 
RF Input (max dBm) - 20 -
VSWR "on" 1 25 1 35 1.5 
Video Bkthru 30 30 30 

(mV,p/p) 
Sw Spd (nsec) 3 3 3 
Price. $ YSWA-2-50DR (pin) 23.95 
( 1 -9 qty) ZYSWA-2-50DR (SMA) 69.95 

Reflective SPDT 
YSW-2-50DR 

ZYSW-2-50DR 
de- 500- 2000-
500 2000 5000 
0.9 1.3 1.4 
50 40 28 
20 20 24 
22 22 26 
1.4 1.4 1.4 
30 30 30 

3 3 3 
YSW-2-50DR (pin) $14.95 

ZYSW-2-50DR (SMA) 59.95 

Mini-Circuits. 
■■ ■■ PO Box 350166. Brooklyn. New York 11235-0003 (718)934-4500 Fax (718) 332-4661 

Distribution Centers NORTH AMERICA 800-654-7949 • 417-335-5935 Fax 417 335-5945 EUROPE 44-252-835094 Fax 44-252-837010 

For detailed specs on all Mini-Circuits products refer to • THOMAS REGISTER Vol. 23 • MICROWAVES PRODUCT DIRECTORY • EEM • MINI-CIRCUITS’ 740-pg HANDBOOK 
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We're doing 
a big business 
in these parts. 

TWINAX 

At M/A-COM Omni Spectra, we're manufacturing 
high-performance commercial connectors in such large 
quantities that we can match any commercial connector 
manufacturer in both service and on-time delivery. 

But they can't match us. Because we're still committed 
to giving you the quality you expect from M/A-COM, 

at competitive prices. And that's something they 
simply can't deliver. 

lead th6 way *n commercial connectors. 

750 
SMB 

jgjjy We've got the 50 and 75 ohm coaxial and twinax 
connectors used most frequently in broadcast, 

datacom, test and measurement, and other wireless 
communication applications. 

We also have a distributor network that's second to 
none. So you can count on getting your order—in any 
quantity—when you need it. 

Quantity. Quality. Service. Availability. And competi¬ 
tive pricing. With M/A-COM, you don't have to give up 
any one to get any other. 

We lead the way in innovation, too. 

At M/A-COM Omni Spectra, we're used to being in 
the forefront of connector technology. We developed the 
first SMA connectors, the first blind mate connectors, 
and the first true surface mount microwave coaxial con¬ 
nectors. That's why we're now the world's largest RF and 
microwave connector manufacturer. And the logical 
source for all of your interconnect needs. 

Before you place your next connector order, consider 
M/A-COM. For your free copy of our commercial con¬ 
nector cross-reference list and our new catalog, call the 
M/A-CCM distributor in your area. Or call M/A-COM 
Omni Spectra at 603-424-1800, ext. 438. 

OMNI SPECTRA COMMERCIAL products 

Please see us at MTT-s, Booth #1206. INFO/CARD 61 
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Power 
Amplifier 
Handbook 

1. Oscillator Design Handbook 
You can benefit from the contributions of more than 20 top RF engineers 
as they share their expertise on oscillator theory, design and applica¬ 
tions. Analytical topics and practical circuits are presented for crystal 
oscillators, LC circuits and VCOs. Along with traditional designs, this 
book includes some unique approaches not found anywhere else. 

Cardiff Publishing 80 pages $25.00 

2. Filter Handbook: Volume 1 — Applications 
The best practical filter circuits from RF Design are collected in this 
book, allowing you to see how the best engineers solved their design 
problems. Essential information on active, passive, lumped element, 
microstrip, helical and SAW filters will help make your filter design 
tasks easier. 

Cardiff Publishing 80 pages $25.00 

3. Filter Handbook: Volume 2 — Design 
Do you need to brush up on filter theory and analysis? This book offers 
fundamental and advanced material on classic Butterworth, Chebyshev 
and elliptic filters, plus notes on filter implementation, including filter 
performance with real, not ideal, components. Another highlight is a 
tutorial series on SAW filter basics. 

Cardiff Publishing 82 pages $25.00 

4. RFI/EMI/EMC: A Designer's Handbook 
The best design-for-compliance articles from RF Design and EMC Test & 
Design are collected in this practical handbook. Circuit board design, 
Part 15 techniques, ESD protection, filtering, bypassing and trouble¬ 
shooting are among the featured topics. Notes on regulations and test 
methods are also included, making this a well-rounded collection of 
EMC and ESD engineering techniques. 

Cardiff Publishing 80 pages $25.00 

5. Power Amplifier Handbook 
This book is loaded with practical circuits for power amplifiers operating 
from HF through L-band, from a few watts to over a kilowatt, with 
clear explanations of how these circuits were designed. Articles on high 
power couplers, combiners, biasing techniques and VSWR protection 
will help simplify the design of your next power amplifier system. 

Cardiff Publishing 80 pages $25.00 

6. Frequency Synthesis Handbook 
Phase locked loops and direct digital synthesis are the main focus of 
this handbook, with articles ranging from Andy Przedpelski's "PLL 
Primer" series to advanced analytical techniques. Theoretical material 
is complemented by practical circuits and application notes on some of 
the latest synthesizer products. 

Cardiff Publishing 80 pages $25.00 

7. Wireless Communications Handbook 
Engineering methods for new wireless applications are highlighted in 
this collection from RF Design. Topics include spread spectrum systems, 
Part 15 devices, digital modulation, demodulation, transmission, recep¬ 
tion and signal propagation. A special feature is a repeat of our 
popular tutorial series on Complex Modulation. 

Cardiff Publishing 80 pages $25.00 

RF HANDBOOK! 

SPECIAL 
SET PRICES 

TAKE 
ANY FOR 

4 $69 
5 $84 
6 $98 
7 $110 

Mix and match the RF 
Handbook titles or orde 

bulk copies of a 
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SAVE!!! 



TECHNICAL BOOKS 
20. Transmission Line Transformers, 2nd Edition 

By Jerry Sevick 

This book is becoming widely recognized as the best text on broadband transformers in the 
HF range. After an introduction that covers the classic Ruthroff and Guanella approaches, 
the author proceeds to describe and analyze well over a hundred different designs, in¬ 
cluding detailed construction information and extensive measured frequency response and 
loss data. It is one of the few technical books that comoines rigorous engineering accuracy 
with down-to-earth practical information. 

ISBN 0-87259-296-0 American Radio Relay League $20.00 

I 
Transmission line 
^Transformers 

21. RF Circuit Design 
By Chris Bowick 

The author introduces RF circuit design at the most basic level, starting with individual 
components and proceeding through resonant circuits, transmission lines, filters, the Smith 
chart, impedance matching, small-signal amplifiers and power amplifiers. It is an excellent 
teaching text for beginning engineers, and a valuable reference for fundamental RF 
principles. 

ISBN 0-672-21868-2 Sams 176 pages $24.00 

22. Electronic Filter Design Handbook 
By Arthur B. Williams and Fred J. Taylor 

A modern classic for active, passive and digital filter design, this book is an indispensible 
engineering reference. Basic information is provided on filter types, passband and stopband 
characteristics, mathematical analysis and various topologies. Extensive tables of filter 
parameters are included for ease of design, and notes on component selection assist in 
construction. Completeness is enhanced with chapters on phase shift networks and delay 
equalizers. 

ISBN 0-07-070434-1 McGraw-Hill $68.00 

23. Oscillator Design and Computer Simulation 
By Randall W. Rhea 

This unified approach to oscillator design is of particular help to engineers new to these 
circuits, but serves as an excellent reference for even the most experienced designers. The 
book covers a wide range of resonator types and active devices, and is applicable to both 
RF and microwave frequency ranges. Included with the text is a copy of Eagleware's Star 
2.0 circuit analysis program, which is intended to reduce the tedium in analyzing oscillator 
circuits as various parameters are modified. 

ISBN 0-13-642513-5 Prentice Hall 260 pages $63.00 

24. MMIC Databook 
The 1991 MMIC Databook, written with the help of some of the MMIC Industries' most 
active players, effectively converts "MMIC know-nothings" into "MMIC gurus," and as 
rapidly as possible. The Databook contains performance graphs based on manufacturers' 
typical ratings; charts detailing product availability; key contacts for standard, semi-custom 
and custom foundry information; and foundry data in both datasheet and summary spread¬ 
sheet format. 

Berson & Associates $295.00 



TECHNICAL BOOKS 
25. Phase-Locked Loop Circuit Design 

By Dan H. Wolaver 

This book successfully combines theory and practice. Phase-locked loop design is presented 
as circuit design, not just as a set of theoretical equations and transfer functions. Examples 
given are ''real-world'' applications in signal generation, clock recovery, filtering, 
modulation and demodulation. 

Prentice-Hall 262 pages $53.00 

Phase-Locked 
Loop Circuit 

Design 

DAN H. WOLAVER 

26. Communications Receivers 
By Ulrich L. Rohde and T.T.N. Bucher 

The most comprehensive receiver design reference in print, this book examines every 
circuit element in a modern receiver. System architecture is presented in detail, with specific 
attention to the key functions of input circuitry, RF amplifiers, mixers, frequency control, 
demodulation, and special circuitry for noise blanking, gain control, squelch and 
automatic frequency control. 

PRINCIPIES 
G DESIGN 

McGraw-Hill 000 pages $65.00 

27. Single Sideband Systems & Circuits 
Edited by William E. Sabin and Edgar O. Schoenike 

The legendary HF communications handbook from the engineers at Rockwell International/ 
Collins Radio. Overall system design data is followed by examinations of each portion of 
an HF radio, including filters, mixers, oscillators, synthesizers, modulators, detectors, 
power amplifiers, signal processing and power supplies. This book contains information on 
system performance requirements that is not available anywhere else. 

SINGL€-SID€DAND 
SYSTEMS CIRCUITS 

McGraw-Hill 594 pages $68.00 

28. 1993 ARRL Handbook 
A comprehensive handbook of radio communications design and construction techniques. 
Analog, digital, RF and microwave basics are complemented with practical circuit 
examples and projects. Chapters on antennas, modulation methods and test procedures 
offer valuable references. Written for the advanced amateur, this book should also be on 
every professional's bookshelf. 

ARRL 1214 pages $25.00 

29. Antenna Engineering Handbook 
Edited by Richard C. Johnson and Henry Jasik 

This book belongs in the reference library of every engineer involved in antenna design 
and development. Antenna theory and applications cover the frequency range from LF 
through microwaves, including communications, radar, direction-finding, satellites, aircraft, 
broadcasting and radio astronomy. Each chapter is authored by a leading expert in that 
area of antenna engineering. 

McGraw-Hill 1465 pages $119.50 

RICHARD C JOHNSON 

ANTENNA 
ENGINEERING 
HANDBOOK 
THIRD EDITION 



TECHNICAL BOOKS 
30. The ARRL Antenna Book 

Edited by Gerald L. Hall 

This guide to antenna design and construction is definitely not just for hobbyists. It is a 
carefully researched collection of successful antenna designs, combined with basic antenna 
theory. The practical information on construction methods, materials, and various antenna 
configurations span the HF through microwave bands. 

ARRL 680 pages $20.00 

31. Antenna Impedance Matching 
By Wilfred N. Caron 

This book provides excellent tutorial information on transmission lines and the Smith chart. 
Antenna matching methods using transmission line and lumped element are described, 
along with numerous narrow- and wide-bandwidth examples. The techniques presented 
are the same as those used for matching amplifiers and other RF circuits. 

ARRL $15.00 

32. Analysis and Design of Electronic Circuits Using PCs 
By Greenbaum, Besser, Biehl, Pollard and Osann 

Circuit simulation and synthesis using personal computers is growing rapidly in RF 
engineering. This book takes you step by step through the computer-aided modeling 
process with special attention to CAD at microwave frequencies and the use of computers 
in automated test and production. 

Van Nostrand Reinhold $20.00 

ANALYSIS 
AND 

DESIGN 
OF 

ELECTRONIC 
CIRCUITS 
USING PCs 

JohnR Greenbaum 
Les Besser / BnanBehl 

Bruce D Pollard / Robert Osann 

33. Microwave Transistor Amplifiers: Analysis and Design 
By Guillermo Gonzales 

This book presents a unified approach to the analysis and design of microwave transistor 
amplifiers using the method of scattering parameters. Conjugate match, stability of small¬ 
signal amplifiers, oscillators and power amplifiers are covered. Although microwave 
frequencies are used by the author, the methods apply to circuits at any frequency where 
scattering parameters are given. 

Prentice-Hall $70.00 

microwave 
TRANSISTOR 
AMPLIFIERS 
Anolysis ond Design 



RF Expo Proceedings 
Successful engineers like yourself are constantly searching for information to keep them 
up-to-date on the rapidly changing world of electronic technology. Twice a year, this vital 
information is presented in the technical sessions and complete tutorial series at the RF 
Expos. If you were unable to attend the show or particular session — you can now obtain 
the same information in the RF Expo Proceedings. 

50 □ RF Technology Expo 93 
51 □ RF Technology Expo 92 
52 □ RF Technology Expo 91 
53 □ RF Technology Expo 90 
54 □ RF Technology Expo 89 
55 □ RF Technology Expo 88 
56 □ RF Technology Expo 87 

63. Take all 13 for $1508 — a 
Cardiff Publishing 

57 □ RF Expo East 92 
58 □ RF Expo East 91 
59 □ RF Expo East 90 
60 □ RF Expo East 89 
61 □ RF Expo East 88 
62 □ RF Expo East 87 

savings of $377 
$145.00 each 

64. EMC/ESD IntH Conference Proceedings 
You'll find papers highlighting extensive coverage of domestic and international EMC and 
ESD regulatory standards by the industry's leading experts. Additional papers offer excellent 
practical techniques for dealing with difficult environments, handling surges and transients, 
analyzing EMC phenomena, controlling ESD, managing EMC through circuit design, and 
performing EMC and ESD tests and measurements. 

Cardiff Publishing 340 pages $145.00 each 

Filters and Matching Networks 
A nine-tape video short course with notes for working engineers which covers the topic 
from baseband to microwaves. The tapes are Fundamentals I & II, CAE Techniques, The 
Real-World, Matching, Bandpass Filter Symmetry, Grouf^ belay, Direct Coupled Microwave 
Filters and Field-Coupled Microwave Filters. Important filter concepts are described in easy-
to-folow terms. These concepts are then applied to case studies of a variety of filters avail¬ 
able for solving practical application problems. Just a few of the hundreds of ideas in these 
tapes could save you lots of time and effort. 

Eagleware $895.00 each (NTSC) 

ORDER FORM 

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

CALL: 1-800-525-9154 

FAX: 303-773-9716 

Method of Payment: 
Payment enclosed $_ 
Bill My: □ MC □ Visa □ AE 
Card #_ Exp_ 
Signature_ 

Bill to: 
Name _ 
Title _ Phone _ 
Company_ 
Ad d ress_ 
City _ 
State/Zip _ 
C o u n t ry_ 

Ship to: (if different than above) 
Name _ 
Title _ Phone _ 
Company_ 
Address_ 
City_ 
State/Zip _ 
C o u n t ry_ 



RF books 
Radio Frequency Transistors 
By Norm Dye and Helge Granberg 
Published by Butterworth-Heinemann, 
1993 

The preface says it succinctly, “This 
book is about radio frequency (RF) 
transistors.” Any engineer who works 
with RF transistors should have this 
book. This is not a theoretical treatise, 
not a teaching text — it is a reference 
book and an applications guide. The 
emphasis is on power amplifiers, but 
small-signal design is also well-cov¬ 
ered. 
Radio Frequency Transistors begins 

with five chapters devoted to back¬ 
ground information. “Understanding 
RF Data Sheet Parameters" is the title 
of chapter 1, followed by chapters cov¬ 
ering the characteristics of RF transis¬ 
tors, comparison of FETs and BJTs, 
basic circuit configuration, class of 
operation, modulation, biasing and 
reliability. 
After a chapter on construction 

methods for RF amplifiers, the book 
gives considerable attention to power 
amplifier design. Chapters 7 through 
12 cover nearly all possible configura¬ 
tions, matching and combining, com¬ 
puter-aided design, filtering, VSWR 
protection, feedback and frequency 
compensation. Authors Dye and 
Granberg show their considerable 
experience in power amplifier design 
by presenting straightforward design 
information in a manner that is clear, 
complete, and not the slightest bit 
intimidating. 
Although only one chapter is devot¬ 

ed to small-signal design, that chapter 
is the longest in the book. There is 
plenty of data on gain, matching, sta¬ 
bility and noise, all illustrated with 
examples. 

Phase-Locked Loops: Theory, 
Design, and Applications (Second 
Edition) 
By Roland E. Best 
Published by McGraw-Hill, Inc., 1993 

The second edition of this book 
includes major updates and new mate¬ 
rial not included in the 1984 first edi¬ 
tion. Also included with this text is a 
disk containing a PLL simulation pro¬ 
gram. For this edition, the author has 
placed equal emphasis on four types 
of PLLs: The Linear PLL, the Classical 
Digital PLL, the All-Digital PLL, and 
the Software PLL. With rapid growth in 
high-speed digital circuits and exten¬ 

sive application of DSP, the latter two 
types should be of special interest to 
engineers involved in current RF/digi-
tal development. 

In addition to the simulation program, 
the book contains other useful reference 
data. Of special note is a list of all 
known PLL-related components, as of 
late 1992. Three appendices provide 
references for the °LL pull-in process, 
the Laplace transfo'm, and basic digital 
filtering. 
This is a theoretical book, providing 

information intended to increase the 
reader’s understanding of PLL princi¬ 
ples. There are no circuits to be blind¬ 
ly (or intelligently) copied. It is, howev¬ 
er, the most current textbook on PLLs, 
and is worthy of consideration for an 
RF engineer’s bookshelf. 

Array Signal Processing 
By Don H. Johnson and 
Dan E. Dudgeon 
Published by PTR Prentice-Hall, 1993 

Signals are often detected in two- or 
three-dimensional arrays, and must be 
processed using methods that account 
for spatial variation. This book 
addresses the detection of waves in 
space, and is applicable to optics, 
acoustics, and radio-frequency sig¬ 
nals. RF applications include interfer¬ 
ometry, phased-array antennas, sen¬ 
sor arrays and time-space varying 
apertures. This book covers signal 
processing techniques appropriate for 
such applications: beam forming, 
detection theory, estimation theory, 
adaptive processing and tracking. 
Appendices add reference material on 
probability, matrix theory and opti¬ 
mization theory. 
This is a technical book which 

assumes that the reader is familiar with 
linear signal processing and fundamen¬ 
tals of digital signal processing. 

These books are available from 
Cardiff Publishing Company’s Engineer¬ 
ing Bookstore, 6300 S. Syracuse Way, 
Suite 650, Englewood, CO 80111, tel. 
(303) 220-0600. 

RF Design Awards 
Contest 

See the winners 
in the July issue! 

RF Design 

Dual Balanced Mixers 
Power Splitters 

• Mixers: TO-5 Package 

Model LO/RF 
IF (MHZ) 

CONV 
LOSS 

ISOLATION 
LO-IF 

TDM-
0502L 

5-500 
DC-500 

TYP. 
6dB 

>22 dB 

TDM-
11 02L 

10-1000 
DC-1000 

TYP. 
7dB 

> 20 dB 

TDM 
1802L 

150-1.8G 
10-1000 

TYP. 
8.5dB 

> 18 dB 

TDM-
2002L 

150-2G 
10-1000 

TYP. 
8.5dB 

>16 dB 

• Splil tters: T< 3-5 Package 

Model 
TSP-

Ft 
RANGE 

Insert 
Loss 

Power 
Balance 

0502 1-500 1.0 dB 0.3 dB 

1002 10-1000 1.5 dB 0.4 dB 

Low cost with competitive, High 
performance 
The samples are free promptly 
deliveried with performance data 
FAX us for more details. 

TEMWELL CORPORATION 
FAX: 886-2-5515250 

INFO/CARD 62 

♦CARD* 
READER 

to’HP 8590 
♦ Reads HP 8590 Series Spectrum 
Analyzer memory cards. 

♦ Connects directly to IBM-PC or 
compatible serial (COM) port. 

♦ Transfers memory card files to MS Win¬ 
dows spreadsheets and word processors 
and DOS ASCII files. Supports: Traces, 
Instrument States, Screen Images, 
Downloadable Personalities, Limit Lines, 
AMPCORs, and EMI Setups/Data. 

♦ Duplicate ROM to RAM or RAM to RAM. 
Archive entire card to the PC. 

♦ Utilities to view, sort, and list files. 

♦ 1 Year Warranty on card reader and 
software. US List: $695. 

CALL FOR FREE DEMO DISK 
& DATA SHEET: (707) 525-8263 

♦MATANZAS* 
ENGINEERING 

2227 Creekside Road 
Santa Rosa, California 95405 
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Reach for selection in SAW devices. 
Specify Siemens for 
SAW filters and resonators. 

Specify Siemens for a wide 
selection of SAW filters and 
resonators from 30MHz to 
several GHz. Siemens 
standard and custom SAW 
devices offer these 
key advantages: 

•Wide package selection: 
plastic, metal,and surface 
mount. 

• Low insertion loss. 
•Precise amplitude and 
phase characteristics. 

• Low temperature drift. 
•Excellent reliability and high-
volume reproducibilty. 

SCI-1016 

For your most demanding 
applications, select from a broad 
Siemens line that includes: 

• RF and IF Filters for mobile 
and cordless phones. 

•Single and Dual Bandpass 
Filters for satellite receivers. 

•Spectrum Shaping and 
Clock Recovery Filte's for 
digital communication. 

• Vestigial Sideband Filters for 
CATV equipment. 

• Resonators for keyless entry 
and security systems. 

•Intercarrier and Split Sound 
Filters for TVs. 

INFO/CARD 64 

■■■■Illi 

Siemens has produced 200 
million SAW devices - your 
assurance of product 
consistency and delivery for 
high volume applications. 

Call: Siemens Components, Inc. 
for literature or technical 
assistance: 1-800-888-7729 



RF product report_ _ 

Video Op Amps: A Pretty Picture 
By Andy Kellett 
Technical Editor 

There is more and more demand for 
information in the form of images. At 

the same time, people want better broad¬ 
cast video. “Consumers are becoming 
accustomed to high quality video by work¬ 
ing with computer monitors so much,” 
says Peter Himes, Segment Marketing 
Manager with National Semiconductor. 
The demand for more and better video is 
pushing development of new op amps and 
is fueling the growth of the high-
speed/video op amp market. 

Specifications 
The specifications which define high¬ 

speed op amps as such are bandwidth 
and slew rate. At the high end of the 
speed range is Harris Semiconductor’s 
HFA 1100 series. Built using their bond¬ 
ed-wafer-isolation, silicon bipolar 
process, the Harris series has a unity 
gain bandwidth of 850 MHz. 
Gain flatness is just as important as 

bandwidth for video applications. Most 
video signals carry information over a 
bandwidth of a few tens of MHz at the 
most, but gain over that bandwidth must 
be flat to within 0.1 dB. Using a device 
with a 3 dB-bandwidth several times the 
required 0.1 dB-bandwidth ensures ade¬ 
quate gain flatness. 
Besides gain flatness, differential gain 

and differential phase differentiate video 
op amps from other high-speed op 
amps. “System specifications for differ¬ 
ential gain and phase are typically 0.1 
percent and 0.1 degree, but because 
the input signal loops through several 
gain stages, the typical requested speci¬ 
fication for individual devices is 0.01 
percent and 0.01 degrees,” says Karen 
Cunningham, Comlinear Marketing 
Manger for the Signal Conditioning 
Product Line. 

Applications 
“Multimedia is kind of a nebulous term,” 

according to Steve Pratt, Business Man¬ 
ager at Maxim Integrated Products, “but it 
is basically data, voice and imaging work¬ 
ing around a PC.” All the analog inputs 
and outputs to such a system must be 
amplified or buffered before they are either 
digitized or sent to an output device such 
as a video monitor. Many manufacturers 
point to multimedia as a rapidly growing 

market, particularly *or those applications 
which produce professional video effects 
on a PC. 
Although High Definition Television 

(HDTV) is not yet fully defined, manu¬ 
facturers are able to provide some 
HDTV compatible devices. Manufactur¬ 
ers anticipate HDTV information will 
occupy about 30 MHz with response flat 
to 0.1 dB. For reasons noted earlier, the 
bandwidth for HDTV-compatible op 
amps will be about 300 to 400 MHz. 
This bandwidth is readily available with 
current technology. 
Other applications are also growing. 

Devices using charge-coupled devices 
(CCDs) employ high speed op amps for 
signal conditioning, finding use in scan¬ 
ners, copiers and electronic photogra¬ 
phy. Ultrasound imagers use op amps 
with 20 to 50 MHz bandwidths, as do 
black and white surveillance video sys¬ 
tems. As op amp bandwidths have 
increased, they have found use in RF 
applications such as driving A/D con¬ 
verters for digitized IF stages. 
Cable driving is still a big use for video 

op amps. “Fully forty percent of the dis¬ 
crete op amps we sell are used to drive 
cables, and they are becoming high-
powered,” says Elantec Applications 
Manager Jay Friedman, “We have intro¬ 
duced a video distribution amplifier 
which will drive six 150 ohm loads.” 

Op Amp Advances 
“The semiconductor industry can pro¬ 

vide more than enough performance for 
80 to 90 percent of all video applica¬ 
tions. So it’s not a case of honing and 
refining performance any more, it’s cost 
reduction and moving to a higher level 
of integration,” says Brian Mathews, 
Strategic Planning Manager at Harris 
Semiconductor. 
Although the demand for reduced 

power consumption and reduced operat¬ 
ing voltages will not be as urgent for 
video products as it will be for portable 
computers and radios, there is still inter¬ 
est in reducing those parameters. 
“There are strong trends for lower power 
just to save power, not because these 
applications will be oortable,” says Jay 
Cormier, New Product Marketing 
Manger for Analog Devices, “but some 

customers are driving toward a single 
supply because their application will be 
battery powered.” 
As for for how these changes will be 

made, most manufacturers agree, 
improved semiconductor processes will 
be necessary. “We're still releasing 
products that are state-of-the-art in 
some fashion, using a process that was 
new five or six years ago, but newer 
processes are really the enabling tech¬ 
nology,” says Analog Devices’ Himes. 
However, there will be opportunity for 
creative design to play a role in new 
devices. “Chip designers here say all 
the advances we have made in terms of 
differential phase and gain, with regard 
to lower power consumption, is all in 
design,” says Elantec's Friedman. 

More Performance/Less Price 
The high-speed/video op amp market 

has expanded dramatically over the last 
three to four years. “We’re selling more 
every year because we are just getting 
into the video op amp market,” says Don 
McGraw, Marketing Manager for Burr 
Brown’s Analog Division, “we are build¬ 
ing our base of products and getting 
them designed in.” As more manufactur¬ 
ers have entered the market and offered 
more performance, prices have 
dropped. “Five years ago you would pay 
four to five dollars for a 50 MHz op amp, 
today you pay $1.75 in 100’s for a 100 
MHz op amp,” says William H. Gross, 
Design Manger at Linear Technology 
Corp. Comlinear’s Cunningham predicts 
that while prices may not drop as fast as 
they have the last five years, each 
device will contain much more perfor¬ 
mance and functionality. 
Our idea of what is traditional video 

will certainly change in the next ten 
years. Editing video images on a PC or 
processing HDTV video will seem just 
as traditional as amplifying an NTSC 
signal today. However, high speed and 
video op amps will be just as important 
in those new applications. RF 

For reprints of this report, contact 
Cardiff Publishing Company at (303) 
220-0600. Ask for the Circulation 
Department. 
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REliterature 
Pulse Amplifier Note 
Microwave Technology (MwT) has generated 
a seven-page application note describing 
the performance of a 50 W pulsed power 
Compact Amplifier Module (CAM) operating 
from 960 to 1215 MHz. The module 
uses MwT’s Solid State Triode™ power 
JFETs and Aluminum Nitride hybrid manufac¬ 
turing capability. 
Microwave Technology 
INFO/CARD #209 

RF Selector Guide 
Motorola has released its annual RF Selec¬ 
tor Guide and Cross Reference for 1993 
(SG46/D Rev. 10). This particular guide con¬ 
tains the most extensive changes in Motoro¬ 
la’s standard product offerings since 1988. 
To obtain a free copy of the guide, call 
Motorola Literature Distribution at: 1-800-
441-2447. 
Motorola Semiconductor 
INFO/CARD #208 

Revised Spec Sheets 
Picosecond Pulse labs has rewritten all of 
its 5000 series coaxial components specifi¬ 
cation sheets to include frequency domain 
insertion loss and return loss plots, along 
with time domain transmission step 

response and TDR plots. An application 
note and spec sheet describe Picosecond's 
coaxial bias tees in both time and frequen¬ 
cy domains. 
Picosecond Pulse Labs, Inc. 
INFO/CARD #207 

Spectrum Analyzer 
Brochure 
An 18-page color brochure on Anritsu’s 
MS2602A spectrum analyzer is available 
through Anritsu Sales Co. The specification, 
features and applications of the 100 Hz to 8.5 
GHz spectrum analyzer are described. 
Anritsu Wiltron Sales Co. 
INFO/CARD #206 

Low Noise Amplifier Data 
Microwave Solutions introduces a technical 
data sheet of low frequency, low noise ampli¬ 
fiers wh ch operate over the frequency range 
of 0.75C to 2.30 GHz. These amplifiers have 
output power of +20 dBm and noise figures 
from 1.8 to 2.2 dB. 
Microwave Solutions, Inc. 
INFO/CARD #205 

Design Software Report 
Exemplar is offering a technical report 
describing software techniques for analyzing 

RF/microwave component interaction and for 
synthesizing systems. The six-page report, 
“PC Software Helps RF/Microwave System 
and Component Engineers Improve Designs" 
is free. 
Exemplar 
INFO/CARD #204 

Short Form Catalog 
A 124-page short form catalog, No. G-01-B, 
is now available from Murata Erie North 
America. The catalog contains detailed 
specifications on the company’s lines of 
ceramic capacitors, trimming potentiome¬ 
ters and capacitors, EMI/RFI filters, 
microwave components, crystal oscillators, 
and more. The catalog is available free of 
charge. 
Murata Erie North America 
INFO/CARD #203 

Ferrite Catalog 
The 12th edition of Fair-Rite’s soft ferrite cat¬ 
alog has been released. Four new materials 
are listed in the catalog. Mechanical drawings 
of all parts are included, and detailed electri¬ 
cal specifications are given for both materials 
and individual parts. 
Fair-Rite Products Corp. 
INFO/CARD #202 

UFen gineerin go pportunities 
□ □□□ 
□ □□□ 
□ □□□ 

...YOUR CAREER 
□ □□□ 

Cellular Engineers: Design/devetop RF and analog circuits for high capacity cellular systems Requires 
minimum of 2 years experience in any of the following DSP. ASIC Design, CAE Development. Digital 
Modulation. Digital Mobile Communications. Channel Equalizers, Transmitter-Recerver-Synthesizef or 
Aud« Design, Digital Signal Processing 

RF Design Manager: To establish and direct an RF product center Will lead a small team in a design 
effort to develop functional modula’ products tor the wireless communications market Will come up with 
new product concepts and specifications tor modules (base idea is to replace portions of RF circuit with 
smaller, reaper funcional modules) Target end markets are cordless phone cellular. RF Data Units 
and RF LAN BSEE. MSEE preferred Minimum 10 years experience with indepth knowledge complete 
RF crcuit design 2GHz-Audio Experience with spread spectrum technology Familiar with current SST 
components Experience with low cost high volume design tor consumer applicatons Príven products 
development experience Good technical writing skills 

V8AT 8r. Staff Englnav: Famillwity wir aqurpmantand iyiwmi ulllzad by broadcast organizations for re distribution of ana¬ 
log ano digital audio pogrwnmng via I8»IB. Expor ence with commumcafons syswms design, data com mu neat on» receiver 
design and satellite Ink budget calcul al on s. BSEE. 

BATCOM lymnii Engineer»: OpporVnIMi for taWlB communication» lyswmt angmaan. Ra »pom bi Hoi Induda »«BIB 
cacuaioni. boa digram deign*, aqupmant definition«, and »poo reason tor propoiai and por gram*. RaqJremenB insude a 
BSEE. MSEE pro barred. and a mlnmum of 5 yew» of apocaba experience. Thii muat include me deign, pro so» a and impie-
men at on of medizn-to large aperture (4.5 to 21 meter») earn ■ talon» for commercial taMtB compubr ipraadahaaB i» a mutt 

RF Design Engineer: Responsible tor design of analog and RF systems and circuits tor consumer and commercial digital wire¬ 
less products Five to ten years experience m RF systems analysis and design Experience with low-cost desiçn techniques for 
frequency synthesizers power amplifiers, uptoown converters and baseband circuits tor digital communications systems Must 
be able to derive RF systems and module requirements to meet overall performance and cost goals Familiarity with time division 
duplex or CDMA a plus 

Staff/Principal Engineer: This individual will be responsible tor the design/devetopment of UHF/VHF amplifiers Wil be required 
to control the design on a stand-alone basis while meeting cost and schedule requirements with the support from junior engineers 
and experienced technicians Hands-on engineer will also be required to lead IR4D efforts in UHF/VHF RF Rower Amplifier design 
to enhance transmitter technology positon BSEE/MSEE 

RFC Design: MS or PhD in Electrical Engineering with minimum 5 years related experience » preferred The :andtoate should 
have a good knowledge and experience m Linear Bipolar High Frequency IC design and measurement techniques to design IC's 
like Amplifiers. Mixers. Oscilators. VCO's, Prescalers. Synthesizers. Limiting Amplifiers etc operating up to 2 GHz in Bipolar or 
BiCMOS technologies 

RFSynthesier Design: Positions available tor candidates experienced 
m the design and development of communication receiver/transmitter 
systems and subsystems Experience in RF synthesizer design. RF 
circuitry, low power circuit design and GaAs/Silcon MMIC design is 
desirable At least a BS degree m Engineering is required 

MHz wireless consumer electronic products Designed and developed 
AM/FM/FSK tran$mitte<s/rece«vers o 902-926 MHz frequency range 
Hands-on experience on HF/VHFAJHF systems and subsystems 

saw and coaxial resonator oscillators. VCOs AM/FM IF sys¬ 
tems RF moduiatocs/demoduiators. PLLs & audio video circuits 

4ÍMICRO COMMUNICATIONS EXECUTIVE SEARCH 

871 Turnpike St. • North Andover, MA 08145 

We specialize in the placement of communications professionals both nationally and liter national I y 

CALL COLLECT: TEL: 508-685-2272 FAX: 508-794-5627 

Microwave Engr’g co. seeks Princpl 
Design Engnrs to be Project Engnrs 
to devel solid state power amplfr 
prodets for commrcl RF/wireless 
communications mrkt. Will direct work 
of technicians and other Engnrs. 
Duties: design custom cost-effective 
linear amps, including advanced 
R&D; direct projects thruout system 
devel; establish analysis/simulation 
network; customer interface; support 
mfg’g; devel cost models. Must 
prossess a B.S. in Elec Engr’g plus 6 
yrs of exprnc in job offered or related 
engn’g position. Specie reqrmnts 
include: proven exprnc in design/ 
analysis/testing of RF and micro¬ 
wave systemsand components (must 
include design/building of multi-chan¬ 
nel amps); proven theoretical/practi-
cal exprtise in linearizationtechniques 
for RF amps; demnstrated exprnc in 
design of RF and m’wave systems/ 
components (particularly RF amps) 
for commrcl applctns in volume mfr’g 
envrnmnt; proven exprnc in 
CAD/CAE simulation/modelling/ 
design/verification technqs using soft¬ 
ware pkgs such as EESOF. Salary 
range: $63,800 - 67,800/yr for M-F 
40+ hr/wk. Send 2 resumes to Jon 
Curley, Human Resuorce Represen¬ 
tative — Commercial Power Amplifier 
Division, c/o M/A COM, Inc., 1011 
Pawtucket Blvd., P.O. Box 3295, 
Lowell, MA 01853-3295. An EOE. 
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Redesign 
MARKETPLACE 
WHEN YOU ARE READY TO BUY-SELL-TRADE CALL RF DESIGN MARKETPLACE 
Increase your REVENUES with RF Design Marketplace advertising! Over 40,000 prospects read and 
buy from this section each month. To reach this sophisticated, targeted market call today (303) 220-0600. 

BIAS TEES 5 10 kH -44 GHz § 
■Risetimes measured 
with HEWLETT-PACK-
ARD 50 GHz oscillo-
scope and PSPL 15ps 
pulse generator. 

■‘Bandwidths meas¬ 
ured with WILTRON 20 
GHz network analyzer. 

MODEL RISETIME' BANDWIDTH" VOLT/AMPS 

5530 28 ps 12GHz 200 V 10 mA 

5531 45 ps 8 GHz 1.5kV 20 mA 

5540 8 ps 44 GHz 50 V 100 mA 

5550 20 ps 18 GHz 50 V 500 mA 

5580 32 ps 11 GHz 50V 1 Amp 

Other broadband components available from PSPL include: 
Signal Probes, Risetime Filters, Attenuators, DC Blocks, 

Transformers, Power Dividers and Amplifiers. 

J PICOSECOND I PULSE LABS 

P.O. BOX 44 • BOULDER, CO 80306 • 
.1« PHONE 303-443-1249 
- FAX 303-447-2236 

USA 

• STD. 5 AND 10 MHZ OCXO 
• TCXO • VCXO • TC-VCXO 
• VCO’s • CLOCK OSCILLATORS 
• CUSTOMIZED CRYSTAL FILTERS 
STD. 10.7 MHZ, 21.4 MHZ and 45 MHZ 

• L/C FILTERS 

Call or Fax your requirements. 

16406 N. Cave Creek Rd. #5 
Phoenix, AZ 85032-2919 

Phone & Fax (602) 971-3301 

INFO/CARD 71 INFO/CARD 72 
Please see us at MTT-s, Booth #1241. 

CAL CRYSTAL LAB., ING’COMCLOK, ING 

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

TTL Clock Oscillators 250Khz to 70Mhz_ 
HCMOS Clock Oscillators 3.5Mhz to 50Mhz_ 

Tri-State, Half Size and Surface Mount also available on request 

Fast Service - 3 weeks or less 
Special frequencies our speciality 

1142 N. Gilbert, Anaheim, CA 92801 • FAX 714-491-9825 

NOVA RF Systems, Inc. 
The Complete RF/Microwave Solution 

— RF/Microwave Systems 
— Custom Design/Consulting 

- - — Simulation Software 
— Synthesizers (PLL/DDS) 
— Complete Lab/Machine Shop 
— TDMA/CDMA/Spread Spectrum 

1740 Pine Valley Dr. • Vienna, Virginia 22182 
(703) 255-2353 

INFO/CARD 73 INFO/CARD 74 

Advertiser Page No. 
Allen Avionics, Inc. 29 
Amplifier Research . 69 
Avantek/Subsidiary of Hewlett Packard . 41 
Cal Crystal Lab, Inc. 97 
California Eastern Laboratories. 45,47,49 
Coaxial Dynamics, Inc. 76 
Compact Software. 70 
Cougar Components . 27 
DAICO Industries, Inc. 6 
DGS Associates, Inc. 66 
Dielectric Laboratories . 26 
Eagleware . 55 
EEsof. 99 
EG&G Frequency Products. 68 
Electro-Metrics . 18 
Elisra Electronic Systems Ltd. 43 
ENI . 59 
Giga-tronics. 12-13 
Henry Radio . 53 
Hewlett Packard . 35-36,63 
IFR Systems. Inc. 3 
International Crystal Mfg. Co., Inc. 66 
ITT Cannon Sealectro. 21 

Advertising Index 
Advertiser Page No. 
JFW Industries, Inc. 50,71 
Kalmus Engineering, Inc. 23 
Kay Elemetrics Corp. 72 
KS Electronics . 97 
K&L Microwave. Inc. 106 
Lap-Tech, Inc. 68 
Lark Engineering Co. 20 
Locus, Inc. 29 
Lorch Electronics . 24 
Matanzas Engineering . 93 
MicroWave Technology . 51 
Mini-Circuits. 4-5.39,75.85 
MITEQ . 31 
Murata Erie North America . 11 
M/A-Com Corp. 16-17 
M/A-Com Interconnect. 86 
Nova RF Systems, Inc. 97 
Penstock, Inc. 25 
Picosecond Pulse Labs, Inc. 97 
PolyPhaser Corp. 53 
Power Systems Technology, nc. 105 
Programmed Test Sources, Inc. 33 
Q-bit Corp. 2 

Advertiser Page No. 
QUALCOMM, Inc. 46 
Raltron Electronics Corp. 61 
Sage Laboratories, Inc. 9 
SCITEQ Electronics, Inc. 100 
Siemens Components, Inc. 94,101-102 
Sprague *. 28 
Sprague Goodman. 19 
Stanford Research Systems . 64 
Stanford Telecom . 15 
Surcom Associates, Inc. 98 
Synergy Microwave Corp. 42 
Tecdia . 60 
Temex Electronics, Inc. 48 
Temwell Corp. 93 
Tesoft, Inc. 98 
TTE, Inc. 10,52 
Wavetek . 83 
Wayne Kerr . 10 
Werlatone, Inc. 8 
Wide Band Engineering Co., Inc. 56 
Wiltron Co. 57 
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Easy TESLA Block Diagram 
Simulation Runs on Your PC 
• Nonlinear time simulation with built-in spectrum analysis 

lets you test with noise, multipath and adjacent channels 

• Use TESLA to simulate modems, radios, cellular, GPS, 

spread spec, DSP, HDTV, radar, controls, audio 4 more! 

• Over 60 analog 4 digital blocks: Filters, VCO, Mixer, RFamp, 

Laplace, AD 4 D/A Converters, BER tester, Noise, S4H, 

Integ4dump, 5-Function Generator, Phase meter, 4 more! 

• Add new blocks with MODGEN option—BBS user library 

RF software 

FREE APPLICATION NOTE 

TESOFT Inc, PO Box 305 

Roswell GA 30077 
Phone 404-751-9785 
F AX404-664-581 7 

CALL FOR WORKING DEMO DISK 
TESLA Simulator 5695 
MODGEN Model Generator $495 
Symbols for OrCADSOT® $195 

Analog Design 
EEsof has announced the second release of 
EEsof Series IV software. Highlights of the 
new release include design and analysis capa¬ 
bility for CDMA, integration with communica¬ 
tions DSP, fiber optics, RF ASICs, and surface 
mount technology devices. 
EEsof, Inc. 
INFO/CARD #200 

EM Modeling on PCs 
Sonnet Software and EEsof, exclusive distrib¬ 
utor for Sonnet products, have announced that 
Sonnet s electromagnetic analysis tools are 
available on the PC for the first time. The tools 
include xgeom™, em™, and emvu™ and will 
run on 386- and 486-based PCs using the 
DESQview/X™ windowing environment. 
Sonnet Software. Inc., EEsof, Inc. 
INFO/CARD #199 

Analog/Mixed Mode 
Simulation 
The latest version of the Intusoft ICAP/4M 
package for the Macintosh includes Monte 
Carlo statistical yield analysis, parameter 
sweeping and circuit optimization. These 
capabilities are integrated in the PreSpice 
module for ICAP/4M, which also includes 

model libraries, modeling utilities, and a 
netlist editor. ICAP/4M is $1575. PreSpice 
3.2M is available separately for $275. 
Intusoft 
INFO/CARD #198 

l/Q Signal Simulation 
IQSM software from Rohde & Schwarz allows 
the mathematical simulation of all digital modu¬ 
lation presently known. I/Q signals are comput¬ 
ed according to user-specified modulation type, 
coding, baseband filtering, and bit sequence. 
Simulated signals are transferred to an arbitrary 
function generator whose output, in turn, feeds 
a signal generator with built-in l/Q modulation. 
Rohde & Schwarz 
INFO/CARD #197 

Terrain Analysis Support 
SoftWright’s TeleTAP on-line bulletin board 
service provides answers to questions about 
their software, the Terrain Analysis Package 
(TAP™). Callers can instantly receive answers 
to commonly asked questions, leave questions 
to be answered and download demonstration 
programs. There is no charge for use of Tele¬ 
TAP. Access is at (303) 344-5378 using the 
protocol 8,N,1 at 9600 baud or slower. 
SoftWright 
INFO/CARD #196 
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CERAMIC RF 
CAPACITORS 

C-D/SANGAMO 
MICA RF CAPACITORS 

VACUUM CAPACITORS 
VACUUM RELAYS 

SURCOM ASSOCIATES, INC. 

2215 Faraday Avenue, Suite A 
Carlsbad, California 92008 
TEL (619)438-4420 
FAX (619)4384759 

INFO/CARD 66 

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

June Program: RFD-0693 
"A Generic GPIB/RS-232 Controller" by Kevin Cordle. This program allows the user to control 

instruments using both IEEE-488 bus (GPIB) and RS-232 serial data. Includes a graphical on¬ 
screen editor for creation of control sequence macros. Requires PC-based GPIB controller card 
with appropriate device drivers. (Turbo Pascal, interface uses Turbo Vision) 

May Program: RFD-0593 
"A Program for Impedance Format Conversion" by Thomas Bavis. Conversions to relate mea-

su'ements from instruments having different output formats, such as series/parallel R and X, 
polar Z and Theta, reflection coefficient and SWR. (GWEASic code and complied versions) 

BIG SALE !!! 
For a limited time, you can get all past years' programs for a low package pricel 
Order a four-year set covering 1989, 1990, 199 1 and 1992 programs for just: 

$365.00 
(Regular price is $440 — save $75!) 

Shipping paid to U.S. and Canada, other foreign add $25.00 shipping and handling. 
See our past advertisements for terms and payment information. 

Call or write for a listing of all available programs 

We Accept VISA, MasterCard, and American Express! When ordering by mail, 

please include card number, correct name, and expiration date. 
Order by telephone! Call (303) 770-4709 to place your credit card order. Occasionally, 

you may reach an answering machine, but your call will be returned as soon as possible. 

RF Design Software Service 
P.O. Box 3702 

Littleton, Colorado 80161-3702 U.S.A. 
(303) 770-4709 
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WHEN IT COMES TO HIGH-FREQUENCY DESIGN 

ON THE PC, WE’RE OF THE SAME MIND. 

I he tools you need for today’s demanding linear and 
nonlinear high-frequency circuit design applications . 

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

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

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

The High-Frequency Design Tools 
Used Most Frequently 
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FREQUENCY SYNTHESIS 
Bandwidth 
Step size . 
Frequency control 
Spurs . 
Size . 
Output . 

1 to 400 MHz 
. <1 Hz 
. 30-bits, parallel 
. <-45 dBc typ 
3.75" X 4.78" X 0.89" 
. Quadrature 

Bandwidth 1 to 230 MHz 
Step size . <30 Hz granularity 
Phase control . 12-bit 
Switching . 2 nanosecond update 
Spurs . -55 dBc typical (CW) 

5.25" chassis or 5" x 7" x 1.125" module 

TYPICAL PHASE NOISE 

dBc/Hz 

OFFSET (Hz) 

ADS-431 
ADVANCES DDS 

DCP-1 
GaAs DDS 

For Synthetic Aperture Radar 
and other systems requiring 

This LOW COST module is perfect 
for ATE, simulation, EW, and all 

other applications where speed and 
phase continuity are important. 

The VDS-6030 is a low cost C-band 
solution, with excellent phase noise 
and low power dissipation. It's also 

available in L-band. 

SCITEQ 
specializes in advanced technology 

frequency synthesis 
using direct digital, phase-locked-loop, 

Arithmetically Locked Loop, and mix/filter 
designs, plus unique combination 

architectures that combine the advantages of 
multiple underlying technologies. 

state of the art LINEAR FM. 
Sciteq's DCP-1 provides 
extended bandwidth, high 
linearity, phase control, and 
excellent spectral purity. 

This one square inch waveform 
generator includes digital 
phase, frequency, and 
amplitude control, yet it only 
dissipates 1.5W atfck max. 

VDS-6030 DDS-1 
SYNTHESIZER & 
MODULATOR 

TYPICAL SPURS 

Bandwidth 4.65 to 5.25 GHz 
Step size . 2.5 MHz 
Outputs . 2-channels @ +17 dBm 
Total power . <5W 
BIT . :. TTL lock indicator 
Spurs . .. -60 dBc 
Reference . 10 MHz, ext (internal optional) 

Maximum clock up to 25 MHz 
Frequency control. 32-bit 
Switching speed. <1 psec 
Output . SINE, 1 VP-P 
Phase noise. per the clock 
Gating . »100 dB ON/OFF, 1 -bit toggle 
Modulation . digital amplitude, 4>, FSK 

SCITEQ ELECTRONICS, INC. • 4775 Viewridge Ave. * San Diego, CA 92123 • (619)292-0500 • FAX (619)292-9120 
Broadband DDS, INFO/CARD 101 HDR Satcom, INFO/CARD 102 Linear FM, INFO/CARD 103 One-Chip DDS, INFO/CARD 104 

Please see us at MTT-s, Booth #654. 



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

■ Modular Maintainability 
■ Reduced Spares 

Inventory 
■ IEEE 488 Bus (option) 

■ Automatic 
Circuit Protection 

■ Built-In 
Thermal Protection 

These new generation Series AR rack-mount instruments are truly the state-of-the-art 
in Class A linear power amplifiers for RF/microwave applications. The Model 

AR1 929-1 00, for example, delivers 100 watts over an instantaneous bandwidth of 
1-2GHz. Design and performance features include excellent linearity, wide dynamic 

range and a 50dB gain rating. Other AR models offer power outputs from 2 to 100 watts 
and frequency ranges from 1-500MHz to 1-2GHz. All models include a built-in power 

supply, forced-air cooling, and completely modularized design for maximum 
maintainability - common, pre-aligned spare modules allow easy field replacement plus 
reduced spares inventory. They are ideal TWT replacements, for applications such as 
EMI/RFI susceptibility testing, frequency-agile multi-carrier ECM/EW jammers, fast rise 

time pulse amplifiers, and broadband sweep generator boosters. 
Write or call for complete tech information - ask for Product Data 101 0B - or to 

inquire about any of our other product areas: Class AB, C, narrow band and pulsed; 
powers up to 10KW; frequencies up to 4,000 MHz. 

PST 
A SUBSIDIARY OF COMTECH 
TELECOMMUNICA HONS CORP. 
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POWER SYSTEMS TECHNOLOGY INC. 
105 BAYLIS ROAD, MELVILLE, NY 11747 
TEL. 516-777-8900 • FAX 516-777-8877 

Please see us at MTT-s, Booth #968. 



Stability 
Important in the product £ Important in the manufacture 

Highpass • Interdigital • Combline 
Bandpass • Diplexer • Notch • Hairpin 
Edge Coupled • Lowpass « Multiplexer KêL 

MICROWAVE INCORPORATED 

Call today and ask for K&L's Suspended Substrate Brochure 
* ¡2 DOVEHy TECHNOLOGIES COMPANY 

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



FAX IT BACK • FAX IT BACK • FAX IT BACK 

HANG ON TO YOUR 
COPY OF RF DESIGN 

AND. .. 

. . .PASS THIS CARD 
TO A COLLEGUE. 

FAX to: MAIL to: 
(303) 267-0234 RF Design 
USA PO. Box 1077 

Skokie, IL 60076-9931 

R Fd 'esig 
X 

□ FREE SUBSCRIPTION REQUEST 

To receive RF Design 
Answer all questions, sign, date and mail today. 

wish to receive RF Design free of charge □ yes C no 

Signature_ Date_ 
required 

•-- - - -- - - - —\ 

1. Please check the one category which best descibes your business. 
25 □ CATV & Broadcast equipment 15 □ Aviation, marine, navigation 
45 □ Land mobile equipment systems 
140 □ Video, audio equipment 112 0 Satellite & space systems 
142 □ Data transmission, computer 114 0 EW, ECM & radar systems 

systems 116 □ Military communications 
60 □ Instruments & test equipment systems 
144 □ Medical electronics 118 □ Government agency (non-

equipment military) 
146 □ Industrial controls & power 90 □ Lab or consultant 

supplies 150 □ User of electrical equipment 
70O Consumer electronics 180 □ Library or school 

equipment □ Other 

2. Please check the one category which best describes your title. 
01 □ Engineering manager 
02 □ Engineer (Design, R&D, Project, MTS) 
03 □ Engineering Service Title (Standards, Reliability, QC, Test Engineers) 
04 □ President, Owner/Operator, Vice Président General or Plant Manager 
05 □ Other — please specify_ 

9411 J 

NAME 

TITLE 

COMPANY NAME 

ADDRESS 

BLDG. NO. M/S 

CITY STATE ZIP 

COUNTRY POSTAL CODE 

K_ 
The above is my □ company □ home. 



mportant in the product K Important in the manufacturei 

Reliability 

Highpass • Interdigital • Combline 
Bandpass • Diplexer • Notch • Hairpin 
Edge Coupled • Lowpass • Multiplexer K&L 

MICROWAVE INCORPORATED 

Call today and ask for K&L's Suspended Substrate Brochure 
• DOVER ) technologies company 

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




