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Our Stars Have Earned Our Stripes. 
Acrian is America’s foremost man¬ 
ufacturer of application specific 
semiconductor power transistors. 
That’s why it’s no accident that 
Acrian is also the largest supplier 
ofVHF and UHF FETs to the 
U.S. Military. 

The Army's SINCGARS 
manpack radio utilizes 

Acrian FETs for 
long-range/short range 

vehicular communications 

Photo courtesy of ITT Aerospace/Optical Division. 

And because Acrian FETs offer 
greater gain/bandwidth capabili¬ 
ties, they lend themselves to more 
applications, as well as signifi¬ 
cantly reducing design cycle time. 
Take for instance the Acrian 
UMIL40FT, a 40 Watt broadband 
UHF FET, capable of providing 
12dB of gain across a 100 to 500 
MHz band. 

They know that when gain and 
stability are the major concern for 
broadband performance, Acrian 
FETs have proven themselves 
under even the most extreme con¬ 
ditions to offer greater gain and sta¬ 
bility than the equivalent bipolar. 

stability circle, enabling the wide¬ 
band amplifier designer to easily 
identify and avoid areas of poten¬ 
tial instability. 
At Acrian we have an ongoing 
commitment to technical leader¬ 
ship, quality control and in-depth 
service and support. 
Which means we can offer our 
customers a larger number of 
power solutions. 
We find they appreciate that. 
For information on Acrian 
products call (408) 294-4200. 

100 200 300 400 500 

The UMIL40FT produces a 
remarkably small, well defined 
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Come see us at RF Expo/East, Booth #414. 



Imagine an oscillator 
Custom designed to meet your exact needs; featuring unbeatable electrical performance, space¬ 
miser packaging, highly competitive pricing, and QPL-supplier quality. An array of oscillators, from 
hybrid TCXO's and VCXO's to high frequency ECL clocks to MIL-0-55310 devices to low phase noise 
ovens are available from Reeves-Hoffman. 

Reeves-Hoffman offers the benefit of years of design experience in hybrid and discrete 
oscillators. This experience translates into a wealth of standard designs and a 

willingness to accept new challenges. 
Coupled with our in-house crystal, 

hybrid substrate, hybrid pack¬ 
age, and quality assurance 

capabilities, Reeves-Hoffman 
oscillators provide the bridge 
from imagination to reality. 

Free Catalog 
Call or write for 
our new frequency 
control products 
catalog and further 
information about 
our oscillator 
capability. 

REEVES-HOFFMAN 
DIVISION DYNAMICS CORPORATION OF AMERICA 

Reeves-Hoftman, 400 W. North Street, Carlisle, PA 17013 USA • Phone 717-243-5929 
TLX 265873 RHDV UR • FAX 717-243-0079 
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L/S Band Power 
GaAs FETs: 
A New Era In 
Power Amplifiers. 

Power amplifier technology has come a long way. 
Just consider NEC’s new L/S band power 
GaAs FETs. 

There's the NE345L-1OB L/S-band GaAs 
FET with 10W of linear power or the NE345L-20B 
L-band GaAs FET with 20W of linear power. 

Pldb CL Eff. 
Part (TYP) (TYP) (TYP) 

NE345L-1OB 4Odbtn 9db 40% @2.3 GHz 
NE345L-2OB 43dbm 10 db 40% @1.5 GHz 

With MTBF’s that are orders of magnitude better 
than TWT’s, no warm-up time, and no heavy 
power supplies, these parts are ideal replacements 
for TWT’s in existing systems. 

The NE345L series’ excellent linear gain, 
high performance, and hermetically sealed ceramic 
packaging also make them the perfect choice for 
many applications: such as phased array radars, 
airborne navigation systems, studio/transmitter 
links, educational TV, and mobile satellites. 

Contact CEL for more information, data 
sheets, or application support. Then see how your 
power amplifiers can truly come of age. 

NEC 
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California Eastern Laboratories 
3260Jay Street, Santa Clara, CA 95054 (408) 988-3500 
Western (408) 988-3500 Eastern (301) 667-1310 
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Europe NEC Electronics GmbH 0211/650301 
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Cover Story 

26 New ADCs for RF Signal Processing 
The ADC603 from Burr-Brown represents the continuing development of high speed 
analog-to-digital converters. The 12-bit accuracy of the new device and its 10 MHz con¬ 
version rate allow high precision digitization of RF signals. — Neil Albaugh 

Features 

53 Special Report — 
New Integrated Circuits for RF Applications 
This report take a look at current silicon IC products for both analog and digital RF ap¬ 
plications. This “snapshot” of a rapidly changing industry tells where development ac¬ 
tivity is greatest, and what types of devices are now available to the RF designer. 

— Gary A. Breed 

59 Featured Technology — Designing Effective Two-Tone 
Intermodulation Distortion Test Systems 
This article is a comprehensive description of a key RF test procedure: evaluation of 
intermodulation distortion (IMD) performance. In the high-ambient RF environments found 
today, good IMD dynamic range specifications are essential. — Manfred Bartz 

70 New Products Featured at RF Expo East 
Attendees of RF Expo East 87 will have a chance to see these newly-introduced RF 
components, modules, instruments and software. 

85 RFI/EMC Corner — 20-Year Evaluation of Shielding Tape 
The dismantling of a 20-year-old shielded facility has given 3M engineers an oppor¬ 
tunity to evaluate the long-term mechanical and electrical performance of foil shielding 
tape. Here is a report of their findings. — Richard H. Jackson 

88 Designer’s Notebook — PLL Primer: Part IV 
This note covers loop integrator characteristics, in greater detail than in the author’s 
earlier (1983) three-part series on modern PLL design. — Andrzej Przedpelski 

1Q6 Broadband Microwave Transistor Amplifier Design 
Using S-Parameters 
In this article, the author takes us step-by-step through the design of a 1 to 2 GHz broad¬ 
band amplifier, using S-parameter characterization. This rigorous examination illustrates 
in detail the basic principles of amplifier design. — Jackie L. Hughes 

116 VHF Oscillators Using Microwave Integrated Circuits 
An honorable mention prize winner in the second RF Design Awards contest, the author 
demonstrates the use of common 50 ohm gain blocks in 50 and 250 MHz oscillators. 

— Wes Hayward 
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HIGH POWER 
COMBINERS 

rf editorial_ 

RF: A New Definition 

2-WAY 600 WATTS 
MODEL D1994 

4-WAY 600 WATTS 
MODEL D1995 

4-WAY 1500 WATTS 
MODEL D1996 

SPECIFICATIONS 
above models 

Freq. Range 
Insertion Loss 
Isolation 
VSWR 

20-90 MHz 
0.3 dB max. 
20 dB min. 
1.3:1 max. 

By Gary A. Breed 
Editor 

HIGH POWER 
COUPLERS 

DUAL DIRECTIONAL 
COUPLER 

MODEL C1997 

Freq. Range 20-90 MHz 
Coupling 40 dB 
Directivity 20 dB min. 
Power (watts) 1500 

See Gold Book and Microwave/RF 
Handbook, for additional products. 

WERLATONE INC. 
P.O. Box 47 

BREWSTER, NY 10509 
TEL: (914) 279-6187 
TWX 510-600-0747 

RF (ar’ ef) /radio frequency/, n. 1. that por¬ 
tion of the electromagnetic spectrum use¬ 
ful for radio transmission, lying (roughly) 
between audio and infrared. 2. electronic 
signals operating within this frequency 
range or at analogous speeds. 

The distinguished history of radio trans¬ 
mission is reflected in the traditional 

definition of RF as a segment of the elec-
I tromagnetic spectrum (1.). This can be 
considered the “pure” definition, based 
on the original concept of radio as com¬ 
munication using electromagnetic waves. 
Most dictionaries also include a second 

definition to account for signals that are 
contained within circuits, typically using 
the terms “amplification” and “detection” 
to identify their functions. The first half of 
(2.) in our new definition retains this 
secondary meaning of RF. 

All the definitions I have seen stop at 
this point, which seems to limit the mean¬ 
ing of RF to those things which ultimately 
involve electromagnetic waves — radio 
equipment. Certainly, when RF was first 
defined, only radio circuits operated at 
these frequencies. However, present elec¬ 
tronic technology offers too many contra¬ 
dictions if we accept such a limitation. 
By adding the phrase “. . .or at analo¬ 

gous speeds,” we have given RF a more 

universal meaning, in keeping with the 
advances in technology. There are many 
digital and analog applications that are 
not radio signals, yet they are character¬ 
ized by MHz and GHz frequencies and 
nano- and picosecond operation times. 
These applications require engineers to 
understand “radio” techniques: compo¬ 
nent behavior at high frequencies, 
lumped and distributed circuit elements, 
transmission and reflection, bandwidth, 
phase accuracy, linearity, and noise. 
These circuits can also unintentionally 
transmit and receive electromagnetic 
waves, which is reason enough to give 
them attention! 
The commonality is quite clear when 

we consider that pulse modulation can 
drive either a radar system or a fiber op¬ 
tic laser diode, ECL logic devices can be 
used as mixers and amplifiers as well for 
digital applications, transistors from the 
same family are used as high-resolution 
CRT drivers as well as RF power ampli¬ 
fiers, and an FM receiver IC can demodu¬ 
late either audio from a radio system or 
data from a local area network. As further 
evidence, manufacturers of high speed 
operational amplifiers (usually considered 
“non-RF” devices) have begun to charac¬ 
terize their S-parameters. 
There is plenty for the “radio” engineer 

to learn from his high speed analog and 
digital counterparts: time domain analy¬ 
sis, information theory, DC-coupled cir¬ 
cuits and control theory. Sharing ideas 
has other benefits, too. A fascinating part 
of today’s engineering is finding applica¬ 
tions for components that their manufac¬ 
turers never intended, such as using 
video buffers as RF drivers, or consumer 
radio ICs in test instruments. 
The new definition of RF has us excited! 

The technology it defines is rich with pos¬ 
sibilities, and RF Design will the be the 
only place where these universal high fre-
quency/high speed design techniques 
come together. 
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FOR SPACE, MILITARY AND 
COMMERCIAL APPLICATIONS... 

DCS© 
BROAD BAND 
PRECISION, 
CALIBRATED 
WAVEGUIDE 

WR-22,-28,-42 

BROAD BAND 
INSTRUMENTS 
115V or 230V Standard 

Bench Type or Rack Mounted 

MANUALLY CONTROLLED: 
+10 dBM Output 

CUSTOM 
&HI REL 
PRODUCTS 

HYBRID FOR SPACE QUALIFIED 
AMPLIFIED MODULES 

10 Hz to 10 MHz, 7 GHz, 9 GHz, 
14 GHz etc. Small size and weight 

MIL-STD-883, MIL-STD-1547 

TYPICAL STANDARD MODELS 
NC 5100 Series 

NC 5200 Series 

NC 5300 Series 

up to 50 GHz 
15.5 dB ENR, 
noise figure 
meter 
compatible 

up to 50 GHz 
21-25 dB ENR, 
high noise output 

up to 50 GHz 
21-25 dB ENR, 
high noise output 

TYPICAL STAN DARD MODELS 
NC 6101 
NC 6107 
NC 6108 
NC 6109 
NC 6110 
NC 6111 

up to 20 kHz 
up to 100 MHz 
up to 500 MHz 
up to 1 GHz 
up to 1.5 GHz 
up to 2 GHz 

Other standard models available 
MOST ARE IN STOCK 

PROGRAMMABLE: 
IEEE-488 (GPIB), MATE (CIIL) 
RS232, etc. + 10 dBM Output 

DC COUPLED 
AMPLIFIED MODULES 

1 volt output into 50 ohms 
DC-100 kHz 
Low offset voltage 
Compact. 

For More 
Information 
And Quick 
Response Call: 

GARY SIMONYAN 
@ 201-488-4144 

TYPICAL STAN DARD MODELS 
NC 7101 
NC 7107 
NC 7108 
NC 7109 
NC 7110 
NC 7111 

up to 20 kHz 
up to 100 MHz 
up to 500 MHz 
up to 1 GHz 
up to 1.5 GHz 
up to 2 GHz 

“NOISE IS OUR ONLY BUSINESS” 

OPTIONAL: Remote variable 
filters, signal input combiner, 
75 ohms output, marker input 
Other standard models available 

MOST ARE IN STOCK 
INFO/CARD 5 

Come see us at RF Expo/East, Booth #451. 

NOISE COM, INC. 
111 Moore St. 
Hackensack, N.J. 07601 
(201)488-4144 
TWX 910-380-8198 
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Go for the Gold 

ffdesign 

By Keith Aldrich 
Publisher 

In this issue you’ll find an ad announc¬ ing the third annual RF Design Awards 
contest, complete with news of the prizes 
we've arranged through the good will of 
some of our fine advertisers. 

This contest has come to be a solid in¬ 
stitution in the short time since we started 
it, and to be one of the winners is pos¬ 
sibly the leading recognition that can be 
earned for RF engineering ingenuity. The 
grand prize, whose winner is the subject 
of our cover illustration in the July issue, 
is the RF community’s equivalent of an 
Olympic gold medal. 
Why not "go for the gold" in 1988? 
We received just thirty entries in our 

1987 contest (won by Charles Wenzel of 
Wenzel Associates, Austin, Texas), but 
every one of them was the fruit of many 
hours of labor. It is not an idle decision 
to be a participant in the contest because, 
first, of the time commitment, and second, 

because of the challenge it will pose to 
your gifts. A routine solution to a routine 
circuit problem obviously isn’t going to 
earn you the admiring applause of your 
peers. You are going to have to present 
a really novel yet eminently practical cir¬ 
cuit, solving some problem familiar to RF 
engineers in a way that is not so famil¬ 
iar — the kind of thing that makes peo¬ 
ple snap their fingers and say, “Why didn’t 
I think of that?” 

This emphasis on new ways to solve 
familiar problems is reflected in the choice 
of the grand prize and the runner-up prize. 
Compact Software’s “Design Kit,” val¬ 

ued at more than $10,000, provides soft¬ 
ware for four fundamental RF design situ¬ 
ations. IFR’s A-7550 spectrum analyzer, 
valued at more than $8,000, gives you lab¬ 
quality measurements from 100 kHz to 1 
GHz in a handy portable instrument. 
The chance to compete for such lavish 

yet useful prizes should be a tremendous 
incentive for many of you to enter the 1988 
RF Design Awards contest. . yet they 
probably will not be the main incentive to 
those of you who are truly competitive and 
like to excel. The main incentive will be 
the chance to “show your stuff,” and 
demonstrate that it is the stuff of which 
champions are made. 
There aren’t enough occasions in our 

society to celebrate winners in contests 
other than physical ones. Don’t let this 
rare opportunity to shine get by you. 
Go for the gold! 
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1 ím: 
MILITARY TOUGH 

SWITCHES 
IF/RF SOLID-STATE 

SWITCHES 

Number 
of Throws 

Frequency 
(MHz) 

Part 
Number 

Typ/Max. 
Insertion 
Loss (dB) 

lÿp/Min. 
Isolation 

(dB) 

Max. 
Switching 
Speed 

^/seconds 

Control 
Max. de 
Power 
(V/ma) 

Max. 
RF 

Oper. 
(dBm) 

Package 
Tÿpe 

SPST 
SPST 
SP2T 
SP2T 
SP2T 
SP2T 
SP3T 
SP4T 
SP4T 
SP5T 
SP6T 
SP8T 
XFER 
XFER 
SPST 
SP2T 
SP4T 

10-200 
400-450 

5-200 
20-2000 

200-900 
500-2000 
50-500 
10-500 

500-2000 
200-800 
100-600 
100-1100 
15-45 
70-1000 
20-600 
20-600 
20-600 

DS0050 
DS0411 
DS0492 
DS0612 
DS0432 
DS0257 
DS0073 
DS0085 
DS0259 
DS0475 
DS0506 
DS0518 
DS0097 
DS0319 
100C1281 
100C1282 
100C1284 

1.2/1.5 
0.6/ 1.2 
0.5/ 0.8 
1.6/ 2.3 
0.5/ 0.8 
0.8/ 1.5 
0.8/ 1.0 
0.6/ 0.8 
1.3/1.5 
0.6/ 1.0 
0.6/ 1.0 
1. 1/1.6 
.5/1.0 

1.25/1.5 
1.2/1.3 
.8/1.2 
1.2/1.4 

62/50 
65/60 
52/40 
45/50 
45/35 
40/35 
45/40 
40/25 
50/25 
50/40 
56/50 
45/35 
60/50 
60/40 
80/70 
80/70 
80/70 

0.025 
0.5 

20.0 
10.0 
1.5 
0.4 
2.0 

35.0 
0.4 
1.0 
1.0 
1.0 

10.0 
10.0 
0.5 
0.5 
0.5 

TTL 
TTL 
TTL 
TTL 
TTL 
TTL 
CMOS 
CMOS 
TTL 
TTL 
TTL 
TTL 
CMOS 
CMOS 
TTL 
TTL 
TTL 

5/150 
5/110 

+ 5, -15/30 
+ 5/3 

+ 5, -15/30 
± 5/25 
+ 12/5 
+ 15/6 
± 5/35 
± 5/27 
± 5/40 
± 5/45 
+ 5/20 
+15/15 
+ 5/75 
+ 5/110 
+ 5/175 

+ 10 
+ 13 
+ 30 
+ 10 
+ 35 
+ 10 
+ 10 
+ 10 
+ 10 
+ 10 
+ 20 
+ 13 
+ 10 
+ 10 
+ 10 
+ 10 
+ 10 

14 PIN DIP 
14 PIN DIP 
14 PIN DIP 
14 PIN DIP 
14 PIN DIP 
14 PIN DIP 

0.8sq24 PIN 
14 PIN DIP 
24 PIN DIP 
24 PIN DIP 
38 PIN DIP 
24 PIN DIP 

0.8sq24 PIN 
18 PIN DIP 
SMACONN. 
SMA CONN. 
SMACONN. 

DAICO manufactures a multitude of IF/RF 

solid-state switches to meet your design needs. These 

include PIN diode, Schottky diode and GaAs FET 

technologies with integrated drivers in thin-film 

hybrid MICs for survival in the toughest military 

environments. Relay switches are available for 

applications where insertion loss and intermod 

performance are of primary concern. 

SPST blanking switches to miniature SP8T 

switches are available with low switching transients, 

fast switching speed, high intercept points, phase 

matched ports for the most demanding radar, EW, and 

C3I systems. 

Daico switches are available in MIC — including 

SURFACE MOUNT — and connectorized packages. 

Call Daico for applications assistance, custom 

device information, and a prompt response. Write for 

catalog. 

DAICO INDUSTRIES, INC. 
2139 East Del Amo Blvd . Compton. CA 90220 
Telephone 213/631 1143 TWX 910 346 6741 
FAX 213/631-8078 

©1987 Daico Industries, Inc. mp87467 
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OUR MOST 
POWERFUL 
ADVANTAGE 
IS POWER 
ITSELF 

. .0- . 

You’re looking at the 
highest power density 
long pulse UHF amplifier 
we’ve ever built. And as far as we know, 
no one else has even come close. 

To do so, MMD had to develop the 

The result is a module 
capable of 1600 Watts 

of output power at a pulse 
width of 1.6 milliseconds (20% duty 
cycle) with over 9db of gain, operating 
Class C. It’s a powerful reason why you 

world’s highest power 
long pulse UHF tran¬ 
sistor, engineer an in¬ 
novative flatpack trans-
former/balun, and 
devise a sophisticated 
thermal/mechanical 
package for maximum 
heat transfer. 

Test conditions: 1 6ms, . 20% DC. 40 25 C 

should call MMD for 
your amplifier needs. 

Phone us at (415) 
961-1473, or write to 
Microwave Modules 
and Devices Inc., 
550 Ellis St., Mountain 
Mew, CA 94043, 
Telex 508 746. 
INFO/CARD 7 Literature 
INFO/CARD 8 Demo 

We Deliver Power. 



POWER 
TO GET 

Here’s a unique solution to a tough 
requirement. A solid state VHF ampli¬ 
fier that delivers all the muscle needed for 

The amplifier performs from 
30—150 MHz with a minimum of 30 

db gain. Its design, using power FET’s, 
continuous duty, reliable, broadband 
power. 

It’s an innovative amplifier design 
indeed. One that’s 
largely made possible 
by MMD’s broadband GAIN(dB| 

high power quadra¬ 
ture combining tech¬ 
niques which enable 
us to provide 1000 
watts of CW output 
power (class AB) into 
a 2:1 mismatch across 
the entire band. 

insures high gain and low noise figure. 
So what does this remarkable 

power amplifier mean to you? It 
ably demonstrates 
MMD’s custom design 
capabilities; and the 
powerful thinking we 
bring to all our ampli¬ 
fier solutions. Which 
is why you should 
contact us to find out 
about the powerful 
things we can do 
for you. 

FREQ (MHz) 

lest conditions: RllMO 2:1 VS WR , V„ 28V Suppty, 10V Bas. 

Pou, 1000W Forward Delivered Power INFO/CARD 9 Literature 
INFO/CARD 10 Demo 
Come see us at RF Expo/East, 
Booths #318, 320, 417 & 419. 

We Deliver Power. 



You’ve waited a long 
time for this 2 GHz 
signal generator. 

For too many years, if you needed 
a cost-effective 2 GHz signal gener¬ 
ator, you had to settle for clumsy, 
clunky Klystron-based units. Many 
of which have been around since 
the last World War. 
To achieve any accuracy you 

needed a counter to set frequency. 
Then it would drift. And such prim¬ 
itive technology necessitated high 
maintenance costs. 
Of course you could opt for the 

precision of a synthesizer. It only 
takes $20,000 or more. 

At last, a true alternative. 
The Wavetek Model 2520 puts 
these past technologies and prob¬ 
lems far behind you. 
Now you can have a 2.2 GHz syn¬ 

thesized signal generator with all 
the features and convenience of 
the popular 1 GHz synthesizers. 
But, remarkably, at the price of an 
old-fashioned Klystron generator. 

•Optional 

2.2 GHz for under $8,000. 
You’ve come to expect a lot of per¬ 
formance from your 1 GHz signal 
generator. Now you can have that 
same affordable, effective perform¬ 
ance in a 2.2 GHz generator with 
no compromises. 

Frequency range down to 200 
KHz +13 dBm output power* 
Excellent spectral purity. Near field 
RFI typically <0.1 microvolt. Fast 
and precise setting of frequency to 
10 Hz resolution by keyboard or 
spin knob. Fully annunciated dis¬ 
plays. AM and FM. Pulse modula¬ 
tion with 80 dB on/off ratio* State 
of the art GPIB interface. 
No compromises. 

Pure and simple. 
The 2520 accomplishes all this per¬ 
formance without sacrificing sim¬ 
plicity. There’s no synthesizer 
easier to maintain, easier to cali¬ 
brate. With Autocal you just turn a 
key and 2520 software helps you 
through calibration in only fifteen 

minutes. Simplicity and state-of-
the-art manufacturing techniques 
provide long MTBF and the durabil¬ 
ity to stand up to the rigors of every¬ 
day use. 

Options for your application. 
The 2520 offers a wide range of 
standard features and an even 
wider range of options to match 
the instrument to your specific 
needs. In fact, the 2520 is engi¬ 
neered to make it easy to modify 
for very special ized applications. 
Just ask our engineers about it. 

Seeing is believing. 
We want to show you that the 
Wavetek 2520 is the best 2 GHz 
generator available for your testing 
needs. Contact your local Wavetek 
Representative or call for a demon¬ 
stration. Wavetek RF Products, Inc., 
5808 Churchman Bypass, Indianap¬ 
olis, IN 46203-6109, 317-788-5965. 

Wavetek 
Come see us at RF Expo/East, Booths #440 & 442. INFO/CARD 11 



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

Another Method of Phase Noise Calibration 
Editor: 

Subject: August 1987 issue article “Phase Noise Calibrator.” 
There is another mechanism of significant usefulness for pro¬ 

viding calibration for phase noise measurement, the Armstrong 
Modulator (1). Figure 1 illustrates the arrangement: 

B cosu>mt 

Superchip 
Capacitors 
ForSMT*. 
and Automatic 

A coswot 

Insertion 
^Surface Mount Technology 

Figure 1 

Figure 2 illustrates the vector relationships: 

From Figure 2 one can find: 

0 = tan-’ cosa>mt 

B 1 B 
= C0Sœmt - y (x COSœmt)3 + . . . (1) 

B 1 B 
= cosœmt [1 + -4 Cã)2] + harmonics 

ß 
For «1 (The usual case when calibrating for low phase noise 

measurements.) 

B B 
0 = cosœmt (There is <0.02 dB error for = 0.1) (2) 

ß 
For « I (The usual case when calibrating for low noise 

measurements). 

Also, the resultant magnitude is 

C = [A2 + (Bcosœmt)2]”> 

RF Design 

FROM THE LEADER 
IN RF CAPACITOR 
TECHNOLOGY 
ATCs 100 Series UHF Microwave 
porcelain capacitors offer outstand¬ 
ing performance under extremes of 
voltage, frequency, time and temperature; 
in short, the best in the industry. They re idea 
for the most demanding design applications 
because they're virtually indestructible. Their 
rugged, self-encapsulated porcelain 
construction insures ultra-high Q. high 
power handling and ultra-stability. 

No wonder the U.S. Navy dubbed 
them “Superchips.” “ 

100 Series capacitors are available as 
chips, pellets (pre-tinned chips), and a 
variety of leaded styles, laser marked for 
permanent identification of capacity value and 
tolerance. 

american 
technical 
ceramics 

COUP. 

one norden lane 
huntington station, n.y. 11746-2102 

516-271-9600 
twx 510-226-6993 

telex 221201 
fax 516-271-9615 
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Continued 

= A [1 + (4 coscomt)*p (3) 

B B 
= A [1 + Vz cosa>mt)2] for «1 

B 
= A within 0.02 dB for -^ = 0.1 + insignificant harmonics. 

Note that by setting the phase shifter for a net 0°, one creates 
AM having the same sideband magnitudes as the PM case. 
Since many systems also require knowledge of AM noise, there 
is significant advantage in using this calibrator. 
By using a phase shifter capable of 360°, one can easily 

achieve calibration at any carrier frequency since the phase 
modulation index (LO) is determined by the modulation drive, 
not by any differential phase mechanism. 

Since the balanced modulator can operate linearly with respect 
to the modulating signal, modulation frequency harmonics can 
be made very small and control of the desired modulation percen¬ 
tage is a simple control of the drive to the modulator. 

In addition, modulation frequency and waveform is controlled 
by the modulation source, providing great flexibility in usage. A 
typical procedure is to use the tracking generator output of an 
HP3585 (or similar spectrum analyzer) as the modulation source, 
thus allowing a calibration plot over the sideband frequencies 
of interest. 

This particular approach is used in Raytheon’s line of carrier 
noise analyzers (2). 

G.E. Romaine 
Raytheon Company 

References 
1. L.B. Arguimbay, Vacuum Tube Circuits, Wiley & Sons, 1948. 
2. Carrier Noise Analyzer, CNA-21 l/J; Raytheon Co., Waltham, 

MA. 

of 500 to 2000 MHz but all of the data graphs go from 200 to 
1200 MHz! 

I have enclosed a design of a power divider which was done 
Aug. 22, 1974. This design is based on the well known article 
published by Seymour B. Cohn entitled “A Class of Broadband 
Three Port TEM-Mode Hybrids" as shown in the Feb. 1968 issue 
of the MTT. The figure shows a four-section divider on an alumina 
substrate with thick-film conductors and resistors. The printed 
electrical data below the figure indicates excellent performance 
beyond the 500 to 2000 MHz range and the size is about the 
same as Mr. Vizmuller’s. 

I thought you would be interested in knowing that the stan¬ 
dard method sometimes works as well as the "nove ” way. 

William J. Garner 
Yardley, PA 19067 

Freq/VSWR Loss Loss Del-L Del-P VSWR 
MHz P1 P1-2 P1-3 1-3 vs. 1-2 P2 

Microstrip Program Correction 
Editor: 
We have found two subtle errors in our MSTRIRBAS program 

published in the July 1987 issue of RF Design. Line 20 in the 
program should be as follows: 

20 DIM B(50),L(50),F(50),Z0(50),LM(50),WM(50),W(50),C(50) 

The corrections are: 
1. Z0(50) instead of ZO(50). (zero and not a capital letter “o”). 
2. C(50) was omitted in the original program. 
Since BASIC defaults to a dimension of 10, these errors would 

only show up if the user had a large enough circuit to require 
more than 10 of either variable. 

D.R. Hertling 
Georgia Institute of Technology 

Isol. VSWR 
P2-3 P3 

Broadband Power Divider Note 
Editor: 

I enjoyed Peter Vizmuller’s article "Broadband Miniature Power 
Splitter” in the August 1987 issue. It seems to be a novel way 
of obtaining power division, but I am confused about the band¬ 
width. Mr. Vizmuller starts out by mentioning a frequency range 

200.00 1.78 
300.00 1.74 
400.00 1.59 
500.00 1.42 
750.00 1.04 

1000.00 1.38 

1250.00 1.40 
1500.00 1.06 
1750.00 1.48 
2000.00 1.68 
2250.00 1.20 
2500.00 1.37 

2750.00 2.17 
3000.00 3.47 
3250.00 3.09 
3500.00 1.13 
3750.00 2.27 
4000.00 1.62 

3.55 3.61 
3.47 3.51 
3.39 3.44 
3.33 3.39 
3.26 3.33 
3.56 3.63 

3.56 3.62 
3.40 3.46 
3.71 3.78 
3.88 3.97 
3.66 3.83 
3.83 4.11 
4.22 5.51 
5.49 6.51 
5.71 5.46 
4.29 4.12 
5.04 4.90 
4.88 4.67 

.05 -.38 

.04 -.94 

.05 -1.23 

.06 -1.44 

.07 -2.55 

.07 -3.50 

.06 -4.19 

.06 -4.75 

.07 -5.40 

.09 -5.73 

.17 -5.81 

.28 -5.38 

1.29 -4.26 
1.02 -20.50 
-.24 -15.82 
-.16 -13.56 
-.14 -13.45 
-.21 -13.43 

1.21 9.71 1.22 
1.13 12.15 1.13 
1.12 14.77 1.13 
1.15 18.44 1.15 
1.03 30.97 1.03 
1.25 22.59 1.22 

1.37 27.40 1.32 
1.19 22.72 1.14 
1.45 21.83 1.36 
1.56 25.92 1.46 
1.35 21.04 1.30 
1.64 18.54 1.50 

3.03 14.08 3.28 
3.04 9.43 3.79 
2.15 15.07 2.39 
1.39 32.92 1.61 
1.82 19.03 1.83 
1.60 26.85 1.79 

Microstrip layout and measured parameters of the Cohn power 
divider. 
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New! 
1 Symmetrical Shielding Strips (S3) 
provide bi-directional engagement 
at severe shear angles! 
These new symmetrical slotted shielding strips of 
beryllium copper permit continuous spring con¬ 
tact throughout their length, providing the perfect 
answer for a variety of shielding requirements. 

Three models are available: basic, rivet-mount and 
double-faced adhesive-mount designs. The basic 
design consists of low-compression, adhesive¬ 
mounted strips. A generous radius profile 
provides for the greatest incident engagement an¬ 
gle with the lowest force. As with all Sticky Fin¬ 
gers® shielding strips, the self-adhesive tape 
makes mounting easy and secure. 

The rivet-mount design incorporates the addition 
of an integral track, pierced for mounting with 
nylon push rivets. This configuration allows bi¬ 
directional engagement, and is specially designed 
for slide applications, PC board connections, etc. 

The third design also incorporates an integral 
track-mount design, but employs a double-faced 
adhesive tape instead of push rivets. This provides 
for fast, easy field replacement in military applica¬ 
tions, especially where high frequencies do not 
permit the use of mounting holes. 

For complete information, including exact specifi¬ 
cations, dimensional drawings, etc., on these and 
other Instrument Specialties shielding strips, use 
this publication’s Reader Service Card. Or write to 
us directly at Dept. RF-36 

A INSTRUMENT SPECIALTIES COMPANY, INC. 
PO. Box A • Delaware Water Gap, PA. 18327 
Phone: 717-424-8510 • TWX: 510-671-4526 

Strips with integral 
mounting track* and 
self-adhesive strip for 
fast field replacement. 

Specialists in beryllium copper since 1938 ‘patent pending 
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news 

Australia Completes First Satellite System 
Aussat, the Australian national satellite 

communications system, provides a range 
of domestic services to the entire conti¬ 
nent, its offshore islands, and Papua New 
Guinea. The service includes television 
broadcast, television relays between ma¬ 
jor cities, digital data transmission for 
telecommunications and business, voice 
applications, centralized air traffic control, 
and maritime radio coverage. 
According to Hughes Aircraft Co., the 

satellite builder, Aussat uses two telescop¬ 
ing cylindrical solar panels and a folding 
antenna for compactness during launch. 
After the satellite nears its orbital position, 
the antenna erects and the outer solar 
panel deploys, exposing the inner solar 
array. Aussat’s dual polarized, three-
reflector antenna system provides seven 
transmit and three receive beams. 
The satellite carries 15 channels, each 

45 MHz wide. Four use 30 W travelling 
wave tube amplifiers (TWTAs) to provide 
radio and television services to Australia’s 
remote areas; the remaining 11 channels 
operate with 12 W TWTAs. It is possible 
to connect the communications channels 
individually to the transmit beams by 
ground command. This provides traffic 
assignment flexibility. The electrical power 
system uses K7 solar cells which provide 
1054 W at beginning of life. Two nickel¬ 

cadmium batteries provide full power 
when the spacecraft passes through 
earth’s shadow. The satellites have a mis¬ 
sion life of 7 years, operating at the 14/12 
GHz Ku band. 
The first and second satellites are lo¬ 

cated just north of Papua New Guinea at 
160 degrees E and 164 degrees E longi¬ 
tude. The third satellite is located at 156 
degrees longitude and was launched on 
September 15, 1987. The first two were 
launched in the system by the U.S. Space 
Shuttle in August and November 1985. 
The third satellite, Aussat 3, is the first 

Hughes built satellite launched on the 
Ariane rocket. This satellite is similar to 
the first two with one exception. It has two 
horn antennas that provide communica¬ 
tion services to New Zealand and other 
south pacific islands. The master control 
for the Aussat system is in Sydney, and 
backup control equipment is in Perth. 
Monitoring equipment has been installed 
at earth stations in Sydney, Perth, Bris¬ 
bane and Adelaide. 
With the advent of the Aussat satellites, 

the Australian continent is covered by a 
single communication system. 650,000 
people living in remote areas are now able 
to receive television and radio broadcasts 
for the first time with antennas as small 
as 4 feet in diameter. 

Aussat 3, Australia's third communication 
satellite built by Hughes. Photo courtesy 
of Hughes Aircraft Company. 

Applications for Superconductors 
Get Closer 
The National Bureau of Standards 

(NBS), Boulder, Colo., in collaboration 
with Westinghouse Electric Corp, has 
devised a method for making improved, 
lower-resistance electrical contacts on the 
new high critical temperature ceramic 
superconductors. 

High contact resistance has been a ma¬ 
jor obstacle to commercial applications of 
the new superconductors. The new 
method reduces the contact resistivity 
several thousand times below that pre¬ 
viously achieved with conventional 
contacts. 

Resistance at electrical contacts caus¬ 
es heating in any device, but it is particu¬ 
larly fatal in superconductors. The new 
contact method has surface resistivities 
of less than 10 micro-ohm-cm2, using bulk 
samples of yttrium-barium-copper-oxide 
ceramic superconductor (YBa2Cu3O7). 
This level of performance for the “super 
contacts” was achieved while operating 
the superconductor at the relatively high 
temperature of liquid nitrogen-77 K. 
A number of contacts have been made 

using the new method and have been 
found to be consistently reproducible. 
Systematic tests conducted on contacts 
exposed to dry air over a 3-month period 
showed consistently low resistivity and lit¬ 
tle degradation with repeated cooling to 
77 K and warming to room temperature. 

Japan Leads the Way in 
Superconductor R & D 

Despite significant U.S. breakthroughs 
in superconductivity research, the Japan¬ 
ese appear to be leading the world in 
developing and implementing a national 
strategy for high temperature supercon¬ 
ductivity research and development. 
These issues and a range of others are 
being explored in a multiclient program 
offered by Battelle. The program, “Super¬ 
conductivity I: A Technology and Business 
Assessment,” is the first in a series of 
superconductivity related programs. 

“Commercial application of high temp¬ 
erature superconductivity appears to be 
possible during the next five to ten years,” 
said Battelle’s Donald C. Slivka. The in¬ 
itial study is uncovering a wealth of infor¬ 
mation about the Japanese efforts, he 

added. Major Japanese firms are invest¬ 
ing significant resources in the develop¬ 
ment of high temperature superconduc¬ 
ting material, forms, and devices. For ex¬ 
ample, Sumitomo Electric Industries, Ltd. 
has about 65 researchers working with 
wire and thin film, and 700 patent applica¬ 
tions have been filed by another 200 staff 
members dedicated to superconductivity 
work. 

For more information about Battelle’s 
program, contact Donald Slivka at (614) 
424-4090. 

NASA Studies Mars 
The National Aeronautics and Space 

Administration has announced Martin 
Marietta Space Systems of Denver, Col¬ 
orado as one of two companies contract¬ 
ed by its Jet Propulsion Laboratory to 
study mobility and surface rendezvous 
techniques which will allow a robotic rover 
to navigate and traverse rugged terrain on 
Mars. In addition, NASA Johnson Space 
Center awarded a contract to Martin Mari¬ 
etta to study aerobraking to place a 
spacecraft into Mars orbit, enter its at¬ 
mosphere, and descend to a landing on 
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RF POWER 
As You Like It. 

10kHz 100kHz 1MHz 

All solid state. Unconditionally stable. Compact. Tre¬ 
mendously versatile. Whatever your need for RF Power, 
ENI offers you a choice of Class A power amplifiers 
unsurpassed in quality. Our wide line spans a frequency 
spectrum from 10kHz to 1GHz with power outputs that 
range from 300 milliwatts to over 4000 watts. 

These units can be driven by virtu¬ 
ally any signal source. They're com¬ 
pletely broadband and untuned, 
amplifying inputs of AM, FM, TV, SSB, 
and pulse modulations with minimum 
distortion. Their unconditional stabil¬ 
ity and fail-safe design make them 
impervious to severe mismatch 
conditions, and capable of delivering 
rated power to any load impedance 
from an open to a closed circuit. 

10MHz 100MHz 1000MHz 

The design excellence of ENI amplifiers is symbolized 
by the perfect geometry of the design elements we use 
with our logo. For our latest catalog, please contact us 
at any of the offices listed below. 

The advanced design line of RF power amplifiers 
UNITED STATES HEADQUARTERS: ENI. INC . 100 Highpower Road. Rochester. NY 14623-3498 USA. Tel ( 716) 427-8300, Tlx 671 1542 ENI UW. Telfax 716-4277839 
WEST COAST: ENI. INC . 2318C Walsh Avenue, Santa Clara. CA 95051, Tel (408) 727-0993, Telfax 4087271352 
EUROPE: ENI EUROPE LTD. Mundells Court, Welwyn Garden City, Hertfordshire AL 7 IEN England, Tel: (0707) 371558. Tlx 24849 ENI UK G, Telfax 707339286 
JAPAN: ENI-JAPAN. 10-20. Shibasaki-cho 3 Chome Tachikawa City, Tokyo, Tel (81) 0425 229011, Fax: (81) 0425 222636 
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Portable 
Field Strength 
Meters That 
Remember... 
So You Don’t 
Have To! 

ML428 Portable EMI Meter, 
ML521/522 Portable 
Measuring Receiver 
Don’t have the time to write 
down frequency settings? 
Anritsu's Portable Field 
Strength/EMI Meters have a 
solution for you I 

Both the ML428A and the 
ML521/522 are lightweight , 
highly accurate, and feature 
memory storage for dozens of 
commonly used frequency 
settings. 

Any signal from 10 kHz to 30 
MHz can be measured with the 
ML428A and up to 50 frequen¬ 
cies can be stored. A built-in 
microprocessor handles level 
calibration and attenuation 
automatically, so readout of field 
strength is direct. The ML428A 
employs a quasi-peak detector 
and even measures interference 
signals, as per CISPR specifica¬ 
tions. GP-IB for automatic 
measurement and a DC supply 
for field use are also included. 

50 frequencies not enough? The 
ML521 (25-300 MHz) and the 
ML522 (300-1000 MHz) Porta¬ 
ble Measuring Receivers fea¬ 
ture storage of 100 frequencies, 
push-button tuning, automatic 
level calibration and can be 
used in both the lab & field! 

Want more details on this 
memorable lineup? 

Contact Anritsu today: 
Anritsu America, Inc., 
15 Thornton Road, 
Oakland, NJ 07436, 
201-337-1111 (in NJ) 
or 800-255-7234; 
Telex: 642-141 ANRITSU OKLD 

ML522 

/inritsu 
WE’RE ON THE MOVE. WORLDWIDE. 
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SIEMENS 

Is there anything left to say? 
Talk to Siemens for a broad 

selection of cost-efficient, high 
performance microwave products. 
We provide reliable, high quality 
Schottky diodes, PIN diodes, 
varactors and silicon bipolar 
transistors... plus a wide range of 
advanced GaAs FETs and MMICs 
too. They're perfect for sensitive 
receiver front ends where low noise, 
high gain and broadbanding capa¬ 
bility are crucial. 

Get the last word in quality and 
performance. Call for immediate 
assistance or the name of your near¬ 
est Siemens Sales Representative: 
(201) 321-3400 or 1-(800) 222-2203. 

Siemens ... 
your partner for the 
future in microwave 
semiconductors. 
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Siemens Components, Inc., Box 1000, Iselin, NJ 08830 
□ Please send me information on Siemens microwave products 

Name -_ — 

Firm _ _ ___ 

Address _ —-
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State _ __ 

Zip - - - -
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rf news Continued 

the planet. The contracts call for soil 
samples to be returned to earth before the 
year 2000. 
NASA envisions placing spacecraft in 

orbit around Mars and separating a lander 
vehicle for descent to the surface. The 
lander would carry a smaller rover vehicle 
designed to move over the Martian land¬ 
scape for about one earth year, selecting 
surface and subsurface rock and soil 
samples. The rover would then return to 

the lander, transferring the collected 
samples to a small rocket for rendezvous 
with the original orbiter and subsequent 
transfer to the U.S. Space Station. After 
preliminary scientific evaluation aboard 
the station, the specimens would be re¬ 
turned to earth. 

Standard Oil Ceramics Division 
Wins Industrial Research Award 
The Electronics Ceramics Division of 

TUSONIX 
If you’re looking for an economical source 

for Custom Filter Assemblies 

Tusonix’ expertise can reduce your costs 
with improved PPM quality and yield 
When it comes to custom packaging EMI/RFI Feed-Thru 

Filters and/or Filter Capacitors, Tusonix’ in-house 
assembly capability provides you with a reliable, low cost 
source. Our expertise in the manufacture and array 
assembly of quality EMI/RFI Filters and Filter Capacitors 
results in substantially improved efficiency. Every 
assembly is 100% tested in Tusonix' quality assurance 
laboratories prior to shipment. 
So let Tusonix produce your custom 

assemblies. ..it’s 
what we do best. 
Please call us at 
602-744-0400. P.O. Box 37144, Tucson, AZ 85740-7144 

Phone:602-744-0400 Telex:(RCA)299-640 
Fax:602-744-6155 

Standard Oil Engineered Materials Com¬ 
pany received Research and Develop¬ 
ment's Industrial Research (l-R 100) 
award for producing a new planar diffu¬ 
sion source for n-type arsenic doping in 
a joint venture with Pennsylvania State 
University. 
The planar diffusion source provides a 

high degree of doping uniformity and 
makes it easy to maintain shallow junc¬ 
tion depths. The PDS® AS-1000L arsen¬ 
ic source is the latest in the company’s 
PDS line, joining multi-temperature 
phosphorus and boron nitride dopant 
materials. 
Surface concentrations of 1 x 1020 

arsenic atoms/cm3 and junction depths of 
0.3 urn are easily achieved. Since close 
control is possible and there is no 
shadowing effect, the PDS arsenic source 
is ideal for difficult applications, such as 
trench capacitors or other structures with 
high aspect ratios. 

NBS Expands NVLAP 
The electromagnetic laboratory accredi¬ 

tation program, managed by the National 
Bureau of Standards (NBS) under the Na¬ 
tional Voluntary Laboratory Accreditation 
Program (NVLAP), has been expanded to 
meet requests from participating ac¬ 
credited laboratories, the producers of 
electronic equipment, and the U.S. Naval 
Air Systems Command. Test methods 
have been added by NBS to help labora¬ 
tories improve the quality of the testing 
services on products that must meet FCC 
approval. 
The expanded program includes test 

methods for RF devices, including receiv¬ 
ers (FCC Part 15), industrial, scientific, 
and medical devices (FCC Part 18), and 
radio transmitters (FCC Part 90). At the 
request of the Naval Air Systems Com¬ 
mand, NBS added a military standard 
(MIL STD-462) for the measurement of 
electromagnetic interference character¬ 
istics. 

Laboratories interested in accreditation 
for any of the test methods offered under 
the expanded program or for information 
on NVLAP should contact Harvey Berger 
at (301) 975-4016. 

AIM Promotes Auto ID Curricula 
Automatic Identification Manufacturers, 

Inc., cosponsored a program with Ohio 
State University to educate professors and 
instructors about automatic identification 
and provide them with a foundation for 
teaching their students about Auto. ID and 
its potential to the business world. 
Auto ID technology includes the familiar 

bar codes, RF identification and various 
other forms. The RF identification techno¬ 
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logy employs bidirectional radio signals 
as the encoding medium. It is widely used 
to provide hands-free access control for 
vehicle identification in the transport in¬ 
dustry and in a host of industrial automa¬ 
tion and material handling applications 
where there is no line of sight between 
scanner and ID tag. Further information 
can be obtained by calling AIM at (412) 
963-8588. 

Wescon Challenger Scholarship 
Announced 

lines in categories in which neither is a 
significant participant today. 

GE Integrates Intersil and 
RCA Lines 
GE Solid State has fully integrated its 

lines of Intersil and RCA digital signal pro¬ 
cessing devices and data converters. 
Engineering and marketing responsibility 
for the combined lines will be at the Inter¬ 
sil headquarters facility in Cupertino, 

Calif. Added to the Intersil DSP line are 
three former RCA products: the CDSP100, 
a 40-tap, 20 MHz FIR filter; the CDSP110, 
a 10 MHz LMS adaptive FIR filter; and the 
CDSP200, a video FIFO. The products will 
be renamed ISP9400, ISP9410, and 
ISP9500, respectively. In addition, Inter¬ 
sil assumes responsibility for an RCA data 
conversion product line that includes the 
CA3300 Series of 4 to 8-bit flash con¬ 
verters. 

Michael E. Clayton, a senior at Bishop 
High School, Boise, Idaho, has been 
selected winner of the $5,000 Wescon 
Challenger Scholarship for 1987. Begun 
in 1986, the scholarship is awarded by the 
Wescon Board of Directors in honor of the 
seven astronauts who died in the explo¬ 
sion of the Challenger shuttle. 

Thomson Components-Mostek 
Plans Advanced Fab Line 

Pasquale Pistorio, President of the 
combined SGS and Thomson semicon¬ 
ductor companies, announced an initial 
$12 million capital investment in the 
Thomson Components-Mostek Corpora¬ 
tion manufacturing plant in Carrollton, 
Texas. With the investment, the existing 
advanced technology wafer fabrication 
line will be equipped for early 1988 vol¬ 
ume 6-inch production. The line will be in¬ 
itially used for manufacturing ICs with 1.2 
micron double- level metal HCMOS tech¬ 
nology and will be able to go down to sub¬ 
micron technologies. 

CE Opens New Facility 
Cincinnati Electronics officially opened 

its new facility in Mason, Ohio on October 
11, 1987 which houses its growing Aero¬ 
space Division. About half the 93,000 
square feet of floorspace is dedicated to 
eight laboratories designed for research 
and development. Plans call for the C3I 
division to move from its present location 
to the new campus-style environment in 
Mason by 1993. 

Fluke and Philips Create 
Global Alliance 
The third largest global organization in 

the electronic test and measurement in¬ 
dustry came into being on September 28, 
1987 with the signing of a long term agree¬ 
ment creating an alliance between John 
Fluke Mfg. Co., Inc. (U.S.A.) and Philips 
T & M (Netherlands). The terms of the | 
agreement were reported in the June 
issue of RF Design (p. 14). In addition to 
future independent product development 
programs, the companies will also con¬ 
sider joint ventures to develop products 

RF Design 

Introducing a small 
accomplishment in 

UHF frequency sources! 

Our SAW-stabilized frequency 
sources provide a unique solution 
to your demanding UHF system 
requirements. They pack the 
performance of a fine cavity 
oscillator into less than a tenth of 
a cubic inch. Their small size, 
low power consumption and ex¬ 
cellent reliability are made possi¬ 
ble by our advanced UHF Quartz 
SAW technology. 
We cover applications from 

150 MHz to 6000 MHz. and 
offer a wide range of options 
including temperature compensa¬ 
tion, frequency multiplication 
and voltage tuning. We can cover 
the full -55°C to +125°C 

temperature range and offer test¬ 
ing and screening to a variety of 
MIL Standards. 
Our SAW-stabilized UHF 

frequency sources are being used 
in IFF systems, radar frequency 
synthesizers, GPS receivers, 
emergency location transmitters, 
fiber-optic communications and 
a host of other UHF and micro¬ 
wave system applications. 

Contact us with your next 
UHF frequency source require¬ 
ment. You’ll find our engineer¬ 
ing staff ready to provide you 
with a custom solution that is 
innovative, timely and cost-
effective. 

RFM 
RF Monolithics, Inc. • 4441 Sigma Road • Dallas, Texas 73244 U.S.A. 

Phone: (214) 233-2903 • Fax: (214) 387-8148 • Telex: 463-0088 
Come see us at RF Expo/East, Booths #206 & 208. 
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rf courses 
The George Washington University 

Tools for Evaluating Command, Control, and 
Communication Systems 
December 2-4, 1987, Washington, DC 

Wideband Communications Systems 
December 7-11, 1987, Washington, DC 

Modern Digital Signal Processing and Applications 
December 14-18, 1987, Washington, DC 

SAW Devices and their Signal Processing Applications 
February 22-25, 1988, Washington, DC 

Electromagnetic Interference and Control 
February 22-26, 1988, Washington, DC 

Fiber-Optics System Design 
February 29-March 2, 1988, Washington, DC 

Hazardous RF Electromagnetic Radiation 
March 16-18, 1988, Washington, DC 

Microwave Radio Systems 
March 7-8, 1988, Washington, DC 

Frequency-Hopping Signals and Systems 
March 21-23, 1988, Washington, DC 

Spread-Spectrum Communications Systems 
April 4-8, 1988, Washington, DC 

Grounding, Bonding, and Shielding 
April 7-8, 1988, Washington, DC 

Modern Communications and Signal Processing 
April 18-22, 1988, Washington, DC 

Introduction to Receivers 
April 18-19, 1988, Washington, DC 

Modern Receiver Design 
April 20-22, 1988, Washington, DC 

Information: Shirley Forlenzo, Continuing Education Program, 
George Washington University, Washington, DC 20052; Tel:(800) 
424-9773, (202) 994-8530 

Besser Associates 
Principles of RF Design — Theory and Applications 

Dec. 14-16, 1987, Santa Clara, CA 

Microwave Circuit Design I: Linear Circuits 
Feb. 1-5, 1988, Los Angeles, CA 

Microwave Circuit Design II: Non-linear Circuits 
Feb 8-12, 1988, Los Angeles, CA 

Information: Les Besser, Besser Associates, Inc., 3975 East 
Bayshore Road, Palo Alto, CA 94303; Tel: (415) 969-3400 

UCLA Extension 
Submicron Electronic Devices 
January 5-7, 1988, Los Angeles, CA 

Superconductive Electronics 
January 26-28, 1988, Los Angeles, CA 

Microwave Circuit Design I 
February 1-5, 1988, Los Angeles, CA 

Microwave Circuit Design II 
February 8-11, 1988, Los Angeles, CA 

Information: UCLA Extension, P.O. Box 24901, Los Angeles, CA 
90024; Tel:(213) 825-1901; (213) 825-1047; (213)825-3344 

Test Systems, Inc. 
MIL-STD-1553 
Dec 8-9, 1987, Phoenix, AZ 
Feb 24-25, 1988, Phoenix, AZ 
May 10-11, 1988, Phoenix, AZ 

Information: Leroy Earhart, Test Systems, Inc., 217 W. Palmaire, 
Phoenix, AZ 85021; Tel: (602) 861-1010 

Interference Control Technologies, Inc 
Grounding and Shielding 
January 26-29, 1988, Orlando, FL 

Tempest Facilities 
January 19-22, 1988, Phoenix, AZ 

Intro to EMI/RFI/EMC 
Dec 8-10, 1988, Washington, DC 
January 23-25, 1988, Atlanta, GA 

Information: Penny Caran, Registrar, Interference Control 
Technologies, Inc., State Route 625, P.O. Box D, Gainsville, VA 
22056; Tel:(703) 347-0030 

Integrated Computer Systems 
Digital Signal Processing 
December 8-11, 1987, Boston, MA 
January 26-29, 1988, Washington, DC 

Image Processing and Machine Vision 
January 19-22, 1988, Los Angeles, CA 
February 9-12, 1988, Washington, DC 

Hands-On Programming in C 
December 8-11, 1987, Palo Alto, CA 
December 15-18, 1987, Washington, DC 

Hands-On Advanced Programming in C 
December 8-11, 1987, Los Angeles, CA 
January 19-22, 1988, Washington, DC 
February 23-26, 1988, San Diego, CA 
March 8-11, 1988, Ottawa, Canada 
April 5-8, 1988, Washington, DC 
April 19-22, 1988, Los Angeles, CA 
May 10-13, 1988, Toronto, Canada 

Fiber Optic Communication 
December 8-11, 1987, Palo Alto, CA 
December 15-18, 1987, Washington, DC 

Information: Barbara Fischer, Integrated Computer Systems, 
5800 Hannum Avenue, P.O. Box 3614, Culver City, CA 90321-3614; 
Tel:(800) 421-8166, (213) 417-8888 

R & B Enterprises 
Understanding and Applying MIL-STD-461C 
December 14-15, 1987, Philadelphia, PA 

Electromagnetic Pulse Workshop 
December 11, 1987, Philadelphia, PA 

MIL-STD-461C Praxis (Workshop) 
December 16-17, 1987, Philadelphia, PA 

Information: Greg Gore, Director of Training, R & B Enterp'ises, 
20 Clipper Road, West Conshohocken, PA 19428. Tel: (215) 
825-1960 
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NOW! In one manual— 
all you need to know about 
EMC design and products— 

and it’s 
(EMC)

If you’re involved in designing for EMC—if you’re 
involved in testing and measuring electromag¬ 
netic interference—you need this manual. For 
the first time, in one place, you’ll find all the data, 
all the formulas, and all the products you need 
to meet your interference control problems! 

Included are charts, tables, graphs, dimensional 
drawings, and technical data ranging from a dis¬ 
cussion of theoretical design requirements to 
how to select a specific shielding material. 

For your free copy, use the Reader Service Card 
or write us directly at Dept. RF-9. 

/I INSTRUMENT SPECIALTIES COMPANY, INC. 
Delaware Water Gap, PA. 18327 

’ Phone:717-424-8510 • TWX: 510-671-4526 

Specialists in beryllium copper since 1938 
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PRECISION CRYSTAL 
OSCILLATORS 

SERIES 8000 
STANDARD FREQUENCY 5.0 MHz 
AGING RATE _ MODEL ER8001 1 x 10- 9/day 

MODEL ER8003 1 x 10- 1°/day 
MODELER8005 5 x 10- 11/day 

PHASE NOISE _ SSB 1 Hz BW at 10 Hz offset 
MODEL ER8001 ... 124 db 
MODEL ER8003 ... 135 db 

INPUT VOLTAGE _12 VDC ± 10% STANDARD 
OUTPUT _ SINE-WAVE 1VRMS INTO 50 

ohm LOAD 
SIZE _ MODEL ER8001 and 

MODEL ER8003 
2” X 2” X 4” H 
MODEL ER8005 
2.25” x 2.25” x 4.25” H 

OPTIONS _ MANY OPTIONS ARE AVAIL¬ 
ABLE TO INTERFACE WITH 
YOUR REQUIREMENTS 

ELECTRONIC RESEARCH COMPANY SERIES 8000 
PRECISION OVENIZED CRYSTAL OSCILLATORS 
ARE THE ULTIMATE CHOICE WHERE PROVEN 
RELIABILITY AND FREQUENCY STABILITY IS RE¬ 
QUIRED. THESE OSCILLATORS ARE IDEAL FOR 
APPLICATIONS WHERE A PRECISION TIME BASE 
IS TO BE MULTIPLIED OR SYNTHESIZED RE¬ 
QUIRING A LOW PHASE NOISE SOURCE. ALL 
ELECTRONIC RESEARCH COMPANY’S OSCIL¬ 
LATORS UTILIZE QUARTZ CRYSTALS MANUFAC¬ 
TURED BY ERC FOR MAXIMUM CONTROL ON 
ALL PARAMETERS TO INSURE PERFORMANCE 
SPECIFICATIONS. IF YOUR APPLICATION RE¬ 
QUIRES SUPERIOR OSCILLATOR PERFORMANCE 
CALL US OR WRITE FOR OUR COMPLIMENTARY 
CATALOGUE. 

For information and prices, send your specifications to: 

ere electronic research company 7618 Wedd, Overland Park, Kansas 66204 
TWX:(910) 749-6477 
Telephone: (913) 631-6700 
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¡¿calendar_ 

December 3-4, 1987 
30th ARFTG 

I Crowne Plaza Holiday Inn, Dallas, TX 
Information: Ken Bradley, M/S 255, Texas Instruments, P.O. Box 
660246, Dallas, TX 75266; Tel: (214) 995-6158 

January 11-14, 1988 
SMART IV 
Westin Bonaventure, Los Angeles, CA 
Information: EIA, 2001 Eye St., N.W., Washington, DC 20006; 
Tel: (202) 457-4932 

January 20-21, 1988 
San Diego Electronics Show 
Del Mar Fairgrounds, San Diego, CA 
Information: Epic Enterprises, Show Management, 3838 Camino 
Del Rio North-Suite 164, San Diego, CA 92108; Tel: (619) 
284-9268 

February 7-9, 1988 
ADEE 88 

I Rivergate Exhibition Center, New Orleans, LA 
Information: Show Manager, ADEE West, Cahners Exposition 
Group, 1350 East Touhy Ave., P.O. Box 5060, Des Plaines, IL 
60017-5060. Tel: (312) 299-9311 

February 10-12, 1988 
RF Technology Expo '88 
Disneyland Hotel, Anaheim, CA 
Information: Linda Fortunato, Cardiff Publishing Compan/, 6300 
S. Syracuse Way, Suite 650, Englewood, CO 80111; Tel: (303) 
220-0600; (800) 525-9154 

February 23-25, 1988 
NEPCON West ’88 

j Anaheim Convention Center, Anaheim, CA 
Information: Jerry Carter, Cahners Exposition Group, 1350 East 
Touhy Ave., P.O. Box 5060, Des Plaines, IL 60017-5060; Tel: (312) 
299-9311 

March 8-10, 1988 
Southcon ’88 
Orange County Convention Center, Orlando, FL 

I Information: Electronic Conventions Management, 8110 Airport 
Boulevard, Los Angeles, CA; Tel: (213) 772-2965 

May 10-12, 1988 
Electro ’88 
Bayside Exposition Center, Boston World Trade Center, 
Boston, MA 
Information: Electronic Conventions Management, 8110 Airport 

I Boulevard, Los Angeles, CA; Tel: (213) 772-2965 

May 25-27, 1988 
1988 IEEE MTT-S International Microwave Symposium 
Javitts Auditorium, New York City, NY 
Information: Charles Buntschuh, Narda Microwave Corp., 435 
Moreland Road, Hauppauge, NY 11788; Tel: (516) 231-1700 

June 1-3, 1988 
42nd Annual Frequency Control Symposium 
Stouffer Harborplace Hotel, Baltimore, MD 
Information: Raymond L. Filler, Frequency Control and Timing 
Branch, Department of the Army, Electronics Technology and 
Devices Laboratory, Fort Monmouth, NJ 07703-5000 
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Unprecedented Performers! 

The A-8000 Spectrum Analyzer. 
A step beyond the 

A-7550. 

-79 

-10e 

Now 2.6 GHz frequency coverage! 

Fully synthesized. Tracking generator.* Quasi-peak detector.* 

Truly portable. And again, an exceptional value! 

The new A-8000, quite simply put, is our response to 
industry's demand for a higher frequency, yet still econom¬ 
ical, Spectrum Analyzer. 

Now, with two models and seven options to select 
from, you can custom configure the unit that meets your 
specific testing requirements. 

The commonality of the A-8000 and A-7550 offer you 
many benefits. Two powerful microprocessors, menu 
driven display modes and single function keyboard entry 
aid the user in the operation of all analyzer functions. To 
further increase the operational simplicity of the A-8000 
and A-7550, the microprocessor systems automatically 
select and optimize the analyzer's bandwidth, sweep rate 
and center frequency display resolution, with manual 
override if desired. 

Increased flexibility...added features...and 
exceptional value continue to make IFR the logical 
choice when considering your next Spectrum Analyzer. 

Contact your IFR distributor or representative 
for a demonstration. 

A-8000 and A-7550 Features - All Standard: 
• Fully synthesized (A-8000) 10 kHz to 2.6 GHz (A-7550) 10 kHz 
to 1 GHz ■ VRS™ (Vertical Raster Scan) CRT display ■ Single 
function keyboard entry ■ Menu driven display modes 
■ Automatic amplitude calibration ■ Selectable linear / log display 
modes • Digital storage of all displayed parameters ■ 70 dB 
dynamic range ■ 300 Hz resolution bandwidth ■ Selectable 
scan widths, 1-2-5 sequence + 0 and full scan ■ Accurate center 
frequency readout * Direct center frequency entry 
• Automatically scaled electronic graticule ■ Variable top scale 
reference (+30 to -95 in 1 dB steps) • IF gain in 1 dB steps 
• Line, bar, average, compare and peak hold display modes 
• 300 Hz and 30 kHz video filters ■ 106 to 266 VAC operation 
without switching • 12 to 30 VDC operation 

‘Optional Features Include: • Internal rechargeable 5 APH 
battery for truly portable operation ■ Internal tracking generator 
with 1 dB step attenuator ■ FM I AM ISSB receiver • IEEE-488 

interface bus • RS-232 interface bus ■ 75Q adapter 
Internal quasi-peak detector 

IFR SYSTEMS, INC. 
10200 West York Street / Wichita. Kansas 67215-8935 U SA 
316 / 522-4981 / TWX 910-741-6952 
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rf cover story 

New ADCs for RF Signal Processing 

By Neil Albaugh 
Burr-Brown Corporation 

Digital signal processing techniques of¬ 
fer the potential for unprecedented per¬ 
formance in radar, ECM, and communica¬ 
tions receivers. Powerful signal process¬ 
ing functions, which have not been readily 
achievable by analog means, are now 
available to the RF designer. This trend 
is accelerating as high speed digital de¬ 
vices continue rapid development. 

Digital RF processing requires two key 
components to interface with the ana¬ 

log RF world: an analog-to-digital conver¬ 
ter (ADC) and a digital-to-analog converter 
(DAC). High dynamic range system re¬ 
quirements place severe performance de¬ 
mands on these devices, requiring both 
high resolution and low distortion. Recent 
advances in technology have dramatically 
improved the performance of ADCs and 
DACs, particularly with regard to speed 
and resolution. 

Early designs utilized flash ADCs but 
the quantizing noise of these low resolu¬ 
tion converters severely limited perfor¬ 
mance. Currently, high performance sys¬ 
tems use 12 bit converters to achieve low 
noise and, consequently, to improve sig¬ 
nal to noise ratio (SNR). 

High-speed 12 bit converters with good 
performance are currently available on 
the market, but they have much room for 
improvement in terms of size and power 
consumption. Flash converters are not 
available at the 12 bit level due to the un¬ 
manageable circuit complexity that is re¬ 
quired by this approach. Current high-
performance ADCs use a sub-ranging ar¬ 
chitecture (Figure 1) to achieve high 
resolution at a high conversion speed. 

Burr-Brown's new 12 bit, 10 megahertz 
conversion rate analog-to-digital conver¬ 
ter, the ADC603, is a significant develop¬ 
ment for RF signal processing applica¬ 
tions. It offers small size, hermetic pack¬ 
age, low power consumption and wide 
temperature range, while matching or ex¬ 
ceeding the performance of an older 
generation of large modular ADCs. The 
ADC603 uses hybrid construction tech¬ 
niques with a very high level of integra¬ 
tion to pack an entire sub-system includ¬ 
ing buffer, sample/hold amplifier, refer¬ 
ence, and a sub-ranging ADC into a 
46-pin ceramic and metal DIP package. 
Power dissipation is only 4.5 watts. 

Burr-Brown's ADC603 offers speed and resolution in a small hybrid package. 

High-Speed ADC Design 
To help understand the sub-ranging 

ADC technique, a detailed block diagram 
of a typical sub-ranging converter, the 
modular ADC600, is shown in Figure 2. 
An input buffer drives a sample/hold 
which captures an “instantaneous” snap¬ 
shot of the input signal amplitude. The 
voltage held by the S/H is then converted 
to digital by a 7 bit “MSB” flash ADC. The 

coarsely digitized signal is then converted 
back to an analog voltage by a DAC. 
While this DAC has only 7 bit resolution, 
its accuracy and linearity approach 14 bit 
levels. The DAC analog output then drives 
a differential amplifier where it is sub¬ 
tracted from the original S/H output sig¬ 
nal. In this way, an error signal is generat¬ 
ed which corresponds to a “remainder” 
from the first coarse digital conversion. 

Figure 1. Sub-ranging analog-to-digital converter block diagram. 
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Figure 2. Block diagram of the 12-bit 10 MHz ADC600. 

This analog remainder is then amplified 
and converted to digital by a second 7 bit 
“LSB” flash ADC. The outputs from both 
the “MSB” and “LSB” flash converters 
are combined in a digital error correction 
circuit which yields a 12 bit digital output 
and also senses an over-range condition. 
This prevents a data output “roll over” 
from occurring under overload conditions. 
The 7 bit flash ADC circuit function in 

the ADC600 and in the new ADC603 is 
achieved by a parallel connection of two 
6 bit flash ADCs as shown in Figure 3. To 
minimize power consumption in the new 
converter, one “7 bit” flash converter is 
multiplexed to allow both MSB and LSB 
conversions and new proprietary ap¬ 
proaches to sub-ranging have been util¬ 
ized. Besides 12 bit resolution, the 
ADC603’s high-performance includes ex¬ 
cellent linearity and exceptionally low 
aperture uncertainty (aperture jitter). 

Linearity, the key parameter in achiev¬ 
ing low distortion, has been difficult to 
achieve in high speed converters. Two Figure 3. Seven-bit flash encoder. 
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GaAs MMIC RF 8< Microwave 
Control Products 

• SPST Switches 
• Transfer Switches 
• Switched Line 
Phase Shifters 

• SPDT Switches 
• Voltage Variable 
Absorptive 
Attenuators 

M/A-COM Advanced Semiconductor Operations offers a full line of GaAs 
MMIC Broadband Control Products for RF and Microwave applications. 
Our small-size, multi-function, cascadable MMIC control circuits are a result 
of monolithic integration of FETs and circuit components. Your RF and 
microwave design will be enhanced by the use of these FET based com¬ 
ponents which provide low distortion, low power consumption and high 
speed. 
These products are available as chips and in a variety of packages with 

and without drivers. 

Write or call for comprehensive data sheets and pricing information to 
M/A-COM Advanced Semiconductor Operations, 100 Chelmsford St., 
Lowell, MA 01851 or call (617) 937-2876. 
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linearity specifications are normally en¬ 
countered by data converter users. First, 
differential non-linearity (DNL) refers to 
the error of each individual bit transition 
from its ideal value; DNL contributes ex¬ 
cess quantizing noise. Second, integral 
non-linearity (INL) refers to the departure 
from a true linear transfer function; INL 
contributes harmonic and intermodulation 
distortion. 

While the linearity of an ADC is impor¬ 
tant, its sample/hold amplifier is of equal, 
if not greater, importance. Low distortion 
is vital in a high performance sample/ 
hold, as it will add its non-linearity to the 
basic non-linearity of the ADC. 

Analog-to-digital converters used for RF 
signal processing applications should 
have low noise (a function of resolution 
and DNL) and low harmonic and inter¬ 
modulation distortion (a function of INL). 
Modern ADCs exhibit these characteris¬ 
tics (1). An FFT spectral plot of a 12 bit 
ADC driven by a full-scale (envelope) two-
tone test signal is shown in Figure 4. As 
the sampling rate was 5 MHz, the FFT 
displays a signal spectrum of 0 to 2.5 
MHz, or 1/2 the sampling frequency Fs. 
Higher frequency distortion products are 
displayed but they are aliased to a fre¬ 
quency within this FFT display. 

Sampling Theory and Aliasing 
“Aliasing” may sound mysterious to an 

RF engineer but a look at basic sampling 
theory reveals familiar principles dis¬ 
guised by different terminology. The 
operation of a sampling ADC (Figure 5) 
can be understood by referring to the 
spectral plots of Figure 6. A narrow sampl¬ 
ing impulse Fs, generates a series of har¬ 
monics which, when convolved with an in¬ 
put signal F, results in a series of double¬ 
sideband suppressed carrier amplitude 
modulated harmonics Fs ±R 

This is similar to the familiar harmonic 
mixer (Figure 7). At a signal frequency F 
higher than Fs/2, adjacent upper side¬ 
bands (USB) and lower sidebands (LSB) 
will overlap. This is the mysterious “alias¬ 
ing error”; F = Fs/2 is the Nyquist limit. 
Although unambiguous conversion re-

RDC600—25~3 0 Spectral Response 
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Figure 4. Two-tone intermodulation distortion performance of an RF 
signal processing ADC. 

Figure 5. Sampling analog-to-digital converter (ADC). 

Figure 7. Harmonic mixer. 
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Figure 6. Sampling theory. 
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fs- F 

a) input signal spectrum; F > fs/2 
b) spectral overlap: “aliasing" 

Figure 8. Aliasing error. 

quires a sample rate of at least twice a 
baseband input signal frequency to pre¬ 
vent aliasing, a much higher frequency in¬ 
put signal can be digitized under the pro¬ 
per conditions (2). 
Harmonic sampling can be accom¬ 

plished with an ADC by using an ap¬ 
proach such as Figure 9. The important 
condition for avoiding aliasing is that the 
input signal bandwidth be less than Fs/2. 
The Nyquist criteria is not violated provid¬ 
ed no USB/LSB overlap occurs As seen 
in Figure 10, a 30 MHz to 35 MHz input 
signal is down-converted by the ADC to 
a 0 to 5 MHz baseband output signal. 
Lower-sideband conversion is possible 
but the output signal will have ar inverted 
spectrum. The digital sampling technique 
shown in Figure 9 can be recognized as 
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For 
PRECISION 
COILS AND 
INDUCTIVE 
COMPONENTS 
you can depend on.. 

\l ' 

Figure 11. A new high dynamic range 16-bit converter, the ADC701. 

• 1%, 3% Tolerance for Unshielded, 
from 0.022 pH to 150,000 pH 

• 5% Shielded, from 0.1 pH to 
10.000 pH 

• Surface Mountable 
• Micro Chips, Toroids and Power 
Chokes 

• Custom Designs 
Ask for our new catalog 

Delevan Division 

And for 
MULTILAYER 
CERAMIC CHIP 
CAPACITORS 
with proven 
performance and 
delivery 

Figure 12. Low-resolution flash converters compromise dynamic range. • Exceed RS 198 & MIL C-55681 
• Class I COG (NPO) from 1.0 pFd to 
.027 pFd 

• Class IIX7R — 100 pFd to .68 pFd 
• Engineers Evaluation Kit Available 

at Nominal Cost 

Delcap Division 
Call for your nearest Sales Representative 

(716) 652-3600 Telex 91-293 
Fax (716) 652-4614 

West Coast (714) 768-5522 Telex 855-642 

Example of RF signal processing application: Vector demodulation of in-phase 

and quadrature signals. 

RF Design 

American Precision Indi stries 
Electronic Components Group 

270 Quaker Road 
East Aurora, NY 14052-0449 

MADE IN AMERICA EN AMERICAN CRAFTSMEN 
TO AMERICAN STANDARDS OF EXCELLENCE 
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a variation of the superhetrodyne receiver. 
Since the IF can extend down to DC, 

a homodyne (zero frequency IF) receiver 
is also easily implemented with an ADC. 
These receivers, as well as Doppler radar 
systems and some sonar systems can 
generate high dynamic range signals that 
are beyond the capabilities of most ADCs. 
Very high resolution 16 bit converters 
(sometimes also employing oversampling) 
are used to lower the quantizing noise 

floor. The new 450 kHz sample rate 
ADC701 and SHC702 show distortion pro¬ 
ducts of better than -100 dBc! (See Figure 
11.) 

Selection of converters for RF signal 
processing is not without pitfalls, however. 
Some high-speed ADCs are not well 
suited to harmonic sampling. Obviously, 
the S/H must have adequate analog in¬ 
put bandwidth to pass the input signal 
without distortion. In addition, very low 

UltraStable 
Oven Controlled 

Oscillators 
SC Cut Crystal 

0/0 

Hybrid Oscillator 

Hybrid 
Oven Control 

VECTRON 

CO-505SL2 
SERIES 

CO-305S 
SERIES 

Frequency 
5MHz& 10 MHz Standard 
(others optional) 

Aging 5x10 per day (1 X10 'per year) 

Short Term 5x10 ’'per second (Allan variance) 

0/ + 50 C 
- 55/ + 85 C 

±2x10 • 
±1x10 • 

±1x10 • 

±1x10 • 

Warm-Up (ó 25 C 
1x10' 

1x10* 
2 minutes 
7 minutes 

4 minutes 
8 minutes 

Phase Noise 
10 Hz 

50 kHz 
120dBc/Hz 
163dBc/Hz 

120 dBc/Hz 
148dBc/Hz 

Size: 2x2x4 17Í X1’// x3 

S/H aperture uncertainty is required to 
preserve a good S/N ratio. Aperture 
uncertainty, sometimes referred to as 
aperture jitter, is analogous to phase noise 
modulation of an LO signal. This causes 
noise modulation of the converted signal. 
Sampling at a high harmonic of the 

ADC sample frequency places severe 
demands on its S/H amplifier. Burr-
Brown’s new SHC601BH is particularly 
well-suited for harmonic sampling ap¬ 
plications as it features a -3 dB analog 
input bandwidth of 120 MHz and an aper¬ 
ture uncertainty of only 1 ps RMS. 
An excellent sample/hold can even im¬ 

prove a poor ADC under certain condi¬ 
tions. For example, the noise and distor¬ 
tion of flash ADCs suffer at very h gh con¬ 
version rates due to unequal propagation 
delays in the hundreds of comparators us¬ 
ed to sense the input signal amplitude. 
With a large amplitude high frequency in¬ 
put signal, slew rate induced errors 
caused by these differential delays be¬ 
come serious, generating missing codes 
and causing linearity problems, which 
translate into poor noise and distortion 
(Figure 12). By adding a fast sample/hold 
ahead of the flash ADC, a sample of the 
input voltage can be held fixed for the 
flash ADC, thus eliminating propagation 
delay errors due to slew rate. At high fre¬ 
quencies improvements of 10 to 15 dB are 
achievable by adding a good sample/hold 
to a flash ADC. This is a powerul and 
often unrecognized technique, but it has 
been well described in literature (3). 

Conclusion 
Digital signal processing will expand 

the choices available to the RF engineer. 
As faster ADCs, DACs, and S/Hs are de¬ 
veloped, the digital RF signal processor 
will move closer to the antenna. In the 
future, we will see both analog and digital 
RF processing assume their proper roles 
in RF system designs. Hl 
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Manager in the Advanced Products 
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The Crystal Oscillator Company 

Write or phone today for all the details... 
and be sure to ask for Vectron's Illustrated Catalog. 

VECTRON LABORATORIES, INC. 
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VCD’s 
Voltage Controlled Oscillators Are Our Business 

CELLULAR PHONE 
C-900 Models • 
825-960 MHz • 

RF MODEM LAN’s 
C-500 Model • 

500 MHz Tuning « 

SATELLITE 
COMMUNICATIONS 
• C-500, C-600 Models 
• 950 MHz - 2.3 GHz 

1 INSTRUMENTATION, 
CATV 
• C-500, C-600, C-700 
Models 

■ a • 1 GHz Tuning 
• 500 MHz Tuning 

Products shown are actual size. 

AND HOW DO WE COMPARE? Phase Noise/Model C-500 

COMPANY MODEL PHASE 
NOISE HARMONICS LIST 

PRICE* 

Z-Communications C-500 -90dbc -20dbc $ 50.00* 

Avantek VTO-9090 -65dbc -15dbc $156.00 

Magnum V66T-1 -70dbc -20dbc $166.00 

'Ask us about our OEM price schedule. Samples in stock. 
CALL TODAY: 305-735-1000 or FAX 305-735-1 094 

Z-Communications designs and manufactures Voltage Controlled 
Oscillators (VCO’s), Synthesizers and RF-Modular products for the broad 
spectrum of applications ranging from Satellite Communications, Cellular 
Phones, CATV Industry, Instrumentation to RF-Modem LAN applications 
and many others with unique expertise in frequency ranges from MHz to 
3GHz and to 22GHz respectively. 
Z-Communications’ capabilities range from schematic design to layout 
and artwork generation. The production facility utilizes Surface Mount 
Technology and every single part leaving our facility is 100% tested over the 
entire operating temperature range. In short, we feel you will find our 
products to be the industry’s finest RF, Microwave designs and of the 
highest production quality at a price nobody in the industry can beat. 

Call us today for your RF and Microwave requirements. 

Z-Communications Inc 
5450 N.W. 33rd Ave., Suite 100 • Ft. Lauderdale, FL 33309 

I TEL: (305) 735-1000 / FAX: (305) 735-1094 
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City:_ 

State:_ Zip:-

Please send more information on: 

□ VCO’s Model -
□ Synthesizers □ RF-Modules 

J My Application is: - --

A □ Have Applications Engineer Call Me 
' n RFD 11-87 



Toko coils and filters 
attack RF design problems 

before.hey come 

Plagued 
by parasitic 
oscillations, spurs, 
harmonics and 
feedback? The problem
may not be your design, but the 
coils and filters you selected. Toko 
is the world's largest manufacturer 
of quality small coils and filters, with 

a selection so large, 
you're sure to find the 
right components 

L to neutralize your 
rf design problems. 

SUBMINIATURE 
ADJUSTABLE 
AND FIXED 

Toko has what you need, so 
you won't need to compromise... 
subminiature adjustable coils 
and transformers, molded coils, 
radial fixed coils and fixed coils 
with axial leads. Toko high-Q coils 
are engineered in sizes from 
5mm to 15mm, and inductance 
ranges from .02 p.H to 500 mH. 

CHIP AND 
ADJUSTABLE SMD 

Need to reduce the 
size of your products or 
automate production? 
Toko solves these problems with a 
wide range of surface mountable 
coils and LC, ceramic and helical 
filters in fixed and adjustable con¬ 
figurations. Packaged for automatic 
insertion and available for reflow or 
solder dipping. 

CUSTOM MODULES 
Toko hybrid mod¬ 
ules are a great 
way to simplify 
design and 

production tasks. 
With short lead time, 

Toko can develop compact 
custom modules utilizing a variety 
of components, surface mounted 
on a ceramic substrate. One 
module replaces dozens 
of components. 

FILTERS 

For i-f or tuned rf 
circuitry. Toko filters 1 * ’ 
simplify attenuation of 
out-of-band signals, while cleanly 
passing your desired signal. Ultra¬ 
miniature ceramic and LC filters at 
popular i-f frequencies fit tight 
spaces and tight budgets. With 
frequencies up to 1.2 GHz Toko 
helical filters are the right choice for 
communications 
transceivers. 

ACTIVE FILTERS 
If you’re advanc¬ 
ing the state-of-
the-art in digital 
audio or PCM 
products you'll 
appreciate Toko 
active filters. Especially 
designed for small size and low distor¬ 
tion, they're also very cost-effective 

For more information on: 
Subminiatures, INFO/CARD 99 Custom Modules, INFO/CARD 100 
Chip/SMD, INFO/CARD 102 RF & l-F fife'S, INFO/CARD 103 

NEW! COIL PROTOTYPE/ 
SAMPLE KITS 

Toko sample kits give 
you more choices and 
cost less! 

• Molded Sample Kit 82 
values (123 parts) 

30MHz-150MHz; 
0.0393-1.173 p.H 

• 7mm Sample Kit 
54 values (108 parts), 

70kHz-50MHz; 0.1-220 mH 
10mm Sample Kit 68 values (136 

parts), 79kHz-75MHz; 0.08 p.H-56 mF 

INTRODUCTORY PRICED AT $39 EACH. 
ORDER YOURS TODAY! 

Isn't it time to tame the design monsters 
before they bite back...call or write 
Toko today for a free coil and filter 
catalog or a quote on your needs. 

Quality and workmanship that add 
value and performance to your 
product. 

(¿¡TOKO 
TOKO AMERICA,INC. 
(CORPORATE HEADQUARTERS) 
1250 Feehanville Drive 
Mt. Prospect, IL 60056 
(312) 297-0070, FAX (GUI): (312) 699-7564 

(Western Branch) (408) 996-7575 

(Eastern Branch) (914) 694-5618 

(Southeastern Branch) (205) 830-0952 

Active Filters, INFO/CARD 101 
Sample Kit, INFO/CARD 104 





frequency band; through applications support, 
modules for portables and for mobiles where 
increased circuit demands make complete ampli¬ 
fiers a logical, economical choice and high-volume, 
quality-production capabilities. We even have 
the highest-power (MRF898) and lowest-priced 
(MRF557) units for 900 MHz applications. 

MKM41G/ IblG, / l/ou/ 1/ou otter pusn-puii 
packages to aid in implementation of broadband, 
high-power circuits in SSB and VHF AM/FM 
designs. The N-channel units are fabricated with 
an oxide-insulated gate which controls vertical 
current flow. 

Credit card modem 
implements LANs. 
Not much bigger than a VISA or Master card, 

this RF broadband module is in actuality a full-
duplex, continuous mode frequency-shift-keyed 
transceiver (CPSFK). It looks, and sounds, compli¬ 
cated. Just remember it operates somewhat like an 
AD/DA converter and provides all RF functions 
needed to implement the modems on Local Area 
Networks. In significantly less space and lower 
price than others, saving space—and budget—on 
the network adapter board. The MHW10000 will 
support multiple services over the same cabling 
system: video, security and other broadband func¬ 
tions can coexist. The MHW10000 provides high 
spectral purity (it doesn't spill over onto other 
channels from either the T-14 transmit- or J-receive 
modes), it's only 7.5 square inches and Vi" thick, 
far less than comparables. 
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Standard frequencies 
Distress, calling, search and rescue 
Amateur radio 
Broadcasting 
Fixed and mobile services 
Military 
Aeronautical 
Maritime 
Scientific and space 

Based on information published by the Federal Communications Commission 
All frequency allocations are believed accurate; however, Motorola assumes no responsibilities for error. 

To obtain flat, rolled copy of USA Frequency Allocation Chart please write to: 

MOTOROLA SEMICONDUCTOR PRODUCTS, INC. 
P.O. Box 20912 
Phoenix, AZ 85036 
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600 W, MRF156, TMOS™ RF 
device not for the timid. 

At 600 W Pout/ MRF156 is an improved 
version of the most powerful RF device of its kind 
(MRF154) in the world. It's for those who really 
want to have it all in one potent package without 
water-cooling for single-sideband, nuclear mag¬ 
netic resonance and sputtering equipment. 
With it, you replace four, 150 W devices plus 

associated parts and circuitry. Low 0.13° C/W 
thermal resistance keeps die temperature low for a 
given Pd, improving reliability. Its 50 V, 100 MHz, 
N-channel performance and TMOS™ technology 
translate to better-than-bipolar ruggedness, lin¬ 
earity and output impedance. 
A 300 W pussycat is available as MRF155. 

Motorola CATV modules— 
best program in the house. 

Your selection of the just-right part for that best-
of-all CATV design is assured with the industry's 
broadest selection of forward and reverse ampli¬ 
fiers with up to 77-channel capability at 550 MHz. 
You can tune into our power doublers, wideband 
amplifiers and conventional distribution amplifiers 
too. And newest MHW6178 and MHW6189 
Darlington cascode amplifiers now offer signifi¬ 
cant improvements in linearity (composite triple 
beat). Volume production and competitive pricing 
make Motorola the world's manufacturing leader 
and a stable source for your long-term CATV 
requirements. 

Talk to anybody, anywhere 
with Motorola land-mobile. 

You'll find the industry's widest variety of 7.5 V 
and 12.5 V discrete transistors and amplifiers for 
mobile 2-way here. We offer package options; 
high-gain, high-power, rugged devices for low-
band, VHF, UHF and 900 MHz; complete, 
_ :_1 1;_ C J:-_ I_ _ :_ 

TMOS transmits better 
performance in RF. 

Higher gain and input impedance, enhanced 
thermal stability and lower noise keynote a broad 
lineup of TMOS RF powerFETs. With Pq to 600 
W and frequency ranges to 500 MHz, these rug¬ 
ged, leading-edge amplifiers offer easy-to-match 
- C— U JI_ J; TU- -
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MOTOROLA SEMICONDUCTOR SALES OFFICES 
AMERICA S DISTRICT OFFICES INTERNATIONAL SALES OFFICES 

ALABAMA. Huntsville 
ARIZONA. Phoenix 

CALIFORNIA. Agoura Hills 
CALIFORNIA. Los Angeles 
CALIFORNIA. Orange 
CALIFORNIA. Sacramento 
CALIFORNIA. San Diego 
CALIFORNIA. San José 
COLORADO. Colorado Springs 
COLORADO. Denver 
CONNECTICUT. Wallingford 
FLORIDA. Maitland 
FLORIDA. Pompano Beach/ 

Ft Lauderdale 
FLORIDA. St Petersburg 
GEORGIA, Atlanta 
ILLINOIS. Chicago/Schaumburg 
INDIANA. Fort Wayne 
INDIANA. Indianapolis 
INDIANA. Kokomo 
IOWA. Cedar Rapids 
KANSAS. Kansas City/Mission 
MASSACHUSSETTS. Marlborough 
MASSACHUSEETS. Woburn 
MICHIGAN. Detroit/Westland 
MINNESOTA. Minneapolis 
MISSOURI, St Louis 
NEW JERSEY, Hackensack 
NEW YORK. Fairport 
NEW YORK. Hauppauge 
NEW YORK, Poughkeepsie/Fishkill 
NORTH CAROLINA. Raleigh 
OHIO. Cleveland 
OHIO, Columbus Worthington 
OHIO. Dayton 
OKLAHOMA. Tulsa 
OREGON. Portland 
PENNSYLVANIA. Philadelphia/ 
Horsham 

TENNESSEE. Knoxville 
TEXAS. Austin 
TEXAS. Houston 
TEXAS. Irving 
TEXAS. Richardson 
VIRGINIA. Charlottesville 
WASHINGTON. Bellevue 

Seattle Access 
WASHINGTON. DC MARYLAND. 

Hyattsville 
WISCONSIN.. Milwaukee/ 
Wauwatosa 

(205)830-1050 
(602)244-7100 
(818)706-1929 
(213)872-1505 
(213)417-8848 
(714)634-2844 
(916)922-7152 
(619)560-4644 
(408)985-0510 
(303)599-7404 
(303)337-3434 
(203)284-0810 
(305)628-2636 

(305)486-9775 
(813)576-6030 
(404)449-0493 
(312)576-7800 
(219)484-0436 
(317)849-7060 
(317)457-6634 
(319)373-1328 
(913)384-3050 
(617)481-8100 
(617)932-9700 
(313)261-6200 
(612)941-6800 
(314)872-7681 
(201)488-1200 
(716)425-4000 
(516)361-7000 
(914)473-8102 
(919)876-6025 
(216)349-3100 
(614)846-9460 
(513)294-2231 
(918)664-5227 
(503)641-3681 

(215)443-9400 
(615)690-5592 
(51 2)452-7673 
(713 783-6400 
(214)550-0770 
(214)699-3900 
(804)977-3691 
(206)454-4160 
(206)622-9960 

(301 >577-2600 

(414)792-0122 

AUSTRALIA. Melbourne 
AUSTRALIA. Sydney 
AUSTRIA. Vienna 
BRAZIL. Sao Paulo 
DENMARK. Soborg 
FINLAND. Helsinki 
FRANCE. Grenoble 
FRANCE. Pans 
FRANCE.. Toulouse 
GERMANY. Langenhagen/ 
Hannover 

GERMANY. Munich 
GERMANY. Nuremberg 
GERMANY. Sindelfingen 
GERMANY. Wiesbaden 
HONG KONG. Kwai Chung 
ISRAEL. Tel Aviv 
ITALY. Milan 
ITALY. Rome 
JAPAN. Osaka 
JAPAN. Tokyo 
KOREA. Pusan 
KOREA. Seoul 
MALAYSIA. Penang 
MEXICO. D F 
NETHERLANDS. Maarssen 
NORWAY, Oslo 
PHILIPPINES. Manila 
PUERTO RICO. San Juan 
SCOTLAND. East Kilbride 
SINGAPORE 
SPAIN. Madrid 
SWEDEN, Soina 
SWITZERLAND. Geneva 
SWITZERLAND. Zurich 
TAIWAN. Taipei 
UNITED KINGDOM. Aylesbury 

Field Applications Engineering Available 
Through All Sales Offices 

CANADA 
BRITISH COLOLUMBIA, Burnaby 
MANITOBA, Winnipeg 
ONTARIO, North York 
ONTARIO. Ottawa 
QUEBEC. Montreal 

(604)434-9134 
(204)783-3388 
(416)497-8181 
(613)226-3491 
(514)731-6881 

INTRA-COMPANY OFFICES 
ARIZONA, Scottsdale (602)949-3811 
FLORIDA. Boynton Beach (305)738-2535 
FLORIDA. Ft. Lauderdale (305)475-6120 
ILLINOIS, Schaumburg (312)576-2788 
ILLINOIS. Schaumburg Automotive (312)576-7800 
TEXAS. Ft Worth . , (817)232-6255 

(03)561-3555 
(02)438-1955 

(0222)31 65 45 
(011)572 3553 
(02)92 00 99 
(0)69 48 455 

(076)90 22 81 
(014)736-01-99 
(061)41 90 00 

(0511)78-99-11 
(089)92720 

(0911)643044 
(07031)83074 

(06121)76-1921 
(01223111 

03-7538222 
(2)82201 

(06)831 4746 
(06)305 1801 
03-440-331 1 
(51)463-5035 

(2)554-5118-21 
04-374514 

1-5187 (525)540-5429 
(030)439 653 
(02)19 80 70 
(2)827-59-11 
809-721-3021 

(03552I 39 101 
-2945438 

(01)458 1061 
(08)83 02 00 
(022)991 111 
(01)730 40 74 
(02)752 8944 
(296)395252 

MOTOROLA FULL LINE 
REPRESENTATIVES 

NEVADA. Reno 
Galena Technology Group 

NEW MEXICO. Albuquerque 
S&S Technologies Inc 

UTAH. Salt Lake City 
Utah Component Sales. Inc 

WASHINGTON. Spokane 
Doug Kenley 

ARGENTINA. Buenos Aires 

RF ONLY 
ILLINOIS. La Fox 
Richardson Electronics, LTD 

(702)786-5030 

(505)255-5599 

(801)268-8440 

(509)924-2322 
1-30-2461 

1-800-323-1770 

HYBRID COMPONENTS 
RESELLERS 

Elmo Semiconductor Corporation 
Massachusetts Component Inc. 
Minco Technology Labs Inc. 
Semi Dice 
Sertech Labs Inc. 

(818)768-7400 
(617)535-7270 
(512)834-2022 
(408)980-9777 
(617)531-8673 

1-800-521-6274 
(M) MOTOROLA 
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¥>u may have wondered, 
"Why dont RF Design and 
Motorola get together and put 
out a frequency allocation chart 
that I can really use?" 

Well, here it is... 

Monolithic RF amplifier 
now available three ways. 
Have it your way in packaging with the MWA-

series of wideband RF amplifiers for industrial/ 
commercial use up to 3 GHz. Besides the recently-
introduced MWA0204 MACRO-S stripline and 
MWA0211, SOT-143 SMD devices, the new 
MWA0270 is available in a 70-mil ceramic metal 
hermetic package for extreme environmental 
applications. Its fully cascadable, provides 50 fl 
input and output impedances and 12 dB typical 
gain at 500 MHz. A further derivation in all three 
packages, the MWA03 series provides similar 
gain and noise figure specs but with higher output 
power and better linearity. 

L-band RF devices keep 
control in air traffic. 
The MRF10120 (120 W) and MRF10030 (30W) 

help provide the right answers to Mode "S" air¬ 
traffic-control transponder questions about loca¬ 
tion and altitude of planes so collison is avoided. 
Capable of handling 10 ¿is pulses at 50% duty 
cycle for up to 3.5 ms, the units have guaranteed 
performance including ruggedness. Used at 960 to 
1,215 MHz, they have an overall duty cycle of 25% 
and incorporate input matching for broadbanding, 
gold metallization, nitride passivation and low 
thermal resistance for heat dissipation. They are 
also available for JTIDS use. 

High frequency gets broader 
in 4th edition RF Data Book 
Selector Guide. 
Over 100 new units covering a broad applica¬ 

tions spectrum for VHF to 900 MHz have been 
added to the fourth edition (DL110REV2) of our 
all-in-one RF Data Book. 

Kissed by quietness. 
These GHz transistors (MRF941/951 series) 

whisper at state-of-the-art noise figures and are 
offered in a variety of packages, plus chips for 
optimum applications flexibility. Rated at 15, 30, 
50 or 100 mA IC, the MRF-MMBR-family pro¬ 
vides high-quality, front-end amplification of weak 
sipnals in nor fables nr land-mobile radios. Design 
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devices, higher-power (to 600 W) bipolar and 
TMOS FETs, UHF, 28 V and 900 MHz units, CRT 
drivers, low-current and VHF parts plus our new, 
550 MHz, 6000 series linear modules. 
The revised selector guide and cross-reference 

further simplifies selection with recommended line¬ 
ups for a variety of power/frequency applications. 

SÓT-23/SOT-143 with tape and reel packaging 
options, or chips where you need all the quiet you 
can get. Ceramic JAN, JANTX and JANS versions 
will be offered soon, too. 
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GHz gain, miniscule drain 
in SOT-143. 

Operating at less than 1 mA 
IC with a VCC only 1 V the 
MRF9331 offers 13 dB typical 
gain at 1 GHz and 2 dB NF at 
500 MHz. Use of a single emitter 
finger of a 1.25 micron die design 
achieves state-of-the-RF-art per¬ 
formance with high, 6 GHz fy. 

Applications are pagers, porta¬ 
ble radios, hearing aids, remote 
controlled door openers and any 
equipment operating on batteries 
you want to last. Wide dynamic 
range is possible with 100 /zA to 
2 mA IQ 
And SOT-143s provide dual 

emitters for best performance in 
common emitter configurations. 

Price: just $1.50, IK-up. 

900 MHz SO-8 grabs 
1 W honors. 

Providing 1W and more Pp, 
equal to or exceeding that of 
MACRO-X and SOE packaging, 
the MRF8372 is the SMD ver¬ 
sion of the popular, 6 GHz fy 
MRF837 used in wideband, 
large-signal, pre-driver, 900 
MHz, land-mobile stages. 
No sacrifices in technology, 

either: 2-micron geometry, gold 
top metal, ion-implanted emitters 
and silicon nitride passivation. 

Typical performance is 10 dB 
gain at 870 MHz, 12.5 V, in a 
broadband circuit delivering 
% W RF power with 60% effi¬ 
ciency. It's also characterized at 
7.5 V and at 51 MHz. 

Little price, too: $1.65, IK-up. 

Superb 8 GHz performer 
even more so in SOT-143. 
None finer and now in SOT-143. 

Its the popular MRF571 and its 
now MRF5711 in 4-leaded SMD 
for reduced common-element 
inductance and higher gain. 

Leading-edge die technology, 
identical to its MACRO-X coun¬ 
terparts, provides 1.7 dB NF and 
12 dB gain at 1 GHz. 

Available in standard and low 
profile, this high-performer is 
ideal for high-gain, low-noise, 
small signal amplifiers: satellite 
TV receivers (TVRO), wide 
dynamic range front end ampli¬ 
fiers and low-noise VCOs. 
Plus instrumentation appli¬ 
cations where high-gain to high-
frequencies are required, or in 
fast switching designs. 

Just $1.00, 100-up. Samples 
now. 
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Today’s Slide Rule for RF/Microwave Designers. 

f=GOOD Ck 

HMICs = GOOD ANSWERS 

Our goal is to help designers develop 
better MIC systems for EW, radar and 
communications. Our business is 
custom hybrid microstrips (HMICs) with 
the speed and performance charac¬ 
teristics needed to cope with new gener¬ 
ations of enemy capabilities. 

For example, our HMICs are used for 
friendly radar systems that sift through 
chaff and bad weather, deal with a 
variety of stealth technologies and 
distinguish friend or foe targets from 
hundreds of small, clustered and en¬ 
twined bogies. Custom HMICs enhance 
radar systems' competitive advantage 
through increased immunity to decep¬ 
tion, jamming and interception. 

Volumetrically efficient GaAs, SoS or 

Si-based complex hybrid assemblies 
are our speciality. If programmable sig¬ 
nal conversion or multichip MMIC pack¬ 
aging is what is needed, we can deliver. 
HMICs can be configured any way you 
want— including our surface-mount 
connector less grounded microstrip 
(CGMtm) technology. 
ECM, ECCM, C3, C3I, ECSM—From 10 

MHz through Ku Band—Teledyne Micro¬ 
electronics has the design talents and 
widest range of MIL-STD-1772 produc¬ 
tion capabilities in our industry to deliver 
the right product every time. Find out 
more about HMIC answers to your 
design challenges. Call us. 
Our performance has proven our 

success. 

^^TELEDYNE MICROELECTRONICS 
Leader in the Science of Hybrid Microelectronic Packaging and Production 

12964 Panama Street, Los Angeles, California 90066 Tel: (213) 822-8229 
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rf special report 

New Integrated Circuits 
for RF Applications 
By Gary A. Breed 
Editor 

RF engineers can obtain more function¬ 
ality and better performance than ever in 
the current generation of RF integrated 
circuits. A designer now has viable mono¬ 
lithic options for most “generic" circuit 
functions (preamplifiers, IF amplifiers, 
mixers, detectors, etc.), in addition to 
many complex circuits. Since recent de¬ 
velopments in GaAs technology have 
been relatively well publicized, this report 
will focus on silicon ICs, still the largest 
part of the integrated circuit industry. 

Silicon integrated circuits have been 
around since the 1960s, and have 

been the mainstay of both analog and 
digital devices. Silicon's well-established 
performance and fabrication technology 
makes it attractive for the implementation 
of new integrated functions. Although 
other technologies offer better perfor¬ 
mance in some areas, Si offers significant 
cost advantages and remains a good per¬ 
former at UHF and lower frequencies. 

Amplifiers 
The most common integrated circuits 

for RF and high speed applications are 
amplifiers. These can be grouped into two 
main categories: AC-coupled small or 
medium signal level RF amplifiers; and 
DC-coupled video amplifiers, operational 
amplifiers and buffers. 

Higher power, lower cost, and greater 
availability are the latest developments in 
RF monolithic amplifiers. Avantek’s MSA 
series amplifiers are well known exam¬ 
ples, with a wide range of gains and band¬ 
widths. The most recent additions are the 
MSA-0520, with 8.5 dB gain and a power 
output of +23 dBm (1 dB compression), 
and the MSA-1023 with even higher power 
output of +27 dBm. Both devices are 
characterized over the 100 MHz-1 GHz 
range. Linear Technology, Inc., also has 
a new device with high power, the LB951, 
with +20 dBm output over 10-200 MHz. 
The LB951 is fabricated using DMOS 
technology. 

Price and availability have been en¬ 
hanced with the entry of Motorola and 
Mini-Circuits Labs into the silicon MMIC 
amplifier market. Motorola has new 
MWA02-03 series amplifiers which mimic 
(pun intended) some of the most popular 
Avantek devices. Mini-Circuits has been 

marketing their MAR line of low cost amp¬ 
lifiers for about a year, with prices as low 
as $.99 for some models (in modest quan¬ 
tities). Other low cost amplifiers include 
the NE5205 and its lesser bandwidth sib¬ 
ling NE5204 from Signetics. 

In the DC-coupled arena, where appli¬ 
cations range from PLL loop amplifiers to 
data acquisition signal conditioning to 
video baseband systems, there is plenty 
of activity. Comlinear Corp, has just intro¬ 
duced its first monolithic amplifiers, mod¬ 
els CLC400 and CLC401. This company’s 
expertise in high speed electronics has 
previously been limited to hybrid products. 
The lower cost of monolithic fabrication 
($15.50 in 100s, plastic package) makes 
these high performance amplifiers attrac¬ 
tive for new applications. 

High speed operational amplifiers are 
available from many IC manufacturers. 
Two recent entries are the PA19 power op 
amp and the WA01 wideband amplifier 
from Apex Microtechnology Corp. The 
PA19 can deliver up to 60 watts RMS with 
a gain-bandwidth product of 100 MHz. 
The WA01 is a 4-watt amplifier with a 4000 
V/us slew rate and 150 MHz power band¬ 
width. Plessey has the SL2541 op amp, 
a device with a unity gain bandwidth of 
800 MHz and programmable open loop 
gain, supply voltage range and output 
current and DC offset. VTC Inc., a Minne¬ 
sota IC maker, has their VA700 line of high 
speed/precision op amps for data conver¬ 
sion systems or signal processing appli¬ 
cations. Harris Semiconductor, Signetics, 
Burr-Brown, Texas Instruments Analog 
Devices, GE/RCA and National Semicon¬ 
ductor have for some time offered high 
speed op amps in a variety of perfor¬ 
mance ranges. 
Video amplifiers are another class of 

high speed products. The two major appli¬ 
cations are baseband amplification (true 
video or other wideband signals) and 
magnetic storage media read amplifiers. 
Recent entries include the MAX452 family 
from Maxim, which include on-chip multi¬ 
plexers, and the LH4002 buffer/current 
driver from National. 

Switches 
Monolithic analog switches are achiev¬ 

ing the switching speeds and low inser¬ 
tion loss necessary to replace diode 

switching in many RF applications. High 
frequency choppers, modulators, mixers 
and multiplexers are typical applications, 
as well as signal path switching. Leading 
the way in high performance is DMOS 
technology, often combined with CMOS 
driver circuitry. Topaz Semiconductor and 
Siliconix Inc. are leaders in this area, with 
a wide range of DMOS switch and transis¬ 
tor products. 

PIN diodes are still the mainstays of RF 
switching, with unique drive requirements. 
Although many “stock” logic devices can 
be utilized as PIN drivers, some ICs have 
been designed with this application in 
mind. Intersil has a relatively new part, the 
ICL7667 dual power driver, which has 
been characterized for use as a PIN 
driver. 

Multi-Function ICs 
One benefit of improving fabrication 

techniques is the ability to put several 
functions on one chip. Last January, we 
featured an FM IF integrated circuit on our 
cover, the Motorola MC3362, with two 
mixer/local oscillator blocks, a limiting IF 
amplifier, signal strength indicator (RSSI), 
quadrature detector, audio preamp and a 
comparator for data recovery. Motorola 
has now introduced the next version of the 
IC, the MC3363, with RF amplification and 
squelch. 

Signetics has made a similar move 
toward greater integration, with the 
NE605, a single IC combining the func¬ 
tions of their NE602 mixer/oscillator and 
NE604 FM IF strip, with limiting IF ampli¬ 
fier, RSSI, quad detector and audio pre¬ 
amp. This chip has all circuitry (except 
audio power amplification) for a single¬ 
conversion FM receiver. 
Another company involved in receiver 

ICs is Siltronics Ltd., with products for FM 
receivers and low cost paging applica¬ 
tions. Like others in this market area, they 
emphasize low voltage operation and low 
power consumption for simple battery-
operated receivers. 

Signetics, Motorola, Plessey and Na¬ 
tional Semiconductor have many other 
receiver ICs for consumer AM, FM and TV 
receivers, remote controls, wireless inter¬ 
coms, and other RF functions. These lines 
have developed over many years, and a 
review of their catalogs and data sheets 
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offers a long list of inexpensive RF ICs. 
ASICs (Application Specific Integrated 

Circuits) have been the fastest growing 
part of the digital IC world, and are just 
getting started in high frequency analog 
technology. The main hurdle in analog 
ASICs has been the development of fast 
enough PNP transistors to utilize existing 
fabrication techniques at high frequen¬ 
cies. At lower frequencies, where “stan¬ 
dard” op amps and comparators can be 

used, companies such as Raytheon have 
has ASICs available for some time. 

At frequencies high enough to be con¬ 
sidered RF, VTC Inc. has solved the PNP 
transistor problem to achieve up to 500 
MHz bandwidth in bipolar linear and mix¬ 
ed linear/digital products. For example, 
their VL3000 bipolar cell library can in¬ 
clude amplifiers, comparators, DACs, line 
drivers and VCOs plus many TLL or 10K 
ECL digital functions in such applications 

SAWTEK OSCILLATORS . . . 

as telecommunications, signal process¬ 
ing, local area network systems or instru¬ 
mentation. 

Digital/RF Circuits 
Digital integrated circuits for RF ap¬ 

plications include both familiar and new 
functions and capabilities. Most familiar 
are the prescalers and divicers for PLLs 
or frequency counters. Manufacturers 
have been pursuing GHz speed perfor¬ 
mance in silicon with dividers operating 
up to about 3 GHz. 
Complete PLL circuits on a single chip 

have reached new levels of performance 
in low power, high speed, and compre¬ 
hensive functionality. Motorola has low 
power CMOS ICs (MC145159 and others) 
which operate in the low MHz range and 
use external prescalers for higher fre¬ 
quencies, while Signetics and Plessey are 
approaching 1+ GHz performance on a 
single chip using bipolar processes (ex¬ 
ternal VCO). 

Direct digital frequency synthesis (DDS) 
is a rapidly growing part of digital/RF 
development. Sciteq has an ECL device 
developed specifically for phase ac¬ 
cumulator applications in DDS. Stanford 
Telecommunications has the recently 
upgraded ST-1172A, a nearly complete 
(less clock and DAC) direct digital syn¬ 
thesizer IC for generating output signals 
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. . .Reliable high-performance frequency sources for military and 
commercial applications that. . . 

■ provide superior frequency stability over a wide range of 
environmental conditions. 

■ cover frequency ranges from 100 MHz to 25 GHz. 

■ offer excellent phase noise and short-term stability performance, 
free of interfering spurious responses. 

■ are available in numerous modulation formats. 

■ utilize either discrete or hybrid construction techniques. 

Get the optimum performance from your system. Go with the 
proven performers. . .Sawtek Oscillators. 

Call us today at 305/886-8860 for an evaluation of your oscillator 
application. Or write Sawtek Inc., P.O. Box 18000, Orlando, Florida 
32860. FAX 305-886-7061. TWX 810-862-0835. 

Ll SAWTEK 
J INCORPORATED 

INFO/CARD 30 
Come see us at RF Expo/East, Booths #111 & 113. 

Avantek, Inc., Santa Clara, CA. 
INFO/CARD #136. 

Linear Technology, Inc., Burlington, 
Ontario. INFO CARD #135. 

Motorola, Inc., Bipolar Analog IC 
Division, Tempe, AZ. 
INFO/CARD #134. 

Mini-Circuits Laboratories, 
Brooklyn, NY. INFO/CARD #133. 

Signetics Corp., Sunnyvale, CA. 
INFO/CARD #132. 

Comlinear Corp., Ft. Collins, CO. 
INFO/CARD #131. 

Apex Microtechnology Corp., 
Tucson, AZ. INFO/CARD #130. 

Plessey Semiconductor, Irvine, CA. 
INFO/CARD #129. 

VTC Inc., Bloomington, MN. 
INFO/CARD #128. 

Harris Semiconductor, Melbourne, 
FL. INFO/CARD #127. 

Analog Devices Inc., Norwood, MA. 
INFO/CARAD #126. 

Burr-Brown, Tucson, AZ. 
INFO/CARD #125. 

Texas Instruments Inc., Dallas, TX. 
INFO/CARD #124. 

GE Solid State, Somerville, NJ. 
INFO/CARD #123. 
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up to about 10 MHz. Newer still is their 
STEL-2172 ECL device with similar archi¬ 
tecture, but a 300 MHz clock rate for up 
to 130 MHz frequency synthesis. Also in 
the DDS realm is Digital RF Solutions’ 
DRFS™-2250 and -3250 synthesizers, 
and accessory chip set with complete 
digital frequency, phase and amplitude 
modulation capability. 

Digital signal processing is a term that 
encompasses a wide range of RF applica¬ 
tions, both in communications and instru¬ 
mentation. The primary devices in these 
applications are the analog-to-digital and 
digital-to-analog converters (ADCs and 
DACs). New ADC and DAC products are 
announced almost daily. Some of the 
latest include the AD9002 150 MHz sam¬ 
ple rate 8-bit ADC from Analog Devices. 
The TDC1318 triple 8-bit DAC from TRW 
LSI Products with 200 MHz operation, and 
the MAX162 from Maxim, a 12-bit CMOS 
successive approximation ADC with 4 
MHz clock rate. 
Operation up to several hundred MHz 

is available in monolithic DACs (8-bit) from 
TRW, Analog Devices, Burr-Brown, 
Honeywell, Intech, Sony, Toshiba and 
others. These same companies offer high 
speed ADCs with sample rates up to 150 
MHz for 8-bit devices, 20+ MHz for 12-bit 
precision. 
Among digital signal processing ICs 

recently introduced is the PDSP16330, 
dubbed by manufacturer Plessey as a 
Pythagoras Processor. This LSI circuit is 
a cartesian to polar converter, accepting 
16x16 bit magnitude data and outputting 
16 bit magnitude and 12 bit phase infor¬ 
mation. 
The military-sponsored VHSIC (Very 

High Speed Integrated Circuits) program 
of 1.2 and 0.7 micron CMOS technology 
has begun to generate “real” products, 

although currently limited to military pro¬ 
jects. As the technology matures, com¬ 
mercial applications, primarily in digital 
signal processing, will certainly appear. 

This brief overview of progress in silicon 
ICs for RF and other high speed/high fre¬ 
quency applications can only serve to 
whet our appetites for more information. 
Checking the Info/Card numbers below 
will bring additional information on IC 
products. H 

W e re sending a signal, 
quiet and clear. 

National Semiconductor, Santa 
Clara, CA. INFO/CARD #122. 

Maxim Integrated Products, 
Sunnyvale, CA. INFO/CARD #121. 

Topaz Semiconductor, San Jose, 
CA. INFO/CARD #120. 

Siliconix, Inc., Santa Clara, CA. 
INFO/CARD #119. 

Intersil Inc., Cupertino, CA. 
INFO/CARD #118. 

Siltronics Ltd., Kanata, Ontario. 
INFO/CARD #117. 

Raytheon Co. .Semiconductor Div., 
Mountain View, CA. 
INFO/CARD #116. 

Sciteq Electronics Inc., San Diego, 
CA. INFO/CARD #115. 

Stanford Telecommunications, Santa 
Clara, CA. INFO/CARD #114. 

Digital RF Solutions, Santa Clara, 
CA. INFO/CARD #113. 

TRW LSI Products, La Jolla, CA. 
INFO/CARD #112. 

Honeywell Inc., Signal Processing 
Div., Colorado Springs, CO. 
INFO/CARD #111. 

Intech Advanced Analog., Santa 
Clara, CA. INFO/CARD #110. 

Sony Corp, of America, Cypress, 
CA. INFO/CARD #109. 

Introducing Fluke’s 6061A Signal 
Generator with premium spectral 
purity. 

Low SSB phase noise makes the 6061A 
a perfect source for signal simulation. And 
an excellent choice for use in large dynamic¬ 
range measurements. 

The 6061A has all the features of our 
popular low-cost 6060B Signal Generator 
plus enhanced low-noise performance. 
The IEEE-488 interface is included at no 
charge. 

For more information about Fluke’s 
signal generators, call 1-800-426-0361. 

Fluke 6061A_ 
Frequency range_ 10KHz to 1050MHz 

Amplitude range_ + 13dBmlo -127dBm 

Accuracy_ ±1.0dB plus oyerrange 

Spurious_ <-60dBc 

Residual FM (1000MHz)_ 12Hz rms in .3 Io 3Hz BW 

Typical SSB phase noise (1000MHz, 20KHz ollset)_ -117dBc/Hz 

IN THE U.S ANO NON-EUROPEAN COUNTRIES: Jolin Fluke Mig Co . Inc.. PO Bo> C9090. M/S 25OC. Everett. WA 98206. Sales: (206) 356-5400. Ollier: (206) 347-6100. 
EUROPEAN HEADQUARTERS: Fluke (Holland) BV PO Bov 2269. 5600 CG Eindhoven. The Netherlands. (040) 458045. TLX: 51846 

© Copyright 1987 John Fluke Mtg Co . Inc All rights reserved Ad No 2941-6061 
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Packaged Switches from stock... your choice $28.95 

GaAs MMIC Matched SPST Switch GaAs MMIC SPOT Switch 
Model SW-209 Model SW-219 
Frequency Range . DC to 3 GHz Frequency Range . DC to 3 GHz 
Insertion Loss . 0.8 dB max Insertion Loss . 0.7 dB max 
Isolation . 45 dB min Isolation . 40 dB min 
Switching Speed . 3 ns typ Switching Speed . 2 ns typ 
Control Voltages Control Voltages 
V1N Low/High. 0/-5V VIN Low/High. 0/-5V 

Input Power for 1 dB Compression... 27 dBm typ Input Power for 1 dB Compression... 25 dBm typ 
Dimensions. 0.180" x 0.180" x 0.057" Dimensions . 0.180" x 0.180" x 0.057" 

Performance at 500 MHz with 50-ohm impedance at all RF ports. 

Both models available screened to MIL-STD 883C, Method 5008.4, Table VII, Class B Hybrids. 
Specify SW-209B or SW-219B when ordering. Pricing available upon request. 

Anzac quality at mini-prices, what more is there to say? 

Adams nl Russell 
Electronics 
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Your Choice! 

GaAs MMIC SPST Configurable 
Model SW-210 
Frequency Range . DC to 6 GHz 
Insertion Loss . 0.6 dB max 
Isolation . 55 dB min 
Switching Speed . 3 ns typ 
VSWR. 1.15:1 max 
Control Voltages 
Vpq Low. 0 to -0.2V @ 20 pA max 
VIN High. - 5 V @ 70 pA typ 

Input Power for 1 dB Compression . 27 dBm typ 
Die Size. 0.030" x 0.050" x 0.010" 

GaAs MMIC SPDT Switch 
Model SW-200 
Frequency Range . DC to 6 GHz 
Insertion Loss . 0.6 dB max 
Isolation . 45 dB min 
Switching Speed . 2 ns typ 
VSWR. 1.2:1 max 
Control Voltages 
VjN Low... 0 to- 0.2V @ 20 pA max 
V¡N . - 5V @ 40 pA typ 

Input Pwr 1 dB Comp... + 25 dBm typ 
Die Size. 0.030" x 0.030" x 0.010" 

Guaranteed performance at 1 GHz with 50-ohm impedance at all RF ports. 

Fast Switching, ultra-low DC power consumption $25.00 ea. (1 to 49) 

Adams ni Russell 
_ ■■■■■ • ®19®7 

Electronics 
ANZAC DIVISION 

80 CAMBRIDGE ST., BURLINGTON, MA 01803, (617)273-3333 TWX 710-332-0258 FAX (617) 273-1921 TELEX 200155 
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50 MHz 8ch VIDEO 
MUX/AMP-ONLY s10. 

The world’s first video MUX/AMP Combo. 
The MAX455-Single Chip Benefits: 

• Stable unity-gain bandwidth: 50MHz typ 
• High channel isolation: 70dB @ 4MHz 
• Break-before-make switching 
• Low power CMOS operation: 250mW typ 
• Constant low input capacitance: 9pF typ 
• TTL & CMOS logic compatible levels 

Optimized for video applications, the MAX453, MAX454 and MAX455 combine the 
unique 50MHz video amplifier of the MAX452 (shown below) with on-board 2, 4, or 
8-channel multiplexers—all in a single package. They all operate from ±5V supplies and 
are ideal for the following applications: 

• Driving Flash Converters • Video Crosspoint Switches 
• Video Surveillance • Video Signal Multiplexing 

The amp behind the MAX455. 
The MAX452-A unique Video Amp: 

• Stable unity-gain bandwidth: 50MHz typ 
• Fast settling-time: 50ns 
• ±1V into 75 ohm load 
• Low differential phase & gain error 
• 20dB gain at bandwidth of 15MHz 
• Low input bias current: 10pA typ 

At the heart of every MAX453/4/5 is a video amplifier capable of driving ±1V into a 
75 ohm load directly. Packaged and sold separately as the MAX452, this amplifier is 
unity-gain stable and doesn't require any external frequency compensation components. 

All of Maxim’s unique video circuits are available in DIP and S.O. packages from a 
Maxim representative or distributor near you. 

For samples and datasheets simply call or write Maxim Integrated Products, 510 N. 
Pastoria Ave., Sunnyvale, CA. 94086, (408) 737-7600. And tell them you’d like to double 
your video bandwidth. 

ykiyjxiyki 
**100-up price, includes free (24 hr/ 150°C) burn-in 

Distributed by Anthem/Lionex, Bell/Graham, Hall-Mark, and Pioneer. Authorized Maxim Representatives: Alabama. (205) 830-4030; Arizona. (602) 860 2702; 
California. (408) 727-8753, (619) 278-8021 ; (714) 739-8891 ; Colorado, (303) 841-4888, Connecticut. (203) 775-0494; Florida, (305) 365-3283; Georgia. (404) 992-7240; Idaho. 
(503)620-1931; Illinois. (312)956-8240; Indiana. (317)849-4260; Iowa, (319)377-8275; Kansas, (316)838-0884; Maryland, (301)583-1360; Massachusetts. (617)449-7400; 
Minnesota. (612)944-8545; Missouri, (314)291-4777, (816)356-6340; Montana. (503)620-1931; New Hampshire. (617)449-7400; New Jersey. (609)933-2600; New Mexico, 
(505)884-2256; New York. (315)437-8343; North Carolina, (919)846-6888; Ohio, (216)659-9224, (513)278-0714, (614)895-1447; Oklahoma. (918)832-7747; Oregon. (503) 
620-1931 ; South Carolina. (704) 365-0547; Texas. (214) 386-4888, (512)451-2757, (713) 778-0392; Utah, (801) 266-9939; Virginia. (703) 255-5556; Washington. (206) 453-8881 
Wisconsin, (414) 476-2790. Canada. (416) 238-0366, (604) 439-1373, (613) 726-9562, (514) 337-7540. 

United Kingdom, Maxim UK Ltd., 0735-75255, Dialogue Distribution, Ltd., 0276-682001, Thame Components. Ltd., 084-421-4561, STC Electronic Services, 02-792-6777. 

Maxim is a registered trademark of Maxim Integrated Products. © 1987 Maxim Integrated Products. 
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ff featured technology 

Designing Effective Two-Tone Intermodulation 
Distortion Test Systems 

By Manfred Bartz 
Hewlett-Packard Company 

A firm grasp of the fundamentals of in¬ 
termodulation distortion (IMD) is key to 
designing receivers for distortion dynamic 
range. Of importance is their application 
to the design of two-tone intermod test 
systems for verification of receiver perfor¬ 
mance. Assuring the integrity of intermod 
measurements requires careful evaluation 
of the test system margins. A quantitative 
method for predicting system IMD perfor¬ 
mance is derived and techniques for ex¬ 
tending test system dynamic range are 
demonstrated. 

The transfer characteristic of nonlinear 
memoryless networks can be 

represented by a power series expanded 
about the operating point of the network 
as follows: 

Vo = a, + aiVin + a2Vln2 + a3Vin3 +. .. 
• ••+anV,nn (1) 

This expression can be derived analyti¬ 
cally or approximated by using empirical 
methods for obtaining the polynomial of 
best fit. The utility of the power series ex¬ 
pansion resides in establishing the rela¬ 
tionship between the network transfer 
characteristic and its predicted two-tone 
intermodulation performance. Setting the 
input stimulus Vin equal to two sine 
waves of different frequencies models the 
two-tone test condition as shown in equa¬ 
tion 2. 

Vin = V,cos (co,!) + V2cos (a>2t) (2) 

Distortion product terms occur at fre¬ 
quencies which are the sums and differ¬ 
ences of multiples of the original two-tone 
inputs. 

|±n f, ± m f2| n,m integer (3) 

These are depicted in Figure 1. The order 
of each distortion product is defined to be 
(n + m). 

Although higher order terms in the 

ORDER 

FREQUENCY 
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Figure 1. Second and Third Order Two-Tone Distortion Products. 

Figure 2. Distortion Dynamic Range Plot Depicting Intercept Points. 
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DISCOVER 
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POWER «H M ML ABILITY 

Now there is a one-stop source for all your RF needs — Richardson 
Electronics, Ltd. We are a franchised stocking distributor for the 
five most respected names in the industry — Acrian, Amperex/ 
Philips, Motorola, Thomson-CSF and TRW. Their products are on 
our shelves and can be in your circuits the next day. So stop the 
endless search! 

Richardson Electronics, Ltd. is your RF power source! 

40W267 Keslinger Rd. • LaFox • IL • 60147 • 800/323-1770 • 312/232-6400 • FAX: 312/232-1071 
• Telex: 283461 • EASTERN: 800/645-2322 • 800/221-0860 • SOUTHEASTERN: 800/348-5580 • 
NORTHEASTERN: 617/871-5162 • WESTERN: 800/348-5580 • CANADA: 800/387-2344 • 

EUROPE: (0522) 42631 • Other international inquiries contact the LaFox location. 
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+125C 

Figure 3. Determining System IMD For Amplifier Pair in Cascade. 

power series can contribute to the magni¬ 
tude of lower order distortion products, for 
small signal inputs the contribution be¬ 
comes negligible. Hence it can be shown 
that the second order intermod is genera¬ 
ted by the squared term in the power 
series and similarly the third order term. 
For small signals the product of their mag¬ 
nitudes tend toward zero. This is known 
as the rule of gradual nonlinearity. 
The coefficients of the distortion terms 

are products of the original amplitudes of 
the two test tones and are also of the 
same order as the corresponding fre¬ 
quency term. This means a 2-1 distortion 
product (third order) could have any third 
order combination of the original ampli¬ 
tudes, e.g. a,3, a23, 3,323 and 3223,. From 
this, one obtains the useful property for 
identifying the order of 3 particular distor¬ 
tion term during 3 measurement. If the 
amplitudes of both the two tones are 
dropped by 1 dB, then for 3 second order 
term the distortion will drop by 2 dB and 
the third order term will drop by 3 dB. 
Therefore, relative to the magnitudes of 
the original test tones, second order dis¬ 
tortion will drop 1 dB per dB and third 
order distortion will change 2 dB per dB. 
Assume a test tone pair is equal in sig¬ 

nal level. Then the relationship between 
second and third order IMD levels to in¬ 

put power level is given by the graph of 
output power per tone versus input power 
per tone in Figure 2. Since the distortion 
dynamic range is a function of absolute 
input power level, the concept of intercept 
point is an appropriate convention for ex¬ 
pressing distortion figure of merit in a 
receiver. The second and third order in¬ 
tercept points are the theoretical power 
levels at which the distortion products 
become as large as the fundamental 
power levels. These points are not directly 
measured but extrapolated, since most 
receiver components such as mixers and 
amplifiers exhibit practical operating limits 
with the onset of gain compression. 

For large input signal levels, the higher 
order terms in the power series expansion 
of the transfer characteristic become 
more significant and can interfere with the 
results. Hence a receiver should always 
be tested within its linear range. Inciden¬ 
tally, when generating IMD plots for com¬ 
ponents using the two tone approach, it 
is reasonable to plot the input power level 
as 6 dB above the signal level of each of 
the two tones. This follows because the 
distortion mechanisms result from peak 
voltage excursions. The peak envelope 
voltage of the two equi-level tones is 6 dB 
above each test tone, or 3 dB above the 
combined average power of the two tones. 

Some RF 
amplifiers are 
stable over 
temperature. 

1_ 
+ 125°C 

QBH-110 TO-8 AMPLIFIER 

FREQ 
MHz 

INPUT 
VSWR 

GAIN 
dB 

REV 
ISO-dB 

OUTPUT 
VSWR 

5 1.1:1 14.6 -37 1.0:1 

50 1.2:1 14.6 -37 1.1:1 

100 1 2:1 14.6 -37 1.1:1 

200 1.2:1 14.7 -35 1.1:1 

300 1.1:1 I 14.7 -34 1.1:1 

400 1.1:1 14.7 -32 1.1:1 

500 1.1:1 14.4 -31 1.2:1 

Power: 15VDC. 27mA 

Noise Figure: 

3.0 @500 MHz 

1 dB Comp: +1 

IMD3rds: +23dBm 

1 dBm @250 MHz 

more— 

or frequency-selective 
receiver under test 2575 Pacific Avenue, NE 

Palm Bay, FL 32905-2699 
(305) 727-1838 

Figure 4. Basic Two-Tone Test System. 
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ULTRA-MW SPEED 
SIGNAL PROCESSING 

ADC600 GIVES YOU 
UNMATCHED SPECTRAL PURITY, 
70MHz ANALOG BANDWIDTH, 

... AND NO PROBLEMS. 

ADC600 is an ultra-high speed, 12-
bit A/D converter. A two-step 
subranging conversion technique 
with digital error correction can 
digitize signals at rates up to 10 
million samples-per-second without 
sacrificing signal purity. It’s an 
excellent choice for radar, sonar, 
ultrasound, and image processing 
applications. You can also use it to 
make a great front-end for today’s 
advanced DSP designs. 

Complete, Easy-To-Use 

ADC600 requires only an external 
CONVERT command and power 
supplies to operate. No need for 

external parts. And it’s reliable, 100% 
performance tested, and already 
adopted for several major military 
programs. 

Key Specifications 

Resolution . 12 bits 
Sampling rate . 10MHz 
THD. -71dBc 
Input bandwidth . 70MHz 
Power dissipation . <10W 
Module area . 3.75" X 4,5" 

Ask For A Demonstration 

ADC600 is your best ultra-high 
speed signal processing solution. 
Find out for yourself. For a free 

INFO/CARD 37 

demonstration and/or complete 
performance, testing, and 
applications information, contact 
your Burr-Brown sales rep or 
Applications Engineering, 602/746-
1111. Burr-Brown Corp., P.O. Box 
11400, Tucson, AZ 85734. 

BURR-BROWN 

Improving Data Conversion Productivity 



Ro ARo (non-linear) 

Figure 5. Circuit Model of Combined Two-Source 
Intermodulation Effect. 

Calculating System IMD 
The concept of intercept point lends 

itself to evaluating the overall distortion 
performance of a system or cascade of 
blocks whose intercept points are known. 
The RF designer, who has analyzed or 
measured the intermod performance of 
the individual components or sub-blocks 
of a receiver, can determine the optimum 
block diagram configuration for achieving 
a specified dynamic range. This should 
be carried out in conjunction with a noise 

figure analysis to assure receiver sensitivi¬ 
ty. The technique can also be extended 
to quantify the integrity of the intermod 
distortion test system used to evaluate a 
receiver’s performance. 
Consider two IF amplifiers A and B in 

cascade shown in Figure 3. With mea¬ 
sured third order intercept points of IP3A 
and IP3B and gains GA and GB at the IF 
frequency, how do we determine the com¬ 
bined intercept point of the two amplifiers? 
There are many ways in which distortion 

Midband gain 
stability better 
than 0.2dB from 
-55°CTo +125°C 

-55°C 
QBH-110 TO-8 AMPLIFIER 

Output Pwr 

I FREQ 
I MHz 

INPUT 
VSWR 

GAIN 
dB 

I REV 
|ISO-dB 

OUTPUT 
VSWR 

5 1.2:1 15.4 -41 1.0:1 

I 50 1.0:1 14.9 -39 1.1:1 

100 1.0:1 14.8 -38 1.1:1 

200 I 1.0:1 I 14.7 -36 I I 1.1:1 

300 I 11:1 I 14.7 -33 I 1.1:1 

400 1.1:1 14.7 -32 1.1:1 

500 1.1:1 14.8 -31 1.1:1 

Power: 15VDC. 22mA IMD 3rds: +24dBm 

Noise Figure: 

2.5 @500 MHz 

1 dB Comp: +10 dBm @250 MHz 

more' 

Hâ/J Q‘bit Corporation 

2575 Pacific Avenue. NE 
Palm Bay. FL 32905-2699 

(305) 727-1838 

Figure 6. Complete Dynamic Range Plot with Noise Floor. 
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- SUPERSTAR-
CIRCUIT BUSTERS has released Version 3.0 of SuperStar. SuperStar is a powerful circuit simulation, tuning and 
optimization tool for the RF & microwave designer. 

• No special hardware requirements. SuperStar runs on virtually any IBM Personal Computer or compatible with 
256K, DOS 2.0+ and a parallel printer port. 

• Now supports the Hercules Monochrome Graphics card. 

• New internal editor. SideKick by Borland or other editor is no longer required. 

• Improved optimizer. Automatic adaptive and independent step sizes for each variable. 

• DOS commands and shelling from SuperStar. 

• Still fast, accurate and the easiest to use program in the industry. 

• Still only $595. By far the best value. Guaranteed! 

- FILTER-
CIRCUIT BUSTERS has released a new program for the design of LC filters. 

• Help and filter values appear on one easy to read screen. 

• Designs lowpass, highpass, bandpass, bandstop, elliptic lowpass and elliptic bandpass filters. A total of 13 different 
topologies. 

• Butterworth, Chebyshev, Bessel, Gaussian to 6 and 12 dB, Minimum phase with equal ripple error of .05 and .5 
degrees and Cauer-Chebyshev. 

• Synthesizes the Chebyshev and Cauer-Chebyshev functions so you aren’t restricted to tabulated values of ripple 
and Amin. 

• Read other lowpass prototype G values from disk files you write. 

• One of the 13 filter topologies is the elliptic minimum inductor bandpass filter. No other filter with an equal or 
fewer number of inductors has better selectivity. 

• Automatically writes SuperStar circuit files. 

• Only $595. SuperStar owners may purchase FILTER for only $295. 

FILTER may be used alone, but when used with SuperStar, a powerful and convenient environment is created for the design 
and customization of LC filters. 

EXPERIENCED ENGINEERS 
Contact CIRCUIT BUSTERS for a software toolbox to design SuperStar drivers like FILTER. 
The toolbox includes source code for an edge-coupled halfwave transmission line filter program including 
sample code for writing SuperStar files. Using this example, writing other application drivers for 
your company’s special needs is straightforward. 

For a free brochure with 
specifications, write or call: 

CIRCUIT BUSTERS, Inc. 
17 50 Mountain Glen 
Stone Mountain, GA 30087 
(404) 923-9999 

VISA MasterCard . 

In Europe, contact: 
Quadrant Communications LTD 
Wickham House 
10 Cleveland Way 
London El 4TR 
Telephone 01 790 2424 
Telex 24224 1 REF W61 11 ] 
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IN ANY 
ENVRONMDn 

Figure 7. Enhanced IMD Test System. 

products can add depending on whether 
their power levels are correlated and the 
nature of their phase relationship. These 
effects can result in a worst case scenario 
of direct voltage addition of products in-
phase or even complete cancellation. By 
assuming the products result from direct 
in-phase algebraic addition of voltage 
levels, the designer assures a worst case 
margin which is reasonably accurate in 
practice. 
Choosing a common reference plane 

between the two amplifiers, the intercept 
point for amplifier A must be referred to 
the output and the intercept point for 
amplifier B to its input. This normalization 
is performed by adding or subtracting the 
amplifier gain in dB from its respective in¬ 

tercept point in dBm. In addition, input 
and output power levels must be referred 
to the common reference plane. From the 
intermod plot it is evident that the inter-
mod products for third order IM can be 
computed in dB below the two-tone signal 
levels as follows: 
IM3 = Po - 2 (IP3 - Po) [dBm] (4a) 

Taking the antilog of (4a) yields the follow¬ 
ing equivalent expression: 
IM3 = PO3/IP32 [mW] (4b) 

Substituting V = (P0.R)% converts the ex¬ 
pression from units of power to units of 
Volts. 

VIM3 = 
{P^ 
IP3 

R1/2 [V] (5) 

RF Design 

Greenray Has Your 
Low Power OCXO’s 

Greenray announces a new line of compact OCXO’s for 
low power consumption applications. 
■ Frequency: 8 MHz to 16 MHz 
■ Input Voltage: +12 VDC 
■ Stability: ±1x10-« (-20°C to +60°C) 
■ External frequency adjustment to compensate for 10 years of aging 
■ Size: 2” x 2" x 2.5" 
■ Environmental: Vibration and shock to MIL-STD-202; 

Humidity — solder and “0” ring seal 
■ Output: CMOS, TTL, Sinewave or ECL 

Over 25 years of oscillator technology. 

(Greenray) 
Send for complete specifications. 

840 W. Church Road 
Mechanicsburg, PA 17055 
(71 7) 766-0223, TWX 51 0-650-4939 

INDUSTRIES, INC. 
ATechnicorpCo. 
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Make your 
system stable 
with: 
■ high reverse 

isolation 
■ low VSWR 
■ gain stability 

_ + 25°C _ 
QBH-110 TO-8 AMPLIFIER 

FREQ 
MHz 

INPUT 
VSWR 

GAIN 
dB 

REV 
ISO-dB 

OUTPUT 
VSWR 

5 1.0:1 14.8 -40 1.0:1 

50 1.1:1 14.8 -37 1.1:1 

100 1.1:1 14.8 -37 1.1:1 

200 1.1:1 14.7 -35 1.1:1 

300 1.0:1 14.7 -33 1.1:1 

400 1.0:1 148 -32 1.1:1 

500 1.0:1 14.9 -31 1.2:1 

Power: 15VDC, 25mA IMD3rds: +23dBm 

Noise Figure: 

2.5 @500 MHz 

1dB Comp: +11 dBm @250 MHz 

Q-bit Corporation 

2575 Pacific Avenue, NE 
Palm Bay, FL 32905-2699 

(305) 727-1838 
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Since we postulated that the intermod 
product voltages from each amplifier add 
algebraically, we find that: 

VIM3t = VIM3A + VIM3b [V] (6) 

Substituting previous equations and ap¬ 
plying (4b) results in the solution for the 
total intermod as 

VIP3t = 
1 1 

VIP3a * VIP3B_ [V] (7) 

In dB, this yields the following expression: 

IP3t = -10 Log [lO-'^0 + 1O’IP3»'10] 
[dBm] (8) 

In many measurement situations, not 
limited to narrowband receivers or I.F. 
subsystems, second order intermod be¬ 
comes equally important. An example 
would be a wideband receiver front end. 
By similar analysis it can be shown that 
linear and logarithmic results for second 
order combined intercept are given by the 
following equations. 

VIP2t “ (V¡P2^ + (VIP2B)'^ M (9)

IP2T = -20 Log [1O’IP2‘/1° + lO 2̂«720] 
[dBm] (10) 

As an example, suppose the combined 
third order intercept point is to be com¬ 
puted for two Motorola MSA amplifiers in 
cascade. The first amplifier is given to be 
an MSA-0204 with a gain of 17 dB and IP3 
of +15 dBm. The second, an MSA-0404 
has a gain of 8 dB and IP3 of +26 dBm. 
Both intercepts points are referred to the 
output. Choosing the reference plane to 
be between the two amplifiers, the output 
intercept point of the second amplifier, 
referred to its input by 8 dB of gain, yields 
a value of +18 dBm. Substituting these 
values into equation 5 yields a combined 
intercept of +13 dBm at the plane of 
reference or +12 dBm referred to the out¬ 
put of the cascade. 

IMD Test Systems 
The calculation for system IMD applies 

to evaluating the performance of inter¬ 
modulation distortion test systems as well. 
The most elementary block diagram of a 
two-tone test system depicted in Figure 4 
consists of two sources connected by a 
resistive combiner. Unless the device 
under test (DUT) itself is a receiver with 

frequency selective measurement capa¬ 
bility, the complete system requires a 
spectrum analyzer. Although each source 
generates a single tone, intermodulation 
occurs between the two sources because 
each source mutually modulates the non¬ 
linear output impedance of the other. This 
phenomenon is modeled in Figure 5. An 
effective intermod intercept point can be 
assigned to the sources at a given fre¬ 
quency or valid range of frequencies. If 
the two sources are of different model 
types, then the IMD contribution from 
each will be different as well. This can be 
measured for each source and computed 
with the previous expressions or simply 
measured for the two-source combination. 
Given that a certain IMD performance 

will be required of the receiver under test, 
how does one determine the required IMD 
margin for the two sources? Using the 
case of third order intermod as an exam¬ 
ple and equation (8), one can easily verify 
the following: Given that the test system 
has a system IP3 that is 10 dB higher than 
the DUT, the system can contribute a 
measurement error as large as ±2.5 dB. 
For 20 dB of test system margin, the un¬ 
certainty of the measurement is reduced 
to ±0.8 dB worst case. 

In the desdíganle ofhide-and-seek, 
Pascallhelps Tor nado win... 



If the DUT is not a frequency-selective 
receiver but rather a receiver sub-block 
or component, a spectrum analyzer be¬ 
comes necessary to measure the inter¬ 
modulation products. Again, the previous 
technique can be used to evaluate the test 
system intermod design margins to ac¬ 
count for the analyzer intercept. However, 
additional factors limiting the dynamic 
range of the measurement must be taken 
into consideration. 
Most spectrum analyzers have a front¬ 

end attenuator to assure the input signals 
fall within the linear range of the input 
mixer. If the front-end attenuator proves 
insufficient, an attenuator can be added 
to the test system block diagram. As pre¬ 
viously indicated in Figure 2, by increas¬ 
ing attenuation at the front-end of the 
analyzer, one can achieve an input signal 
level which will guarantee the needed 
distortion dynamic range in the analyzer. 
However, now the noise floor sensitivity 
of the analyzer comes into play. It is en¬ 
tirely possible to discover for the optimum 
levels chosen that the intermod products 
to be measured fall below the noise floor 
of the analyzer. Since the noise floor is 
bandwidth dependent, the true dynamic 
range of the analyzer can be computed 

Figure 8. Demonstration of attenuator isolation technique for reducing 
source intermodulation effects using HP3326A dual channel synthesizer 
and HP3585A spectrum analyzer. 

if the noise figure, intercept point and 
bandwidth of the analyzer are known. 
This is given by expression (11) and 
depicted on the dynamic range plot in 
Figure 6. 

Noise D.R. = 
Po - (174 - 10 Log BW - N.F.)[dB](11) 

In addition to adequate distortion inter¬ 
cept test margins and noise floor of the 
test instrumentation, the gain or insertion 
loss of the DUT must be taken into ac¬ 
count in choosing optimum test signal 
levels for the test system. These are the 
parameters the designer must consider in 
determining the measurement window for 

and in the competitive game of 
Log Amp price and delivery, 
Pascal! wins again. 
A range of IF amplifiers proven in use in the world's leading multi-role combat aircraft is assurance enough that they will meet 
the avionics industry's most demanding specifications. But here’s the really good news — your program needn’t suffer 
delivery problems any longer — Pascall IF log amps are available on 4-6 weeks delivery and at prices we guarantee you’ll 
be interested to hear about. 
Features 
■ Range of package styles available 
■ Covers centre frequencies from 30-850 MHz 
■ Linearities better than ± 0.5dB 
■ Temperature ranges from — 40°C to +85°C 
■ Now available with JANTX devices 
■ Evaluation models on short delivery 
If your next project calls for IF Log Amps be sure you 
call us first, we could take a load off your mind. 
In USA : Merrimac Industries Inc, 41 Fairfield Place, West Caldwell, New Jersey 07007. 
Tel: (201) 575 1300. Telex: 710 734 4314 
In France: Salies SA. Tel: (010 33) 1 69 20 40 10. Telex: 690287 F. 
In Germany: Serme RF Electronic GmbH. Tel: (010 49) 89 609 80 44. Telex: 523729 TWORF-D. 
In Italy: D.S.P.M. Telecommunicaaoru Srl. Tel: (010 39) 2 49 05 98 & 46 34 98. Telex: 335545 DSPMIL I. 
In Sweden: Sangus, Sandberg & Gustafsson. Tel: (010 46) 8 37 25 30. Telex: 11198 SANGUS S. 
In Japan: Sogo Electronics Inc. Tel: (010 81)3 309 54 42. Telex: 232 47 86. 

Rest of the World: 

Pascall Electronics Limited, Saxon House. Downside, Sunbury-on-Thames, 
Middlesex TW16 6RY England. Tel: (01) 979 0123, Tlx: 8814536 

Becatt IFLogAmps-
at the heart of Tornado's ECM 
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optimum results. 

Enhancing Test System Dynamic 
Range 

For applications demanding wide 
dynamic range, the design of high integri¬ 
ty test systems begins with the selection 
of low distortion sources and a wide 
dynamic range analyzer. In cases where 
the measurement application exceeds the 
capability of the best instruments or what 
is available, there are techniques for ex¬ 
tending dynamic range limitations of the 
test system. The block diagram of an 
enhanced IMD test system is shown in 
Figure 7. Most of these approaches center 
on increasing the isolation between the 
sources. The proper choice of combiner 
for the system can substantially increase 
the isolation while simultaneously reduc¬ 
ing its insertion loss. In Figure 4 the 
presumed combiner was resistive in 
nature providing impedance matching at 
all three ports. Such a combiner has the 
advantage of working at all frequencies 
down to DC. However, it has an insertion 
loss of 6 dB and the isolation it provides 
between the sources is minimal. 

For narrowband applications the use of 
a hybrid transformer can improve the 

isolation between the sources by as much 
as 20 dB or more with an insertion loss 
of 3 dB. The 20 dB of isolation translates 
direct improvement to the combined inter¬ 
cept performance of the two sources. 
There are a variety of hybrid transformers 
such as the zero degree hybrid or magic 
tee which can be tailored to the appli¬ 
cation. 
Another means for assuring the integri¬ 

ty of the test system is to insert lowpass 
or bandpass filtering in each arm of the 
sources. The purpose of these filters is to 
eliminate the possibility of interference 
from unwanted spurious or harmonic fre¬ 
quencies generated by the sources. At 
VHF or UHF frequencies the additional 
use of diplexors between the filter ele¬ 
ments is recommended to reduce the ef¬ 
fects of out-of-band impedance mismatch 
on IMD performance. When using filters 
in the audio range take caution in utiliz¬ 
ing iron core inductors. These can gener¬ 
ate distortion with the onset of core satura¬ 
tion because of the magnetic nonlineari¬ 
ty of their iron cores. 

Although these approaches can im¬ 
prove the test system, the tradeoff along 
with additional complexity includes more 
constraint on the frequency range of the 

test system. For narrowband IF testing this 
may not be a hindrance at all; however, 
in broadband receiver testing, in which 
many test points may be necessary 
across the band both for second and third 
order intermods, this may require several 
test configurations. 

Additional broadband isolation may be 
achieved from an inherent feature of many 
sources that have an output step at¬ 
tenuator in their block diagram. For lower 
signal levels which cover the majority of 
receiver related or amplifier testing, ad¬ 
ditional isolation is obtained from the out¬ 
put step attenuator itself. For this, the 
source block diagram must have the out¬ 
put step attenuator located between the 
output amplifier and the source output. 
One source particularly suitable for in¬ 

termod testing of receiver IFs and linear 
amplifiers to 13 MHz is the HP3326A dual 
channel synthesizer. It features indepen¬ 
dent frequency and amplitude control for 
each channel and has a switchable inter¬ 
nal combiner. This eliminates the need for 
two sources. The internal block diagram 
of each channel exemplifies the attenua¬ 
tor isolation technique. Although the inter-
mod specifications for IMD are quite re¬ 
spectable for full power output, these im-

■ High Guaranteed Performance 
■ Competitively Priced 
■ Custom Designs Available 

Choose from more than 20 standard models of High Dynamic Range 
RF Amplifiers. Here's just a partial list: 

68 

Design & Manufacture 
of Quality Electronic Equipment 
Since 1969 

Model Frequency Gain N.F. 3rdl.R 
PF841 2-32 MHz 16.0 dB 6.0 dB +47 dBm 
PF865 20-400 16.5 8.0 + 35 
PF749-1 146-174 16.5 4.5 + 35 
PF829 406-512 16.5 4.5 + 38 
PF797A 800-960 19.5 5.0 + 35 
PF833 806-920 26.5 2.8 + 34 
PF845 890-915 18.0 2.0 + 35 
PF849F 825-851 16.0 1.0 + 20 

Also available: more than 30 models of standard power dividers. 

Call or write today for a free catalog! 
(503) 757-1134 - FAX: (503) 757-7415 

JANEL LABORATORIES, INC. 
33890 Eastgate Circle ■ Corvallis, OR 97333 
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prove directly for increasingly lower output 
signal levels with each step attenuator 
range in each channel. With an output 
level of 17.96 dBm at 455 kHz the IMD is 
80 dB. At the first step attenuator range 
the output is 7.96 dBm and thereby pro¬ 
vides 20 dB additional isolation between 
the channels. This results in a 20 dB im¬ 
provement in third order intermod. 
Because of its wide dynamic range for 

both distortion and noise, the HP3585 is 
an appropriate companion to the HP3326A 
for IMD test systems in this frequency 
range. The plots of a two-tone test mea¬ 
sured with the HP3585A spectrum analy¬ 
zer for a 10.7 MHz IF are shown in Figure 
8. With signal levels generated by the 
HP3326A at both full power and at the first 
attenuator setting Figure 8 demonstrates 
the marked improvement that attenuator 
isolation can provide in lower signal level 
applications. 
Through application of the previous 

techniques, it is often possible to achieve 
intermod performance from the sources 
which yield intermod products well below 
the IMD performance of the DUT. This is 
desirable for signals applied to the input 
of the DUT, but often the IMD products 
generated by the DUT still exceed the 

dynamic range of the analyzer. In this 
case the use of over driving techniques 
are warranted. By raising the signal levels 
at the DUT sufficiently, such that the 
distortion is dominantly generated by the 
DUT, the intermod products can be pro¬ 
minently measured by the analyzer. Using 
the dynamic range plot, the actual inter-
mod dynamic range is extrapolated below 
the noise floor from the data points. The 
guiding constraint in using this approach 
is to ensure that the input signal levels are 
well within the linear range of the DUT. 
Keeping in mind that for large level input 
signals, higher order terms can contribute 
to the second and third order results. 

In summary, the proper application of 
intermod fundamentals is the key to good 
receiver design. Moreover, the measure¬ 
ment integrity of the test system used to 
verify receiver performance must be even 
better and should allow sufficient test 
margins. The extension of the concept of 
intercept point to include systems yields 
a quantifiable approach to determining a 
figure of merit for evaluating intermod 
distortion test systems. This methodology 
allows one to calculate those margins with 
confidence because the derivation is 
based on worst case assumptions. H) 
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HIGH POWERED! 

Fixed Attenuators 1-5-10-30-50-100 watt 
50F-XXX-N 1 watt DC-2GHZ 
50FH-XXX-5-N 5 watt DC-2GHZ 
50FH-XXX-10-N 10 watt DC-2GHZ 
50FH-XXX-30-N 30 Watt DC-2GHZ 
50FH-XXX-50-N 50 watt DC-2GHZ 
50FH-XXX-I00-N 100 watt DC-lGHz 

XXX -insert attenuation value 1-3OdB 
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New Products Featured at 
RF Expo East 
Hewlett-Packard Chooses Boston to Unveil 
Spectrum/Network Analyzer in the U.S. 

The HP 4195A network/spectrum analy¬ 
zer is an instrument that provides vector 
network and spectrum measurements in 
one unit with a frequency range of 10 Hz 
to 500 MHz. It has an amplitude/phase 
accuracy of ±0.5 dB/±0.3 degrees for net¬ 
work measurements and greater than 70 
dB dynamic range for spectrum measure¬ 
ments. Direct impedance measurements 
can be obtained using an optional im¬ 
pedance test set. 
The instrument displays data in rectan¬ 

gular, tabular, Smith and polar display for¬ 
mats. It has a built-in 3.5 inch flexible disk 
drive for storing and retrieving control set¬ 
tings, measurement data, program-points 
table (for sweeps) and user programs. The 
4195 can be customized to perform speci¬ 
fic tasks with user defined functions and 
programs to improve efficiency. 

For network measurements, standard 
HP accessories or user selected reflec-
tion/transmission test sets can be used to 
perform gain, phase, group delay, and 
reflection coefficient measurements. Its 
four input ports can perform spectrum 
measurements, allowing for multiple con¬ 
nections to a device without moving a test 
probe. 
The HP 4195A network/spectrum ana¬ 

lyzer is $23,000. A high stability, 
frequency-reference oscillator option for 
improved frequency-source stability is 
$850. 
Also from HP is the HP 8904A multi¬ 

function synthesizer generates complex 

signals from a single chip. It can be used 
as a function generator,a stimulus for 
audio circuits, or as a modulation source 
for VOR, ILS, FM stereo and communica¬ 
tions signalling. Hewlett-Packard Com¬ 
pany, Palo Alto, CA. INFO/CARD #174. 

10 Hz to 12.4 GHz Counter 
XL Microwave 
The Model 3120 is a microwave counter 

that has a range of 10 Hz to 12.4 GHz with 
an acquisition time of less than 50 ms. 
Sensitivity is measured at -30 dBm. The 
instrument runs on either AC or DC and 

the price is $3300. XL Microwave, Oak¬ 
land, CA. INFO/CARD #173. 

DMOS Amplifier 
Linear Technology 

LTI introduces the LB951 DMOS mono¬ 
lithic silicon RF amplifier. The specifica¬ 
tions include a bandwidth of 10-200 MHz 
and 3rd order intercept of +34 dBm at 100 
MHz. VSWR is less than 2:1 and S,2 is 
less than -30 dB. The devices are pack¬ 
aged in either TO5 or plastic stripline 
packaging. Linear Technology, Inc., Bur¬ 
lington, Ontario, Canada. Please circle 
INFO/CARD #172. 

900 MHz Power Module 
Motorola Semiconductor 
The MHW803 is a 2 W, 900 MHz power 

module for portable cellular radios. Also 
being introduced is the 2N6985 28 V, 125 
W, 400 MHz and the 2N6986 28 V, 100 
W, 500 MHz hermetic transistors. Motor¬ 
ola Semiconductor Products Sector, 
Phoenix, AZ. INFO/CARD #171. 

Broadband Power Amplifier 
Instruments for Industry 
The Model M5580 is a 10 kHz to 1.0 

GHz amplifier with 75 W of output. The 
frequency range is broken down into two 
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bands with the first being from 10 kHz to 
500 MHz and the being from 500 MHz to 
1.0 GHz. Instruments for Industry, Inc., 
Ronkonkoma, NY. INFO/CARD #170. 

Hi-Rel RF Amplifier 
Aydin Vector Division 
The MHT-212 Series hybrid amplifier 

has a power output of 7 dBm with a band¬ 
width of 5 to 200 MHz. It is hermetically 
sealed in a 4-pin TO-8 package for direct 
insertion into microstrip boards. The typi¬ 
cal gain is 22 dB and a reverse isolation 
of 25 dB is provided. It operates from a 
+15 VDC source at 25 mA. 

Trimmer Capacitors 
from HF through 

Microwave. 

Sprague-Goodman 
has ’em all. 

If you’re looking for quality, variety, and easy 
availability, call (516) 746-1385 today. 

SPRPGUE 
Goooman 

The MHT-507 is essentially the same 
but with a gain of 14 dB, reverse isolation 
of 17 dB and requires a +5 VDC source 
at 7 mA. Aydin Vector Division, New¬ 
town, PA. INFO/CARD #169. 

The First and Last Name in Trimmer Capacitors 
Sprague-Goodman Electronics. Inc./ An Affiliate of the Sprague Electric Company 

134 Fulton Avenue, Garden City Park, NY 11040-5395/516-746-1385/TWX: 510-600-2415/TLX: 14-4533 
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CONTINUOUS CREATIVITY. .. 

G lasteel Industrial Laminates 
Make a World of Difference 

Glasteel, the leader in contin-
_-<uous lamination technology. 
Manufacturers of high quality, 

>w cost electrical grade copper clad 

Glasteel industrial Laminates’* 
■ _ , 

For samples and information contact: 
Dave Barrell, National Sales/Marketing Manager 

(81 8) 357-3321 or write Glasteel Industrial Laminates, 
P.O. Box 217 -1727 Buena Vista St., Duarte, CA 91010 
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Frequency 
Synthesis 

VDS-3000 
DIRECT DIGITAL 

Frequency Synthesizer 

• off-the-shelf standard 
board (VME or Cambion) 

• DC-32MHzin <70mHz steps 
• 70 NANOsecond 
switching speed, 
phase-continuous 

• phase noise <-110dBc/Hz 
at 1kHz offset 

• <-45dBc spurious 
• phase rotation in 1.4° 
steps 

SMT Power Dividers 
Synergy Microwave 
Synergy introduces the SPD and SPD-

C Series of hybrid surface mounted power 
dividers/combiners. The devices cover the 
.01 to 100 MHz, 1 to 500 MHz, 500 to 1500 
MHz, 700 to 1000 MHz, and the 850 to 
960 MHz range. 
The SMF Series RF surface mounted 

filters are available in military and com¬ 
mercial versions. They are offered in low 
and high pass configurations at frequen¬ 
cies up to 500 MHz. Synergy Microwave 
Corp., Paterson, NJ. INFO/CARD #168. 

Moderate Cost Signal Generator 
Rohde & Schwarz-Polarad 
The Model SMG has a constant resolu¬ 

tion of 1 Hz over the 0.1 to 1000 MHz 
range. Broadband phase noise is less 
than -140 dBc at 100 MHz and spurious 
FM is below 2 Hz at 100 MHz. The instru¬ 

Color Monitor for Spectrum 
Analyzer 
Marconi Instruments 

Marconi introduces a color monitor op¬ 
tion for its Model 2382 spectrum analyzer. 
The high resolution CRT has a 0.3 mm dot 

A high-performance digital synthesizer 
card for the OEM; simple to interface 
and exploit. Upconversions cover 
any 25MHz as high as 1GHz, with 
all the advantages of the baseband 
product. Custom versions as small as 
twenty square inches. 

ment stores up to 40 panel setups for fast 
recall. IEEE 488 interface is standard. It 
is priced at $10,500. Rohde & Schwarz-
Polarad, Lanham, MD. INFO/CARD #167. 

MiCAD II 
EEsof 
MiCAD II is a computer aided design 

and layout program used to create draw¬ 

pitch. The spectrum analyzer covers 100 
Hz to 400 MHz and features an integral 
tracking generator, automatic calibration, 
and built-in intelligence to solve measure¬ 
ment problems. Marconi Instruments, 
Allendale, NJ. INFO/CARD #165. 

Digital Synthesizer/ 
Phase Generator 
Sciteq Electronics 

Sciteq’s VDS-3 direct digital synthesizer 
covers DC to 3 MHz in one mHz steps. 
It is available with an internal phase con¬ 
trol accessory that permits remote con¬ 
trolled phase rotation/modulation. With 
this option, phase can be rotated in steps 
of 0.36 degrees over ±360 degrees. BPSK 

• ATE • NMR • RADAR 
• EW, ECM • NAV 
• COMM (especially HF) 

.. .and more. 

Another task-specific synthesizer 
for the OEM . .. 

and QPSK are fully supported. The VDS-3 
is priced at $1995. Phase modulation and 
GPIB are $500 options. Sciteq Electron¬ 
ics, Inc., San Diego, CA. Please circle 
INFO/CARD #164. 

Small Coax Terminations 
EMC Technology 
SMA coaxial terminations that dissipate 

up to 100 W and have dimensions of 0.5” 
X 1.0” are available from EMC Technology. 

SCITEQ Electronics, Inc. 
8401 Aero Drive 

San Diego, California 92123 
(619) 292-0500 Telex: 882008 
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ings and generate artwork for microwave 
ICs. EEsof, Inc., Westlake Village, CA. 
INFO/CARD #166. 
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Maximum VSWR is measured at 1.5 from 
DC through 5 GHz. Impedance is 50 
ohms nominal. In ten piece quantities, the 
4180 is priced at $100 each. EMC Techno¬ 
logy, Inc., Cherry Hill, NJ. Please circle 
INFO/CARD #163. 

Matching Network Synthesis 
Program 
Spefco Software 
CIAO’s synthesis option allows the de¬ 

sign of lumped, distributed, mixed lumped 
distributed, lossless or lossy matching 
networks and filters between real or com¬ 
plex sources and loads over an arbitrary 
frequency range and with an arbitrary 
gain shape. Spefco Software, Stony 
Brook, NY. INFO/CARD #162. 

Thick Film Resistors 
JFW Industries 
These resistors provide good RF prop¬ 

erties up to 12 GHz. The use of thick film 
allows maximum film temperature up to 
250 degrees C without significant resis¬ 
tance value change. JFW Industries, In¬ 
dianapolis, IN. INFO/CARD #161. 

SAW Spectrum Analyzer 
Phonon Corporation 
The AS 160-10-100 (C) MC is a SAW 

spectrum analyzer with a bandwidth of 10 
MHz and resolution of 16 kHz. A high per¬ 
formance model with time sidelobe sup¬ 
pression greater than 40 dB is available. 
Phonon Corporation, Simsbury, CT. 
INFO/CARD #160. 

RF/Microwave Test Equipment 
Eaton Corp. 

Eaton will be showing RF and micro¬ 
wave test and measurement equipment 
including EMI/EMS test instrumentation 
and systems, noise figure instrumenta¬ 
tion, frequency synthesizers, spectrum 
analyzers, broadband/power amplifiers 
and AC instrumentation. Eaton Corpora¬ 
tion, Los Angeles, CA. Please circle 
INFO/CARD #159. 

RF Capacitors 
Polyflon Company 
These capacitors feature compact and 

rugged PTFE construction with Q >5000. 
The capacitance range is 0.1 to 2000 pF. 
Polyflon Company, New Rochelle, NY. 
INFO/CARD #158. 

Phase Locked Signal Source 
Communication Techniques 
Series-XPDRO is a dielectrically stabil¬ 

ized phase-locked signal source that uses 
a dual loop configuration to lock the out¬ 
put frequency to either a 5 or 10 MHz ex¬ 
ternal reference. Power output is +15 

dBm. Communication Techniques, Inc., 
Whippany, NJ. INFO/CARD #156. 

DIP VCXO 
Vectron Laboratories 
The VCXO Series CO-434V is designed 

for phase locking applications. It provides 
ECL compatible output to any specified 
frequency from 8 MHz through 200 MHz. 
Vectron Laboratories, Inc., Norwalk, CT. 
INFO/CARD #157. 

Highly Reliable 
Miniature Clock Oscillators 
We offer microcircuit LCC, 

DIP, TO-8 and TO-5 packages 
fully tested to MIL-0-55310 
specifications. 
Custom design capability 

provides a wider range of con¬ 
figurations and performance 
characteristics from which to 

ification or Aerospace High 
Reliability performance. When 
you consider oscillators select 
experience—McCoy Electron¬ 
ics Company. For catalog or 
additional information write: 
McCoy Electronics Company, 
100 Watts Street, P.O. Box B, 

choose. 
McCoy maintains a complete 

in house thick film hybrid and 
crystal manufacturing oper¬ 
ation, along with all of the 
necessary environmental test 
equipment to furnish MIL spec-

Mt. Holly Springs, PA 17065. 
Or call: (717) 486-3411; TWX 
510-650-3548. 

ELECTRONICS COMPANY 
a subsidiary of OAK Technology Inc. 
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Kiss ’em 



Touchstone RF 
gets you out of the lab— 

to make the most of your talent, 
boost your productivity 

Touchstone/RF is the most advanced program there is for 
computer-aided RF design. You use it in your own office, 
on your own PC. 

It's much like EEsofs regular Touchstone’”- the 
microwave industry's standard of CAE. But we have 
adapted Touchstone/RF specially for your RF design needs. 

First, we've eliminated expensive microwave models 
that are unnecessary for even complex RF circuit designs. 
So Touchstone/RF is less than half the price of Touchstone. 

Just as important, we've added some things 
specifically for the RF engineer. With Touchstone/RF 
you have everything you need for circuit design, 
simulation and analysis: 

■ toroidal transformers 
■ lumped elements 
■ transformers 
■ ferrite core inductors 
■ ideal transmission lines 
■ device models 
■ g-, h-, y-, z- and s-parameters 

...and much more. 

You build your circuit with Touchstone/RE predict 
performance, tune, change elements and retune, 
optimize. All, with just a few keystrokes. 
In short, you perfect your circuit - right at your own desk. 
Quickly, easily, accurately. 

Touchstone frees you from the lab, from the 
breadboard-bashing and component-crunching that can 
sap so much of your time and talent. With Touchstone/RF, 
you’ll work on elegant, completed, well-running circuits. 
You won't spend your time tweaking trash. 
Think what this new freedom will do for your output, 
for your engineering creativity! 

One look at Touchstone/RF 
will convince you. Call or write EEsof 
and we'll prove it. 
A Touchstone analysis oí an active triplexer circuit 

with sampled output 

B Insertion loss and return loss of crystal filter 
analyzed over its narrow pass band 

C Schematic diagram of the active triplexer 
analyzed above 

D A log axis can be used for displaying very broad 
frequency ranges This feed back amplifier 
operates over nearly a decade bandwidth 

INFO/CARD 48 
Come see us at RF Expo/East. Booths #103, 105 & 107. 
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MIL-C-39012 \ QPL 
SMA, SMB, and SMC CONNECTORS from AEP 
MIL qualification doesn’t guarantee that the connec¬ 
tors you need will arrive on time, or work when you 
get them. And the MIL specs change so much, some¬ 
times it's hard to know what you're going to get. 

What you see is what you get. 
Call or write for our QPL brochure. It's the only 
literature currently available which shows the 
important changes mandated by Amendment 2 of MIL-
C-39012, including economical silver-plated SMB and 
SMC connectors. 

Connectors that work. 
Our production standards exceed MIL-C-39012 require¬ 
ments. 11% of our workforce is in quality control to 
make sure these standards are met. Need proof? We 
have shipped 144,000 cable assemblies (with AEP 
SMB connectors) for the ARC-164 military radio — 
NO REJECTIONS. We've also shipped almost 
150,000 SMA and SMB connectors to a major radio 
manufacturer — NO REJECTIONS. 

Connectors when you need them. 
All of our QPL connectors are available through our 
distributors. If they're out of stock or you need large 
quantities, we can deliver any QPL item in twelve 
weeks maximum, with many items available in six 
weeks. 

Contact your local AEP Distributor and get MIL 
qualified connectors that work, when and where you 
need them. 

Restart 
Electronics 
Copiague, NY 
516-842-1500 

Microwave 
Distributors 
Commack, NY 
516-543-4771 

Denver Beta 
Wintronics 
Arvada, CO 
303-431-7161 

C.H.P.S. 
Fairfield, NJ 
201-882-0997 

Anixter/Colonial 1 
Wire & Cable 1 
Lowell, MA ! 
617-459-6400 

Resco/ ! 
Washington 1 
Beltsville, MD I 
301-937-9100 ■ 

California ‘ 
Microsystems Í 
Simi Valley, CA f 
805-522-9977 

Pyttronic Industries 
Montgomeryville, PA 
215-643-2850 

Electronic 
Resources 
Sunnyvale, CA 
408-745-1420 

Southeastern 
Electronics 
Ft. Lauderdale, FL 
305-563-4131 

Spirit Electronics 
Scottsdale, AZ 
602-998-1533 

Export Department 
TELEX 963487 / FAX 203/287-8099 

Applied Engineering Products 
1475 Whalley Avenue 
New Haven, CT 06525 
(203) 387-5282 Fax. 203/387-7832 

See us at RF Expo/East, Booth #357. 
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CONNECTORS 
AND MORE 
FROM AEP 

SMA, SMB, and SMC 
Connectors: 
• Hundreds of varieties 
• Choice of body finishes 

SMS Series: 
• Slide-on version of 
SMB 

• Float mounts, closed-
entry hoods available 

7000 Series: 
• Microminiature size 
• Rugged and reliable 
• Snap-on mating 

75 ohm Connectors: 
• Screw-on or snap-on 
• Similar to SMB and 
SMC 

Precision Type N Plugs: 
• For .141 semi-rigid 
• One-step assembly 
• VSWR< 1.20:1 to 18 
GHz. 

Cable Terminations: 
• Bulkhead and PCB 
mount 

Adapters: 
• Within and between 

series 

Flexible and Semi-Rigid 
Cable Assemblies: 
• Standard and custom 

assemblies to meet your 
specifications 

Glass to Metal 
Hermetic Seals: 
• For RF and Microwave 
• Standard and custom 

Call or write for full 
line catalogue. 

APPLIED 
ENGINEERING 

PRODUCTS 
1475 Whalley Avenue. 
New Haven, CT 06525 

(203) 387-5282 Fax. 203/387-7832 

Voltage Controlled Limiting 
Amplifier 
Watkins-Johnson 
The WJ-VCLA7 is a 50 to 500 MHz volt¬ 

age controlled limiting amplifier in a TO-8 
package. The output power limiting 
threshold can be varied by changing the 
control voltage. The WJ-VCLA17 is a simi¬ 
lar device with a frequency range of 10 to 
1000 MHz. 

Anti-aliasing Lowpass Filters 
TTE 
A line of subminiature anti-aliasing fil¬ 

ters with a dynamic range greater than 80 
dB has been announced by TTE. The fre¬ 

The MST201 is a single pole, double 
throw GaAs switch that covers DC to 5 
GHz with insertion loss better than 1.8 dB 
and switching speed of 3 ns. It is hermet¬ 
ically sealed in a TO-5 package. Watkins-
Johnson Company, Palo Alto, CA. 
INFO/CARD #155. 

Hybrid TCXO 
Reeves-Hoffman Division 

Hybrid TCXOs are being introduced by 
Reeves-Hoffman. One has a center fre¬ 
quency of 10 MHz with stability of ±1 ppm 
and comes in a flatpack. The other has 
a center frequency of 4 to 100 MHz with 
the same stability and is packaged as a 
24-pin DIP. Reeves-Hoffman Division, 
Carlisle, PA. INFO/CARD #154. 

High Power Noise Source 
Noise Com 

Noise Com introduces a noise source 
that produces 50 W of white Gaussian 
noise from 10 to 175 MHz. The NC 9800 

has a VSWR of 2:1 and is priced at $3900. 
Noise Com, Inc., Hackensack, NJ. 
INFO/CARD #153. 

RF Power Meter 
Bird Electronic Corp. 
The Model 4420 digital directional RF 

power meter measures forward/reflected 
power in watts or dBm. It measures up to 
1 GHz with power levels up to 1 kW. Bird 
Electronic Corp., Cleveland, OH. Please 
circle INFO/CARD #152. 

Come see us at RF Expo/East, Booth #357. 
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quency range is from 10 kHz to 20 MHz. 
These filters cost $130 in single quantities. 
TTE, Inc., Los Angeles, CA. Please cir¬ 
cle INFO/CARD #151. 

Frequency Agile Filters 
K & L Microwave 
The Model 4HF-X225/X400-T/T frequen¬ 

cy agile (hopping) filter utilizes 4 resonant 
sections and has a half dB bandwidth of 
10 MHz with a typical 35 dB bandwidth 
of ±22 MHz. It measures 1.5” x 6” x 6”. 

Also from K & L is the Model 100 2x16 
switch matrix that is suited for general 
purpose switching and actuation of exter¬ 
nal devices from DC to 50 MHz. 
A 6 band selectable channel multiplex¬ 

er with a frequency range of 850 to 1450 
MHz will be show. The switching speed 
for the multiplexer is measured at 80 ns. 
K & L Microwave, Inc, Salisbury, MD. 
INFO/CARD #150. 

Linear Hybrid Amplifier 
TRW RF Devices 
The Model CA2885 and CA2885H 

linear hybrid amplifier has a bandwidth of 
40 MHz to 500 MHz with a gain of 18.5 
dB. At the 1 dB compression point, the 
power output is 2 W. The bandwidth for 
the CA2838 and CA2838H is 100 kHz to 
325 MHz and the output at the 1 dB com¬ 
pression is 900 mW. 

Also being introduced is a Class A UHF 
power amplifier (PAA-0810-40-50LAC) with 
40 dB gain and 50 W output. The band¬ 
width ranges from 800 MHz to 1000 MHz 
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protects it against pulling, crushing and 
abrasion. Huber + Suhner, Inc., Woburn, 
MA. INFO/CARD #148. 

A RESOURCE IN 
RF TECHNOLOGY 
EPSCO’s RF Division represents 
a resource in RF technology 
that engineers like yourself 
should know about. 

From power amplifier mod¬ 
ules to HPA’s and other sub¬ 
systems, EPSCO’s in-house 
capabilities primarily exploit 
discrete silicon FETs and bipo¬ 
lar devices in non-MIC circuits. 
For any RF power requirement 
our experienced design teams 
have every available design 
assist that today’s technology 
has to offer. 

while the noise figure is measured at 8 dB. 
RF amplifier modules with power out¬ 

puts from 300 mW to 4 W and 14 dB to 
36 dB gain will be unveiled. Five band¬ 
widths ranging from 200 MHz to 990 MHz 
over a frequency range of 1 MHz to 1 GHz 
are available. TRW RF Devices, Lawn¬ 
dale, CA. INFO/CARD #149. 

Microwave Cable Assembly 
Huber + Suhner 
The Huber + Suhner Sucoflex is a 

cable assemble compatible to HP 8510 
network analyzers. The assembly em¬ 
ploys a flexible tube of stainless steel that 

Oscillator with good Spectral Purity 
Frequency and Time Systems 
The FTS 1000B oscillator has a SSB 

phase noise of -147 dBc at 100 Hz and 
-160 dBc at 10000 Hz. The standard 
FTS1000B at 5 MHz with 4 outputs is 
priced at $2250. Frequency and Time 
Systems, Inc., Beverly, MA. Please cir¬ 
cle INFO/CARD #147. 

DPDT Relay 
FL Jennings 
A DPDT relay for applications to 3.2 

In RF modules 
our concentra 
tion is in the 
frequency 
range of 
1 MHz to 
3 GHz with 
output power up to 100 watts. 
HPA standard models have 
output power levels up to 1000 
watts at frequencies from 1 MHz 
to 1000 MHz and power levels 
up to 10 KW in custom designs. 

CALL EPSCO EARLY 
For more information and a 

discussion of your particular RF 
requirements, contact EPSCO, 
RF Division, 31355 Agoura 
Road, Westlake Village, CA 
91361. (818) 889-5200. Telex: 
18-3378. 

Custom Filters 
1 MHz—26 GHz/LC-Coaxial-Waveguide 
Don’t call us unless: 

• Your need is STRANGE 
• You need a quote now (within 24 hours) 
• You need it on your schedule 
• You need only one (or many) 

STRANGE filter types: 
• Highpass • Bandpass •Multiplexers 
• Lowpass • Bandstop »Networks 

STRANGE applications: 
Aerospace, Radar, Broadcast, LAN, Satellite Com¬ 
munications, Cable Television, RF Communications. 

Call or write for a quote or our free capability brochure. 
Reps wanted - ask Emily Bostick for details. 

1-800-448-1666 
Call Collect in NY/AK/HI/CAN: 315-437-3953 

INFO/CARD 51 
¡orne see us at RF Expo/East, Booths #114 & 116. 
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GHz is being introduced. It requires a 
.100” grid space pattern and does not 
need spreader pads. Depending on quan¬ 
tity, the price ranges from $63 to $20. FL 
Jennings, San Jose, CA. Please circle 
INFO/CARD #219. 

Portable Spectrum Analyzer 
Avcom of Virginia 
The PSA-35AD portable spectrum ana¬ 

lyzer with wideband FM audio demodula¬ 
tor is designed for analysis of wideband 
satellite communication signals. It offers 
frequency coverage of 10 to 1750 MHz 
and 3.7 to 4.2 GHz. It has a standard fre¬ 
quency band calibrated from 1250 to 1750 

Broadband Amplifiers 
Amplifier Research 
Models 25W1000M7 and 10W1000M7 

cover from 100 to 1000 MHz and deliver 
25 W and 10 W respectively. Both models 

MHz to cover European BCD frequencies. 
The price with FM demodulator is $2415. 
Without the FM demodulator it is priced 
at $1965. Avcom of Virginia, Inc., Rich¬ 
mond, Va. INFO/CARD #217. 

Microwave Harmonica 
Compact Software 
Harmonica performs analysis and op¬ 

timization of non-linear analog circuits 
under single or multitone excitations. 
Super Spice is a non-linear program 

based on 2G3 SPICE that provides a 
large library of components. In addition to 
the standard elements, GaAs FET model¬ 
ling is possible. 
TRL Design Kit includes the synthesis 

and analysis of transmission line para¬ 
meters for stripline, microstrip, coax, rec¬ 
tangular and ridge waveguide. 

Coupler Design Kit provides electrical 
and dimensional synthesis of Lange 
couplers, edge-coupled stripline and 
microstrip couplers, and multihole topwall 
couplers in rectangular waveguide. 

Sonata is a CAD package for synthesis 
and design of microwave oscillators. The 
program determines the best solution and 
provides, among other things, a compo¬ 
nent list. Compact Software, Inc., Pater¬ 
son, NJ. INFO/CARD #211. 

SAW Oscillators 
RF Monolithics 
A companion receiver for the previously 

announced microtransmitter is being un¬ 
veiled. Also to be shown will be SAW oscil¬ 
lators for applications up to 1.5 GHz. RF 
Monolithics, Inc, Dallas, TX. Please cir¬ 
cle INFO/CARD #207. 

offer instantly available bandwidth for 
sweep testing. Amplifier Research, 
Souderton, PA. INFO/CARD #142. 

UHF ISOFETs 
Acrian 
The UMIL20FT and UMIL40FT are 

UHF ISOFETs for use in the 225 to 400 
MHz range. They exhibit 20 and 40 W of 
output respectively. Acrian, Inc., San 
Jose, CA. INFO/CARD #141. 

GaAs FETs 
California Eastern Labs 
The NE345L-10B and NE345L-20B are 

GaAs FETs with the 1 dB compression 
point output at 40 dBm and 43 dBm, re¬ 
spectively. The 10B has a gain of 9 dB at 
2.3 GHz while the 20B has a gain of 10 
dB at 1.6 GHz. 
A heterojunction GaAs FET (NE20383A) 

with a 13 dBm power output at the 1 dB 
compression point is being unveiled. The 
gain is 10 dB and the noise figure is 1.25 
dB. California Eastern Laboratories, 
Inc., Santa Clara, CA. INFO/CARD #140. 

Beam Lead GaAs Tuning Varactors 
M/A-COM 
These beam lead GaAs hyperabrupt 

tuning varactors feature constant gamma. 
The high Q values and the elimination of 
package parasitics make them useful for 
broadband VCO's that require linear fre¬ 
quency tuning. 
The MA4GPXXX family of GaAs beam 

lead PIN diodes offer improved microwave 
characteristics for switching applications. 
The high carrier mobility of GaAs results 
in low series resistance and fast switch¬ 
ing. They may be switched directly using 
TTL signals. 
The M/A 4GMJ01 voltage variable ab¬ 

sorptive attenuator is optimized for opera¬ 
tion in the DC to 2 GHz range. The inser¬ 
tion loss is typically 1.3 dB with the at-

Frequency 
Synthesis 

VDS-3125 
BROADBAND 

DDS 
• DC to 110MHz, <1Hz steps 
• <150 nanosecond speed 
• Built-in digital switch 
• Standard VME format 

A fast, broadband, high-resolution, 
direct- digital synthesizer that accepts a 
standard 10MHz input and produces 
DC-llOMHz in <lHz steps, plus two 
fixed-frequency outputs at 250MHz and 
500MHz. Easy to upconvert (simple 
translation to 540-600MHz is onboard). 

• VME, ATE, MSK, HF, VHF, 
and many other acronyms 

• Upconversion 
• Doppler simulation 
• Navigation systems 
• Core of fast-switching 
microwave systems 

• Spectroscopy 

San Diego, California 92123 
(619) 292-0500 Telex: 882008 

RF Design 
INFO/CARD 53 

See us at RF Expo/East, Booth #456. 
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Giga-Trim 
By 

Giga-Trim®(gigahertz trimmers) are tiny variable 
capacitors which provide a straight-forward 
technique for fine tuning RF and microwave 
circuits. They eliminate time consuming methods 
of abrasive trimming, cut and try adjustment 
techniques and interchange of fixed capacitors. 
The Giga-Trim® design assures superior electrical 
characteristics as well as the ability to withstand 
the rigors of soldering heat, excessive tuning and 
rough handling. The patented self-locking constant 
drive mechanism provides an extremely high Q 
and virtually zero tuning noise. 

Actual 
Size 

□ MIL-C-14409D Qualified 

□ Q'S to >5000 @ 250 MHz 

□ Temperature Range: -65°C to +125°C 

□ Capacitance Range: .3 to 1.2 pF through .8 to 8 pF 

Johanson Manufacturing Corporation 
Rockaway Valley Road, Boonton, New Jersey 07005 

201-334-2676 TWX 710-987-8367 FAX 201-334-2954 

INFO/CARD 66 
Come see us at RF Expo/East, Booth #236. 

tenuation range approximately 20 dB. 
Also being introduced it the M/A 4GM203 

and 4GM204 GaAs MMIC switches. The 
units are configured as SP3T and SP4T, 
respectively. Depletion mode MESFETs 
are used to insure flatness and linearity 
of the switches. M/A-COM, Inc., Burling¬ 
ton, MA. INFO/CARD #139. 

uP Controlled Crystal Oscillator 
Hughes Aircraft Co. 
By combining advancements in crystal, 

CMOS and microprocessor technology, 
Hughes has created the microprocessor 
controlled crystal oscillator (MCXO). With 

this it is possible to develop a TCXO with 
the thermal characteristics similar to low 
stability OCXOs, but requiring 1/10th the 
power. Hughes Aircraft Co., Newport 
Beach, CA. INFO/CARD #138. 

Thick Film ICs 
KDI Electronics 
KDI has expanded its thick film micro¬ 

wave integrated circuit capability to in¬ 
clude sub-assemblies. It ranges from 
elementary switches to PIN diode switch¬ 
es and monolithic drivers. KDI Electron¬ 
ics, Inc., Whippany, NJ. Please circle 
INFO/CARD #137. 

35 MHz NCMO Digital RF Solutions 
The DRFS-3250 is a number controlled 

modulated oscillator with 12-bit phase out¬ 
put resolution. It has a clock frequency to 
35 MHz with sinusoid synthesis from DC 
to 17.5 MHz. Phase modulation resolution 
exceeds 0.1 degrees. Input interface cir¬ 
cuitry is included to simplify application 
in three basic tuning modes: 24-bit direct 
parallel, 8-bit bus, and quadrature clocked 
serial. The device uses digital techniques 
to provide a low noise signal source which 
simultaneously features high stability, fine 
resolution and rapid switching. Digital RF 
Solutions Corp., Santa Clara, CA. 
INFO/CARD #178. 
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^Merrimac_ 
SUB-SYSTEMS microwave combiner/equalizer 

Call Merrimac 
for Vertical 

Integration 
Projects! 

integration of 14 Components 

2-18 GHz Frequency Range 

Designed tor Airborne Environment 

Paths Channelized to Control Moding 

, CAD/CAM Designed to Minimize Cost 

► All common components on tile 

» Optimized Weight and Size 

. controls Insertion Loss to a Minimum 

. Ideal for Hi-Reliability Applications 

The S»b.S,«e» Design Group £ Merrimac 
lished an extensive irary critical design 

parameters. Designs on file include. 

Two-way Power Dividers 
True Three-way Power Dividers 
True Four-way Power Dividers 
True Five-way Power Dividers 
6, 10 and 20 dB Couplers 
Amplitude Equalizers 
Quadrature Hybrids 
Phase Shifters 

in the Microwave«-«XÄÄäÄ 
a total oí 14 used individual com-
single assembly. Had the assemmy 
ponents, it would have comprised the following. 

Qty 6 - Two-way Power Dividers 
Qty. 2 - Three-way Power Combiners 
Qty 6 - Amplitude Equalizers 
Qty. 12 - Phase Matched Cables 
Qty. 1 - Mounting Plate, etc. 

Such an assembly would 

_ enmnact design Merrimac sandwiched together 

5e™ X 3 9" X 0.65g" J(120 x 94 x 16 mm), plus connectors. 

jsœsisSÊ 

STtHSSggSSS 
slope equalizers, howcv , • VSWR was main-
ehannels spite of the effects of the slope 

For further details on this and otheir striplme sub-sys¬ 
tems contact MERRIMAC INDUSTRIES, INC. 

SIGNAL MONITOR OUTPUTS 

pay- 901 575-0531 • TWX 710-734^314 • Telex. 6853128 A1 Fairfield Place, West Caldwell, NJ 07006 * 201-575-1300 * FAX. 201-575-053 

Come see us at RF Expo/East, Booths #117 & 119. 
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NOW, 
ENHANCED 
DRO J 
STABILITY 1 
WITHOUT Ik 
COMPROMISE 



Our new electrically 
compensated DROs give 
you even greater stability 
without design trade-offs 
in power, size or phase 
noise. 
Now MA-COM has developed a 

new DRO design whose stability 
characteristics compare favorably with 
standard phase-locked oscillators. 

Best of all, this new DRO retains all of 
the efficiency and size advantages of our 
best DROs without sacrificing phase noise 
performance. 
This completely new design allows you 

to increase stability dramatically — in 
ECM receivers and transceivers, built-in 
test equipment, missile transponders, 
weather and airborne radar systems — 
without the usual design compromises. 

Don’t look for any compromises in 
reliability either. We’re supporting this 
new DRO with an extraordinary 2-year 
warranty. 

You’ll see what we’ve accomplished 
if you’ll take a minute to review the 
accompanying charts. 
But to find out exactly how our new 

self-contained electrically compensated 
DROs will work in your system, we invite 
you to talk to us about your specific 
requirements. 
Then get ready to suit up. Your program 
is about to take off on a very stable 

flight. 

— 
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Active Assemblies Division 

2626 South Hardy Drive, Tempe. Arizona 85282 
(602)966-1471 □ TWX 910-950-1296 □ TELEX 668-332 

FAX 602-968-2137 
Come see us at RF Expo/East. Booth #329, 331, 333, & 335. 
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One Antenna Kit 18GHz that satisfy FCC, 

with everything, specifications, and more, 

to go please. ’ X — 

Available now from your 
source for the finest 
EMI test equipment and 

Antenna kits that meet your specifications of high quality and 
frequency response, and that are also responsive to your demands 
of portability and easy use. A.H. Systems offers nine different kits 
that fill the bill. Each comes in a single, lightweight case. Just one kit 
can contain all the antennas, probes and cables to perform E-Field 
1 KHz-18GHz, H-Field 20Hz-50KHz and conducted 20Hz-100MHz 
testing. Antenna factor calibrations are provided with each antenna. 

accessories. 

AH Systems 
971 0 Cozycroft Ave 
Chatsworth, CA 9131 1 
Tel: 818 998-0223 
Telex: 182 640WKVG 

So order one to go, with everything, or one of our other tantalizing 
specials. 
MODEL# 

SAS -200 510 

SAS-200 511 

SAS-200 512 

SAS-200 518 

SAS-200 530 

SAS-200 540 

SAS-200 541 

FREQ. RESR 
300- 1800 MHz 

1000-12000 MHz 

200- 1800 MHz 

1000- 18000 MHz 

150- 550 MHz 

20- 300 MHz 

20- 300 MHz 

DESCRIPTION 
Log Periodic 

Log Periodic 

Log Periodic 

Log Periodic 

Broadband Dipole 

Biconical 

Bicon I, Collapsible 

MODEL# FREQ. RESR DESCRIPTION 
SAS-200/542 20- 300 MHz Biconical, Folding 

SAS-200/550 001 - 60 MHz Active Monopole 

SAS-200 560 per MIL-STD-461 Loop - Emission 

SAS-200 561 per MIL-STD-461 Loop - Radiating 

BCP-200 510 20 Hz- 1 MHz LF Current Probe 

BCP-200 511 100 KHz-100 MHz HF/VHF Crnt Probe 

A.H.^ 
SYSTEMS 
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20-Year Evaluation of Shielding Tape 

Facility Construction Offers Rare Opportunity 
to Measure Long-Term Effects. 

By Richard H. Jackson 
Electrical Products Division, 3M 

In the shielding tape business, it is rare 
to have an opportunity to examine per¬ 
manently installed tape products after 
more than a few years. In July 1986, the 
Technical Service Section of 3M 's Elec¬ 
trical Products Division had an opportuni¬ 
ty to examine tape that had been installed 
nearly 20 years previously and had re¬ 
mained virtually untouched since its 
installation. 

The structure to be refurbished was the 
RF building at the Naval Weapons 

Center, built in 1967 at China Lake, Califor¬ 
nia. The building originally was shielded 
and subsequently refurbished. During the 
refurbishing, 3M technical service person¬ 
nel were permitted to take comprehensive 
measurements on the foil tape originally 
used to shield the building, in order to 
compare the results with tests of new 
equivalent products. 

Most of the RF building (Building 
31440) at China Lake consisted of a large 
RF anechoic room. The remainder 
housed offices and test equipment. The 
interior of the finished anechoic chamber 
was 110 feet long, 40 feet wide and 40 feet 
high. It consisted of a double-walled, 
shielded metal structure that was lined on 
the interior with RF absorbing foam blocks 
(treated plastic foam wedges and cones). 
The double-wall construction consisted 

of an exterior metal wall that was not 
sealed to prevent RF leakage, but never¬ 
theless provided some shielding. The in¬ 
ner wall was made of galvanized steel on 
which all seams and joints were taped 
with Scotch brand copper foil shielding 
tape No. 1181. This tape consists of a cop¬ 
per foil backing with a conductive 
adhesive system. 
The inner wall consisted of double-box 

sections of 22-gauge galvanized steel. 
Each panel was approximately one foot 
wide and 10 feet tall. A half-inch strip of 
1181 tape covered each seam between 
these panels to the full height of the 
room — some 50 feet or so overall. The 

Test 

1. Shear CF 

2. Peel CF 
180 deg 

3. Peel CV 
90 deg 

4. Peel CV 
180 deg 

5. Resis 

Test temperature 

China Lake Results Typical Values 

RF Design 

<1 .75 mm/hr 
@10.3 N/cm 

<1 .00 mm/hr 
10.3 N/cm 

<12 mm/min 
@6.2 N/cm 

<250 mm/min 
@6.2 N/cm 

8.2 N/cm (avg) 
@30 cm/min 

4.8 N/cm (avg) 
@30 cm/min 

10.9 N/cm (avg) 
@30 cm/min 

4.4 /cm (avg) 
@30 cm/min 

20 to 150 ohms/sq cm 

@105 degrees F 

10 to 100 
ohms/sq cm 

@73 degrees F 

Table 1. Results Tabulated with Product Specifications. 

gap between the panels, which the half¬ 
inch tape bridged, was approximately 
one-eighth inch. A 1-inch tape was used 
between the panels at the horizontal 
seams. 
The concrete floor was covered with 

heavy gauge steel panels, each 4 by 8 
feet in size and seamed with 1-inch tape. 
The RF-absorbing foam covered the floor, 
walls and ceiling. Throughout the room, 
the foam was attached over the galvan¬ 
ized steel and copper tape with industrial¬ 
grade, rubber-base adhesive. 

Most of the anechoic RF test facility had 
not been altered since its construction in 
1967. The areas in which the foil tape was 
examined were covered with anechoic 
foam material until the 1986 refurbishing. 
During the building's 19-year existence, 
it had been exposed to the typically hot 
and arid conditions of the Mojave Desert. 

Although the RF building interior was 
air conditioned, the surface on which the 
tape had been applied had been exposed 
to significant temperature extremes and 
cycles. This was due in part to double-wall 
construction without air circulation be¬ 
tween walls, and the outer wall’s direct ex¬ 
posure to the desert sun. The insulating 
nature of the RF absorbing foam contribu¬ 
ted to this effect by isolating the interior 

wall from the cooling effects of the interior 
air conditioning. 

Just as the taped inner wall was ex¬ 
posed to the heat of the sun in the day, it 
also was exposed to rapid cooling typical 
of the high desert — including some 
below freezing temperatures in winter. 
The high temperature to which the inner 
wall was exposed was in the range of 120 
degrees F to 150 degrees F — the same 
temperature as the dead air space be¬ 
tween the walls. This daily high range oc¬ 
curred year-round, while the lows ranged 
from about 60 degrees F at night in the 
summer to as low as 25 degrees F in the 
winter. 
The room was exposed to very dry con¬ 

ditions through most of its history, with 
one exception: a few years ago it was ac¬ 
cidentally exposed to a large amount of 
water as a result of frozen and burst pipes 
in the fire protection system. This water 
exposure was significant and lengthy 
since the foam held great quantities of 
water like a sponge. The moisture pro¬ 
duced corrosion on walls and the floor of 
the building. 
The tests performed on the tape at the 

site included: 
• static shear (constant force) 
• 180-degree peel adhesion (constant 
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force) 
• 90-degree peel adhesion (constant 

velocity) 
• 180-degree peel adhesion (constant 

velocity) 
• Electrical resistance 
These tests were chosen to gain insight 

into the performance characteristics of the 
old tape and to compare it to new pro¬ 
ducts, and are not normally run on all 
tapes manufactured. Only tests numbered 

4 and 5 are part of the normal screen tests 
done on each lot of tape. Test results in 
the table below were obtained for new 
tape for comparison purposes specifically 
for this analysis. 

In areas that obviously had been dry 
throughout the building’s history, con¬ 
struction materials appeared corrosion-
free and almost new, with the exception 
of some areas where there were hand and 
finger prints. These probably were left 

MORE EMI/RFI PROTECTION - FOR LESS 

New, wider shielding panels offer two big advantages: Lower 
cost and greater reliability. 

Twenty percent added to the width of Lindgren’s standard 
modular panels gives you 44% more floor space and 
reduces the square foot cost from 22% to 31%. In addition, 
fewer seams mean more dependable performance. 

These double electrically isolated, high performance 
shielding systems can easily be assembled by two people 
with basic mechanical skills. A simple clamping technique 
assures maximum performance through repeated take down 
and reassembly. 

We’re ready to help you meet your shielding needs with the 
high quality you’ve come to expect from us. 

from the time of construction. 
The areas exposed to water over a pro¬ 

longed period of time were quite corrod¬ 
ed. The copper surfaces were dark-green 
and almost black in some areas. On some 
parts of the floor, both copper tape and 
steel were completely missing. This cor¬ 
rosion of steel panels on the floor may 
have been accelerated by the chemical 
action of the concrete slab below. 
The surfaces in contact with the 

adhesive, the interface between galvan¬ 
ized steel and copper tape appeared to 
have been preserved and prelected by the 
action of the adhesive, with the exception 
of areas in which either the tape or the 
steel were corroded away entirely. 

In the undamaged areas, the tape’s 
adhesive was still very tacky, and ap¬ 
peared to have all the properties of new 
tape. In some areas, when lhe tape was 
peeled from the host surface, the adhe¬ 
sive stayed on the steel and did not come 
off with the copper backing. This is not 
an unusual circumstance, since adhesion 
to copper and steel is about the same 
after aging. 
The tape and its adhesive performed 

very well over the life of the building . Con¬ 
siderably more local corrosion might have 
been expected between the copper and 
the zinc than observed. In an installation 
of this type in any other environment, it 
might be wise to use the tin-alloy coated, 
embossed product (Scotch b'and 99 tape) 
to avoid galvanic corrosion. 
The protective characteristics of the 

adhesive were clearly demonstrated by 
the cleanliness observed on the surfaces 
covered by the adhesive. There were no 
signs of corrosion or other chemical inter¬ 
action between the metal surfaces and 
the adhesive. 
The test results obtained show clearly 

that the adhesion of the tape does not 
degrade with time, but rather increases 
significantly. This is particularly true for 
the dead-load peel. 
The measurement of electrical resis¬ 

tance showed that the electrical contact 
is maintained through the adhesive. 
Results obtained are typical of short-term 
installations of this type of tape on this 
substrate. 
More information on this article can be 

obtained by calling (800) 233-3636 or 
(612) 733-5699. HI 
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Call us for more information 
312-628-9100 
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LINDGREN 
j rE, ENCLOSURES 
1228 Capitol Drive 
Addison, Illinois 60101 

About the Author 
Richard H. Jackson is Electrical En¬ 

gineering specialist at the Electrical 
Products Division, 3M Center, Bldg. 
260-5B-04, St. Paul, MN 55144. He has 
22 years of experience at 3M. 
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ORIEL 
A Source Of A Different “Color”... 

Moy Be What You Need 

WAVELENGTH (nm) 

The applications are numerous. High resolution imag¬ 
ing of positive photoresists, multilevel imaging of 
pmma, photoresist stabilization. The list continues to 
grow. As new process steps are developed in an 
effort to increase circuit density, it becomes impera¬ 
tive that the spectral output of your source be 
addressed. Oriel has addressed this issue. Whether 

you need narrowband deep UV for your pmma 
process broadband deep UV for your photoresist 
stabilization process, broadband near UV for high 
resolution imaging of positive photoresist, or an 
innovative new process that requires a unique 
spectral output, Oriel has a source that meets your 
application needs. 

Call our “AEG Group” 
(Advanced Exposure Group) to discuss 
your application or ask for literature on Oriel’s 

• Exposure Illuminators 
• Mask Alignment Systems 
• Vacuum Contact Printer for fast high resolution printing 

Serving The Light Research Industry For 25 years! 

ORIEL 
CORPORATION 

250 LONG BEACH BLVD., P.O. BOX 872, STRATFORD. CT. U.S.A. 06497-0872 • [203] 377-8282 TWX 710-453-8719 
FRANCE UNITED KINGDOM 
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rf designer's notebook_ 

PLL Primer — Part IV 
Description of a Loop Integrator Circuit. 

By Andrzej B. Przedpelski 
A.R.F. Products, Inc. 

This is the fourth part in a series on PLL 
primers that began in 1983. Part I, II and 
III (Ref. 1, 2 and 3) dealt with some of the 
overall design aspects of modern PLL cir¬ 
cuits. This part describes the characteris¬ 
tics of the loop integrator circuit. Some of 
the design aspects are reviewed and its 
effect on the slew rate of the PLL are 
analyzed. 

Most of the modern PLL circuits are of 
the type 2, employing an active in¬ 

tegrator as the filter after the phase com¬ 
parator. Theoretically, an ideal integrator 
has infinite gain at DC and a finite gain 
decreasing with frequency, which is deter¬ 
mined by its time constant(s). Conven¬ 
tionally, the PLL order is determined by 
the integrator order. This is an approxima¬ 
tion, neglecting the additional loop poles. 
Figure 1 shows the first, second and third 
order loop integrators. The first order is 
seldom used and the second does not 
usually result in a second order PLL since 
the VTO provides the additional pole. The 
third order PLL is usually the lowest 
realizable PLL order. 
The integrator characteristics are deter¬ 

mined by the integrator time constants 
and the characteristics of the active 
device. The active device, usually an 
operational amplifier, is assumed to be 
ideal, i.e. it has infinite DC gain and in¬ 
finite response. In most narrow band 
loops this assumption is valid, but for 
critical applications, the finite gain and 
response have to be taken into 
consideration. 
These operational amplifier imperfec¬ 

tions cause problems when used with 
digital phase comparators. These com¬ 
parators provide a correction output in the 

form of very short pulses of either polari¬ 
ty. These pulses, especially when ECL 
comparators are used, have very steep 
rise and fall times causing the operational 
amplifier to integrate them inaccurately. 
The integrator configuration is changed 
to its alternative equivalent form, shown 
in Figure 2. The input pulses are then par¬ 
tially integrated by the input RC time con¬ 
stant. These pulses, with considerably 
decreased rise and fall times, can then be 
handled by the active integrator. 
The operational amplifier finite 

characteristics also affect its frequency 
response. A typical operational amplifier 
may have a DC gain, A„, of about 
100,000 and its first pole, Fo, at about 100 
Hz. The overall response, including these 
two imperfections (for a third order PLL 
integrator) is: 

FiS) = S A° + + m
_ S3 B + S2 C + S D + 1 H) 

where 

T, = R, • C, 
T2 = R2 ■ Ci 
T3 = R2 ■ C2 

T =- 1-
‘° (2 • PI • FJ 
B = To ■ T, T3
C = Ao • T, ■ T3 + T, • T3 - To (T, + T2 

+ TJ 

D = Ao • T, + To + T, + Tz + T, 

In terms of frequency, Equation 1 
becomes: 

F(œ)=-
j(œA0(T2+T3))+A0

j(cuD — w3-B) + (1 -ay >2 C) (2)
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FREQUENCY AGILE 
CRYSTAL STABILITY 

RAPID FREQUENCY CHANGES 
LOW NOISE SIGNAL SOURCE 

NCMO'“ Numerically Controlled Modulated Oscillator 
DRFS-2250 

The DRFS “-2250 NCMO ’ provides the RF communica¬ 
tions industry with a cost-effective means to achieve high 

stability, fine resolution, rapid switchability and low noise 
signal generation simultaneously. 

Two NCMO " devices can be cascaded for nano-Hertz 
frequency resolution. Frequency modulation can be 

effected over the entire tuning range, including cascading 
over multiple devices. Phase modulation resolution exceeds 
0.1 degree. For symmetrical output waveforms, the phase 
output is configurable to count up during half the period 

and then down to return to zero. 

Input interface circuitry is included to simplify application in 
the three basic tuning modes; 24 bit direct parallel, 8 bit 

bus, and quadrature clocked serial. 

The NCMO™ utillizes CMOS technology for low power 
consumption and is available now in surface mount (80 
Pin Flatpack and 84 PLCC) packaging. To order or obtain 

additional information on this revolutionary product line 
phone us today: 

800/782-6266 or INSIDE CALIFORNIA 408/727-5995 

DIGITAL RF 
SOLUTIONS CORPORATION 

3080 Olcott Street, Suite 200D 
Santa Clara, California 95054-3209 

RF Design 

Patent Pending 
e 1987 DRFS NCMO and DRFS are Trademarks of The Digital RF Solutions Corporation 

Come see us at RF Expo/East, Booth #450. 
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“Id' settle fora bare bones spectrum analyzer 
just to have one right on my bench" 

MC 15719 © 1987 Hewlett-Packard Company. 



M/U wHlp?" At just $9,690, 
k V ny the HP 859OA 
Portable RF Spectrum Analyzer is such a 
good buy that you can afford one for every 
bench.Yetit’sno 
stripped down, ] 
low-tech model 

It’s loaded. 
You’ll find 

every essen¬ 
tial measure¬ 
ment tool in 

HP 8590A 
Portable RF Spectrum Analyzer. 

the HP 8590A, plus more of the right bells 
and whistles than analyzers three times 
as expensive. 
And there’s a wide frequency range 

(10 kHz to 1.5 or 1.8 GHz), large amplitude 
range (—115 dBm to +30 dBm), plus 50 or 
75-ohm input. Frequency accuracy runs 
±(5 MHz + 1% of span). 
We take care of the basics with three 

simply labeled keys: FREQUENCY, SPAN 
and AMPLITUDE. The entire keyboard 
is that easy to understand. Press SIGNAL 
TRACK, for instance, and the analyzer will 
capture a signal and hold it in the center 
of the screen—even if the signal is inclined 
to drift. There are 14 dedicated keys for 
common functions plus softkeys for over 
80 special tasks. 

Better still, three optional digital interfaces 
make the HP 8590A completely program¬ 
mable for automated production testing. And 
you can use just about any desktop or HP 
hand-held computer to do it. 
Use the HP 8590A’s briefcase handle 

to carry it anywhere. It weighs just 30 lbs. 
and slips into all the tight spots. Including 
the space under your airplane seat. And it’s 
sturdy enough to withstand the rigors of 
real portability. 

Call today for a demonstration or brochure: 
1-800-556-1234, Ext. 515. In California 
call 1-800-441-2345, Ext. 515. Take a look 
at the HP 8590A; the first full-function ana¬ 
lyzer that fits your budget and your bench. 
$9,690: U.S. list price. 

Newton refracts light 
through a glass prism, circa 1672. 
“The Bettmann Archive!’ 

HEWLETT 
PACKARD 

Come see us at RF Expo/East, Booths #418, 420, 422, 424 & 426. 
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Figure 4. Second order PLL inte¬ 
grator time response. 

Figure 5. Third order PLL integra¬ 
tor frequency response. 

Get a Step Ahead of the Competition 
With the Widest Selection of 
Compact Programmable 

Attenuation 
Steps 

1 dB, 5 dB, & 10 dB Steps 
in Widest Ranges Available 

dc-4 GHz, dc-18 GHz, dc-26.5 GHz 

+ 24 Vdc or + 5 Vdc Control 

Ideal for OEM Applications 

54 Standard Varieties 

or 
Compact Size 
1.78" X 5.25" X 0.9" 

P* i • Low VSWR and 
Insertion Loss 

. • We Do 
. Specials 

CALL TODAY 
FOR FREE BROCHURE 

CALL TOLL FREE 

(800)6382048 

tB 
WEINSCHEL 
ENGINEERING 

One Weinschel Lane, Gaithersburg, MD 20878-4094 
(301) 948-3434 • 800-638-2048 • Telefax: (301) 948-3825 
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Figure 6. Third order PLL integra¬ 
tor time response. 

The speed with which a PLL can sweep 
over a certain frequency range is mainly 
determined by the integrate r. Thus, it is 
important to understand this mechanism 
when fast frequency changes are re¬ 
quired. To facilitate discussion, let’s 
assume an ideal digital phase/frequency 
comparator, as shown in Figure 3. This 
ideal comparator has a voltage output 
proportional to phase difference during 
phase acquisition, and a constant max¬ 
imum (negative or positive) output voltage 
during frequency acquisition. First the se¬ 
cond order integrator will be considered. 
The time constants are: 

T, = 0.0728 
T2 = 0.00181 

MICR> C§IL 
INDUCTORS 

MICOIL FABRICATES HYBRID AND SMT 
MICRO MINIATURE INDUCTORS FOR 
HIGH FREQUENCY AND MICROWAVE 
APPLICATIONS. 

We supply laser scribed inductors with foot¬ 
print sizes of .020" to .375" square and EIA 
SMD package sizes. 

WE OFFER 
• High self-resonant frequercies 
• Absolute accuracy and stability 
• High Q on various base materials 
• Inductance values 10 nh to 100 mh 
• Excellent turnaround 

■VHCOIL 
102 W.J. Clark Drive • P.O. Box 116 
Conway, AR 72032.(501)329-8254 

INFO/CARD 63 
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EPSCO 

Figure 7. Equivalent integrator circuits. 

The integrator output versus time, for a 
constant input voltage, V, is 

Vo = V (VT, + T2/T,) (3) 

where t = time after voltage, V, was 
applied. 

Plotting the above for a one millisecond 
period we obtain the curve shown in 
Figure 4. Adding T3 = 0.0000139, which 
makes it a third order PLL integrator, and 

including the frequency response shown 
in Figure 5, equation 3 becomes 

Vo = (tH, + (T2 - T, (1 - e-^,))) (4) 

The plotted data is shown in Figure 6. 
Thus, for small changes in frequency 
(small change in integrator output, or VTO 
input voltage), it seems that the second 
order integrator has an advantage since 
its output voltage changes abruptly while 

400W HPA for 
100-500 MHz 

The EPSCO Model 1370 is one 
member of a solid-state High 
Power Amplifier (H PA) family. 

Small, light, and highly 

ECL CRYSTAL OSCILLATORS, NOW TO 350 MHz 

reliable, these amplifiers cover 
a range of frequencies from 
1 to 1000 MHz and output 
power up to 1000W (up to 
10KW in custom designs). 

AT CUT CRYSTAL OSCILLATOR WITH 10KH SERIES OUTPUT. 

PART # 
EM1100A 
EM1114A 
EM1115A 
EM1116A 
EM1145A 

ABSOLUTE 
FREQUENCY 
STABILITY 
(0°C - 70°C) 

±.01% 
±.05% 
±0.1% 
±1 .0% 
±.005% 

ELECTRICAL SPECIFICATIONS 
FREQUENCY RANGE: 10 MHz TO 350 MHz 
SUPPLY VOLTAGE: -5.2 VDC ±5%* 
CURRENT: 40 mA TYP* 
Tr & Tf: 2.0 nS MAX., 20% TO 80% 

0.7 nS MIN., 20% TO 80% 
"0” LEVEL: -1.63 V MAX., -1.95 V MIN. 
“1” LEVEL: -0.98 V MIN., -0.74 V MAX. 
LOAD: 50Q, -2.0 VDC OR 510Q, -5.2 VDC 

‘CONSULT FACTORY FOR YOUR CUSTOM REQUIREMENTS 

EPSCO HPA'S FEATURE: 
A sophisticated combina¬ 

tion of analog, digital, mechani¬ 
cal and thermal engineering 
techniques. ..including 
advanced power combining... 
to harness the multiple power 
modules necessary to achieve 
the output power levels of 
which the HPA’s are capable. 

Self-contained, including 
power supply, most EPSCO 
HPA’s are packaged in stan¬ 
dard öW' EIA chassis and 
are designed to withstand 
demanding environments. 

TO MEET YOUR SPECS 
For more information, 

contact EPSCO, RF Division, 
31355 Agoura Road, Westlake 
Village, CA 91361. (818) 889-
5200. Telex: 18-3378. 

OSCILI ATEin 
620 N. LINDENWOOD DRIVE 

OLATHE, KS. 66062 
(913) 892-1777 TELEX: 437045 

FAX: (913) 829-3505 

RF Design INFO/CARD 64 
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Come see us at RF Expo/East, Booths #114 & 116. 



Runnerup Prize: The A-7550 Spectrum Analyzer from IFR ln< h.atur&b «00 kHz to 1 GHz frequency coverage and microprocessor control that automatically selects and optimizes 
bandwidth sweep rate and slew rate of control functions Single turn t on Keyboard entry and a menu driven display make operation easy and straightforward 

The runner-up prize is only 
slightly less grand than. .. 

JUDGING CRITERIA ENTRY RULES 
1. Originality: The purpose of the contest is to reward engineers 

for their unique design contributions Each design will be evaluated 
according to its similarity to work by others, unusual application 
of a device or technique, and other judgments of its contribution 
to the advancement of the engineering craft 

1. Entries shall be RF circuits containing no more than 6 single ac¬ 
tive devices (tubes or transistors), or 4 integrated circuits, or be 
passive circuits of comparable complexity. 

2. The circuit must have an obvious RF function (as defined on page 
6 of November 1987. RF Design) and operate in the below-3 GHz 
frequency range. 

2. Engineering: Engineering is the application of technology to solve 
a problem or meet a design goal Entrants should clearly identify 
how their circuit was created in response to such a need Judges 
will evaluate performance, practicality, reproducibility and 
economy 

3. Circuits must be the original work of the entrant. 

4 If developed as part of the entrant's employment, entries must 
have the employer’s approval for submission. 

5. Components used must be generally available, not obsolete or 
proprietary. 

3. Documentation: Communicating ideas to others is the business 
of RF Design and a necessary part of good engineering Each 
entry will be judged on its description, analysis and graphical 
material Each circuit should have a complete list of components, 
explanation of functions, and a summary of performance and test 
data. 

6. Submission of an entry implies permission for RF Design to publish 
the material. All prize winning designs will be published, plus ad¬ 
ditional entries of merit. 

7. Winners shall assume responsibility for any taxes, duties or other 
assessments which result from the receipt of their prizes. 

8 Deadline for entries: March 31, 1988. 



Grand Prize: Compact Software’s Design Kit Series, including the RF Design Kit* for system optimization, plus transformer and oscillator design; the Communications Design Kit* with 
digital system simulation, antenna evaluation AGC synthesis and mixer analysis, the PLL Design Kif for VCO design, plus stability, switching and non-linear analysis; and the Filter Design 
Kit* for LC crystal helical and interdigital filter design 

the grand prize in the 1988 
RF Design Awards Contest! 

. . .and then there are four “honorable 
mention’’ prizes which are also quite 
grand. 

Your chances of winning one of 
these six awards are better than one in 
twenty. . .and the grand prize winner 
will be the subject of our July 1988 
cover as well. Those are the kind of 
odds that make it worth your while to 
pit your skills and ingenuity against the 
field. Now’s the time to expose that in¬ 
genious circuit idea you’ve always 
wanted to show off to your engineer¬ 
ing peers. Let the world know you’re 
as good as you are! 

MAIL YOUR 
ENTRY BY 
MARCH 31, 1988 
TO GARY BREED, 
EDITOR. . . 

ffdesign 

6300 S. Syracuse Way 
Suite 650 
Englewood, CO 80111 
(303) 220-0600 



WIRELINE 

OFFERS 
THESE KEY 
FEATURES 

PLUS THESE 
ADVANTAGES 

96 

WIRELINE gives you more design flexibility, greater 
power handling capability, and less loss. You get the 
handling characteristics of wire with the performance 
of a machined hybrid. 

An octave band 
hybrid 

HC2 & JC2 3 dB + .72 - .6 
1850 

f2/fi = 2.0 L(inches) = 

A narrow band 
hybrid 

HC1 & JC1 3 dB + .32 - .25 
1850 

f2/fi = 1.25 L(inches) = c 
rMHz 

A directional 
coupler 

A 2" length is a 10 + 1 dB coupler 
from 175-229 MHz 

Low VSWR 1.2 MAX. 

Good isolation 20 dB MIN. 

Low insertion loss 0.3 dB MAX 

Handles average 
power 

HCP 100 Watts/JCP 200 Watts 

Handles peak 
power 

2000 Watts 

Can be used 
up to 5 GHz 

Much higher if you’re careful 

High rel product Used in communications satellites 

It’s easy to use Use a razor blade and thermal 
strippers 

You can bend it HCP min. t radius of curvature .15" 
JCP min. t radius of curvature .30" 

You can buy it 
in bulk 

Comes in 5 foot lengths 

You can buy it cut 
and trimmed 

Minimum length .5" 

It’s inexpensive Call us for quotation 

We'll send you a 
free sample 

Send us your requirement 

Call or write today for your copy of our Designers Guide to WIRELINE 
and WIREPAC — and ask for Sage's handy slide rule calculator for use 
with TEM couplers and hybrids. 

® 

SAGE WIRELINE: 

WHEN YOU 
NEED TO BEND 
A LITTLE FOR 
YOUR BEST SOLUTION. 

Fsaqe 
LABORATO RIES. INC 

11 Huron Drive / Natick, MA 01760-1314 
Tel: (617) 653-0844 / TWX: 710 346 0390 
FAX: (617) 653-5671 
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Figure 8. mira oraer fll integra-
tor with VTO pole time response. 

the third order integrator has some initial 
delay. However, the second order overall 
response cannot be obtained in a practi¬ 
cal circuit because of the VTO modulation 
input pole. 

It can be shown that a second order in¬ 
tegrator followed by a VTO lowpass modu¬ 
lation input characteristic is equivalent to 
a third order integrator. This is seen in 
Figure 7. The obvious question then is: 
how does the VTO input affect the third 
order integrator response to a step input 
function? This is shown in Figure 8 for a 
VTO modulation bandwidth of 1000 Hz. 
To provide a complete picture, the follow¬ 
ing additional circuit imperfections were 
added: 

Integrator op-amp open loop gain — 
100,000 

Integrator op-amp first pole — 
10 Hz 

Unfortunately, this calculation is quite 
involved, when all of the above factors are 
considered. 
From the above discussion it is ap¬ 

parent that, to optimize the PLL switching 
speed for small frequency changes, all 
the factors have to be carefully consid¬ 
ered. The usual approximations may lead 
to erroneous conclusions. H 
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A new generation of power transistors for radar applications deliver ... 

A new dimension in power! 
MSC announces four new state-of-the-art high-power 
S-Band and ultra-broadband L-Band bipolar transistors 
specifically designed to meet the stringent junction 
temperature and performance requirements of today’s 
most advanced radar transmitter designs. These devices 
offer the highest power and lowest junction temperatures 
commercially available. 

S-Band/120W 

Freq. Po Pg eFF vCC △’’’JF 
type No. (GHz) (W) (dB) (%) (V) (°C) 

AM 2729-110 2.7-2.9 125 7.0 40 40 65 

AM 2931-110 2.9-3.1 120 7.2 38 42 65 

Pulse = 50 ai/4% Tf = 30°C 

In addition to the inherent performance advantages 
shown in the typical data, an added benefit is that fewer 
devices are required. This results in: 

• Reduced system cost 
• Fewer power combiners/splitters 
• Reduced size/weight 
• Increased reliability (reduced parts count) 

Best of all, they’re available now ... in MSC’s field-
proven AMPAC™ hermetic package with full input and 
output internal matching. 

For further information, circle the bingo number. For more 
specific assistance contact your local MSC representative 
or our sales department directly at (201) 563-6300. 

MICROWAVE SEMICONDUCTOR CORP. 
A Siemens Company 
100 School House Road, Somerset, New Jersey 08873 

L-Band/175W 

Freq. Po Pg eFF VCC ATJF 
type No. (GHz) (W) (dB) (%) (V) (°C) 

AM 0814-175 0.85-1.4 175 7.7 52 35 75 

AM 1214-175 1.2-1 .4 180 8.0 55 40 75 

MSC . . . the experienced 
leader In advanced microwave 
technologies 

Pulse = 120 /r/4°/o Tp = 30°C 

Come see us at RF Expo/East, Booths #303, 305. INFO/CARD 67 
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NEED BROAD-BAND COAXIAL RELAYS? 
FROM 2 TO 24 THROW, MATRIX HAS THE ANSWER 

Our versatile 7000 series of 
coaxial relays have band-widths 
from DC up to 800 MHz. They’re 
available from 2 to 24 throw. 
And by using our 9000 series 
cross-straps, switching matrices 
of any size can be configured. 
Why have Matrix broad-band 

relays become the industry 
standard? Because we construct 
them of precision machined 
anodized aluminum alloy, all 
signal shield paths are silver 
plated, and basic switch ele¬ 
ments are hermetically sealed 
in nitrogen filled gas envelopes 
with rhodium plated contacts to 
insure non-stick operation. 

The end result is extremely 
low crosstalk, EMI and VSWR. 
Another plus, all switchpoints 
are individually field replaceable. 
The units are plug compatible 

with Matrix 6100A and 1600 
Series Logic Modules for com¬ 
patibility with RS-232, RS-422 
and IEEE-488 Interface busses 
as well as 16 bit parallel. 

Non-blocking Matrix configu¬ 
ration may be easily assembled 

MATRIX 
SYSTEMS CORPORATION 

5177 NORTH DOUGLAS FIR ROAD 
CALABASAS, CALIFORNIA 91302 

using our self-terminating relays 
and 5100A series power dividers. 
Built-in Video/RF amplifiers 
allow zero insertion loss designs. 
So if you’re looking for broad¬ 

band relays, it pays to deal with 
Matrix. After all, we’ve been 
designing state-of-the-art reed 
relay and semiconductor switch¬ 
ing systems for over 18 years. 
Our customers include gov¬ 

ernment agencies, defense 
contractors, the TV industry, 
ATE and telecommunications 
companies— and more. 

Phone: 818-992-6776 
TWX: 910-494-4975 
FAX: 818-992-8521 
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fast switching low noise 
or Rear \ 
Output \ 

Rack or Bench 
Cabinet 

All of these 
“stock options” 
are yours 
for the 
asking 

MODELS COVERING: 

0.1-40; 0.1-160 MHz 

1 MHz 

/ 
Resolution (7 available steps, 

90-120 MHz 
100 KHz, 10 KHz, 1 KHz, 100 Hz, 10 

1 Hz, .1 Hz) 
Hz 1-250 MHz 

10 MHz Frequency Standard 

Oven (3 x 10’9/day) (±1 x 10 8/0-50°C) 
TCXO (1 x 10'8/day) (±1 x 10’6/0-50°C) 

1-500 MHz 

Direct Digital 6-Decade Resolution Module (TLU) , 1 g sec 
phase-continuous-switching covers 0.1 Hz - 10 KHz or 1 Hz - 100 KHz 

Picket Fence Output (A pulse containing all 10 MHz multiples 
from 10 MHz to 140 MHz, at a level of -5dBm each) 

Filtered Comb (A single frequency output of any 10 MHz multiple from 
20 MHz to 140 MHz at a level of OdBm) 

External Drive 90° Phase Shifter Manual and/or Remote Controls 
(BCD or GPIB) 

Sine and/or Square-Wave 10 MHz standard output 

Programmable 90dB Attenuator 
(fast switching) 

NO NRE FOR THESE OPTIONS 
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ff design feature 

Broadband Microwave Transistor Amplifier 
Design Using S-Parameters 
By Jackie L. Hughes 
Spectradyne 

Scattering parameters are becoming widely used because they 
are much easier to measure and work with than Y-parameters. 
They are easy to understand, convenient, and provide a wealth 
of information at a glance (2). This article utilizes S-parameters 
in designing a broadband microwave transistor amplifier. 

The design procedure for a microwave transistor amplifier 
using S-parameters is presented. The following design goals 

are specified: 
Center Frequency: 

Bandwidth: 
Noise Figure: 

Gain: 

A conveninent value for Vcc in the bias circuit is 20 V 
(regulated from a standard 24 V power supply). 
Then, VCE = 10 V 

lc = 10 mA 
Assume VBE = .7 V 
Assume hFE = 50 (typical value for HP transistors) 

lB = lc/hFE = 10 mA/50 = .2 mA (3) 
so, 

1.5 GHz 
1-2 GHz 
less than 3.5 dB 
10 dB (small-signal) 

R - V®E - 10 .7 - 465 kQ (4) 
b lB .2 mA 400 K“ W

and, 
Vrr-VrF = 20-10 R — CC CE — — go oq zc\ 

c lc+lB 10.2 mA (5)

The transistor used will be a bipolar junction transistor (BJT). 
The amplifier will consist of a single stage, operating into a 50 
Q load and driven by a 50 Q source. 

After choosing an appropriate transistor, a suitable DC bias¬ 
ing circuit is designed at a specific collector current and collector¬ 
emitter voltage as recommended by the vendor. The Hewlett-
Packard HXTR-3101 general purpose transistor is selected due 
to its excellent gain characteristics and low noise figure. The 
HXTR-3101 is also unconditionally stable in the 1-2 GHz band. 
The bias conditions recommend by HP for the HXTR-3101 for 

minimum noise figure shown on the data sheet are: 

substituting standard resistor values, 

Rb = 46.4 kQ 
Rc = 1 k Q 

(6) 
(7) 

Since VCE ~ 1/hFE , the base resistor, RB, can be adjusted to 
compensate for manufacturing variations in hFE . This is ac¬ 
complished by varying RB while monitoring VCE to obtain the 
desired collector current. The DC bias circuit is shown in Figure 2. 

VCE = 10 V 
lc = 10 mA 

(1) 
(2) 

Microwave transistor amplifier design requires biasing the tran¬ 
sistor into the active region of performance(8). At low frequen¬ 
cies, emitter resistor stabilization with negative current feedback 
is used for DC stability. Most microwave circuit designs for best 
gain or lowest noise figure require that the emitter lead be DC 
grounded as close to the package as possible so that the emit¬ 
ter series feedback is kept to an absolute minimum (8). 
Two bias circuits recommended by Hewlett-Packard are shown 

in Figures 1A and 1B(8). The circuits in both figures find 
widespread usage as bias networks. The voltage feeback cir¬ 
cuit (Figure 1A) uses fewer components and is almost as 
temperature stable in Figure 1B. For simplicity, the circuit of 
Figure 1A will be chosen for use since the circuit of Figure 1B 
is only slightly more stable with temperature(8). 

L, and L2 are RF chokes, and are used to isolate the DC bias 
network and the RF signal at the base and collector of the tran¬ 
sistor. They should present a high reactance to the RF signal 
over the desired operating bandwidth relative to the source and 
load impedances. 

XL1 and XL2 »50 2 (8) 
XL1 = XL2 >(100)(50) = 5 kQ (9) 

at 1 GHz, 

X|_2 — XL1 — coL^ — coL2

, _ , _ XL1 _ 5 X 103 
’ 2 co (2n)(1 X 109) 

= 795 nH 

(10) 

(11) 

Figure 1A. Voltage feedback. 
Figure 1B. Voltage feedback with constant lB. 

The bias circuit with the calculated values are shown in the 
Figure 3. 
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b2
S22= - a, = 0 = Output reflection coefficient with port 1 

a2 terminated by a matched load. 

a2 = 0 = Forward transmission gain with port 2 
terminated in a matched load. 

a2
at = 0 = Reverse transmission gain with port 1 

terminated in a matched load. 

Figure 3. Completed transistor bias circuit. 

Transistor S-Parameters 
The common-emitter transistor circuit shown in Figure 3 is a 

two-port network and can be modeled conveniently using scat¬ 
tering or S-parameters. S-parameters are well suited for describ¬ 
ing transistors and other active devices(5). Measuring other 
parameters, such as h, Z, and Y, requires the input and output 
of the device under test to be successively opened and short-
circuited. This is difficult to do at microwave frequencies where 
lead inductance and capacitance make short and open circuit 
realization a somewhat challenging venture. S-parameters, on 
the other hand, are measured with the device under test im¬ 
bedded between a 50Q source and load, and the chance for 
oscillation is minimized(5). 

also, 

|ai |2 = Power incident on port 1 of network 
1 = Power available from a source of impedance Zo

|a |2 = Power incident on port 2 of the network 
2 = Power reflected from the load 

IbJ2 = Power reflected from port 1 

|b2|2 = Power emanating or reflected from port 2 

|S lt |2 = Power reflected from port 1_ 
1 Power incident on the network input 

I g i2 - Power reflected from port 2 
22 Power incident on port 2 

|S J2 = Power delivered to a ZQ load 
21 Power available from a Zo source 

= Power gain with Zo load and source 

|S 12|2 = Reverse power gain with Zo load and source 

The power gain (or loss) of the 2-port network, GT, is defined 
as (5): 

g = Power delivered to the load 
Power available from the source (15) 

Figure 4. S-parameters for a two-port network. 

|S21|2(i-|rs|2)(i-|rL|2) 

1(1 “S,, rs)(i -s22rj-s21 s12 rL rs |2

Figure 4 shows the S-parameters for a two-port network. Define 
a, and a2 as incident traveling waves on port 1 and port 2, 
respectively and b, and b2 as traveling waves emanating from 
port 1 and port 2, respectively. These four quantities are related 
by equations 12 and 13. 

b, — S^a, -f- S^2a2 

b2 = S21 a, + S22a2 

Or, in matrix form: 

b, = Sn S12 

b2 S21 S22

so, 

ai 
a2

(12) 

(13) 

(14) 

Equation 16 applies for general values of rs and rL. rL is the 
reflection coefficient of the load relative to Zo of the output 
transmission line. rs is the reflection coefficient of the source 
relative to Zo of the input transmission line. 
Many microwave transistors have “unilateral” properties. By 

this we mean that |S 12|=0 or so small that it is negligible. S12 

can be visualized as negative feedback internal to the transistor 
which allows the load reflection coefficient and some of its 
associated reflected power to propagate back to port 1, thus in¬ 
fluencing the gain of the overall network. If |S 12 | = 0, then the 
power reflected from the load is in effect isolated from port 1 (base 
of transistor). When this is the case, it reduces equation 16 to 
the simpler equation 17 for unilaterial power gain (GTU)(4). 

Gtu = 
(i-|rs|2) 

11-SnF.I2
|S21|2

(1-IM2) 

|i-s22rL|2
= (GS)(GO)(GJ (17) 

S„= bl ■ a2 = 0 = Input reflection coefficient with port 2 
ai terminated by a matched load. 

Equation 17 is made up of three distinct and independent gain 
factors and the amplifier as three distinct gain blocks as shown 
in Figure 5 (4). 
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Figure 5. Unilateral transistor amplifier model. 

The factor Go of equation 17 is related to the transistor only. 
Once the device and its bias conditions are established, S21 is 
determined and remains invariant throughout the design. 
The factor Gs of equation 17 affects the degree of mismatch 

between the characteristic impedance of the source and the in¬ 
put reflection coefficient of the transistor. Even though the block 
Gs is made up of passive components, it can have a gain con¬ 
tribution greater than unity. This is true because an intrinsic 
mismatch exists between Zo and S„ and impedance transfor¬ 
ming elements can be employed to improve this match, thus 
decreasing the mismatch loss, and can be thought of as pro¬ 
viding gain (4). 
The third term of equation 17, GL, serves the same function 

as the Gs term, but affects the matching at the output rather 
than the input. 
Maximum unilateral gain can be accomplished by choosing 

impedance matching networks such that rs = S,,* and rL = 
S22 ’ Equation 17 then reduces to equation 18 and is graphically 
depicted in Figure 6 (4). 

the transistor will be stable for all passive values of rs and rL. 
The Rollett stability factor is a function of the transistor’s S-
parameters and is defined in equation 19(2). 

1+|SnS22-S 12S21|2—IS-J2—|S22|2 

2|S 12 | |S21 | > (

If K is less than 1, the transistor is potentially unstable and 
will most likely oscillate with certain combinations of source and 
load impedance. Extreme care must be taken in choosing source 
and load impedances for the transistor. 

If K is less than 1, there are several approaches one could 
take to complete the design: 

(1) forge ahead with the design and see how lucky you are 
(good way to end up with an oscillator). 

(2) select another bias point for different S-parameters. 
(3) choose a different transistor. 
(4) calculate acceptable values for rs and rL (difficult for 

broadband design). 
The problem of potential instability has been avoided in this 

design by using HP HXTR-3101 transistor in the 1-2 GHz frequen¬ 
cy band. 

At this point we are now ready to calculate the Roilett stability 
factor for the transistor. The S-parameters are found on the tran¬ 
sistor data sheet and shown in Table 1. 

1.0 GHz 
S„=.571 /-169' 
S19= .052/44° 
S21=5.33/78° 
S„=.408 7-43* 

1.5 GHz 
S„=574/174° 
S12= .066/48° 
S?i =3.627/ 63' 
S„= .394/-481

2.0 GHz 
S,,=.591/161 ° 
5,-,= .080/48° 
S91 =2.774/49° 
S„=.392/-57° 

Table 1. HXTR-3101 S-parameters for 7^=10 V, lc=10 mA. 

Substituting the S-parameters for 1.0 GHz into equation 19, we 
obtain: 

1+(.3620659)2 - (-571)2 - (.408)2

K “ (2)(.052)(5.33) ~ 1152
(20) 

Since K > 1, the transistor is unconditionally stable at 1.0 GHz. 
Likewise, at 1.5 GHz: 

1 +(.0621637)2 - (.574)2 - (.394)2 

K - (2)(.066)(3.627) “ 1084 (21) 

Figure 6. Maximized gain model for unilateral amplifier. 

Transistor Stability 
Another consideration in the amplifier design process is stabili¬ 

ty. A network is conditionally stable if the real part of Zin and Z^ 
is greater than zero for some positive real source and load im¬ 
pedance at a specific frequency (4). 
A network is unconditionally stable if the real part of Zin and 

Zoul is greater than zero for all positive real source and load im¬ 
pedances at a specified frequency (4). 

Unconditional stability is a desired attribute of a transistor, 
especially for broadband design. This is because rs and rL are 
not constant with frequency, but vary linearly over the operating 
frequency range (for ideal components). 

Fortunately, unconditional stability can be checked by 
calculating the Rollett stability factor K(2). If K is greater than 
1 at a specific frequency, and the transistor is biased properly, 

Since K > 1, the transistor is unconditionally stable at 1.5 GHz. 
Finally, at 2.0 GHz: 

1+(.0293521)2 - (.591)2 - (392)2 

(2)(.08)(2.774) 
(22) 

Again K > 1, the transistor is unconditionally stable at 2.0 GHz. 

We have now established unconditional stability for the 
HXTR-3101 transistor at 1.0, 1.5, and 2.0 GHz, provided the tran¬ 
sistor is biased at VCE = 10 V, and lc = 10 mA. The best way 
to prove the transistor is unconditionally stable through the 1-2 
GHz band is to test the transistor with a microwave vector net¬ 
work analyzer and a digital computer. For the purposes of this 
design, assume unconditional stability based on the transistor’s 
calculated stability at 1.0, 1.5, and 2.0 GHz. 
The source and load matching networks will provide an overall 

amplifier circuit power gain of 10 dB while at the same time main-
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taining a noise figure of less than 3.5 dB. 

Noise Figure Circles 
The noise figure, or “F” of a network, is a quantity used as 

a figure of merit to compare the noise in a network with the noise 
in an ideal or lossless network (2). It is a measure of the degrada¬ 
tion in signal-to-noise ratio (SNR) between the input and output 
ports of the network. 

Input SNR 

F = 10 L°9’° Output SNR dB (23)

Using noise parameters, the noise figure of a single-stage tran¬ 
sistor amplifier is a function of rs — the reflection coefficient of 
the input matching network (6). 

ip - r I2
(24) 

where, 

Fmin = Minimum Noise Figure 

Rn
rn = - = Normalized equivalent noise resistance 

noise circles will provide an overall amplifier noise figure of less 
than 3.5 dB. 

To determine the 1 GHz and 2 GHz 3.5 dB noise figure circles, 
equations 26, 27, and 28 can be used (6). 

N,= 

C,= 

R( = 

n 4rFmin H+r0P 

To 
1 + N, 

/Ni2 + N.(1 -|r0|2) 
1 + N¡ 

(26) 

(27) 

(28) 

F¡ is the value of the desired noise figure circle. r0, Fmin , and 
rn are the noise parameters of the transistor. C¡ is the location 
on the Smith chart of the center of the noise figure circle and 
R¡ is the radius of noise figure circle. N, is an intermediate quan¬ 
tity used in equations 27 and 28. Substituting the noise 
parameters in Table 2 at 1 GHz into equation 26, at 1 GHz: 

N| = 
3.5 - 1.7 

|1 + .301 /121 °|2 = 1.1554166 (29) 

ro = Optimum source reflection coefficient for Fmin

Notice that if rs = r0, the second term of equation 24 goes 
to zero, and equation 24 reduces to F = Fmin . Fmin , rn, and r0 are 
noise parameters of the transistors. They are usually supplied 
by the manufacturer and vary with frequency and DC bias point. 
The noise parameters obtained from HP for the HXTR-3101 

are shown in Table 2 (3). 

Likewise, substituting Ni and To for 1 GHz into equation 27 at 
1 GHz: 

.301 /l 21 ° 

2.1554166 
= .1396/121° (30) 

Freq. (GHz) Fmin ro Rn

.5 1.4 dB .121/96° 114.4Q 
1.0 1.7 dB .301/121 ° 15.2Q 
2.0 2.5 dB .461/173° 5.2Q 
3.0 3.3 dB .553 /-1 57° 8.4Q 
4.0 4.2 dB ,648/-139° 13.4Q 

Ci, the center point, is plotted on the Smith chart in the same 
manner as a reflection coefficient. The radius of the Smith chart 
used in this design is 11.4 cm. Thus C¡ multiplied by 11.4 is the 
quantity plotted on the Smith chart at 1 GHz. 

(11.4)C| = 1,59l/l21° cm (31) 

To find the radius of the 3.5 dB noise figure at 1 GHz, substitute 
the value of N¡ in equation 29 and ro from Table 2 into equation 
28. 

At 1 GHz, 

Table 2. Noise Parameters for HXTR-3101 
(VCE = 10 V, lc = 10 mA) 

/ (1.1554166)2 + (1.1554166)(1 - (.301)2) 

2.1554166 
(32) 

Recall that the design goals for this amplifier design are: 
R¡ = .7166 

Bandwidth: 1-2 GHz 
Noise Figure: less than 3.5 dB 

Gain: 10 dB (small-signal) 

Clearly, rs for the input matching network used in conjunc¬ 
tion with rL for the output matching network to achieve 10 dB 
of gain will be constrained by equation 24, such that: 

F < 3.5 dB (25) 

In order to determine acceptable values of r, that will meet 
the constraint of equation 25, it is necessary to establish the 3.5 
dB noise figure circles a 1 GHz and 2 GHz. These noise figure 
circles can be plotted on a smith chart to simplify the design pro¬ 
cess. Once plotted, all values of rs within the boundaries of the 

R¡, calculated in equation 32, is a fractional number between 
0 and 1 which represents the radius of the noise figure circle 
relative to the radius of the Smith chart. Since we are using a 
Smith chart with a radius of 11.4 cm, at 1 GHz, 

Radius of circle = (11 .4)R, = 8.169 cm (33) 

Following the same procedure at 2 GHz, 

Ni = 
3.5 - 2.5 

N, = .7148881 

RF Design 
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found in step 2). 
(4) determine values of the elements in the input and out¬ 

put matching networks using the Smith chart and broad¬ 
band impedance matching techniques. 

(5) calculate the amplifier gain at 1.5 GHz (center 
frequency). 

Equation 18 can be rewritten as: 

GTumax(dB)=10 Log + 10 Log |S21 |2 

+ 10 Log 
1 

= GSmax(dB)+G0(dB)+GLmax(dB) (39) 

(11.4)(C¡) = 3.96/l73° cm (36) 

^(.7148881)2 + (,7148881)[1 - (.461)2] 

1.7148881 (37) 

Substituting the values in Table 1 for 1 GHz into equation 39: 

GTumax (1 GHz) = 1.7136 dB 4- 14.5345 dB + .79075 dB 
= 17.0389 dB (40) 

The first term in equation 40 indicates the maximum gain con¬ 
tribution to the amplifier due to input matching is 1.7136 dB. The 
second term is the transistor gain which is independent of input 
and output matching and is equal to 14.5345 dB. The third term 
of equation 40 is the maximum gain contribution to the amplifier 
due to output matching and is .79075 dB. The transistor gain at 
1 GHz with no matching at all is over 14 dB. This means that 
at 1 GHz, the input and output matching networks need to pro¬ 
vide negative gain (or attenuation) for the overall amplifier gain 
to be 10 dB. 

Calculating required values for Gs and GL at 1 GHz, Go = 
14.5345 dB 

R, = .6043 

(11.4)Ri = 6.88 cm (38) 

A plot of the 3.5 dB noise figure circles at 1 GHz and 2 GHz 
is shown in Figure 7. As stated before, the input matching net¬ 
work reflection coefficient, rs, must be located within these 
circles at 1.0 and 2.0 GHz to retain an overall amplifier noise figure 
of less than 3.5 dB. 

Constant Gain Circles 
With the aid of a Smith chart, note that there are 3.5 dB noise 

figure circles at 1 and 2 GHz. The task remaining is to calculate 
values for the passive elements used in the input and output 
matching networks that will provide 10 dB of power gain for the 
amplifier from 1 to 2 GHz. 

To facilitate this task, assume that the HXTR-3101 transistor 
is unilateral, that is, the value of |S12 | is small enough to be 
neglected. In doing so, realize that a small error will be introduced 
in the overall gain of the amplifier. This error is small enough 
to be ignored since the S-parameters on the datasheet are strictly 
typical values anyway. 
Based on the unilateral transistor assumption above, the follow¬ 

ing steps will be used for designing the input and output mat¬ 
ching networks: 
(1) calculate the maximum unilateral gain of the amplifier at 

1 and 2 GHz (band edges) using equation 18 and the 
values in Table 1. 

(2) calculate the required gain of the input and output mat¬ 
ching networks to achieve an overall amplifier gain of 10 
dB at 1 and 2 GHz. 

(3) calculate and plot on a Smith chart the input and output 
constant gain circles at 1 and 2 GHz (using gain values 

Desired G-pg — 10 dB = Go + Gs + GL

so, 

Gs + Gl = Gtu - Go = 10 dB - 14.5345 dB 

Gs + Gl = —4.5345 dB (41) 

Equation 41 indicates that at 1 GHz, the combined gain con¬ 
tribution of the input and output matching networks is equal to 
-4.5345 dB. For simplicity set Gs = GL and divide the -4.5345 
dB of gain equally between the two. Then, at 1 GHz, 

Gs = -2.2672 dB (42) 
Gl = -2.2672 dB (43) 

Following the same procedure at 2 GHz: 

G-rumax = GSmax(dB) + G0(dB) + GLmax(dB) 
= 1.866 dB + 8.8621 dB + .7245 dB 
= 11.4527 dB (44) 

At 2 GHz, the transistor gain, Go, is only 8.8621 dB. This 
means that at 2 GHz, the input and output matching networks 
need to provide positive gain for the overall amplifier gain to be 
10 dB. 

Calculating the required values for Gsand GL at 2 GHz, 

Go = 8.8621 dB 

Desired G-pg = 10 dB = Go + Gg + GL

so, 
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INCREASE RF 
Test Productivity 

DECREASE RF COME TO IFI 
Problems-
For over 25 years, IFI, Instruments for Industry, 
has been the unequalled leader in producing 
RF system modules and complete RF testing 
systems that offer optimum power, broad 
bandwidth and exceptional versatility. 

Whether you need wideband, high power 
amplifiers, E-field generators and sensors, 
TEM test cells or automatic leveling systems, 
IFI instruments are engineered for long life and 
trouble-free operation. 

In fact, for: military and aerospace engineer¬ 
ing • defense and space exploration • medical 
and biological testing, experiments, and 
treatments • a wide range of communications 
needs • automotive manufacturing • general 
lab susceptibility testing and instrument 
calibration or whatever your particular applica¬ 
tion ... IFI provides the most comprehensive 
equipment available to solve your critical RF 
testing and measurement problems. IFI, the 
problem solvers in RF testing. 

Send for our catalog today! 

731 Union Parkway, Ronkonkoma, NY 11779 
(516) 467-8400 • FAX (516) 467-8558 

Come see us at RF Expo/East, Booth #353. 
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Gs + GL = 10 dB - Go = 10 dB - 8.8621 dB 
Gs + Gl = 1.1378 dB (45) 

Again, as was done at 1 GHz, for simplicity set Gs = GL and 
divide the 1.1378 dB of gain equally between the two. 
Then, at 2 GHz, 

Gs = .5689 dB (46) 
Gl = .5689 dB (47) 

Table 3 shows the calculated input and output matching net¬ 
work gain figures in dB at 1.0 and 2.0 GHz. 

1 GHz 
2 GHz 

G0(dB) 
14.5345 
8.8621 

Gs(dB) 
-2.2672 
0.5689 

GL(dB) 
-2.2672 
0.5689 

GTU(dB) 
10.0 dB 
10.0 dB 

Table 3. Matching gain figures. 

Equations 48, 49 and 50 are used to plot the constant gain 
circles for the input matching network (4). 

Gs 
gs= -p- (Gs not in dB) 

^Smax 

d = 9s|Slll 
8 i - ISnW - gj 

R = x/l ~9s(1 - |S„F) 

s 1 - ISnRI- gs) 

(48) 

(49) 

(50) 

The quantity ds is the distance from the center of the Smith 
chart to the center of the constant gain circle along the vector 
SM * and is plotted in the same manner as a reflection coeffi¬ 
cient. Rs is a fractional number which corresponds to the radius 
of the constant gain circle relative to the radius of the Smith chart. 
The quantity gs is the normalized gain value for the Gs constant 
gain circle (not in dB). 

Substituting values from Table 1 and Table 3 into equations 
48, 49 and 50, at 1 GHz: 

Gs = -2.2672 dB= .59329 

Gsmax = 1-7136 dB = 1.48377 

ds = .4818601 

(11.4 cm)ds = 5.493 cm (along —161°) (57) 

Rs = .363427 

(11.4 cm)Rs = 4.143 cm (58) 

Figure 8 shows the input matching constant gain circles at 1.0 
and 2.0 GHz. For convenience, the constant noise figure circles 
of Figure 7 are superimposed. Any impedance network which 
transforms the 50 Q source impedance to a point on the cons¬ 
tant gain circles at 1 and 2 GHz, respectively, and also stays in¬ 
side the 3.5 dB noise figure circles is acceptable for the input 
matching circuit. Shown on Figure 8 are the input impedance 
transform arcs. An ideal shunt inductor (arc A-C) has a constant 
conductance of zero and its susceptance decreases with frequen¬ 
cy. The arc-length of A-C is equal to the susceptance of the shunt 
inductor at 1 GHz. The length of arc A-B on the Smith chart is 
equal to the susceptance of the shunt inductor at 2 GHz. 
An ideal series capacitor (arc C-D and B-E) has a constant 

resistance of zero and its reactance decreases with frequency. 
The arc-length of C-D on the Smith chart is equal to the reac¬ 
tance of the series capacitor at 1 GHz. The length of arc B-E 
is the reactance of the series capacitor at 2 GHz. 

It is obvious that with the right values of shunt inductance and 
series capacitance, the input impedance transforming (matching) 
network can land on the required constant gain circles. Using 
the impedance transform arcs in Figure 8, the values of the shunt 
inductor and the series capacitor can now be calculated: 

1 GHz 2 GHz 
shunt L, arc A-C=20 millimhos arc A-B=10 millimhos 
series C, arc C-D=64 ohms arc B-E=32 ohms 

Now calculating the value of the shunt inductor and series 
capacitor 
at 1 GHz, Bl = .02 mhos 
at 2 GHz, Bl = .01 mhos 

i 1 1 1L= - = - = - -- (59) 
wBl (2n)(1x109)(.02) (2n)(2x109)(.01) 

= 7.95 nH 

9’ = - 1.48377 = 399858 (SD 

ds = .28386 (52) 

(11.4 cm) ds = 3.236 cm (along 169°) (53) 

Rs = .649122 (54) 

(11.4 cm) Rs = 7.399 cm (55) 

at 2 GHz, 

Gs = .5689 dB = 1.139935 

Gsmax = 1-8660 dB = 1.53676 

1.139935 
9s= - 1.53676 = -7418003 (56) 

at 1 GHz, Xc = 64Q 
at 2 GHz, Xc = 32Q 

Xc = QC 

œXc (2n)(1x109)(64) (2n)(2x109)(32) 248pF

(60) 

We now know the value of the shunt inductor and the series 
capacitor which form the amplifier’s input matching circuit. 

All that remains now is to find the required output matching 
circuit to produce the values of GL in Table 3 at 1 and 2 GHz 
and the amplifier design is completed. Equations 61, 62 and 63 
are used to plot the constant gain circles for the output matching 
network (4). 

Gl
9l= -p- (Gl not in dB) (61) 

^Lmax 
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Figure 8. Noise figure and input matching. Figure 9. Output matching circles. 

Quinzi 
1 - |S22 |2(1 - gj 

/i-gL (1 -|S22F) 
1 - |S22 |2(1 - gj 

(62) 

(63) 

ming arcs. As in the input matching plot, we again need a series 
capacitor and a shunt indicator. By examining the arcs on the 
Smith chart, we obtain: 

1 GHz 
Series C, arc A-C = 54Q 
Shunt L, arc C-D=35 millimhos 

2 GHz 
arc A-B = 27Q 

arc B-E=17.5 millimhos 
The quantities gL, dL, and RL have the same meaning as gs, 

ds, and Rs except that they are referenced to the output mat¬ 
ching network. 

Substituting values from Table 1 and Table 3 into equations 
61, 62 and 63, we obtain: 

at 1 GHz, 

Gl = -2.2672 dB = .59329 
GLmax = 79075 dB = 1.1997 

We can now calculate the value of the series capacitor and 
the shunt inductor. 

at 1 GHz, Xc = 54Q 
at 2 GHz, Xc = 27Q 

1 

G, 
gL = — - = .494535 (64) 

Gimax 

dL = .220307 (65) 
(11.4 cm)dL = 2.511 cm (along 43°) (66) 
Rl = .647055 (67) 
(11.4 cm)RL = 7.376 cm (68) 

at 2 GHz, 

Gl = .5689 dB = 1.13997 
GLmax = .7245 dB = 1.1815 

gL = — ¿ - = .964797 (69) 
^Lmax 

dL = .380257 (70) 
(11.4 cm)dL = 4.334 cm (along 57°) (71) 
Rl = .159655 (72) 
(11.4 cm)RL = 1.820 cm (73) 

The output matching circuit constant gain circles are plotted 
on a Smith chart in Figure 9 along with the impedance transfor¬ 

C =_ =_ = - = pr 
a>Xc (2n)(1x109)(54) (2n)(2x109)(27) H

(74) 

at 1 GHz, Bl = .035 mhos 
at 2 GHz, B = .0175 mhos 

a>BL (2n)(1x109)(.035) (2n)(2x109)(.0175) 
(75) 

Table 4 shows the values of the input and output matching 
components and Figure 10 shows a complete schematic of the 
amplifier. 

Shunt L Series C 
input circuit 7.95 nH 2.48 pF 
output circuit 4.54 nH 2.94 pF 

Table 4. Amplifier input and output matching 
components. 
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Xc3 = .53Q = 

Figure 10. Schematic of completed amplifier design 
with bias and matching circuitry. 

This justifies 300 pF for the value of C3. 
C4 is needed to keep the collector DC bias current from be¬ 

ing shorted to ground through L4, the output matching shunt in¬ 
ductor. Since C4 is in series with L4, its reactance should be 
much less than that of L4 over the operating bandwidth, so that 
C4 will have a negligible effect on the output matching circuit, 
at 1 GHz, 

XC4 «XL4 = wL4 = 28.52Q 

Notice the addition of C3 and C4 to the circuit. These 
capacitors are not part of the matching circuitry. C3 is an input 
DC blocking capacitor implemented to protect L3 in case a DC 
voltage is applied to the input of the amplifier. C3 should be a 
sufficiently high value of capacitance such that its reactance is 
much smaller than that of the input matching components within 
the operating bandwidth, so its effect on the input matching cir¬ 
cuit will be negligible. 
at 1 GHz, 

Xc3«Xci = —L = 64.17S 
co0 1 

Xc3«XL3 = wL3 = 49.95Q 

If we choose C3 = 300 pF, then 

If we choose C4 = 300 pF, then: 

Xc4 = 530 = sas 

This justifies 300 pF for the value of C4. 
The gain at the center frequency (1.5 GHz) should now be 

checked using equation 17. 

(1 - irs|2) 

lTU H - s„rs|2 
is^p d - IM2) 

H - s22rL|2 

Using interpolation on the Smith charts of Figures 8 and 9 to 
determine the values of Ts and rL at 1.5 Ghz: 

rs = .3508 £112° 
Tl = .5087/91.5° 

FEATURES 

Sharp Cutoff 

250 Watt Power 

Low Cost 

Rugged 

Substituting the S-parameters for 1.5 GHz from Table 1, Ts, 
and rL into equation 17 we obtain: 

Gtu(1.5 GHz) = 13.339 = 11.271 dB 

Therefore, the amplifier gain is slightly higher at the center 
frequency than at the 1.0 and 2.0 GHz band edges. 

About the Author 
Jackie Hughes obtained his BSEE from the University 

of Alabama in 1980. He is a senior engineer with Spec-
tradyne, 1501 North Plano Road, RO. Box 830775, Richard¬ 
son, TX 75083-0775, Tel: (214) 234-2721 ext. 173. 

HIGH PERFORMANCE RF FILTERS 
NEW PRODUCT 

EAGLE HLC-700 series LC filters are compact, high performance filters 
available in Low pass, Band pass, High pass, and Band stop with cutoff 
in the frequency range of 1.0 MHz to 1.0 GHz. These units are constructed 
using heavy gauge nickel plated brass boxes. Connectors and hardware are 
brass or stainless steel. Silver plated inductors and porcelain capacitors 
assure high Q and low power loss in the filter. Quick delivery is assured 
due to a very large inventory of elements, automated design and testing of 
filters and a large stock partially assembled units. If you are tired of 
long lead times, no qualified source, lack of vendor interest due to low 
quantities give EAGLE a call. We are ready to meet your filter requirements. 
Call or write for FREE application directive: "The Selection, Care, and 
Feeding of RF Filters" as well as EAGLE’S filter catalog. 

(619) 728-6000 
PO BOX 911 Fallbrook, CA 92028 
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No soldering, 
no problems, 
no failures 
With SUHNER C-grip, as¬ 
sembling SMA connectors to 
semi-rigid cable is an easy 
task! Two simple assembly 
steps lead to a reliable con¬ 
nection between connector 
and copper jacket, meeting 
all aspects of perfect micro¬ 
wave operation. Without sol¬ 
dering, without heating the 
cable, without expensive 
tools but always with perfect 
results. 
1. Push C-grip nut onto 
cable: 
The C-grip nut grips the cop¬ 
per jacKet firmly and secure¬ 
ly, without causing deforma¬ 
tion or cold flow of copper or 
dielectric. 

2. Tighten connector 
housing to nut: 
The front race of the soft cop¬ 
per jacket is pressed against 

Perfect outer conductor 
contact 

Position of C-grip 
not critical 

the connector housing and 
forms a perfect and tight 
contact all around the cable 
thereby guaranteeing long¬ 
term stability and lowest 
SWR. 

stock through a worldwide 
distribution network. Techni¬ 
cal data: DC to 18 GHz, 
SWR 1.05+0.01 f (in GHz), 
climatic class 55/1 05/21 , pas¬ 
sivated stainless steel. Two 
piece design allows inspec¬ 
tion of assembly steps. 
Short assembly time, and 
consistent reliability make 
SUHNER C-grip the most 
economic SMA solution, in¬ 
dependent of quantity or 
type of application used. 

Eleven versions of SUHNER 
C-grip SMAs for semi-rigid 
cable are available from 

HUBER+SUHNER 
USA HUBER + SUHNER Inc. 
500 West Cummings Park, 
Woburn, MA 01801, 
Tel. 617-938-1335 
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rf design feature 

VHF Oscillators Using 
Microwave Integrated Circuits 

By Wes Hayward 
TriQuint Semiconductor 

Once considered a lab curiosity, the 
microwave integrated circuit (MIC) has be¬ 
come a common part of many RF sys¬ 
tems. The most common MIC is the cas¬ 
cadable amplifier. These use negative 
feedback in a circuit containing one to 
perhaps a half dozen transistors to form 
an active two-port network with flat gain 
and well defined terminal impedances. 
The first MICs available were hybrid cir¬ 

cuits, such as the Motorola MWA-120 
series using a single transistor in a feed¬ 
back amplifier. The monolithic microwave 
integrated circuit (MMIC) is now more 
common, with devices available from 
numerous vendors. The most popular 
topology is a Darlington pair, operating in 
a common-emitter configuration with 
negative feedback (1). This article shows 
how to use MICs in oscillators. 

The MIC cascadable amplifier is typi¬ 
cally used as a small signal or buffer 

circuit. It may also be used as the gain 
element in an oscillator. Although simple, 
the MIC amplifiers differ from the usual 
transistors used in an oscillator. The MIC 
cascadable amplifier usually contains 
negative feedback presenting moderate 
impedances (often 50 ohms) at the input 
and output ports. 

Figure 1. Resonant network with phase shift of 180°. Figure 2. Experimental 50 MHz MIC oscillator. 
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Photo of MMIC oscillators. 

General Purpose Ladder Analysis. Gain (line) and Return Loss (dots). 
F - 0.00 to 100.00 MHz Top - 0 dB. Bottom = -30 dB 

V 

_ 

• • 

Low Power IF 
Integrated Circuits ... 

Low power and 
high performance! 

Signetics. 

NE602/612 VHF Mixer/Osc 
• HF/VHF/UHF mixing with 2.5mA current 
• 18dB conversion gain at 45MHz 
• 4.6dB noise figure at 45MHz 
• Built-in oscillator to 200MHz 
* Mil-Spec available in November 1987 

NE604/614 FM IF Strip 
• 0.27MV sensitivity from 
matched load at 455kHz 

• 0.4/xV sensitivity with 10.7MHz 
(narrow-band) 

• Two-stage 90dB limiting amps with 
low phase shift 

• 90dB log signal strength indicator 
• Quadrature detector for narrow or 
wide-band IF 

• 3.0mA supply current 
★ Mil-Spec available in November 1987 

10.000 MHz/div., 5.00 dB/div., (s.p.m - Active), steps = 0.5000 

Figure 3. Resonator amplitude versus frequency for the 50 MHz oscillator. 

General Purpose Ladder Analysis Phase Plot. 
F = 0.00 to 100.00 MHz Top - 0 deg.. Bottom = -360 deg. 

NEW-NEW-NEW 
NE605 FM IF System 

• NE602/604 functions combined 
• 5.5mA supply current 
• Excellent compact performance 

Figure 4. Plot of phase response for the 50 MHz oscillator. 

Call 800/227-1817, ext. 900 
for the number of your local 
Signetics sales office 

Signetics 
a subsidiary of U.S. Philips Corporation 

Your Broadline Communication IC Supplier 
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An oscillator must contain a mechan¬ 
ism to limit its amplitude. This usually 
results from current limiting with the tradi¬ 
tional bipolar transistor oscillator (2). The 
negative feedback built into the cascad¬ 
able MIC amplifier usually precludes sim¬ 
ple current limiting. MIC oscillator limiting 
external to the amplifier will ensure pre¬ 
dictable performance. 

Presently available MICs operate as in¬ 
verting amplifiers. The angle of S21 is 

close to 180 degrees over much (usually, 
the lower half) of the amplifier bandwidth. 
A suitable oscillator will result when the 
amplifier is cascaded with a resonant net¬ 
work with a phase shift of 180 degrees at 
the frequency of peak amplitude re¬ 
sponse. Figure 1 shows two networks that 
can be built to generate such a phase re¬ 
sponse. Other networks, both lumped and 
distributed, have also been investigated 
and found suitable. Detailed analysis will 

High Performance Converter 
for Snapshot Recorder 

Lets You Capture All of the Intelligence 

This converter is used in systems 
recording Time Division Multi¬ 
plexed signals. Located between 
the receiver and the snapshot 
recorder, it converts the IF out¬ 
put of the receiver to standard 
digital recorder frequencies. 

Wideband Output. The 
output bandwidth of the con¬ 
verter may be up to ±90% of 
the output center frequency. For 
example, with a center frequency 
of 50 MHz the output bandwidth 
will be from 5 MHz to 95 MHz. 

Superior Performance. 
Imageless mixers are used to sup¬ 
press the image noise, resulting 
in exceptional signal-to-noise 
ratios across the entire band¬ 

width. Anti-aliasing filters are 
provided for each bandwidth 
selected. An optional multi-sec¬ 
tion group delay equalizer is 
available to minimize distortion. 

Simplified Operation. Push¬ 
button controls are used to select 
an input attenuator, output fre¬ 
quencies, and manual or AGC. 
Signal level meters are provided 
for both the input and output 
signals. 

Related Products. 
• Video Distribution 
• Audio/IF/Timing Distribution 
• IF to Tape Converters 
• Digital Signal Processing 
• Base Band Translators 
• IF/Predetection Converters. 
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APCOM 
INCORPORATED A 

APCOM INC. 
625A Lofstrand Lane 
Rockville, MD 20850 
(301) 294-9060 
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depend upon available S-parameter data. 
If the circuit topology is known, it is possi¬ 
ble to estimate S-parameters using a sim¬ 
ple hybrid-pi transistor model. While less 
than ideal, a starting point is still provid¬ 
ed. Analysis of the total circuit, even if ap¬ 
proximate, is then possible. 

Oscillator design may be performed by 
viewing the circuit as either a reflection 
amplifier, analyzed with S-parameters (3) 
or a two-port network that is analyzed with 
any convenient parameter set. The two-
port approach is more intuitive when us-

! ing the MIC cascadable amplifiers. 

50 MHz Oscillator 
Figure 2 shows an experimental MIC 

oscillator. A Motorola hybrid was used with 
limiting done by a back-to-back pair of hot 
carrier diodes biased to 1 mA. The circuit 
limits the signal current to a peak value 
of 1 mA. This is confirmed with a 50 ohm 
terminated oscilloscope. Assume that the 
fundamental driving frequency has a peak 
amplitude equal to the peak of the limited 
value, which is a square wave. The max¬ 
imum available output power at the input 
frequency is then -16 dBm. 
The resonator chosen is shown in Fig¬ 

ure 1A. It was built with a pair of small 
toroid inductors, each with a value of 1.04 
mH (17 turns on Micrometals T30-6). The 
unloaded Q was over 100 at 50 MHz, pro¬ 
ducing a network with an insertion loss 
of less than 1 dB. 
The diode limiter produces an oscillator 

with predictable output power. Assuming 
a loss of 1 dB in the resonator, and an 
amplifier insertion gain of 13 dB, the 
available power at the amplifier output is 
-4 dBm. If all impedances were matched, 
the output power at the coax connector 
would be -10 dBm. The three 51-ohm 
resistors form a 6 dB power divider. How¬ 
ever, if the input to the limiter becomes 
a high impedance during operation, the 
power available at the connector could be 
as high as -6.5 dBm. It was measured at 
-7 dBm with a homemade spectrum 
analyzer. The indicated accuracy is good 
considering the status of the instrumen¬ 
tation. 

Figure 3 shows the calculated resonator 
amplitude response vs. frequency. The 
phase response is presented in Figure 4, 
while Figure 5 shows input impedance vs. 
frequency in a Smith chart format. The cir¬ 
cuit was tuned for a peak amplitude re¬ 
sponse at 50 MHz (4). The oscillator was 
tuned from 24 to 90 MHz and the phase 
began to depart significantly from the de¬ 
sired 180 degrees at lower frequencies. 
Calculations indicate that the upper fre¬ 
quency is limited by parallel capacitance 
across the 1 mH inductors. 
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Audio Power 
Amplifiers ... 

When audio power 
requirements are 
critical, listen to 

Signetics. 

Figure 5. Input impedance versus frequency for the 50 MHz oscillator. 

TDA7050 
Low Voltage Power Amplifier 

• Supply voltage range ~ 1.6V-6.0V 
• No external components required 
• 150mW (typ) power output 
• Very low quiescent current 
• 8-pin DIP or SO package 

TDA1013A 
4W Power Amp with DC 
Volume Control 
• Wide supply voltage range (15V-35V) 
• 4.5W (typ) power output 
• 80dB of gain control range 
• SIL package 

TDA1011 
2-6W Audio Power Amplifier 

• Built-in preamplifier 
• 6.5W (typ) power output 
• Excellent noise rejection 
• SIL package 
• Wide supply voltage range (3.6V-20V) 

Call 800/227-1817, ext. 900 
for the number of your local 
Signetics sales office 

Figure 7. Resonator amplitude versus frequency for 250 MHz oscillator. 

Signetics 
a subsidiary of U.S. Philips Corporation 

Your Broadline Communication IC Supplier 
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HIGH 
POWER 

EPSCO 

COMPACT^ 
R.F. POWER 
AMPLIFIER MODULES 

Figure 8. Plot of phase response for 250 MHz oscillator. 

EPSCO offers a family of extremely 
compact power amplifier modules 
for UHF/VHF applications, com¬ 
biningwide bandwidth, high gain 
and high output power levels. In 
addition to standard wideband 
and narrowband models (available 
in Class A, AB or C operation), 
EPSCO provides custom designs 
to meet your specifications. 

TYPICAL MODULE PERFORMANCE 
Wideband Modules 

Freq. (MHz) Input Power Output Power 
(dBm) (dBm) min. 

2-32 +10 +43 
20-500 0 +43 
500-1000 0 + 43 

Narrowband Modules 
Freq. (MHz) Input Power Output Power 

(dBm) (dBm) min. 
2-100 0 + 46 
100-200 0 + 46 
225-400 0 +46 
600-800 0 + 43 

TO MEET YOUR SPECS 
Sizes start at 2" x 3" x 0.75." 

For more complete information 
and discussion of your high power 
RF amplifier needs, contact 
Epsco, RF Division, 31355 Agoura 
Road, Westlake Village, CA 91361. 
(818) 889-5200. Telex: 18-3378. 

Figure 9. Input impedance versus frequency for 250 MHz oscillator. 

This circuit had lower than normal har¬ 
monic output. This is a result of the ampli¬ 
fier which operates at fairly low linear 
power levels, with nonlinear limiting intro¬ 
duced by external circuitry. The second 
and third harmonics were measured at 44 
and 48 dB below the 50 MHz output. 
The series limiting mechanism used 

will cause operating resonator Q to de¬ 
crease as resonator power increases. This 
is opposite to the effect desired for low 
phase noise. 

INFO/CARD 76 
¡orne see us at RF Expo/East, Booths #114 & 116. 

The second oscillator is shown in 
Figure 6 where a different resonator has 
been adopted. The inductor used an air 
core with seven turns of #26 wire formed 
on a 6-32 machine screw, p'oducing an 
inductance of about 75 nH. Calculated 
amplitude, phase, and input impedance 
for this resonator are shown n Figures 7, 
8 and 9, respectively. The power divider 
was altered to provide slightly higher 
energy available within the loop. This 
decreased the available output power 
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from the circuit which measured at -10 
dBm. This oscillator operated at 250 MHz, 
which was the upper limit of the spectrum 
analyzer used for evaluation, which pre¬ 
vented measurement of harmonic distor¬ 
tion. 
The amplifier used in the oscillator of 

Figure 6 is the Mini-Circuits MAR-1, 
specified for a 50 ohm transducer gain 
of 13 dB with a 1 GHz bandwidth. S-
parameter data was unavailable for the 
amplifier. DC resistance measurements 
suggested that the amplifier topology for 
the MAR-1 was similar to the Darlington 
circuit used by Avantek (i). Examination 
of Avantek data sheets showed a well con¬ 
fined phase angle for S21. The diode 
limiter was temporarily eliminated from 
the circuit. The frequency change was 
minimal, but the amplitude increased by 
nearly 10 dB. 

The MIC is a practical device for the 
construction of simple oscillators. The cir¬ 
cuits presented show low harmonic distor¬ 
tion and predictable output power. MIC 
oscillators offer an additional advantage: 
they are formed from a cascade of 50 ohm 
characteristic impedance circuits. As 
such, they are more easily measured than 

other more traditional circuits. H 
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...and NOW there are 4 versions of our 
versatile NEW THRULINE® Wattmeter 
from ZOrriVtfto 10kW within 5% of READING 

Each element is good for seven overlapping power levels. Frequency bands from 
200kHz to 1000MHz. Pick power ranges from 
0.02-100W. 0.2-1000W or 2-10.000W with 
±5°/o accuracy of reading. 

441 OP 

The four NEW THRULINE 
directional RF Wattmeters 
are: a battery portable 
(4410). an AC_or battery 
rack mount (4410P) or por¬ 
table (4411) and an 
AC/rechargeable battery 
portable (4412). 
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Come see us at RF Expo/East, Booth #110. 

High Performance 
Amplifiers ... 

Consider price vs. 
performance ratios. 

Signetics does. 

NE5230 Low Voltage Op Amp 
• 1.8 to 18V Supply Voltage 
• Common-mode includes both rails 
• Output swing within 100 mV of each rail 
• Adjustable supply current 
* Extended temperature range 

NE5204/5205 Wide-band Amp 
• -3 dB bandwidth to 600 MHz 
• 20 dB fixed gain block 
• Input/Output impedances matched 

to 50 or 750 
• Noise figure: 6 dB (50Q); 4.8 dB (75Í2) 
• No external components 
★ Military specs available 

NE5212 Transimpedance Amplifier 
• 14 kil differential transresistance 
• -3 dB bandwidth to 100 MHz 
• Low noise: 2.5 pA/VHz 
• Single 5V supply 
* Military specs available 

for the number of your local 
Signetics sales office 

Signetics 
a subsidiary of U.S. Philips Corporation 

Your Broadline Communication IC Supplier 
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rf products 

130 MHz DDS from Stanford 
Telecommunications 
The STEL-9272 is a digital frequency 

synthesizer based on the STEL-2172 ECL-
NCO chip. It includes a 300 MHz clock 
generator which may be slaved to an ex¬ 
ternal 5 MHz reference. The system also 
includes a parallel control interface and 
an anti-aliasing filter at the output of the 
digital to analog filter. It provides a signal 
in the 2 kHz to 130 MHz band with a reso¬ 
lution of just over 1 Hz. All spurious com¬ 
ponents are more than 37 dB below the 
carrier at all frequencies up to 130 MHz. 
The frequency control input data may be 
loaded as a parallel 28-bit word or as 
4-bytes and frequency changes may be 
made as rapidly as every 125 ns. 

In the byte load mode, the frequency 
selection data is loaded 1 byte at a time 
by means of the Load Enable lines. The 
bytes can be loaded in any sequence, and 
it is not necessary to re-load all the bytes 
when some of the frequency selection bits 
remain unchanged. In the parallel load 
mode, the frequency selection data is 
presented as a 28-bit parallel word and 
is latched in the system. The input buffer 
latches are transparent in this mode. 
The system is packaged in an alloy 

casting with a mounting flange on the bot¬ 
tom surface. The control input connec¬ 
tions are made through a 37-pin sub¬ 
miniature “D” type connector on one of 

the end faces, and the reference input 
and signal and auxiliary output connec¬ 
tions are made through SMA connectors 
on the other end face. Power connections 
are made by feedthrough capacitors on 

one of the sides of the enclosure. In single 
quantities, the synthesizer is priced at 
$9750. Stanford Telecommunications, 
Inc., Santa Clara, CA. Please circle 
INFO/CARD #204. 

Analogic Introduces Modular MRI 
Amplifiers 
The AN80 Series provides single 

chassis pulsed power from 100 W to 1000 
W and is field expandable from 2 kW to 
4 kW with additional chassis. These amp¬ 
lifiers can supply RF power over a range 
of 5 to 90 MHz. The amplifier modules 
employ high power FETs in a configura¬ 
tion that combines Class A linear perfor¬ 
mance with Class B power efficiency. This 
is accomplished with high speed bias 
gating of the FETs. For high bias AB 
operation the gating is turned ON and for 
blanking the gating is turned OFF. The 
ON amplifier can produce low distortion 
RF with high envelope linearity. 
The AN80 Series includes a peak RF 

power meter, an interface board and rear 
power-monitoring outputs. Transmission 
line transformers are utilized in the design 
since they pass relatively high frequen¬ 

cies and power levels with less dissipa¬ 
tion than conventional RF transformers. 
The transformers are used as baluns and 
for impedance matching, splitting and 
combining. The two-to-one combiner 
transformers for the push-pull output 
stages also serve to reduce transistor 
distortion. The amplifier may be remote¬ 
ly controlled and monitored using the rear¬ 
panel interface board for communication 
between an external system and internal 
control board. 
The specifications include a gain linear¬ 

ity of ±5 percent over a 40 dB dynamic 
range with gain flatness of ±2 dB from 5 
MHz to 90 MHz. The typical third order 
intermodulation spurious response is -30 
dBc and the typical noise figure is 12 dB. 
Analogic Corporation, Peabody, MA. 
INFO/CARD #203. 
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40 to 150 MHz 

Latching Programmable 
Attenuators 
The Models 5L80P and 7L80P, PCB 

mountable, latching programmable atten¬ 
uators operate over DC to 1000 MHz and 
attenuate to 80 dB in 1 dB steps. The 
Model 5L80P is the 50 ohm version and 
the Model 7L80P is the 75 ohm version. 
The structure consists of four cells with 

capsulated within conductive nylon rip¬ 
stop fabric. The fabric is bonded to the j 
foam and compresses easily. The average 
shielding effectiveness range is 69 dB 
when the frequency ranges from 1 kHz to 
1 GHz. Schlegel Corporation, Roches¬ 
ter, NY. INFO/CARD #201. 

Interference Reduction Filter 
Cir-Q-Tel introduces a navigation satel¬ 

lite interference reduction filter. The high 
power low pass harmonic rejection filter 
was designed to replace the antenna 
coupler output insulator on AN/URA-38 
and equivalent antenna couplers. The 
device will retrofit into antenna couplers 
in the 2-30 and 2-32 MHz communication 

ECL Compatible 
Crystal Clock 
Oscillators 

K1149 
Series 

• 40 to 150 MHz 
• ± 700 ppm 

1, 2, 4, and 8 dB values, plus three cells 
with 10, 20 and 40 dB values. It is two at¬ 
tenuators in one package. The binary 1-8 
dB portion provides 0 to 10 dB in 1 dB 
steps and the 10-40 dB portion provides 
0 to 70 dB in 10 dB. The price is $145 in 
single quantities. Trilithic, Indianapolis, 
IN. INFO/CARD #202. 

EMI Shielding Gaskets 
Schlegel® EMI shielding gaskets are 

made of compressible urethane foam en¬ 

channels. It eliminates spurious emis¬ 
sions from antenna couplers which can 
overload critical satellite navigation 
systems operating in the 2-510 MHz 
range. Cir-Q-Tel, Inc., Kensington, MD. 
INFO/CARD #200. 

• Complementary Outputs 
Available 

• Various Pinouts Available 

10KH-Based Design — The K1149 series 
crystal clock oscillators are compatible with the 
MECL 10K and 10KH logic families. The 10KH-
based design provides improved rise and fall 
times, duty cycle, noise margins and power 
supply rejection over that of the earlier 10K 
family while retaining compatibility. 
The oscillators have an open emitter output 
which allows the user to select the load termi¬ 
nation to optimize performance. 
The all-metal, hermetically sealed package, 
which can be wave soldered or plugged into 
a standard DIP socket, requires only 0.820" x 
0.520” board space and a seated height of 
0.270”. 
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High Performance 
VCXO 

THE NEXT BEST 
THING TO 

BEING THERE 
Proceedings of 

RF Expo East ’87 
Available Now 

If you won’t be one of the engi¬ 
neers attending the RF Expo East 
’87, you can still be one that bene¬ 
fits from it. We’ve taken the most 
valuable information that the expo 
covers and published it in the Pro¬ 
ceedings of RF Expo East '87. 
Over 35 papers that include: Phase-
Locked Loop Design Fundamentals, 
7\pe Acceptance Test for Radio 
Transmitters, and Computer-Aided 
Design of Filters will appear, mak¬ 
ing the $95 investment well worth 
the money. 

For information about proceedings 
from previous expos, call Michelle 
Schwinghammer at (303) 220-0600. 

PLEASE SEND ME THE 
PROCEEDINGS OF 
RF EXPO EAST ’87 

Prices (payment MUST be included): 
$95 inside U.S. 
$125 outside U.S. 

_ Check enclosed 
(make payable to RF Design) 

_ Bill my 
□ VI □ MC □ AE 

Card number __ 

Exp. date _ 

Signature _ _ 

Date_ 

Name __ 
Company_ 
M/S_ 
Address _ 
City, State _ 
ZIP_ 
Country (if other than U.S.)_ 

II EE 

DIP Package 
Dedicated Custom IC 

• Double Hermetic Seal 

Model 
K1523AA 

Superior Deviation/Stability Performance — 
± 0.0025% stability from 0°C to +70°, inclusive 
of calibration tolerance, stability vs. load, in¬ 
put voltage vs. load, aging, and stability vs. 
shock and vibration. Typically deviation is 
± 50ppm from 0.5V to 4.5V de, with wider devia¬ 
tion optionally available. 
Phase-Locked Loop Applications — Allows 
the system designer to phase lock to a 
reference standard to correct for frequency er¬ 
rors between different timing signals in LAN 
networks, computer-shared systems, or com¬ 
munications equipment. Reference oscillators 
also available. 

INFO/CARD 80 

“ , Motorola, K1149 and K1523AA are trademarks of 
Motorola Inc. © 1987 by Motorola Inc. 

MOTOROLA 
Components Division 
2553 N. Edgington 
Franklin Park, III. 60131 312/451-1000 
TWX: 910-255-4619 Telex: 4990104 
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Come where 
the 
power 
is. 

Power amplifiers for every rf testing need. Power you 
can depend on. Power from one watt to ten kilowatts. 
And these power ratings are ultra-conservative: 
Whether you order a 10-watt or a 2000-watt amplifier, 
you can be certain of at least its rated output at every 
point in its frequency band. 
Model 2000L, shown, delivers 2000 watts minimum 

cw saturated power over a bandwidth of 10 kHz to 220 
MHz. In pulse mode (up to 25% duty cycle), you can 
almost double that output rating— a vital feature in 
NMR. 
Our amplifiers are totally immune to damage from 

load mismatch—from wildly fluctuating VSWR to out¬ 
right open or shorted output terminals. 
The Amplifier Research line covers the frequency 

range from 10 kHz to 1 GHz. Bandwidth is instantly 
available without need for tuning or bandswitching. Our 
booklet, “Your guide to broadband power amplifiers,” 
will tell you a lot more. Send for it. 

HmMIFIBR CM RBSBRRCH 
160 School House Road 
Souderton, PA 18964-9990 USA 
Phone 215-723-8181 • TWX 510-661-6094 

Come see us at RF Expo/East, Booths #214 & 216. 

INFO/CARD 81 
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rf products Continued 
400 MHz Amplifier 

In applications where gain is a predomi¬ 
nant factor, the SL6140 offers 45 dB gain 
into 1 k ohm load with a 25 MHz band¬ 
width. Where bandwidth factors dominate, 
operation over 400 MHz is possible into 
50 ohm loads with 15 dB gain. Automatic 
gain is provided over a 75 dB range for 

Voltage Controlled Oscillators 
Z-Communications introduces the 

Model C-500 VCO which provides a 500 
MHz tuning range from 950-1450 MHz, 
phase noise specification of -90 dBc at 
25 kHz offset, 1 Hz bandwidth, harmonics 
at -30 dBc and power output of 11 dBm 
±1 dB. Two versions with different voltage 

Directional 
couplers 

both cases. The cost is $3.50 in 1,000 
piece quantities for the 8-pin small outline 
package. Plessey Semiconductors, Ir¬ 
vine, CA. INFO/CARD #199. 

broadband 
to 

4decades 

10 kW FM Transmitters 
Thomson-CSF introduces the TH341 

tetrode with associated cavity for 10 kW 
FM transmitters. It delivers about 17 dB 
gain at 80 percent efficiency. After initial 

requirements (+15 VDC and +12 VDC) are 
available. Samples are priced at $50 each 
to $15 in quantities of 10,000. Z-Commu-
nications, Inc., Ft. Lauderdale, FL. 
INFO/CARD #196. 

rugged 
to 

15 kW. 
Phase/Amplitude Matched Set 
Filters 

PTI offers phase/amplitude matched set 
filters for military navigation and mono¬ 
pulsed radar guidance systems as well as 
spread spectrum communications appli¬ 
cations. These sets are matched in filter 
pairs with a nominal frequency of 21.4 
MHz and a 3 dB bandwidth of ±150 kHz 
minimum. The initial offset has a match¬ 

frequency tuning at installation, no further 
adjustments need to be made to the cavi¬ 
ty. Thomson Electron Tubes and Devic¬ 
es Corp., Dover, NJ. INFO/CARD #198. 

TTL Crystal Oscillators 
Spectrum Control unveils TTL crystal 

oscillators ranging from 0.2 to 100 MHz. 
The oscillators are built in hybrid thick film ing phase of 10 degrees and amplitude 

of 1 dB. The spurious response is 60 dB 
minimum with an insertion loss of 10 dB 
maximum. It is priced at $650 each. Piezo 
Technology, Inc., Orlando, FL. Please 
circle INFO/CARD #195. 

technology and are hermetically sealed. 
Spectrum Control, Inc., Erie, PA. Please 
circle INFO/CARD #197. 

RF Power Amplifier System 
The Model 4200 has a frequency range 

of 400-450 MHz with a minimum output 
power of 1 kW into 50 ohms. VSWR is 2:1 
and gain is 60 dB with ±1 dB gain 
flatness. Spurious content is -60 dBc 

RF Design 

Our line of directional couplers 
gives you a convenient means of 
monitoring power flow in rf sys¬ 
tems, using power meters, volt¬ 
meters, scopes, or spectrum 
analyzers. 

Five models cover the fre¬ 
quency range from 10 kHz to 
1,000 MHz, with power ratings 
from 50 to 15,000 watts. Bidirec¬ 
tional models let you monitor 
forward and reverse power 
simultaneously— very useful in 
amplifier power leveling and load 
protection. 

nmPLiFien 
RESCRRCH 

160 School House Road 
Souderton. PA 18964-9990 USA 

Phone 215-723-8181 
TWX 510-661-6094 

82S7 

Come see us at RF Expo/East, 
Booths #214 & 216. 
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rf products Continued 

max. The 4200 is protected against in¬ 
finite VSWR at rated power and will with¬ 
stand input overdrive to +13 dBm. Ameri¬ 
can Microwave Technology, Inc., Fuller¬ 
ton, CA. INFO/CARD #194. 

SMT Inductors 
Coilcraft introduces surface mount in¬ 

ductors in a 1210 body size (.120 x .100 
in.). They are available with inductance 

values from .01 to 10 uH and high Q’s. 
They feature all ceramic construction and 
cost $0.19 each in 50,000 quantities. 

Also being introduced is a SMD-A test 
fixture that is suited for testing tight 
tolerance, low value passive components 
at frequencies from 1 to 1000 MHz. The 
fixture has low stray capacitance and 
residual inductance. It accommodates 
body sizes 1008 to 1812 and connects 

THICK FILM RF HYBRID CIRCUITS 
& SUBASSEMBLIES 

directly to any precision 7 rrm test port. 
The fixture can be used with network 
analyzers, spectrum analyzers, and RF 
impedance analyzers. Price tor the SMD-
A test fixture is $425. A companion lab 
software package for testing surface 
mount inductors using a personal com¬ 
puter via IEEE 4888 bus is also available 
and costs $195. Coilcraft. Cary, IL. 
INFO/CARD #193. 

High Power RF Amplifier 
TIW Systems introduces the VHP-05 

RF amplifier with a 40- 400 MHz band¬ 
width, 1 W continuous output and 34 dB 
nominal gain. The instrument amplifies 
several combined signals while generat¬ 

Available in frequencies of 5MHz to 2 GHz, 
single and multi-stage T0-8, T0-12 and 4 pin 
DIP packages; standard and custom cas¬ 
caded assemblies with varying gain, NF and 
power output options and a variety of 
connectors. 

CUSTOM RF AMPLIFIER ASSEMBLIES ... to 
meet your specific need, backed by the 
engineering skill, manufacturing facilities and 
quality assurance experience to meet your ex¬ 
act specifications and requirements. 

QUALITY ASSURANCE ... All Vector RF 
Amplifiers are designed and manufactured 
under a quality system which complies with 
MIL-Q-9858A. 

Aydin Vector ... providing you advanc¬ 
ed technology and resources for standard 
and custom hybrid amplifiers, switches, 
attenuators and RF subassemblies. 

To obtain a free detailed brochure call or 
write: 

ing few intermodulation products. The 
VHP-05 comes with 75 ohm input and out¬ 
put impedance and a choice of BNC, 
SMA or F type connectors. TIW Systems, 
Inc., Sunnyvale, CA. INFO/CARD #192. 

_ AYDIN M VECTOR_ 

Aydin Vector Division - POB 328, Newtown, PA 18940-0328 
Tel 215-968-4271, TWX 510-667-2320, FAX 215-968-3214 

Non-inverting PIN Drivers 
The NX Series drivers provide steady¬ 

state output current with current spikes for 
fast PIN and NIP switching. Test points are 
provided to allow tailoring of output cur¬ 
rents and spikes to particular applications. 
Internal current limiting assures that short¬ 
term accidental short-circuits to these test 
points will not damage the driver. The 
drivers have integral reverse bias protec¬ 
tion and contain internal .01 uF bypass 
capacitors on both supply inputs. Impelli-
max, Nashua, NH. INFO/CARD #191. 
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Digital Telemetry Links 
Neulink introduces a 928-960 MHz 

transmitter and receiver module for digital 
applications. The RFL-T9D transmitter and 
the RFL-R9D receiver are designed to 
transfer 700-2400 baud Manchester cod¬ 
ed digital data. The transmitter has an ad¬ 
justable power output of 1-2 W. Both re¬ 
ceiver and transmitter feature 5 PPM 
stability. Neulink, San Diego, CA. Please 
circle INFO/CARD #190. 

SMT Pi Filter 
With typical insertion losses ranging 

from 40 dB at 100 MHz to 20 dB at 1 GHz, 
these pi-sectional filters deliver low 
residual self-inductance and high self-
resonant frequency due to their use to a 
square dielectric in a feed-through con¬ 

port supplies 20-80 dB of 
attenuated signal. Find out 
more. Call your RFI distributor 
or 1-800-233-1728; in California 
619-587-0656. 

INDUSTRIES 
from Transmitter To Communications A division of Centronics 

Model No. Monitors 
RFA-4059 

INFO/CARD 84 

figuration. In addition, a low Q ferrite 
material provides a lossy series impe¬ 
dance. Oxley, Inc., Branford, CT. Please 
circle INFO/CARD #189. 

A/D Converters 
The MN6290 Series of low-distortion, 

16-bit, sampling, A/D converters offer a 
combination of resolving power, conver¬ 
sion speed, low noise, and low harmonic 
distortion. They are packaged in 32-pin, 
double wide DIPs and have internal track¬ 

Hi-Power RF 
AMPLIFIERS, TRANSMITTERS, POWER GENERATORS 

10-10,000 WATTS! / 2-500 MHz Frequency Range! 

HENRY RADIO 
HAS THE PRODUCT 

YOU NEED. 
(If we don’t have it, we'll make it.) 

APPLICATIONS: 
NMR, Nuclear Magnetic Resonance 
PLASMA Generation 
MEDICAL Applications 
NUCLEAR Magnetic Imaging 
COMMUNICATIONS Applications 

hold amplifiers that enable them to sam¬ 
ple and digitize 10 kHz full scale input 
signals at rates up to 20 kHz. The signal 
to noise ratio is 84 dB. Micro Networks, 
Worcester, MA. INFO/CARD #188. 

UHF Transmitter Combiners 
The Antenna Specialists Co. introduces 

a series of transmitter combiners for appli-
2050 S Bundy Drive, Los Angeles, CA 90025 

TOLL FREE: 1-800-421-6631 
In California call (213) 820-1234 
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CRYSTEK rf products Continued 
The pulse of dependable 

communications 

New Product 
INTRODUCING 

O.C.C.O. 
Oven Controlled 

Crystal Oscillators 

cations in the 450 to 470 MHz range and 
features stripline technology. Models are 
available to combine either four or six 
transmitters. The Antenna Specialists 
Co., Cleveland, OH. INFO/CARD #187. 

10-Bit DAC 
The DAC-330 is a monolithic, 10-bit, 100 

MHz DAC with a 14 MHz bandwidth multi¬ 
plying capability. The device’s digital in¬ 
puts are ECL compatible. The voltage out¬ 
put range is 0 to -1 V, with a settling time 

gy is available from Plessey 3-5. The 
P35-4220 SPDT switch is for applications 
from 10 MHz to 6 GHz, with a minimum 
isolation of 30 dB, maximum solation loss 
of 1.9 dB at 6 GHz and a typical switching 
speed of 2 ns. The P35-4222 and P35-
4223 SPDT switches for 10 MHz to 3 GHz 
applications and has a typical insertion 
loss of 1.2 dB with 35 dB minimum isola¬ 
tion at maximum frequency. The P35-
4240 and P35-4241 switch arrays are for 
digital switching applications. Plessey 
Three-Five Group, San Diego, CA. 
INFO/CARD #185. 

Broadband Coaxial Detector 
The ACSP-2587NZ is a broadband 

coaxial Schottky diode detector that 
covers 500 MHz to 2 GHz with a k-factor 

QUALITY 
FREQUENCY 
CONTROL 

• A new generation of ovenized crystal 
oscillators is introduced to the 
electronics industry. 

• An O.C.C.O. is the answer to tight 
frequency/timing control over a wide 
temperature range (—30° to 85° C) 

• The high reliability of O.C.C.O. 's 
guarantees optimum performance in 
Two-Way Communicaton, Telemetry 
and Instrumental application. 

of 4.7 ns. The product is available in single 
quantities at $112 each. Datei, Mansfield, 
MA. INFO/CARD #186. 

GaAs MMIC Switch 
A family of MMIC switches and switch 

arrays based on GaAs MESFET technolo¬ 

LOWEST PRICED, HIGHEST QUALITY ATTENUATORS-BNC $11.OO 19EA.SMA $14.40 OE* I 

• SERVICE 

• DESIGN 

• SUPPORT 
Made in U.S.A. 

FEATURES ARE: 
Frequency Range 

Frequency Stability 

8 - 200 MHZ 

♦ 1 p p M over a temoerature range of - 30°C 
to ♦ 85°C 

Aging < 2 p p M first 6 months 
< 1 p p M for life 

Trim Range ♦ 6 p p M minimum 

Fast Warm-Up < 1 minute from cold 

Current Drain (oven) < 50 mA 6 25*C 

Oscillator Current < 30 mA « 12 VDC 

Output Level I Shape Per customer requirement 

Write or Call Us Today! 
TOLL FREE: 1-800-237-3061 

Crystek Corporation 
OIVISON OF WHITEHALL CORPORATION 

2351/71 Crystal Drive - Fort Myers, FL339O7 
P.O. Box 06135 - Fort Myers. FL 33906-6135 

(813) 936-2109 - TWX 510-951-7448 
FAXIMILE: 813/939-4226 
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In Stock from 

of 2000 mV/mW and response of ±0.2 dB 
over the band. The detector is priced at 
$81. Advanced Control Components, 
Clinton, NJ. INFO/CARD #183. 

Aperture Coupled Bandpass Filter 
Decibel Products offers the DB4200 

6-cavity aperture coupled bandpass filter 
for transmitters or receivers. The unit 
operates from 806 to 960 MHz and ac¬ 
commodates 15 MHz bandwidth SMR 
trunked systems or 20 MHz cellular or in¬ 
ternational applications. Insertion loss is 
1.0 dB at 15 MHz bandwidth, 0.6 dB at 20 
MHz bandwidth and maximum VSWR is 
1.25:1. Decibel Products, Inc., Dallas, 
TX. INFO/CARD #184. 

VDT Radiation Meter 
This instrument features RMS detection 

and auto ranging for measurements of 
non-ionizing radiation from computer 
video display terminals. It measures both 
E and H fields using a single sensing 

PENSTOCK 
INCORPORATED 

OVER 100,000 
PARTS IN STOCK 

Power MOSFETs 
APT introduces the APT4530AN and 

the APT5030AN power MOSFETs (Power 
MOS IV). The APT4530AN features a 
Vdss of 450 V, Vgs of ±30 V, ld of 16 A and 
ldm of 64 A. The APT5030AN features the 
same specifications with a higher Vdss of 
500 V. In quantities of 1000, the 5030 is 
$18.23 and the 4530 is $14.58. Advanced 
Power Technology, Bend, OR. Please 
circle INFO/CARD #180. 

head with switch selectable elements. The 
sensitivity range for the E field is from 1 
V/m to 2000 V/m and 1 mA/m to 2 A/m for 
the H field. The HI-3600 is priced at $895. 
Holaday Industries, Inc., Eden Prairie, 
MN. INFO/CARD #182. 

Bipolar Amplifiers 
Two small signal bipolar amplifiers, the 

BFQ 70 and BFQ 71, are available from 
the Special Products Division of Siemens 

Measure Up With Coaxial Dynamics 
Model 83500 Digital Wattmeter 
The “Generation Gap" is filled with the “new” EXPEDITOR, the 
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 mW to 50 kW. 
Contact us for your nearest authorized 
Coaxial Dynamics representative or 
distributor in our world-wide sales 
network. 

COAXIAL 
DYNAMICS, INC. 
15210 Industrial Parkway 
Cleveland, Ohio 44135 
216-267-2233 1-800-COAXIAL 
Telex: 98-0630 

Service and Dependability.. .A Part of Every Product 

RF Design 
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Come see us at RF Expo/East, Booth #242. 

For over 10 years, Penstock has been 
the name you can rely on for high 
quality RF/Microwave components. 
Contact us if you use: 

□ 
□ 
□ 
□ 
□ 
□ 
□ 

□ 

Adapters 
Amplifiers 
Attenuators 
Barretter Mounts 
Cable Assemblies 
Circulators 
Coaxial Cable 
(Flexible) 
Coaxial Cable 
(Semi-Rigid) 

□ Coaxial Delay 
Lines 

□ Combiners 
□ Connectors 
□ Custom 

Engineering 
□ Directional 

□ 
□ 
□ 

□ 
□ 
□ 

Couplers 
Filters 
Fixed Attenuators 
Frequency 
Doublers 
Isolators 
Limiters 
Linear Amplifiers 

NAME 

TITLE 

COMPANY 

ADDRESS 

CITY 

STATE 

COUNTRY 

TELEPHONE 

□ 
□ 
□ 
□ 

□ 
□ 

□ 
□ 
□ 

Loads 
Microwave 
Substrates 
Mixers 
MMIC Components 
Noise Suppressors 

□ Operational 

□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 

Amplifiers 
Oscillators 
Phase Detectors 
Power Dividers 
Power Splitters 
Semiconductors 
Step Attenuators 
Sub-Assemblies 
Sub-Systems 
Switches 
Terminations 

□ Track & Hold 

□ 
□ 
□ 

Amplifiers 
Transformers 
Transistors 
Variable 
Attenuators 

□ Video Amplifiers 

ZIP CODE 

Please send the catalogs checked. 
Please have a sales engineer call. 
I have immediate need. 
I want a free coffee cup. 

PENSTOCK 
PENSTOCK CANADA 
133 W. 5th Ave. 
Vancouver, B.C. 
Phone: 604-662-3475 

PENSTOCK INTERNATIONAL 
105 Fremont Ave. 
Los Altos. CA 94022 
Phone: 41 5-941 -9400 
FAX: 415 948 0115 

PENSTOCK NORTHWEST 
10800 N.E. 8th St, Suite 800 
Bellevue, Washington 98004 
Phone: 206 462 2118 
FAX: 206-451-9418 

PENSTOCK MIDWEST 
1250 West N.W. Highway 
Palatine, Illinois 60067 
Phone: 312 934 3700 
FAX: 312-934-3748 
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Frequency 
Synthesis rf products Continued 

Components. These NPN transistors are 
designed for use in low- noise amplifiers 
and oscillators up to 2 GHz. The are 
available in standard 12 mm tape and reel 
format for surface mounting. The NF for 
the BFQ 70 is 1.8 dB while the NF for the 

VDS-1400 Hybrid 
Frequency Synthesizer 

• Octave coverage between 
20MHz & 235 MHz 

• 20+% up to 600MHz 
• 1Hz resolution standard 
• <5ms switching speed 
• <- 60dBc spurious 
• Excellent phase noise 
<-90dBc/Hz@ 10Hz offset 

• Digital + PLL HYBRID 

The most cost-effective approach to 
high resolution VHF/UHF synthesis. 
A third module adds FM, PM, 
and/or upconversion to UHF. 

• ATE 
• Nuclear magnetic 

resonance 
• HF I VHF/UHF Tx and Rx 
• Navigational systems 
• Radar 
• Simulators 

BFQ 71 is 2.0 dB. Pricing for 100 units is 
$6.32 for BFQ 70 and $5.98 for BFQ 71. 
Siemens Components, Inc., Iselin, NJ. 
INFO/CARD #181. 

GaAs ICs for Fiber Optics 
Anadigics introduces several GaAs 

ICs for use in fiber optics applications 
from 50 Mb/s to 2.7 Gb/s. The devices in¬ 
clude a 3 Gb/s transimpedance amplifier 
(ATA30010), 10 kHz to 3 GHz amplifiers 
(ADA25002/3), 0.5 ns decision circuit 
(ACP10010), and a 350 MHz unity gain 
stable op-amp (AOP3510). Anadigics, 
Inc., Warren, NJ. INFO/CARD #179. 

...and more. 

Providing specialized synthesizers 
for the OEM. 

SCITEQ Electronics, Inc. 
8401 Aero Drive 

San Diego, California 92123 
(619) 292-0500 Telex: 882008 

Come see us at RF Expo/East, Booth #456. 
INFO/CARD 90 

SMT Chip Inductors 
Sprague-Goodman Electronics intro¬ 

duces the Surfcoil® line of chip inductors. 
Designed for surface mount applications, 
the inductors are standard in carrier and 
reel packaging. Specifications include in¬ 
ductances from 0.22 to 1000 uH. 
Sprague-Goodman Electronics, Inc., 
Garden City Park, NY. INFO/CARD #229. 

ECL Clock 
Model CO-233KEQ provides a stable 

100K sub-nanosecond complementary 
ECL logic output at any specified fre¬ 
quency in the 150 to 500 MHz range. It 
is set to within ±.001 percent of the 
specified frequency. Surface mount inter¬ 
nal construction results in a package size 
of 15”x 1.5”x 0.5”. Vectron Laboratories, 
Inc., Norwalk, CT. INFO/CARD #228. 

Low Cost Generator/Counter 
Model ETG0410 combines the function 

of a 400 MHz to 1000 MHz signal gener¬ 
ator and frequency counter. Output power 
level is 0 dBm to -70 dBm (calibrated) and 
+5 dBm (uncalibrated). The integral fre¬ 
quency counter has front panel access 
giving -15 dBm sensitivity from 400 MHz 
to 1000 MHz. ED Tech, Inc., San Carlos, 
CA. INFO/CARD #227. 

Wide Band Filter 
The FHLT/7-350/300-7/50-28A/28A has 

a center frequency of 350 MHz and a 1 
dB bandwidth of 300 MHz. The VSWR at 
center frequency is less than 1.35:1 and 
insertion loss is less than 0.6 dB. It rejects 
greater than 15 dB at 192.5 and 555 MHz. 
Cir-Q-Tel, Inc., Kensington, MD. Please 
circle INFO/CARD #226. 

Linear Amplifier Module 
Model 700 is a MOSFET class A linear 

amplifier module capable of 2 W of power 
from 1 to 1000 MHz. Its linear gain is 26 
dB (33 dB for Model 700A). Model 700 is 
$980 while Model 700A is $1050. Kalmus 
Engineering International, LTD., Wood¬ 
inville, WA. INFO/CARD #225. 

Feedforward Amplifier 
A linear feedforward amplifier covering 

from 20 MHz to 200 MHz is available from 
WI-COMM. The 3rd order and 2nd order 
intercept points are typically 58 dBm and 
92 dBm respectively. Noise figure is 6.5 
dB and VSWR is better than 1.5:1. WI-
COMM Electronics, Inc., Massena, NY. 
INFO/CARD #224. 

RF Transformers 
Coilcraft introduces a line of wideband 

RF transformers. They cover from .005 to 
600 MHz with impedance ratios from 1:1 
to 4:1. They are offered in tapped or un¬ 
tapped configurations. Appications in¬ 
clude impedance matching, voltage or 
current transformation, DC isolation, 
balanced/unbalanced mixing, matching, 
power splitting, coupling, and signal in¬ 
version. An untapped part costs $1.80 
each in 10000 quantities. Coilcraft, Cary, 
IL. INFO/CARD #223. 

ECL Oscillator 
Q-Tech introduces the QT6E1 (14 pins) 

and QT41E1 (4 pins) ECL oscillators that 
are available in a frequency range of 40 
to 110 MHz. The typical supply current is 
35 mA. Q-Tech Corporation, Los 
Angeles, CA. INFO/CARD #221. 

Microwave Ceramic Capacitor 
DU introduces a single layer microwave 

ceramic capacitor for microstrip applica¬ 
tions. The top side of the capacitor 
comes with a recessed (gold) pad and the 
bottom is fully metalized. It is available 
in sizes from 0.010” x 0.010” to 0.050” x 
0.050” in nine dielectric materials to cover 
the capacitance range from 0.1 to 560 
pF. Thicknesses available include 0.004” 
and 0.006”. Typical frequency range is 2 
to 26 GHz. Dielectric Laboratories, 
Inc., Cazenovia, NY. Please circle 
INFO/CARD #222. 
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ff software FAST 
Digital Filter Design Package 

Atlanta Signal Processors introduces 
the Digital Filter Design Package 2.12 
(DFDP2). In addition to a full range of HR 
(infinite impulse response) filter design 
functions, it enables the user to design 
FIR (finite impulse response) filters to 
magnitude response specifications that 
can only be defined as piecewise-linear 
continuous curves. The FIR design 
modules can also design highpass, low-
pass, bandpass or multiband filters as 
well as Hilbert transformers, differen¬ 
tiators, and raised-cosine pulse shaping 
filters. The HR design module designs 
Butterworth, Chebyshev Type I and II, and 
elliptic filters. The package runs on IBM 
PC, XT, AT and compatibles, and PS/2 
machines. DFDP2 sells for $1195. Atlanta 
Signal Processors, Inc., Atlanta, GA. 
INFO/CARD #218. 

Dielectric Resonator Circuit CAD 
This program allows users to efficiently 

approximate design with dielectric re¬ 
sonators, and features built-in help 
screens, menu driven format and hard 
copy capability. It provides users with a 

fast method to approximate within 2 per¬ 
cent resonant frequency of a particu¬ 
lar resonator configuration. Murata Erie 
North America, Inc., Smyrna, GA. 
INFO/CARD #220. 

IC Design Tool Kit 
Analog Design Tools introduces a set 

of design tools for the Analog Work¬ 
bench™. It is tailored for the simulation 
and analysis needs of IC designers. The 
IC Design Tool Kit, along with the Analog 
Workbench, is used to analyze the linear 
characteristics of IC designs, including 
linear, mixer-signal and digital ICs. It in¬ 
cludes fabrication process data entry, 
which ties circuit behavior to the fab pro¬ 
cess for accurate simulation. Fundamen¬ 
tal process parameters like N+ sheet 
resistivity, base junction depth and width, 
oxide thickness, and conduction factor 
can be defined by the designer. The kit 
can also be used to predict chip manufac¬ 
turing yields before committing the design 
to silicon, using Monte Carlo analysis 
techniques, circuit sensitivity evaluation, 
and worst-case analysis. Analog Design 
Tools, Sunnyvale, CA. INFO/CARD #177. 

VECTOR MODULATOR 
135 MHz to 235 MHz 

PRECISION CONTROL OF GAIN 
AND PHASE 

• Control Resolution 
Amplitude . 0.07 dB 
Phase . 0.45 deg 

• Guaranteed Accuracy 
Amplitude Error . 0.15 dB RMS max 
Phase Error . 1.5 deg RMS max 

• Fast Settling Time. 200 ns 

• Control Range . > 60 dB 

• Bandwidth . 135 MHz to 235 MHz 

• Operating Temp. Range . 0to+50°C 

• Two Simple Interface Options . . TTL Inputs 

• Rugged Construction . Surface Mount 

• Small, Light-Weight Package 

SHIELDED COIL FORMS 
Engineering Kits and 
Design Aids for RF 
Application From 
10 KHz to 200 MHz 

MICROMETALS 
IRON POWDER CORES 

1190 N. Hawk Circle, Anaheim, California 92807 USA • (714) 630-7420 • TWX 910-591-1690 

INFO/CARD 91 

RF Design 

For More Information, Contact: 

SYSTEMS» 
537 Lakeside Drive 
Sunnyvale, CA 94086 

(408) 733-3200 
INFO/CARD 92 
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The finest quality o precision made 

Ceramic Chip 
Capacitors 

for microwave & high voltage applications. 

_ Beta Caps 
Single layer capacitors for use in 
broad band frequencies up through 
50 GHz. 

rf literature 

Ultra-Q C_ 
Miniature multilayer capacitors 
approved to MIL-C-55681B and MIL-
C11272C; BP & BG characteristics. 

Voltage 
Ceramic capacitors approved to MIL-
C-55681B/6; BP & BX characteris¬ 
tics, working voltages to 4KV. 

Stable-K O_ 
Multilayer ceramic capacitors for use 

in hybrid circuits; BP &BX characteristics. 

Republic Electronics Corp. 
Ceramic Capacitors for over 35 years 

176 East 7th Street, Paterson, NJ 07524 
(201) 279-0300 • TWX: 710-988-5908 • FAX: 201-345-1937 

INFO/CARD 93 
Come see us at RF Expo/East, Booth #104. 

Copper Gasket Report 
A report entitled Transfer Impedance for Beryllium Copper 

Gaskets is being offered by Instrument Specialties Company. The 
report includes updated gasket transfer impedance graphs 
measured using the current SAE-ARP-1720 calibration method. 
It also contains information relative to the test procedure and data 
regarding the test fixture and methodology used to measure RF 
gaskets for transfer impedance. Instrument Specialties Co., 
Inc., Delaware Water Gap, PA. INFO/CARD #216. 

Catalog of Electronic Books 
This catalog lists electronic technology books currently 

available from Prentice Hall. The listing includes books on elec¬ 
tronic math, AC and DC circuits, electronic devices and active 
circuits, op-amps, linear ICs, satellite communications, 
microwaves and lasers, and various other related titles. Pren¬ 
tice Hall, Englewood Cliffs, NJ. INFO/CARD #215. 

Brochure on Software and Applications Courses 
This brochure from Integrated Computer Systems describes 

13 software and applications technical short courses. The 
courses cover topics in hands-on programming, software devel¬ 
opment methods, knowledge-based systems, software tools and 
applications, hands-on advanced programming in C, and hands-
on expert system design & development. For each course, the 
brochure describes the subjects and applications covered, the 
hands-on activities, benefits, materials provided, authors, instruc¬ 
tors, locations and price. Integrated Computer Systems, Culver 
City, CA. INFO/CARD #213. 

/WEE RF SWEEP AMPLIFIERS 

WBE RF Sweep Amplifiers are extremely flat response, low 
noise, wide band amplifiers for post amplification in critical sweep 
frequency measurement set-ups. Available in 50 or 75 ohm impedances, 
these units are excellent general purpose lab amplifiers amplifying 
signals for receivers, frequency counters, spectrum analysers, 
oscilloscopes, markers and detectors and are rugged enough for mobile 
applications. Line filtering and double shielding prevent ambient and 
power line interference. 

Model Freq 
MHz 

Gain 
dB 

Flatne1 

1-500 MHz 
ss (dB) 

5-300 MHz 
Noise 
Figure 

Input 
VSWR 

Output 
Capability 

Hum 
Modulation Size Weight 

A62/20 

I-500 

20 ♦.15 ±.l 

7 dB 
max. 

5 dB 
typical 

1.5:1 
max. 

1.1:1 
typical 

. 7V min 
output 

for 1 dB 
gain 

Compression 

(saturation 
1 V) 

.»» 
max. 

EIA Panel 
1 3/4" x 19" 

3 1/4" chassis 
depth 

2 1/2 lb. 
nominal 

A52/3O 30 ±.20 ±.15 

A52/4O 40 ±.30 ±.20 

A52/5O 50 ±.45 ±.25 

A72/60 60 ±.60 ±.30 

A62/20/6 

I-600 

20 ±.15 ±.l 

A52/3O/6 30 ±.22 ±.15 

A52/4O/6 40 ±.30 ±.20 

A52/50/6 50 ±.45 ±.25 

60 ±.60 ±.30 

A52U/30 I-900 30 ±.50 

POWER: 115 VAC, 60 Hz, I0 W 

WIDE BAND ENGINEERING COMPANY, INC. 
P.O. BOX 21 652, PHOENIX, AZ 85036 TELE P H ONE: ( 602) 254-1 5 70 

>- -
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Audio Product Guide 
This product guide features devices for professional audio ap¬ 

plications, electronic music applications, general purpose, and 
other devices. The devices listed include voltage controlled 
amplifiers, microphone preamplifiers, level detectors, transcon¬ 
ductance amplifiers, VCOs, voltage controlled filters, envelope 
generators, and music voice systems. Solid State Micro 
Technology for Music, Inc., Santa Clara, CA. Please circle 
INFO/CARD #214. 

IF/RF/Microwave Catalog 
Penstock announces the introduction of a catalog listing all 

companies and products that it distributes. Over 700 pages cover¬ 
ing 11 companies, 31 product lines, and thousands of products 
types are included. Penstock, Inc., Los Altos, CA. Please cir¬ 
cle INFO/CARD #212. 

Catalog Features RF Equipment and Components 
This catalog includes photos, specifications, features, outline 

drawings, and prices for Weinschel’s line of RF and microwave 
components together with test and measurement instrumenta¬ 
tion. Made for OEM, laboratory, military and commercial applica¬ 
tions, Weinschel products cover from DC to 40 GHz and have 
a power handling capability ranging up to 500 W. Weinschel 
Engineering, Gaithersburg, MD. INFO/CARD #206. 

Microstrip Application Note 
Designing Microstrip Circuit with Low-Loss Cuflon Substrates 

covers microstrip design principles and discusses the advan¬ 
tages attained by using Polyflon’s low loss Cuflon substrate in 
microstrip applications. Highlighted are equations used in 
microstrip design examples of how dimensions were determined 
for a microstrip power divider and directional coupler, and a listing 
of the effective dielectric constant in different thicknesses and 
widths. Polyflon Company, New Rochelle, NY. Please circle 
INFO/CARD #205. 

Attenuator and Switch Catalog 
JFW Industries has released a catalog containing product in¬ 

formation on many of their attenuators and switches. New pro¬ 
ducts in this catalog include plug-in, IP8T, and matrix switches. 
Specifications for the fixed, power, variable, and programmable 
attenuators are covered in detail. JFW Industries, Inc., In¬ 
dianapolis, IN. INFO/CARD #210. 

Frequency Allocations Chart 
A USA frequency allocations chart that ranges from 10 kHz 

to 3 GHz is available from Motorola Semiconductor Products. 
The allocations shown are divided into nine categories: Stan¬ 
dard Frequencies; Distress, Calling, and Search and Rescue; 
Amateur Radio; Broadcasting; Fixed and Mobile Services; 
Military, Aeronautical; Maritime; and Scientific and Space. A flat 
rolled copy can be obtained by circling the reader service number. 
Motorola, Inc., Phoenix, AZ. INFO/CARD #175. 

Frequency Synthesizer Catalog 
Frequency synthesizers produce precision frequencies gov¬ 

erned by a high stability frequency standard. With fast, easy, 
remote programming, they are useful in advanced measurement 
or production systems and also serve as stand alone test equip¬ 
ment. Properties, specs, applications and prices of the PTS 040, 
PTS 160, PTS 250, and PTS 500 are given in the catalog. Data 
sheets on the PTS 120 and PTS Dual Output Synthesizer are 
also included. Programmed TestSources, Inc., Littleton, MA. 
INFO/CARD #208. 

RF Design 

ALIAS 
Call TTE for the lowest-priced 

custom anti-alias filters in the U.S 
TTE’s anti-alias filters cut 
A/D converter distortion 
and help reconstruct sig¬ 
nal after D/A conversion 
■ Lowest prices in U.S. 
■ Available from 1 kHz to 
100 MHz ■ World's smallest 
size: 0.6 x 1.2 x 0.4 in. 

Prototypes 10 days ■ 100-up quantities, 4 wks ■ For 
technical assistance, call our ENGINEERING HOTLINE 
(213) 473-0584 ■ Call for free 56-page catalog. 
— 

10-day delivery 

INFO/CARD 95 

■■■ TTE, Incorporated 
2233 S. Barry Ave., 

■iSBf Los Angeles, CA 90064 
(213) 478-8224 Telex 3725291 

See us at RF Expo/East, Booth #346. 

DRIFT... 
Great In a 
balloon but not 
in a crystal 

Precise angle control 
and over 50 years 
of manufacturing 
experience assure 
you of 
‘‘ON FREQUENCY" 
control devices 

If your 
crystal source doesn't 
offer you delivery services such as: 

RED ARROW SERVICE 
Crystals shipped within 48 hours 

RUSH SERVICE 
Crystals shipped within one week 

REGULAR DELIVERY 
Crystals shipped within three weeks 

Call 800-327-1282 
Crystal oscillators and custom flat optics also available. 

RO. BOX 5727 
FT. LAUDERDALE, FL 33310 
TEL: (305) 563-1333 
FAX: (305) 563-1378 

INFO/CARD 96 
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ENGINEERS 
NF COMMUNICATIONS DESIGN 

Sunair Electronics, Inc., is a stable, well financed Ft. Lauderdale 
Florida company with more than 3 decades of proven excellence 
in the design and development of state-of-the-art airborne and 
ground HF/SSB Radio communications systems. 

Continuing growth and new product development has created 
openings for career minded results oriented individuals who are 
seeking challenges and unique personal growth potential. 

Current openings call for senior level individuals with a BSEE 
(MSEE preferred) and at least 5 years experience in the design of 
RF Circuits for HF/SSB communications equipment. Openings 
also exist for engineers with a background in complete communi¬ 
cations systems integration. 

To learn more regarding your future with an established leader in 
HF communications, please send your resume with salary history 
to: 

0 sunair 
George Brooks/rersonnel Dept. 
3101 S.W. 3rd Avenue. 
Ft. Lauderdale. FL 33315 

COLORADO ROCKIES 

RF POWER AMPLIFIER ENGINEERS — Career opportunities for outstanding individuals 
with proven ability to create state-of-the-art, high power RF linear amplifier designs and carry 
through to production. BSEE (MSEE a plus) and minimum 3-5 years relevant experience 
required. 

SOLID STATE broadband HF/VHF linear amplifiers to 5 kW. 

VACUUM TUBE HF/VHF amplifiers to 20+ kW. 

MANUFACTURING/PROCESS ENGINEERING — Requires hands-on experience including 
fixturing, workplace flow and layout, and material handling for the manufacture of complex 
electronic equipment. ATE background helpful but not required. 

MANUFACTURING MANAGER — Plan, organize, and manage the assembly and test of 
complex RF power amplifier systems. Must have first-hand hardware background. 

RF TECHNICIANS with specific experience in RF power equipment design and prototyping. 

ETO is a leader in RF power for communications, science, and medicine. We supply more 
high power, microprocessor-controlled RF amplifiers worldwide for high field medical magnetic 
resonance imaging and spectroscopy than all other sources combined. Our rapid growth 
has created these career opportunities. 

Outstanding compensation package includes stock plan and a location in the banana belt 
of the southern Colorado Rockies. Interview now or at RF EXPO EAST at your convenience. 
Please send resume to: 

EHRHORN TECHNOLOGICAL OPERATIONS, INC. 
Attention: Steve Christensen 
P.O. Box 888 
Canon City, Colorado 81212 
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un. 
TAKING TECHNOLOGY 
FURTHER 

IMMEDIATE 
OPPORTUNITIES 

RF Systems Engineer 

• BSEE degree 

• two to five years experience 
in design of active and passive 
RF products 

• EW applications preferred 

Antenna Design Engineer 

• BSEE or MSEE degree 

• three to five years experience 
in antenna design with EW 
applications and microwave 
experience 

UTL offers competitive salaries, a top benefits 
package, and the environment for your career 
growth An equal opportunity employer U.S. 
citizenship required For immediate consider¬ 
ation, forward your resume to UTL Human 
Resources, 1508 West Mockingbird Lane, 
Dallas, Texas 75235. 

Engineering 

RF/Senior RF Engineer 
TRW Electronic Products Inc. is looking 
for a RF engineer with extensive design 
and application experience using receivers 
and transmitters in the range of analog 
through microwave (26GHz). 

Requirements include at least seven 
years of related industrial RF experience, 
a BSEE or equivalent, and experience in 
low level and power amplifiers, microstrip 
technology, filters, antenna arrays, tech¬ 
nology upgrade efforts and testing trouble¬ 
shooting of RF circuitry. You must also be 
conversant in state-of-the-art technologies 
and have excellent communication skills 
to interface with customers. Experience 
in the use of computer analysis tools and 
technical proposal generation is highly 
desirable. 

TRW offers outstanding salaries and 
benefits. For immediate consideration, 
please forward your resume to TRW 
Electronic Products Inc., Dept. RFE, 
3650 N. Nevada Avenue, Colorado 
Springs, CO 80907. 

Equal Opportunity Employer 
U.S Citizenship Required 
Principals Only Please 
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PRODUCT 
DEVELOPMENT 
ENGINEER 
RF CIRCUITRY 

As the world's leading manufacturer of quality microphones, 
audio circuitry and related electronics, we can offer you the 
challenges and rewards not readily found elsewhere. Due to 
increased product development, our research-oriented cor¬ 
poration has an opening for a proficient RF Engineer with a 
minimum of 3-5 years experience. We will also consider 
someone interested in working on a part-time or limited proj¬ 
ect basis. 
As part of our engineering team, you’ll be responsible for 
the development of a line of low powered VHF equipment. 
Ability to design RF circuits from concept and construct 
working prototypes is required. You should have experience 
in phase lock techniques, as well as modern modulation/ 
demodulation methods. 

Salaries are competitive and commensurate with experience. 
Our benefits are comprehensive. For confidential considera¬ 
tion, send your resume with salary history or CALL COLLECT: 

312/866-2228 
CHERYL YOUNG 

Shure Brothers Inc. 
222 Hartrey Avenue/Evanston, IL 60202 

An Equal Opportunity Employer 

Have You Seen 
Pages 94-95? 
If not, you haven’t 

seen the $18,000+ in 
prizes to be awarded 

in the Third Annual 
RF Design Awards 

contest. 

It’s time to start working 
on your entry — 

it could be a winner! 

EM 

SENSOR 
MODELING 

\Optimization 

Design Curve 
' Construction 

Response 
Characterization 

RF Design 

RF/MICROWAVE OPPORTUNITIES 
Position of the Month 

MANAGER OF THE MICROWAVE 
CIRCUIT GROUP 

Manage circuit design/development for 
military and commercial projects. 
Salary plus bonus plus profit sharing. 

Contact us or see us at RF Expo East 

E.J. DORT & ASSOCIATES 
2100 Westpark Drive 
Suite 201 
Research Triangle Park, NC 27713 

(919) 544-1894 
International MW/RF Search Specialists 

Teleco Oilfield Services Inc., a 
leader in instrumentation for 

troleum exploration, has an 
¡ng for a person to model and 

solve blems related to r f electro-
magnetidfields in earth formations. 
Successfu els will help trans¬ 
late the theoretical concepts of new 
sensors into Quantifiable guidelines 
for their engineering and testing. A 
background /n computational 
physics a numerical analysis is 
necessary/and antenna design 
experience would be an asset. For 

ànd confidential considera-
fsend your resume and salary 

requirements to: 
PERSONNEL DEPARTMENT 

o 

pro 

I TELECO I I nittauuaui I 
SGNAT 

TELECO OILFIELD SERVICES INC. 
105 PONDVIEW DR. 
MERIDEN, CT 06450 

ASKHAT COMPANY 
AN EQUAL OPPORTUNITY EMPLOYER M/F 

RF Consultant — Lab Services 
Variable VHF - UHF Power Oscillators 

Multipliers - Receivers - Hybrids 
SMT - SOT - MMICs on Duroid 

JOHN HORVATH 
PROTOTYPE READY FOR PRODUCTION 

2023 Gates 
Redondo Beach, CA 90278-1904 

(213) 318-3156 
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Advertiser Index 
Acrian Inc. 2 
Adams Russell/ 
Anzac Division . 56-57 

A.H. Systems . 84 
American Precision Industries ... 31 
American Technical Ceramics ... 13 
Amplifier Research . 124, 125 
Andersen Labs . 142 
Anritsu . 18 
Apcom . 118 
Applied Engineering . 76-77 
Aydin Vector . 126 
Bird Electronic Corp. 121 

Burr Brown . 62 
California Eastern Labs . 4 
Circuit Busters . 64 
Coaxial Dynamics . 129 
Crystek Corp. 128 
Daico Industries, Inc. 9 
Digital RF Solutions . 89 
Eagle . 114 
EEsof, Inc. 74-75 
Elcom . 128 
Electronic Research Co. 24 
ENI . 17 
Epsco . 78, 93, 120 

Airborne 
Antenna Design 
Northrop Corporation's Defense Systems Division, located in 
sprawling Rolling Meadows, IL just northwest of Chicago, continues 
to provide innovation and leadership in its role as a major force 
in the electronic countermeasures industry. Our professionals con¬ 
tribute to the state-of-the-art within a creative, well-managed en¬ 
vironment in which individuals are encouraged to develop their 
capabilities to the fullest, and work in concert as part of a winn¬ 
ing team. Positions below require a BSEE, Physics or equivalent, 
MS preferred. 

Manager: EW Antenna Design 
We seek a seasoned professional to spearhead our EW Antenna 
Design activities. Will be responsible for the design, development 
and transition into production of Airborne Antenna Systems for 
ECM applications, and the supervision of a growing unit of design 
engineers and technicians. Position will have interface with manu¬ 
facturing and program management. Requirements include a 
minimum of 12 years' experience in airborne antenna design with 
at least 4 years of project level experience involving bud-
getary/scheduling responsibilities. Strong management and in¬ 
terpersonal skills are also essential. 

Antenna Design Engineers 
Participate in the analysis, design, development and testing of air¬ 
borne ECM/EW antennas, and the preparation and debugging of 
a new, state-of-the-art antenna range facility. Positions require candi¬ 
dates with knowledge of phased arrays, monopulse D. F. systems, mil¬ 
limeter wave techniques, radar cross section and low observables. 

Northrop offers a salary schedule commensurate with level of ex¬ 
perience, and a full range benefits program. Interested persons 
should forward resume with salary specifics to: fames Frascona, 
Technical Recruiter, Dept. C59, Northrop Corporation, Defense 
Systems Division, 600 Hicks Road, Rolling Meadows, IL 60008. An 
equal opportunity employer M/F/V/H. U.S. Citizenship required. 

NORTHROP 
Defense Systems Division 
Electronics Systems Group 

Frequency Sources . 141 
Glasteel Industrial Laminates .. .71 
Greenway Industries . 65 
Henry Radio . 127 
Hewlett-Packard . 90-91 
Huber + Suhner . 115 
IFR Systems Inc. 25 
Instruments for Industry . 111 
Instrument Specialties . 15, 23 
Janel Labs, Inc. 68 
JFW Industries . 68 
Johanson Mfg. Corp. 80 
John Fluke Mfg., Inc. 55 
Lindgren . 86 
M/A-Com Advanced 
Semiconductor . 28 

M/A-Com Omni Spectra West 
(Subsystems Div.) . 82-83 

M/A-Com Semiconductor 
Products . 52 

Matrix . 98 
Maxim . 58 
McCoy Electronics . 73 
Merrimac . 81 
Micoil . 92 
Micrometals . 131 
Microwave Filters . 78 
Microwave Modules & Devices 
(MMD) . 10, 11 

Microwave Semiconductor . 97 
Mirage Systems . 131 
Motorola . 35-50, 123 
Noise Com, Inc. 7 
Oriel . 87 
Oscillatek . 93 
Pascall Electronics . 66-67 
Penstock . 99-104, 129 
Programmed Test Sources .... 105 
Q-Bit . 61, 63, 65 
Reeves Hoffman . 3 
Republic Electronics . 132 
RF Design Magazine . . .94-95, 123 
RF Industries . 127 
RF Monolithics . 21 
Richardson Electronics . 60 
Sage Laboratories . 96 
Savoy . 133 
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NEW —112-Page Information 
and Product 
Catalog 
Complete from Abrupt to Zener — 
112-pages of designer data to make 
your life easier and your project 
trouble-free. Our new catalog will 
give you the needed information 
to complete even your 
toughest projects, by 
describing our broad base 
capabilities in silicon and 
gallium arsenide diodes. 

Many of our high performance 
products are available as 
standard products or call us 
and discuss your special 
designs. 

■ Silicon Abrupt Junction 
Tuning Varactors, 
30V to 90 Volts 

■ FLTVAR — Frequency Linear 
Tuning Varactors 

■ VHF/UHF Hyperabrupt 
Tuning Varactors 

■ GaAs Tuning Varactors 
15V to 60 Volts 

■ Power Generation 
— Multiplier Varactors 

■ Step Recovery Diodes 
■ Harmonic Generator Varactors 
■ Multi-Chip High Power 
Generator Varactors 

■ Noise Diodes 
■ Gunn Diodes 
■ Parametric Amplifier Varactors 
■ Control Devices — PIN and 
NIP Diodes 

■ UHF/VHF PIN Diodes 
■ Power RF Switching 
■ Small Signal RF Diodes 
■ HF Power PIN Diodes 
■ Limiter Diodes 
■ Chip Capacitors 

FREQUENCY 
SOURCES 
SEMICONDUCTOR DIX/ISION 
A SUBSIDIARY OF LDRAL CORPORATION 

16 Maple Road 
Chelmsford, MA 01824 
(617) 256-8101 
TWX (710) 343-0404 
INFO/CARD 97 
Come see us at RF Exoo/East. Booth #342. 



SAW Questions 
and Andersens. 

Dispersive devices: 
QUESTION: I'm curious about dispersive 
devices. Where would I use them? 

QUESTION: If I want to use dispersive 
devices in my system, what do I do? 

ANDERSEN: Our matched filters are 
widely used in digital communications and 
radar. With pulse expansion/compression 
you can increase dynamic range without 
increasing transmitter peak power or 
sacrificing resolution. They're also used 
in compressive receivers for real time spec¬ 
trum analysis with 100% probability 
of intercept. 

ANDERSEN: We can help you specify 

QUESTION: What range of bandwidth, 
dispersion and center frequencies are 
available? 

ANDERSEN: SAW dispersive devices are 
used for wide bandwidth applications (up 
to 500 MHz) with dispersions up to 100 
/zs. IMCON dispersive devices have nar¬ 
rower bandwidths but provide dispersions 
up to 600 /zs (IMCON's have been 
cascaded to produce dispersions of 
10 ms). Center frequencies of 
Andersen dispersive devices 
range from 1 MHz to 
750 MHz. 

the devices you need. Or we can supply 
the entire subsystem (compression/expan-
sion module, compressive receiver, etc.). 
We've been supplying such systems for 
over 20 years. And with our in-house 
hybrid facility we can provide a compact, 
high performance unit tailored specifically 
for your system needs. 

QUESTION: How do I get started? 

ANDERSEN: Just give us a call. We'll do 
everything we can to meet your reeds. 
With our recent major staff increase, we 
offer one of the largest groups of SAW 
designers of any U.S. company. 

If you simply want more information, 
send for our comprehensive handbook on 
Acoustic Signal Processing. Write to 
Andersen Laboratories, 1280 Blue Hills 

Avenue, Bloomfield, CT 06002. Or 
phone (203) 242-0761/ 
TWX 710 425 2390. 

©ANDERSEN LABORATORES 

When it's a question of SAW, 
Andersen is the answer. 

Compressive Receiver 

(actual size) 

INFO/CARD 98 
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