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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 UHFFETs to the 
U.S. Military. 

The Army's SINCGARS 
radio utilizes 

Acrian FETs for 
long-range/short range 
vehicular communications 

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. 

The UMIL40FT produces a 
remarkably small, well defined 
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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. 

iIKcrian 
fl ■ ■ ̂ ^^^^powe^oujtions 

490 Race Street 
San Jose, California, U.S.A. 95126 

Come see us at the RF Technology Expo '88, Booths #329, 331 



RF POWER 
As You Like It. 

10kW 

1kW 

100W 

10W 

1W 

__ — 

10kHz 100kHz 1MHz 10MHz 100MHz 1000MHz 

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. 

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 AL7 IEN England, Tel (0707) 371558, Tlx 24849 ENI UK G. Telfax 707339286 
JAPAN: FNI-JAPAN, 10-20, Shibasaki-cho 3 Chome Tachikawa City, Tokyo, Tel (81) 0425 229011, Fax (81) 0425 222636 
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Unprecedented Performers! 

The A-8000 Spectrum Analyzer. 
A step beyond the 

A-7550 

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. 1

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.S.A. 
316 / 522-4981 / TWX 910-741-6952 

Come see us at the RF Technology Expo '88, Booth #240. 
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Cover Story 
o_ High Speed Monolithic Op Amps: New RF Building 

Blocks 
The Comlinear CLC400 and CLC401 are two operational amplifiers that represent the 
current era of high speed operational amplifiers with wide -3 dB bandwidths and fast 
rise and fall times. — Scott Evans and David Potson 

RFI/EMC Corner — 
35 A Simple Spectrum Analyzer 

This RF Design Awards contest entry is a spectrum analyzer that uses just 3 ICs and 
an oscilloscope. It is a valuable tool for detecting RF energy at low levels. 

— Albert Helfrick 

Page 35 — A Simple Spectrum Analyzer 
Featured Technology Section 

High Speed A/D and D/A Conversion 
High speed analog devices have created a new dimension in RF engineering. The analog 
engineer is now facing RF problems and the RF engineer is discovering new methods 
of implementing radio circuits. This article focuses on the operation of high speed A/D 
and D/A converters. — Gary A. Breed 

.. Monolithic DAC for RF Signal Processing 
Fabrication considerations and performance specifications of a high speed monolithic 
DAC with 12-bit resolution is presented. Also illustrated is a successive approximation 
ADC application. — John Sylvan 

-I RF Technology Expo — 
The Technical Program 
The program for 1988 represents a diverse collection of RF topics. A wide range of topics 
from basic tutorials on power amplifiers, oscillators, propagation and components to 
measurement techniques and specialized components is covered. 
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59 New Literature 
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HIGH POWER 
COUPLERS 

rf editorial 
A High Speed Beginning for 1988 

2000 WATTS 
.01-250 MHz 

• MODEL C1460 
• COUPLING 50 dB 
• DIRECTIVITY 20 dB 
• VSWR 1.15:1 

100 WATTS 
.05-1000 MHz 

• MODEL C1634 
• COUPLING 40 dB 
• DIRECTIVITY 20 dB 
• VSWR 1.2:1 

BROADBAND RF 
COMPONENTS 

• Hybrid Junctions 
• Power Combiners 
• Power to 20 KW 
• Frequency .01-2000 MHz 

By Gary A. Breed 
Editor 

To let everyone know we are serious 
about keeping pace with technology, 

we are starting the new year with an issue 
loaded with information on high speed 
techniques, a rapidly growing part of RF 
technology. Those of you involved in data 
communications or digital signal process¬ 
ing will find plenty of pertinent information, 
while the “radio” engineers among you 
might find some surprises in the articles 
on high speed A/D and D/A conversion 
and operational amplifiers. 
Those surprises might include the 40 

MHz R-C active filter described in the 
Cover Story. There is also plenty of basic 
information on the use of high speed 
ADCs and DACs. How about a receiver 
that is basically an antenna feeding an 
analog-to-digital converter? With new high 
speed circuits, this application is a reali¬ 
ty, along with many more that were 
“dreams of the future” just a few years 
ago. 
More high speed coverage is coming, 

too. Through the year, we will cover instru¬ 

mentation, fast PLLs, position sensing, 
and data communications, in addition to 
the more traditional RF topics of RF 
power, audio circuits, microstrip design, 
electromagnetics modeling, and modula¬ 
tion techniques. These areas of emphasis 
will be complemented by a wide range of 
RF and analog topics, both fundamental 
and advanced. We want to make sure that 
engineers get all the information they 
need! 

Where’s the Action in 1988? 
In July, we announced that high speed 

as well as high frequency circuit design 
is now considered part of RF Design's 
natural realm of coverage. Since then, our 
decision has been applauded by both 
engineers working in these areas, and by 
companies who make high speed pro¬ 
ducts. Our ideas have even been copied, 
further evidence that we made the right 
decision. 
My prediction for 1988 is that RF-like 

high speed circuits will be the growth 
leader in electronics, driven by the de¬ 
mand for data communications, precision 
instrumentation, and complex signal pro¬ 
cessing — all seeking higher operating 
speeds. Combined with solid perfor¬ 
mance in the more traditional RF applica¬ 
tions, this year should be a good one for 
most RF Design readers and advertisers. 

However, I suppose I should temper my 
enthusiasm for RF, no matter how strong 
the technology. There are a lot of factors 
involved in business beyond “mere” tech¬ 
nology, such as international economics 
and politics. But as long as these factors 
are stable, 1988 looks very good from my 
vantage point. HI 

See Gold Book and Microwave & RF 
Product Directory for Additional 
Products. 

WERLATONE INC. 
P.O. Box 47 

Brewster, NY 10509 
Tel: (914) 279-6187 

decades ahead TWX 510-600-0747 
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\mMIGH SPEED 
SIGNAL PROCESSING 

MHz 
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 

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 

INFO/CARD 5 



rf viewpoint ^fdesign_ 

Pockets of Prosperity 

By Keith Aldrich 
Publisher 

Economists are saying that when the 
record of '87 is completely known,the 

electronics industry will be seen to have 
been in a recession. 
That may be true as a generalization, 

but like all pictures painted with a broad 
brush, this one tends to cover some sub¬ 
stantial differences between various spe¬ 
cific electronics markets. If you’re selling 
microprocessor chips to car makers, for 
instance, your sales are no doubt drop¬ 
ping with declining auto sales. But if 
you’re selling fiberoptic drivers to makers 
of telecommunications equipment, chan¬ 

ces are your sales curve is on a steep up¬ 
hill climb. 
Many of the “pockets of prosperity” on 

the electronics scene, like this one, are ex¬ 
amples of a sweeping new technological 
trend which might be described as high¬ 
speed electronics. That is not exactly the 
same as “RF,” which traditionally sug¬ 
gests some variation of radio communica¬ 
tions (radar, paging, et. al.) — but it does 
imply the use of high frequencies in ap¬ 
plications which have nothing to do with 
radios. Computers, data transmission, 
medical instrumentation, are just a few of 
the areas that are beginning to use RF 
and even higher frequencies for the sole 
purpose of making things work faster. And 
because there is a growing need for 
speed, these areas tend to be among 
those enviable pockets of prosperity. 

Your own prosperity, of course, is de¬ 
fined by your own employment and pro¬ 
ductivity. The trend to high-speed elec¬ 
tronics bodes well for the continued and 
increasing employment of RF engineers, 
or at least electronics engineers who can 
handle RF technology. 

All of which adds up to a reassurance 
for readers of this magazine. You are in 
demand. Fear not. Go get ’em. Stay tuned 
to this magazine and you’ll be in tune with 
the times. 
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THEY’RE HERE! 
Boonton’s Family of High Performance Audio Instruments 

BO
ON
TO
N For your most demanding requirements, Boonton has just 

the instrument to generate or characterize audio signals 
with unbeatable accuracy. Whether you’re working on the 
bench or with an ATE system, they provide fast, low cost 
solutions to all your audio testing needs. 

1110 Audio Oscillator 

■ High power output to +30.5 dBm 
■ 10 Hz -150 kHz with ultra-low distortion (typically 

0.001%) 
■ Resolution to 0.001 Hz 
■ Variable output impedance (50, 150, and 600 0) 
■ Swept frequency or level 

1120 Audio Analyzer 

■ All-in-one source and analyzer, 10 Hz- 140 kHz 
■ Frequency counter 
■ AC/DC voltage 

■ Distortion in %THD or SINAD 
■ Signal-to-noise 

1130 Distortion Analyzer 

■ Distortion, 10 Hz-140 kHz, with 3 mV sensitivity 
■ SINAD, frequency, and AC/DC level 
■ Programmable notch filter 
■ Standard and optional filters 
■ Ultra-low residual distortion and noise 

All Boonton audio instruments feature non-volatile storage 
for up to 99 complete panel set ups. IEEE 488 interfaces 
are standard. Call your local representative today for a 
convincing demonstration. 

Boonton Electronics Corp. 
791 Route 10, Randolph, NJ 07869 
Telephone (201) 584-1077 

Signal Generators ■ Modulation Analyzers ■ RF Power Meters ■ RF Millivoltmeters ■ Capacitance Meters and Bridges ■ Audio Test Instruments 

INFO/CARD 6 



OUR MOST 
POWERFUL 
ADVANTAGE 
IS POWER 
rrSETF 

. .d.. — ■ ■ 

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. 

TYPICAL PERFORMANCE 

(WATTS) 

1700 

1600 

1500 

GAIN (dB) 

- 10.0 

! 9 0 

- 80 

400 410 420 430 440 
(MHz) 

Test conditions: 1 6ms 20% D C 40 25C 

450 

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 
View, CA 94043, 
Telex 508 746. 

INFO/CARD 7 Literature 
INFO/CARD 8 Demo 

We Deliver Power. 



THEBE’S 
HUNDREDS 
MORE WHERE 
THIS CAME 
FROM 

Two hundred and fifty 
a month, that’s the 
number of this custom amplifier that 
MMD currently ships to Hughes. 
Which is no small feat because when 

PLRS system: a 
thick film UHF pulsed amplifier 

with 10 watts of output power ( - 55 to 
+ 85 degrees C) at + 19dBm input, with 
consistent lot to lot performance through 

Hughes Aircraft approached MMD, they 
had the knotty problem of producing this 

production. 
While this success story might not ap-

sophisticated amplifier 
in volume. 
MMD took a unique 

approach to solve this 
challenge. Our high de¬ 
gree of integration en¬ 
abled us to respond 
with precisely what 
Hughes needed for its 

ply specifically to your 
needs, MMD’s unique 
problem-solving capa¬ 
bilities probably do, be¬ 
cause like this custom 
hybrid amplifier, there 
are hundreds more 
success stories where 
this one came from. 

INFO/CARD 10 Literature 
INFO/CARD 9 Demo 

We Deliver Power. 

Come see us at the RF Technology Expo ’88, Booths #340, 342, 439, 441. 



In your frequency range, 
but not out of your price range. 

Introducing the first high-
performance 2 GHz signal generator 
under $11,000. 

If you’re expanding your testing capa¬ 
bilities in the up to 2 GHz range, or updat¬ 
ing older equipment, our new 6062A offers 
an outstanding value. With high accuracy, 
low noise signals, and AM, FM and PM 
modulation, this new synthesized signal 
generator keeps the price of quality pro¬ 
duction testing surprisingly low. 

The 6062A is the only signal generator 
in its price range that also offers high-speed 
pulse modulation as a standard feature. So 
you can test radar and avionics transpon¬ 
ders without paying a premium. Very high 
on-to-off ratios (80 dB minimum) and very 

fast rise times (15 ns) are made possible by 
new gallium arsenide switching technology. 

For low-cost convenient maintenance, 
you can do on-site calibration yourself— 
manually or over the IEEE bus. The 6062A 
is based on the highly reliable 6060B, 
proven in thousands of installations at 
manufacturing facilities worldwide. And 
like all Fluke instruments, the 6062A is 
backed by Fluke service, training and our 
exclusive fast-turnaround modular 
exchange program for emergency repairs. 

Contact your local Fluke Sales Engineer 
or call 1-800-426-0361. High perform¬ 
ance is now in your frequency range. And 
in your price range. 

Fluke 6062A_ 
Frequency Range_ 100 kHz to 2100 MHz 
Amplitude range_ -147 to +13 dBm 
Spurious_ -60 dBc (to 1050 MHz) 
Residual FM (500 MHz)_ 6 Hz in 0.3 to 3 kHz BW 
Modulation_ AM, FM, PM, pulse 

IN THE U.S. AND NON-EUROPEAN COUNTRIES: John Fluke Mtg. Co., Inc., P 0. Box C9090. M/S 25OC, Everett, WA 98206 Sales (206) 356-5400, Other. (206) 347-6100. 
EUROPEAN HEADQUARTERS : Fluke (Holland) B.V.. P 0. Box 2269, 5600 CG Eindhoven. The Netherlands (040) 458045 TLX: 51846 

c Copyright 1986 John Fluke Mtg. Co.. Inc. All rights reserved Ad No 2942-6062 

Come see us at the RF Technology Expo ’88, Booths #461, 463. 
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rf letters_ 
Letters should be addressed to: 
Editor, RF Design, 6300 S. Syracuse 
Way, Suite 650, Englewood, CO 
80111. 

Smaller Power Dividers: 
The Author’s Response 
Editor: 

I would like to respond to a letter by Mr. 
Garner in the November issue where he 
correctly states that a power divider of 
similar size built on an alumina substrate 
outperforms my proposed device. This ex¬ 
actly illustrates the advantage of my 
design, since it is built on a G-10 circuit 
board which has a much lower dielectric 
constant than alumina; if it were im¬ 
plemented on alumina, its size would be 
considerably smaller. 

Furthermore, Cohn’s four-section power 
divider which Mr. Garner uses as an ex¬ 
ample of a better design can be improv¬ 
ed by following the approach suggested 
by my article: replace the transmission 
line sections between isolation resistors 
by nonsynchronous transformers. 
The purpose of my article was not to 

construct a power divider to replace all 
power dividers, but to illustrate a design 
technique where an impedance-matching 
circuit consisting of two or more cascad¬ 
ed transmission lines can often replace 
a single-section transmission line of 
longer overall length. 
Peter Vizmuller 
Motorola Canada 

A Complimentary Commentary 
Editor: 

I recently had a very pleasant en¬ 
counter with one of your advertisers. As 
a result of a hard disk crash, which is a 
very distressing event for an analog 
engineer, I lost all of the programs pur¬ 
chased from Etron RF Enterprises. I am 
most pleased to relate that one phone call 
to John Simmons resulted in the replace¬ 
ment of all lost programs. In this day and 
time it is rather exciting to receive this 
type of service coupled with the excep¬ 
tional value that this series of programs 
represents. 

I thought I would let your know that you 
have some very good clients and I feel 
that your magazine serves a valuable 
purpose. 
Keep up the good work. 

Lothar A. Krause Jr. 
Lintech Inc. 

Help celebrate the 10th Anniversary of 
RF Design during 1988 — send us 
your observations, recollections, or 
philosophical musings about the past 
ten years of RF technology. We will 
print as many letters as we can. 

RF Design 

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 

Patent Pending 
ç 1987 DRFS NCMO and DRFS are Trademarks of The Digital RF Solutions Corporation 

Come see us at the RF Technology Expo '88, Booth #407. 
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Aviation Industry Uses Satellite 
Communications 

The aviation industry will soon be get¬ 
ting real time communications, leading to 
a point where satellite transmission is be¬ 
ing used for air traffic control communica¬ 
tions, engine monitoring, dispatch of in¬ 
formation, weather reports, crew change 
orders, and the selection of flight paths 
that will save the maximum amount of 
fuel. In addition, this system will enable 
the cabin crew to provide passengers with 
up-to-date information on connecting 
flights, departure times and gate locations. 
One of the first applications of this type 

of communication will be achieved in part 
by a blade type antenna system for low 
speed data transmission via communica¬ 
tions satellites. The antenna system, from 
Ball’s Outreach family, is being built by 
Ball Aerospace in Boulder, CO, for North¬ 
west Airlines. Northwest will install these 
systems in ten of its Boeing 747-400 air¬ 
craft. The first antenna is expected to be 
delivered by December 1988. 
A second aeronautical Outreach an¬ 

tenna called Airlink™ is being developed 
by Ball as well. Airlink will provide 
telephone services and other voice com¬ 
munications as well as data transmission. 
By 1989, airlines that opt to enter satellite 
communications with data only systems 
for crews will have the option of upgrading 
their systems with an Airlink antenna. This 
antenna will help usher in a host of new 
passenger services, including both 
telephone and data services via satellite. 
Business flyers and others will be able to 
communicate with people all over the 
world via portable computers, facsimile 
machines or telephones. “These new ser¬ 
vices will be invaluable to executives who 
travel a lot and need to stay in touch with 
various corporate offices,” said Richard 
Herring, President of Ball Aerospace 
Systems Division. 
The external portion of the Airlink 

antenna system consists of two conformal 

antenna arrays mounted on opposite 
sides of the aircraft fuselage, a configura¬ 
tion that yields a minimum amount of drag 
and correspondingly small losses of in¬ 
flight performance. This results into poten¬ 
tial fuel savings compared with other 
designs requiring radomes. The antenna 
requires two 5 cm holes in the aircraft 
skin to accommodate the cable bundles 
connecting the antennas with phase 
shifters and other electronic components 
inside the aircraft. 
Each antenna array consists of 16 

radiating elements. On airplanes, each 
antenna is mounted at an angle of approx¬ 
imately 45 degrees on either side of the 
fuselage. From these locations, each 
antenna can steer its beam electronical¬ 
ly through at least 60 degrees in any 
direction. The two antennas provide a 
gain of 12 dB over approximately 85 per¬ 
cent of the upper hemisphere. This results 

in good pattern coverage with reduced 
gain in the direction of the nose and tail. 

Airlink incorporates a beam steering 
computer to activate the appropriate ar¬ 
ray and send commands to phase shifters 
to point beams in specified directions. The 
computer calculates satellite position from 
the aircraft’s inertial navigation system 
data or automatically tracks satellites by 
analyzing received signal strength. The 
receive frequency range for the 16-
element phased array antenna is from 
1530 MHz to 1559 MHz while the transmit 
band is from 1631.5 MHz to 1660.5 MHz. 
A complete Ball Airlink system uses Col¬ 
lins satellite avionics. 
The Airlink antenna is being developed 

by Ball under a $1 million contract from 
the International Maritime Satellite 
Organization. The first airlink is planned 
to be flown on a Federal Express DC-10 
by mid 1988. 

GAMI Launches Three 
Study Programs 
Gorham Advanced Materials Institute 

(GAMI) of Gorham, ME, is planning to 
conduct three studies related to supercon¬ 
ducting ceramics. The studies are de¬ 
signed to provide subscribers with mar¬ 
keting and technology advantages in the 
race to develop and commercialize super¬ 
conducting ceramics. GAMI has been 
engaged in a program for the past six 

months and has developed high transition 
temperature superconducting ceramics in 
the Y1Ba2Cu3Ox perovskite phase utiliz¬ 
ing several process variations. Additional 
information on these programs can be ob¬ 
tained by contacting Mr. Gregory L. Per¬ 
ron at (207) 892-5445. 

IEEE Society to Meet at NBS 
The initial meeting of the IEEE In¬ 

strumentation and Measurement Society, 

Precision Coaxial Connectors Subcom¬ 
mittee will be held at the National Bureau 
of Standards in Boulder, CO, on February 
24, 1988. The subcommittee will extend 
IEEE Standard 287-1968 to cover coaxial 
connectors for precision electrical meas¬ 
urements above 18 GHz and update the 
standard for 14 mm and 7 mm connec¬ 
tors. Further information can be obtained 
from Harmon Banning of W.L. Gore at 
(302) 368-3700. 
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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 _ —— -

City _ __ 

State __ __ 

Zip -

CG2OOO383 WLM514 
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200 Watt 
225-400 MHZ 
Broadband 

Gold-Metalized 

polycore rf devices 
1107 Tourmaline Drive • Newbury Park, California 91320 • U.S.A 

Telephone: (805) 498-4552 • Telex: 910 3361547 
Come see us at the RF Technology Expo ’88, Booths #252, 254. 
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news Continued 

Report Predicts Rise in Demand 
For EMC Products and Services 

U.S. end-users demand for elec¬ 
tromagnetic compatibility (EMC) products 
and services topped $1 billion in 1985 and 
will advance at a real, annual growth of 
8.5 percent and reach over $1.5 billion in 
1990. At least six individual EMC pro-
duct/service types will outstrip this ag¬ 
gregate growth rate however, and will ad¬ 
vance at rates anywhere between 10 per¬ 
cent up to 23.5 percent annually. A 194-
page analysis of the electromagnetic 
compatibility products and services mar¬ 
ket in the U.S. is available for $1775 by 
contacting Frost & Sullivan, Inc., at (212) 
233-1080. 

FPS and Clemson University 
Announce Agreement 

Floating Point Systems, Inc. announced 
a research and development agreement 
with Clemson University, Clemson, South 
Carolina, to create software development 
tools which can be used on the FPS T 
Series supercomputer. Clemson will pro¬ 
vide support from its Mathematical 
Sciences and Computer Science depart¬ 
ments, and from the Division of Com¬ 
puting and Information Technology; FPS 
will provide the necessary hardware and 
technical support. Clemson recently 
received a university research grant from 
the Office of Navy Research. The grant 
provided funding in support of the pur¬ 
chase of the FPS T 20 supercomputer 
and was designed to promote excellence 
in the areas of discrete math and com¬ 
putational analysis. 

Quartz Conference Proceeding 
Now Available 
Volume 2 of the Proceedings of the 

Electronic Industries Association’s 9th 
Quartz Devices Conference and Exhibi¬ 
tion held August 25-27, 1987 in Kansas 
City is now available. Volume 1 was avail¬ 
able at the conference and contained 
eleven of the seventeen papers pre¬ 
sented. This publication contains the re¬ 
maining six technical papers in a variety 
of topics including: A Digital Compensa¬ 
tion Technique of Crystal Oscillators, and 
Crystal Fiber Design. Volume 2 may be 
ordered prepaid ($45) from the Electronic 
Industries Association's Component 
Group at 2001 Eye St. N.W., Washington, 
DC 20006. 

Epsco Receives $1.1 M 
Epsco, Inc. of Westwood, MA, an¬ 

nounced the receipt of a $1,133,987 con¬ 
tract from the U.S. Naval Air Systems 

RF Design 

Command tor the production of CV2461AZA 
signal data converters used on the U.S. 
Navy’s P-3C anti-submarine warfare air¬ 
craft program. The data converter pro¬ 
vides the interface between the P-3C air¬ 
craft digital computer and its synchro¬ 
transmitters and receivers. The converter 
has 32 synchro input channels and 16 
synchro output channels. 

Rohde and Schwarz 
Move to DC Area 
Rohde and Schwarz have moved their 

corporate headquarters from Lake Suc¬ 
cess, NY to Lanham, MD, east of Wash¬ 
ington, DC. Their new address is Rohde 
and Schwarz, 4425 Nicole Drive, Lanham, 
MD 20706. Their telephone number is 
(301) 459-8800. 

Frequency Products for Aerospace, 
Military and Industrial Markets 

To assure the market place the finest performance 
available, MCCoy manufactures all of its crystals, 
filters, and oscillators within the United States. The 
competitive challenge is being met technologically, 
economically, and with care to maintain the highest 
standards of quality. 

S
ext frequency control application 
Coy Write for free catalog 

► MCCOY 
ELECTRONICS COMPANY 
a subsidiary of OAK Indiislries lac. 

HOLLY SPRINGS. PA 17065 • 717 486 3411 - TWX 510-650-3548 
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For more than 40 years, Instrument Specialties has been 
recognized as the leader in providing products to control 
electronic interference. Our precision manufacturing 
techniques, applied to the fabrication of electronic gas¬ 
kets from beryllium copper, bring out all of the inherent 
advantages of this unique alloy. 

Lightweight, with excellent thermal and electrical conduc¬ 
tivity, beryllium copper strips offer higher shielding effec¬ 
tiveness than other products made for this purpose. They 
are usable at lower contact forces, do not take a "set", 
can't flake or break into small (conductive) pieces, and are 
not affected by solvents. And, because of their wiping 
action, surface oxidation is automatically cleaned when an 
enclosure is opened or closed. 

All Instrument Specialties shielding strips can be 
attached quickly and easily to the surface desired. Some 
carry a self-adhesive strip for this purpose. Others clip-on 
and are friction-held; many can be supplied with barbs 
that bite and grab, preventing slippage. Still others are 
supplied with holes for riveting. 

This design uses a self-adhesive tape to 
attach instantly. The upper part of the strip slides into the folded 
tab when enclosure doors are closed, preventing accidental 
damage to "fingers? 



Interference 
Problems! 

The Symmetrical Slotted Series of Instrument Specialties 
shielding strips employs a pierced track for mounting 
with nylon push rivets. The shielding strip compresses 
with bi-directional engagement. 

FREE! Twenty-four page guide¬ 
book describes all you need to 
know to select the proper inter¬ 
ference control products for your 
application(s). Includes techni¬ 
cal information, design formu¬ 
lae, plus product illustrations 
and complete specifications. 
Write Dept. RF-42, and ask for 
"Catalog E3-78C or circle the 
Reader Service Number. 
(If interested in Precision 
Stampings, also ask for 
Catalog 16.) 

Guide to 

Control 

The Symmetrical Slotted Shielding (S’) series is perfect for slid¬ 
ing drawers and door enclosures, where frequent opening and 
closing occurs. 

INSTRUMENT SPECIALTIES CO., INC. 
DELAWARE WATER GAR PA 18327-0136 
Telephone: 717-424-8510 
TWX: 510-671-4526 • FAX: 717-424-6213 

Specialists in interference control since 1944 
INFO/CARD 16 

Come see us at the RF Technology Expo ’88, Booth #549. 



news Continued 

Ball Awarded $14 M 
Ball Corporation's aerospace systems 

division will build all-light level TV sub¬ 
systems for the Air Force’s AC-130U gun¬ 
ship program under a contract awarded 
by the North American Aircraft Operations 
of Rockwell International Corp., the pro¬ 
gram’s main contractor. Rockwell will in¬ 
stall a single turreted subsystem under¬ 

neath the left wheel faring of each of a 
dozen AC-130U aircraft. The subsystem 
will be used for surveillance, navigation 
and battlefield applications such as target 
detection, target acquisition, target 
recognition, weapons fire control and 
laser designation. 

Ball’s design incorporates active laser 
illumination, which enables the system to 

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°Cto +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. 

RFMI 
RF Monolithics, Inc. • 4441 Sigma Road • Dallas, Texas 75244 U.S.A. 

Phone: (214) 233-2903 • Fax: (214) 387-8148 • Telex: 463-0088 
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Come see us at the RF Technology Expo '88, Booths #413, 415. 

“see” as well on a moonless night as it 
does during the day. The advanced sen¬ 
sor subsystem also includes a 13" reflec¬ 
ting telescope, a low light level television 
camera, a cryocooled gallium arsenide 
laser illuminator, a laser rangefinder 
designator, a video target tracker, a con¬ 
trol panel and a stabilization mechanism. 
This mechanism isolates the sensors from 
the vibrations of the aircraft’s four turbo¬ 
prop engines and from the effects of air 
turbulence in flight. Ball will deliver the 
first subsystem in January 1989 and will 
build the others over a three year period. 

CE Awarded McDonnell 
Douglas Contract 

Cincinnati Electronics (CE) has been 
awarded contracts by McDonnell Douglas 
Corp, to manufacture and test range safe¬ 
ty receivers for two U.S. space launch 
vehicle programs, the USAF Medium 
Launch Vehicle (MLV/Delta II) and the 
McDonnell Douglas Commercial Delta. 
The agreements call for CE to provide 70 
range safety receivers. The total com¬ 
bined value of these contracts is $2 million 
and authorization for the first phase, worth 
approximately $600,000 has been given. 
The range safety receiver is a device used 
to terminate the flight of a space launch 
vehicle should it veer off course and 
threaten range personnel or buildings. 

DTL Expands EMI/EMC 
Testing Department 

Detroit Testing Laboratory, Inc. (DTL), 
Oak Park, Ml, announced the expansion 
of its EMI/EMC testing department to in¬ 
clude approximately 12,000 square feet of 
laboratory facilities and an open test site 
near Willow Run airport, Belleville, Ml. 

European Electronics Market 
to Peak in 1988 

1988 is forecast by Benn Electronics to 
be a year of high growth for the West 
European Electronics market. In the 15th 
edition of their Yearbook of West Euro¬ 
pean Electronics Data, Benn Electronics 
estimates that the market for electronic 
equipment and components will reach 
$144 billion (U.S.) at constant 1986 values 
and exchange rates, a real growth of 7.5 
percent over 1987. However, 1988 is seen 
as a peak, with growth tailing off again 
from 1989 to 1991 at an average of 4 per¬ 
cent per annum over the three period. 
More information on this publication can 
be obtained from Benn Electronics 
Publications Ltd., P.O. Box 28, Luton, LU2 
OED, England. Tel: (0582) 421981. It is 
priced at $625 (U.S.). 
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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 
Rivergate Exhibition Center, New Orleans, LA 
Information: Show Manager, ADEE West, Cahners Exposition 
Group, 1350 East Touhy Ave., RO. 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 Company, 6300 
S. Syracuse Way, Suite 650, Englewood, CO 80111; Tel: (303) 
220-0600; (800) 525-9154 

February 23-25, 1988 
NEPCON West '88 
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 3-4, 1988 
33rd International SAMPE Symposium & Exhibition 
Anaheim Convention Center, Anaheim, CA 
Information: Marge Smith, P.O. Box 2459, Covina, CA 91722; Tel: 
(818) 331-0616 

March 7-10, 1988 
33rd International SAMPE Symposium & Exhibition 
Anaheim Convention Center, Anaheim, CA 
Information: Marge Smith, P.O. Box 2459, Covina, CA 91722; Tel: 
(818) 331-0616 

May 9-11, 1988 
38th Electronic Components Conference 
Biltmore Hotel, Los Angeles, CA 
Information: EIA, 2001 Eye St. N.W., Washington, DC 20006 

May 10-12, 1988 
Electro ’88 
Bayside Exposition Center, Boston World Trade Center, 
Boston, MA 
Information: Electronic Conventions Management, 8110 Airport 
Boulevard, Los Angeles, CA; Tel: (213) 772-2965 

May 25-27, 1988 
1988 IEEE MTT-S International Microwave Symposium 
Javits 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 

RF Design 

1,239,580 
Filters 
Lowest prices in America 

on small quantities 
0.1 Hz to 500 MHz 
1,239,580 standard filter 
types □ Miniature and 
subminiature sizes □ 
Passive and active 
types □ Telemetry 
filters □ Gaussian, 
Butterworth, Cheby¬ 
shev designs □ Call 
or write for free 
catalog today. 

TTE, Inc., 
2233 South Barry Ave., 
Los Angeles, CA 90064 
(213) 478-8224 

filter 
designs 

Come see us at the RF Technology Expo '88, Booth #458. 
INFO/CARD 18 

Arifax % 
80386 SYSTEM 

• Compaq Compatible 
• Intel 80386 Micro 
Processor 

• 16 Mega-Hz CPU Clock 
Speed (16. 8. 4, 11) 

• 1 MB Ram Standard 
• Maximum 2 MB On 
Board 

• Maxi-Switch Keyboard 
• (1) 1.2 MB Floppy Dnve 

• (1) 360K Floppy Drive 
• 40MB Hard Disk Dnve 
• VGA. EGA. CGA, MOA. 
HGA Graphics Multi-
Synch Card 

• Maximum Addressable 
Physical Memory 4 
gigabytes 

• Maximum Virtual 
Memory 64 terabytes 

• MS DOS 3.2 
• GW Basic & Operational 
Manual 

1 Year Parts & 
Labor Warranty 
Monitor Not 
Included . . . $3,595 

Purchase. Lease, or Rent. Make Checks Payable To: 

Arifaxx 
17819 Lysander Drive 
Carson, CA 90746 
213-532-3400 

W«l Ship CO D with 20% deposit and company purchase order 
Leasing Available to New Businesses 
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rf courses 

The George Washington University 
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 
Electronic Countermeasures 

February 29-March 4, 1988, Washington, DC 
Microwave Radio Systems 
March 7-8, 1988, Washington, DC 

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

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

Elements of Optical Warfare 
March 30-April 1, 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 
Microwave Circuit Design I: Linear Circuits 
June 20-24, 1988, Los Angeles, CA 
August 15-19, 1988, Baltimore, MD 

Microwave Circuit Design II: Non-linear Circuits 
August 22-26, 1988, Baltimore, MD 

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

UCLA Extension 
Modern Microwave Techniques 

April 25-28, 1988, Los Angeles, CA 
Information: UCLA Extension, RO. Box 24901, Los Angeles, CA 
90024; Tel:(213) 825-1901; (213) 825-1047; (213) 825-3344 

Test Systems, Inc. 
MIL-STD-1553 
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 

February 22-26, 1988, Atlanta, GA 
March 7-11, 1988, Palo Alto, CA 
March 21-25, 1988, Hilton Head, SC 
April 11-15, 1988, San Diego, CA 
April 25-29, 1988, Chicago, IL 

Tempest Facilities 
April 12-15, 1988, Washington, DC 

Intro to EMI/RFI/EMC 
March 15-17, 1988, Orlando, FL 

Information: Penny Caran, Registrar, Interference Control 

22 

Technologies, Inc., State Route 625, P.O. Box D, Gainsville, VA 
22056; Tel:(703) 347-0030 

Integrated Computer Systems 
Digital Signal Processing 
March 1-4, 1988, Ottawa, Canada 
March 8-11, 1988, San Diego, CA 
March 22-25, 1988, Washington, DC 
April 26-29, 1988, Toronto, Canada 
May 10-13, 1988, Washington, DC 

Image Processing and Machine Vision 
February 23-26, 1988, Ottawa, Canada 
February 23-26, 1988, San Diego, CA 
April 12-15, 1988, Washington, DC 
April 26-29, 1988, Palo Alto, CA 

Hands-On Programming in C 
February 16-19, 1988, Montreal, Canada 

Hands-On Advanced Programming in C 
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 
May 24-27, 1988, Palo Alto, CA 

Fiber Optic Communication 
February 23-26, 1988, Washington, DC 
March 15-18, 1988, Palo Alto, CA 

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

Compliance Engineering 
Compliance Seminars: EMI, Safety, ESD, Telecom 

April 19-22, 1988, Chicago, IL 
June 7-10, 1988, Boston, MA 

Information: Compliance Engineering, 593 Massachusetts 
Avenue, Boxborough, MA 01719. Tel: (617) 264-4208 

EMC Services, Inc. 
EMI Control in Switched Mode Power Supplies 

February 17-19, 1988, San Diego, CA 
June 27-30, 1988, Boston, MA 

Filter Design for Switching Supplies 
February 22-23, 1988, San Diego, CA 

Information: Mark Nave, EMC Services, 11833 93rd Avenue 
North, Seminole, FL 33542. Tel: (813) 397-5854 

Georgia Institute of Technology 
Principles of Pulse Doppler Radar: 
High, Medium and Low PRF 
February 23-25, 1988, Atlanta, GA 

Infrared Technology and Systems Applications 
February 24-26, 1988, Atlanta, GA 

Information: Deidre Mercer, Education Extension Services, 
Georgia Institute of Technology, Atlanta, GA 30332-0385. Tel: 
(404) 894-2547. 

Southeastern Center for 
Electrical Engineering Education 
Antennas: Principles, Design, and Measurements 
March 2-5, 1988, St. Cloud, FL 
August 2-5, 1988, San Diego, CA 

Information: Ann Beekman, SCEEE, 1101 Massachusetts Ave., 
St. Cloud, FL 32796. Tel: (305) 892-6146 
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Now: RF Power Measurements 
With Laboratory Accuracy 
and Production Speed. 

DIRECTIONAL POWER SENSOR 
MODEL 4022 

0.3 • 1000 WATTS 
23 - 1000 MH« 

ElxtrMK CsrpetaUen 
UlMspS On*«. iwmiom uu 

Introducing the 
4420-series RF Power Meters 
from Bird. 
Bird Electronic has been a leader in RF power 
measurement equipment for over 40 years. Now, Bird 
introduces the model 4420 and model 4421 RF Power 
Meters, each with speed and accuracy previously 
unavailable in one instrument. With advanced 
microprocessor technology and Bird's proven 
THRULINE® principles, you can now measure low or 

high power with the same 
±3% accuracy, without the 
uncertainties introduced 
by attenuators and 
external couplers. Two 
4020-series sensors 

cover 1.8MHz to 1GHz 
and 300mW to lOOOW 

full scale. Calibration 

Choose the model 4420 with rugged, 
motor-driven analog readout, or 
the autoranging model 4421 with 
full-information digital display. 
Fast settling provides up to three 
readings per second for forward and 
reflected power, return loss, and 
VSWR. The 4421 also accepts RS-232 
or IEEE-488 interfaces for programmed 
control from computers or terminals. 

data stored within each sensor assures the same 
accuracy regardless of input frequency or power level. 
And, Bird's lifetime sensor warranty means no added 
expense in case of accidental burnout. Easy field 
recalibration and a choice of over 25 quick-change 
input connectors make this the only power meter 
at home in the lab and on the production line. 

INFO/CARD 24 

• Accuracy rivaling terminated load calorimeters. 

• Portable operation from internal batteries (4421 only). 

• Bench and rack-mount versions available. 

Call or write now for a brochure and specifications 
describing the 4420-series RF Power Meters and 
4020-series Sensors. 

Electronic Corporation 
30303 Aurora Rd., Cleveland (Solon), Ohio 44139 
216-248-1200 TLX: 706898 Bird Elec UD 
Western Sales Office: Ojai, CA 805-646-7255 
See us at RF Expo West, Booths #355 & 357. 





The new Tek 494AP 
continues a winning 
tradition: outstanding 
value for the dollar in 
portable, field-proven 
spectrum analysis. 
Nobody is as well 
equipped as Tek to meet 
your high-performance 
requirements with econ¬ 
omy and ease of use— 
from 100 Hz to 325 GHz, 
with up to 90 dB display 
dynamic range, -130 
dBm sensitivity and 10 Hz 
to 3 MHz resolution. 

Tektronix 
SHIFT TUNE 

BEST 
IN THE 
FIELD. 

Twelve Tek 490 Series 
Spectrum Analyzers 
range from the 495 and 
496 for baseband 
through UHF coverage to 
the 494AP for high-

AQAAD programmable 
SPECTRUM ANALYZER 

GRIB 

REMOTE ■ 

TO LOCAL 

Options add extra per¬ 
formance: Tek waveguide 
mixers, preselectors, 
MATE compatibility and 
75-ohm input, to name 
just a few. 
Features of the new 
494AP include a built-in 
precision frequency 
counter, down-loadable 
Macroprogramming, 10-9 

marker and center fre¬ 
quency accuracy, multi¬ 
band sweep capability, 
automatic signal tracking 
and noise normalization. 
With TekSPANS® software 
— available for IBM PC, 
Tek and HP controllers— 
you can automate com¬ 
plex measurements, 
including EMI tests. 
Get the facts! See the 
portability and perform¬ 
ance that lead the 
field year after year. 
Contact your Tek Sales 
Engineer or call direct: 
T800-TEK-SPEC, Ext. 23. 
In Oregon, 235-7315, 
Ext. 10. 

performance microwave 
and millimeter wave 
measurements. They are 
optimized for efficient 
on-site service— under 
harsh environmental 
stress— with features 
previously restricted to 
laboratory equipment. 
Superior portability 

isn’t at the expense 
of true laboratory 

I
 quality. Even at remote 
monitoring and field 
service sites you can 
count on reliable, 
no-compromise 

measurements, 
no matter what. 

VERTICAL 
DISPLAY 
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VIDEO 
FILTER 
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DIGITAL 
STORAGE 

CENTER/MARKER 
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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 
VIN 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-209Bor SW-219B when ordering. Pricing available upon request. 

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

High Speed Monolithic Op Amps: 
New RF Building Blocks 
By Scott Evans and David Potson 
Comlinear Corporation 

One of the characteristics of RF 
technology is the continual increase in 
functionality demanded of new designs; 
not only must your RF systems do more, 
but they must do it in smaller packages 
with less power. This evolution in func¬ 
tionality is occurring in components and 
building blocks such as MMICs, filters, 
and most recently, the monolithic op amp 
— a device previously reserved only for 
video speed and slower systems. The 
design and process technologies have 
now matured to the point where mono¬ 
lithic op amps provide performance that 
often surpasses alternative designs. 

Remarkably, the op amp itself is older 
than the transistor. Original imple¬ 

mentations constructed using tubes had 
bandwidths of only a few kHz and were 
used primarily in analog computers. Im¬ 
provements in the speed of the parts has 
traditionally been through improved semi¬ 
conductor process technology. As tran¬ 
sistor fTs improved, the op amps im¬ 
proved. Unfortunately, process improve¬ 
ments could not keep pace with engineer¬ 
ing needs for speed. Hybrids were a par¬ 
tial solution in that high speed PNP and 
NPN transistors could be put together on 
a substrate, thereby improving perfor¬ 
mance. Design modifications such as AC 
feedforward were also tried, but resulted 
in tradeoffs in functionality (optimum per¬ 
formance in inverting mode only) and in 
reproducibility (products which were very 
sensitive to transistor and environmental 
changes). However, even this was not 
enough. Basic topology improvements 
were needed. 

Current Feedback 
In 1982, the CLC103 was introduced by 

Comlinear. This op amp architecture 
eliminated the key performance deficien¬ 
cies of the older architectures while bring¬ 
ing many new benefits(1). The basic de¬ 
sign utilizes current feedback instead of 
voltage feedback (see Figure 1). 
As can be seen from the transfer func¬ 

tion, the current feedback architecture 
has a dynamic response which, unlike the 
traditional design, is relatively indepen¬ 
dent of closed loop gain setting. The 

Figure 1. In voltage feedback op amps the poles of the response are scaled 
by the gain setting whereas in the current feedback op amp, the poles 
are scaled only by R2 which is constant. 

result is a virtual elimination of the “gain 
bandwidth product” and a true DC-
coupled bandwidth which exceeded 150 
MHz over a wide gain range. In addition, 
many other performance measures were 
dramatically improved; for example, set¬ 
tling times broke the 100 ns barrier and 
fell to 10 ns, slew rates reached 6000 V/us, 
plus the need for external compensation 
was eliminated yielding consistent results 
in a production environment. 
Due to the limitations in monolithic pro¬ 

cesses for high-speed op amps, the 
CLC103 was of hybrid construction. Other 
current feedback hybrids followed offer¬ 
ing better DC performance, tighter set¬ 
tling, higher bandwidths, and lower cost. 
But even with such design solutions, the 
usage in RF designs was often limited to 
typical DC-coupled designs such as data 
conversion, where alternative designs 
were impractical. 

In the monolithic arena, process tech¬ 
nology continued to evolve and yielded a 
few basic technologies appropriate for 
high-speed op amps, including GaAs and 
complementary bipolar using either diel¬ 
ectric or junction isolation. Unfortunate¬ 
ly, each process has limitations which 

degrade performance. For example, gal¬ 
lium arsenide op amps have been in¬ 
troduced which have gain bandwidths of 
up to 350 MHz (17.5 MHz bandwidth at 
gain of 20), but they have excessive noise 
at low frequencies (0.9 mV rms referenced 
to the input). 

Dielectric isolation, which uses a dielec¬ 
tric well to isolate the transistors to im¬ 
prove the bandwidth of the PNP transis¬ 
tors has yielded amplifiers having gain 
bandwidth products on the order of 600 
MHz (30 MHz bandwidth at a gain of 20). 
Unfortunately, charge storage effects limit 
settling performance to not much under 
100 ns for most conditions. 

CLC400 and CLC401 Op Amps 
Through the combination of the current 

feedback topology and a new superior 
monolithic process technology, two new 
monolithic RF op amps have been devel¬ 
oped, the CLC400 and the CLC401. The 
CLC400, with its -3 dB bandwidth of 200 
MHz, is designed for low-gain = ±1 to 
±8) applications and the CLC401, featur¬ 
ing a -3 dB bandwidth at a gain of +20 
of 150 MHz (see Figure 2), is designed for 
high-gain applications (Av > 7). Both pro-
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Figure 2A. Amplitude and phase re¬ 
sponse of the CLC400. 

Figure 2B. Amplitude and phase re¬ 
sponse of the CLC401. 

ducts feature 10 ns settling to 0.1 percent. 
(See table 1.) The monolithic process is 
one of the fastest complementary bipolar 
processes available. The fTs are 4 GHz 
and 2.5 GHz for the NPN and PNP tran¬ 
sistors, respectively. Vertical construction 
isolates the various junctions and is the 
key to the wide bandwidth of the PNP 
transistor. 

Relevant Features 
The most obvious features of the 

CLC400 and CLC401 are their very wide 
-3 dB bandwidths (see Figure 2) and fast 
2.5 ns rise and fall times. But for RF 
engineers, nearly as interesting as the raw 
bandwidth may be the ability to set the 
amplifier’s voltage gain by changing only 
one resistor. The benefit is that system¬ 
level changes affecting required amplifier 
gain are easily accommodated without 
having to change or add amplifiers or 
attenuators. 

True DC coupling is another salient 
feature. Here, DC means DC — not a few 
kHz as is often the case with other RF 
amplifiers. More and more RF designs are 
requiring DC coupling; one need only look 
at the growing use of data conversion 
components to see this. For these appli¬ 
cations, an RF op amp is the obvious 
choice. Of course, a DC blocking capaci¬ 
tor may be used in applications needing 
AC coupling. 
Though not always scrutinized by the 

RF world, settling time is one of the most 
revealing op amp parameters. Many con¬ 
sider it the “acid test” of an op amp 
design since good settling performance 
requires good performance in many other 
areas, such as phase linearity, harmonic 
distortion, and gain flatness. Both the 
CLC400 and CLC401 settle in 10 ns to 0.1 
percent. The CLC400 is guaranteed to 
settle to 0.05 percent in 15 ns or less. In 
addition, the closed loop characteristics 
of the RF op amp provide very low inter¬ 
modulation distortion over a wide band¬ 
width. 

Comparison To Hybrids 
Monolithic and hybrid current feedback 

op amps are different in a number of 
respects. The key performance difference 
is in drive capability. Hybrid devices are 
still required for large signal swings, high 
slew rates, and high output currents since 
the fastest monolithic processes are 
limited in these respects. (In addition, cur¬ 
rent feedback’s elimination of gain band¬ 
width product is more pronounced in hy¬ 
brid op amps than in currently available 
monolithic devices.) Of course, price is a 
key difference; monolithic op amps are 
half the cost of the lowest cost hybrids. 
Although many engineers have used 
hybrid op amps in their designs, many 
were willing to sacrifice performance for 

cost and forego the op amp solution. Now, 
with a greatly reduced price, many more 
designers can enjoy the benefits of RF op 
amp technology. 

Applications 
The number of RF design applications 

seems to grow daily(2). As more and more 
engineers recognize the benefits of the 
RF op amp, the applications will continue 
to grow. Sometimes the op amp design 
will provide a solution that is difficult to 
otherwise achieve. In other instances, 
board space savings or the reduction in 
component count is the motivation. 
A good example of a quick op amp 

design solution having outstanding per¬ 
formance is the op amp-based peak 
detector, a circuit function required in ap¬ 
plications ranging from ultrasound to 
radar cross sectioning. Shown in Figure 
3 is an implementation of this circuit using 
the CLC401. Peak signal levels can be 
captured in as little as 50 ns. Since the 
CLC400 and CLC401 are immune to in¬ 
put overdrive, they will not be damaged 
by input signals causing the output to 
saturate. When overloads do occur, the op 
amp recovers in less than 10 ns. For very 

Figure 3. RF op amps provide quick solutions in peak detector applications. 

Figure 4. Nonlinear elements can be used to provide the nonlinear 
response needed in log amplifiers and VCO linearization circuits. 
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Feature CLC400 (low gain) CLC401 (high gain) 

-3 dB bandwidth (2 Vpp) 200 MHz (Av=2) 150 MHz (Av=20) 

linear phase deviation 0.2° (to 50 MHz) 0.2° (to 75 MHz) 

harmonic distortion -80 dBc at 1 MHz -68 dBc at 1 MHz 

-60 dBc at 20 MHz -45 dBc at 20 MHz 

group delay 1.6 ns 2.5 ns 

group delay distortion 150 ps (to 75 MHz) 100 ps (to 50 MHz) 

slew rate 700 V/us 1200 V/us 

rise/fall time 1.6 ns 2.5 ns 

settling time (0.1%) 10 ns 10 ns 

input offset voltage 2 mV 3 mV 

output voltage/current 3.5 V/70 mA 3.5 V/70 mA 

supply power (Vcc=±5 V) 150 mW 150 mW 

internal compensation yes yes 

short-circuit protected yes yes 

over-voltage protected yes yes 

immune to latchup yes yes 

package AJP 8-pin plastic DIP 8-pin plastic DIP 

package AID/AMD 8-pin sidebrazed 8-pin sidebrazed 

ceramic DIP ceramic DIP 

gain range ±1 to +8 ±7 to ±50 

Pricing $15.50 (100s) $15.50 (100s) 

Table 1. Key specifications 

large input signals (V,n>Vcc), the inputs to 
the op amps may be clamped with fast¬ 
acting diodes. 
Another useful op amp application in¬ 

volves creating a nonlinear amplitude 
response by using diodes or other 
nonlinear elements to provide a nonlinear 
gain-setting resistance (see Figure 4). Ap¬ 
plications include log amplifiers, VCO 
linearization circuits, and CRT gamma 
correction circuits(3). RF op amps are 
also used as IF amplifiers. The wide band¬ 

width, linear phase, and low intermodula¬ 
tion distortion provide a very wide 
spurious-free dynamic range. Also, flex¬ 
ibility in adjusting the gain proves very 
useful. 

Finding greater usage are quadrature 
amplitude modulated (QAM) communica¬ 
tion systems. Of course, in this case, RF 
op amps are used to drive the I and Q 
channel A/D converters. The bandwidth, 
phase linearity, and gain flatness need¬ 
ed for low bit error rates are easily pro¬ 

vided by the new RF op amps. Active 
filters are easily constructed using opera¬ 
tional amplifiers (4, 5). Many designers 
have expressed the desire to eliminate in¬ 
ductors from their filter circuits or to have 
a well-controlled gain response that is not 
dependent upon transistor parameters. 
The circuit and amplitude response 
shown in Figure 5 are of a bandpass filter 
with a center frequency of 40 MHz. 
The filter topology used is the KRC 

topology which keeps reactive elements 
out of the feedback path, which simplifies 
stability criteria with the current feedback 
op amp topology. The transfer function 
presented assumes an infinitely fast op 
amp — an approximation that is valid for 
center frequencies well below the op amp 
bandwidth. For filters working outside this 
assumption, as in the circuit shown, one 
needs to account for the time delay 
through the op amp (1.6 ns). Other filter 
functions may be implemented such as 
high pass, low pass, and band stop. H 
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Td settle fora barebones spectrum analyzer 
just to have one right on my bench" 

MC 15719 C1987 Hewlett-Packard Company. 



"Why settle?" 
Portable RF Spectrum Analyzer is such a 
good buy that you can afford one for every 
bench. Yet it’s no 
stripped down, 
low-tech model. 

It’s loaded. _ 
You’ll find Z — jr 

every essen-
tial measure-
ment tool in 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 8590As 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. 

2 as »35 a 

Newton refracts light 
through a glass prism, circa 1672. 
“The Bettmann Archive!’ 

hp HEWLETT 
r PACKARD 
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SAW Products-Solving Your Signal 
Processing Problems 
Do your systems require RF, VHF and 

UHF filters with extreme selectivity, 
but space is very limited? 

Must your system operate reliably over 
the full mil. range of - 55°C to + 125°C with 
frequency and delay tolerances of a few 
hundredths of a percent? 

Do your filters need to phase track to a 
couple of degrees in production quantities? 

Crystal Technology is solving these and 
other application specific problems, cost 
effectively with a full line of standard and 
custom Surface Acoustic Wave products, 
including: 

■ Filters for digital transmission 
systems that perform Spectral Shap¬ 
ing for minimizing ISI , and Timing 
Recovery filters for clock regeneration. 

■ Filters for CATV and 
Satellite Receivers. We F 
manufacture VSB filters for 
systems M, BG, I, J and D/K K 
as well as a complete line 
of Satellite Receiver filters E 7 ' 
at 70 and 610 MHz in all 
standard bandwidths. 

■ Resonators and w 
Oscillators to solve your 
VHF and UHF frequency 
generation problems. 

■ Delay lines with fractional bandwidths 
greater than 50%. 

■ Hybrid and P.C. Board Filter Modules, including 
switchable filter banks, phase tracked filter sets a specialty 
of ours, channelized filter banks for communications and 
E.W. signal processing applications. 

■ CHIRP Filters and Pulse Compression Sub-Systems 
for radar, and Microscan receivers. 

We are an experienced manufacturer of both commercial 
and mil-spec SAW products with a reputation for technical 
excellence and quality production. Our facilities are verti¬ 
cally integrated from crystal growth through components 
to modules. 

Give us the opportunity to solve your signal processing 
problems. Call or write to: Crystal Technology, Inc., A Sie-
mans Company, 1060 East Meadow Circle, Palo Alto, CA 
94303, (415) 856-7911 , Telex: 470103, FAX: (415)858-0944. 

ÿ Crystal Technology, Inc. 

Come see us at the RF Technology Expo ’88, Booths #540, 542. 
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Let ANRITSU 
show you... 

The ML 4803 A Power Meter 
is no ordinary power meter. Just look 
at these features, unmatched by any 
other instrument: 

Field Replaceable Sensors To 
Reduce Downtime 
We use an amorphous semiconductor 
as the element in our thermocouple 
sensors which allows the element to be 
quickly and easily replaced in the field. 

26.5 GHz Diode and 32 GHz 
Amorphous (thermocouple) 
Sensors 
Measurements up to 26.5 GHz (diode) 
or 32 GHz (thermocouple) can be 
made simply by using one sensor. Low 
VSWRs and fast response times make 
these sensors highly accurate and 
precise measuring devices for 
calibration, R & D or production 
facilities. 

LED Display of “VSWR” and 
“% Reflected Power” Values 
By comparing a measured value to a 
stored value, the dB difference 
between the two is used to calculate 
both “VSWR" and % Reflected Power." 
These values can then be clearly 
displayed on the unit's front panel. 

30 X 4 Memory 
Four values (offset, cal factors, etc.) 
can be stored in each of the power 
meter's 30 memory locations for easy 
recall and manipulation. This is 
essential in production applications. 

Affordable Price Includes 
GP-IB 
GP-IB is usually a costly option for 
those who require it in ATE or 
production environments. But not with 
the Anritsu ML4803A Power Meter ... 
the cost of this instrument is $2,825, 
which includes GP-IB. 

Waveguide Sensors to 
140 GHz 

A series of waveguide sensors extend 
the meter's frequency range from 
17 GHz to 140 GHz over a -30 to 
+20 dBm measurement range. 

For more information on the power 
meter which is truly unique ... 
contact ANRITSU today at... 

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

/inritsu 
WE RE OH THE MOVE. WORLDWIDE. 

INFO/CARD 25 
Come see us at the RF Technology Expo '88, Booth #645. 



One Antenna Kit 
with everything, 
to go please 

A complete line of kits 
with upper limits to 
18GHz that satisfy FCC, 
VDE, and MIL-STD 461 
specifications, and more. 

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. 

■■ 

Available now from your 
source for the finest 
EMI test equipment and 
accessories. 

So order one to go, with everything, or one of our other tantalizing 
specials. 
MODEL # FREQ. RESR DESCRIPTION MODEL # FREQ. RESR DESCRIPTION 

SAS-200 510 300- 1800 MHz Log Periodic SAS-200 542 20- 300 MHz Biconical. Folding 
SAS-200 511 1000- 12000 MHz Log Periodic SAS-200/550 001 - 60 MHz Active Monopole 
SAS-200/512 200- 1800 MHz Log Periodic SAS-200/560 per MIL-STD-461 Loop -Emission 
SAS-200 518 1000- 18000 MHz Log Periodic SAS-200/561 per MIL-STO-461 Loop -Radiating 

SAS^MSAO 'm’ wMHz BÍconicaa"<tOlPt'1' BCP-200 510 20 Hz - 1 MHz LF Current Probe 
SAS -200 541 20- 300 MHz Bicon I. Collapsible BCP-200 511 100 KHz-100 MHz HF VHF Crnt Probe 

AH Systems 
9710 Cozycroft Ave 
Chatsworth, CA 91 31 1 
Tel: 818 998-0223 
Telex: 182 640WKVG 

AH.^ 
SYSTEMS 
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A Simple Spectrum Analyzer 
Pocket-Sized 0 to 100 MHz Unit Uses Only Three ICs 

By Albert Helfrick 
Doty RFL Industries 

Here is one of our RF Design Awards 
contest entries, an extremly simple spec¬ 
trum analyzer usable with a general-
purpose oscilloscope. It is a valuable tool, 
allowing detection of RF energy at low 
levels. In addition to the circuit design 
and equipment troubleshooting applica¬ 
tions noted by the author, this unit should 
be extremly useful in locating leakage 
from shielded enclosures, pinpointing 
sources of radiation in digital circuits, and 
tracking down sources of interference. 

This simple spectrum analyzer is con¬ 
structed using only three integrated 

circuits. The unit covers inputs from near 
zero to 100-plus MHz and has a log dis¬ 
play range of more than 60 dB with a min¬ 
imum detectable signal of -75 dBm. The 
sweep linearity and log display linearity 
is excellent. 
The analyzer is most often used as a 

low level signal searching tool for trouble¬ 
shooting and developing RF circuits. The 
analyzer is used with one or two turn coils 
attached to a length of coaxial cable to 
sniff out the presence of RF signals. As 
an example, the analyzer can be used to 
tune oscillators and amplifiers by placing 

the pick-up coil near the circuit to be 
tuned. The analyzer is invaluable for tun¬ 
ing transmitters since parasitic oscilla¬ 
tions often occur when a transmitter is 
poorly tuned. It is also suitable for tun¬ 
ing low level circuits where levels high 
enough to be used with a crystal detec¬ 
tor or an oscilloscope would saturate the 
circuit being tuned. 

Circuit Description 
The spectrum analyzer uses the con¬ 

ventional multiple conversion superhet¬ 
erodyne technique. The input frequency 
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Figure 1. Circuit diagram of the spectrum analyzer. 
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range of zero to 100 MHz is converted to 
the first IF of 145 MHz using the converter 
section of a Motorola MC3356 FSK re¬ 
ceiver chip. The local oscillator for the first 
conversion covers from 145 MHz to 245 
MHz and uses the local oscillator of the 
FSK chip with varactor tuning. The Motor¬ 
ola chip is specified for 200 MHz opera¬ 
tion but there is no difficulty operating the 
oscillator at more than 260 MHz. The fre¬ 
quency capability of the mixer output is 
not specified but it is used at 145 MHz. 
The mixer output is tuned using a heli¬ 

cal resonator. This device is normally 
used in front-ends of VHF FM receivers. 
The helical resonator is the most expen¬ 
sive device in the design, and the cost of 
the analyzer could be reduced significant¬ 
ly by substituting a home-made helical 
resonator made with bus wire and a good¬ 
quality trimmer capacitor. Commercial 
resonators are available in several band¬ 
widths and have good image rejection at 
the second IF of 10.7 MHz. The resonator 
is matched, or more accurately mis¬ 
matched, to the mixer output. The resul¬ 
ting loss of gain does not affect the 
analyzer since the full 60 dB of dynamic 
range available from the log amplifier is 
realizable. The ultimate sensitivity of the 

0 10 4 30 40 50 60 70 80 MHz 

spur at 21.4 MHz_ 

Figure 2. Photo of spectral representation of a distorted 10 MHz signal 
from a function generator providing a square wave. The 21.4 MHz spur 
can be eliminated with an improved helical filter. 

Hi-Power RF 
AMPLIFIERS, TRANSMITTERS, POWER GENERATORS 

10-10,000 WATTS! / 2-500 MHz Frequency Range! 

HIGH OUTPUT RF DETECTOR 

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 

2050 S Bundy Drive, Los Angeles, CA 90025 
TOLL FREE: 1-800-421-6631 

In California call (213) 820-1234 

Model A61 provides a flat DC voltage 
gain better than 10 dB over conventional detec¬ 
tors. The unit replaces most detectors where 
easily increased gain is desired. 

The unit basically consists of a spe¬ 
cially designed voltage doubling wide band RF 
transformer, loaded at the secondary by a fre¬ 
quency compensating termination network. More 
gain in voltage Is realized by applying a dual 
microwave diode voltage doubling network at this 
termination. Additional DC output is gained 
from raising the diodes' operating point in the 
square law region with respect to the RF input 
level. 

The detector is shunted by low capaci¬ 
tance (less than 150 pf) for exceptionally high 
frequency response on the DC side. For addi¬ 
tional flatness, a network isolates the DC or 
Video output from the reactive effects or 
"suckouts” normally associated with various 
cable lengths connected between the detector and 
the scope, recorder, or other device. 
Additional external capacitance at the DC ouput 
may be used to reduce the high frequency video 
response for noise and transient reduction 
without the usual resonance distortion effects 
reflected back to the RF Termination. Some 
applications include sweep display, RF measure¬ 
ments, and signal monitoring. 

WIDE BAND ENGINEERING COMPANY, INC. 
P.O. Box 21652. Phoenix, AZ 85036 U.S.A. 

Telephone (602) 2SV1570 
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analyzer is -75 dBm and extends up to 
-15 dBm. Because the mixer of the 3356 
does not have a well defined input impe¬ 
dance such as a diode double balanced 
mixer, the broadband frequency response 
of the analyzer is not spectacular, but 
quite decent at plus or minus 3 or 4 dB 
over the full frequency range. 
The first IF of 150 MHz is mixed down 

to the second IF of 10.7 MHz using a 
Signetics NE602 oscillator/mixer chip. 
The oscillator frequency of the NE602 
operates at 155.7 MHz, which is 10.7 MHz 
above the first IF of 145 MHz. The oscilla¬ 
tor frequency is tuned by deforming the 
coil. The output of the second mixer is j 
filtered with a 10.7 MHz ceramic filter ■ 
which offers a passband of about 250 kHz 
and is gaussian shaped for minimum 
scan loss. This filter sets the ultimate 
resolution of the analyzer and the FM 
broadcast bandwidth is in concert with the j 
frequency scan rate and inherent phase 
noise of the oscillators. 
The 10.7 MHz IF is where the majority ■ 

of gain for the spectrum analyzer is ob¬ 
tained. This is normal for a design of this 
type. The MC3356 chip is configured as 
an FSK receiver but it has an output | 
which is proportional to the log of the 
limiter input. This output is used as the 
log output of the spectrum analyzer. Note 
that the discriminator is not used. 

Simplicity is the key to the analyzer 
design. A simple relaxation oscillator con¬ 
sisting of an op-amp is used as the basic , 
time base generator. The linear ramp 
does not need to be shaped for frequen¬ 
cy linearity if a hyperabrupt varactor diode 
is used such as the MV209 in this circuit. । 
The resulting linearity is about 1 or 2 per- I 
cent of the total frequency span. 
The output ramp is buffered and used 

as the Y axis drive for the oscilloscope. 
The same buffered ramp is attenuated | 
with the scan width potentiometer and fed 
to a summing amplifier which sums the 
center frequency potentiometer voltage. 
The output of this amplifier is used to 
drive the varactor diode. In order to gain 
the maximum voltage available for the 
diode, the diode is biased to +12 volts by 
directly connecting it to the oscillator coil 
which is a DC path to the +12 volt supply. I 
The approximately ±10 volts peak output 
from the summing amplifier results in a 
-2 to -22 volts bias across the diode. The 
negative going voltage applied to varac¬ 
tor diode is the opposite polarity of the 
ramp applied to the X axis of the oscillo¬ 
scope. This results in the proper relation- ¡ 
ship between the sweep voltage of the 
oscilloscope and the analyzer frequency. 
The output of the ramp generator op¬ 

amp, which is a square wave, is used as 
a blanking voltage. Rather than using the 
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Z axis of the oscilloscope for blanking, the 
oscilloscope trace is “pushed off the 
screen" during retrace by applying the 
square wave to the log output. This elimi¬ 
nates the need to supply three connec¬ 
tions to the oscilloscope and to contend 
with the differing Z axis blanking require¬ 
ments. 
The cost of the analyzer is obviously a 

function of the individual parts and pri¬ 
marily the cost of the helical filter. It should 
not be difficult to replicate the analyzer 

(complete, power supply, case and all) for 
less than $50 if the helical resonator is 
home-made. It’s probably the best $50 
tool an RF designer could own. H 

About the Author 
Albert Helf rick is principal engineer 

at Doty RFL Industries, Powerville 
Road, Boonton, NJ 07005-0239. His 
telephone number is (201) 334-3100. 

Depend on Kay Bench Attenuators to stand up to your requirements 
on the job. Each provides high accuracy, low insertion loss, good VSWR 
characteristics and long operational life. Available in either standard or 
miniature sizes, and in 50, 75 or 90 ohm models. BNC connectors are 
standard (TNC or SMA are optional). Listed below are some typical 
attenuator models. 

MODEL IMPED- FREQ. ATTEN 
NO. ANCE RANGE RANGE STEPS 

Standard 431’ 50O DC-lGHz 0-41dB IdB 
Size 432* 500 DC-lGHz 0-101dB IdB 

442 7511 DC-lGHz 0-101dB IdB 

Miniature 1/439 50il DC-lGHz 0-22. IdB .IdB 
Size 439 500 DC-1.5GHz 0-101dB IdB 

437 50il DC-lGHz 0-102.5dB ,5dB 
449 75D DC- 1 GHz 0-1 01 dB IdB 

*The models 431 and 432 are available in high wattage (3W) versions at an 
additional cost. Please add HW to model number when ordering. 

Kay Elemetrics also offers a complete 
line of Programmable, Rotary and Con¬ 
tinuously Variable Attenuators and can design 
an attenuator to fit your specific needs. For 
a complete catalog and price list or to place 
an order call Vernon Hixson at (201) 227-
2000, ext. 104. 

KAY Tel: (201) 227-2000 TWX: 710-734-4347 
Kay Elemetrics Corp 12 Maple Ave. Pine Brook, NJ 07058 
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Sessions 
Take in 3 days of highly topical ses¬ 
sions, directed toward practical solu¬ 
tions of problems on today’s design 
boards. Over 45 papers cover every¬ 
thing from RF power to frequency 
synthesis. 

Exhibits 
Get a hands-on demonstration at near¬ 
ly 200 booths, representing every ma¬ 
jor manufacturer of RF components, 
circuits, subsystems, instruments, and 
design tools. 

Fundamentals 
Newcomers to the field, or those in 
need of a brush-up in technology 
should attend Les Besser’s now-
famous one-day course, “Fundamen¬ 
tals of RF Circuit Design.” 

For complete schedules, papers, rates and registration information, 
send in the coupon or call 1-800-525-9154 today. 

□ YES! Please register me for an EXHIBITS ONLY PASS ($10) 
□ PLEASE RUSH ME A SCHEDULE OF TECHNICAL SESSIONS. 

Name _ __ — 

Company Name_ 

Title _ __ 

Address _ __ 

City_ State- Zip-

Country (if outside U.S.A.)_ Phone-

Badge should indicate: 
(please check one box) 

□ Broadcast, CATV & Video Equipment 
□ Instrument & Test Equipment 
□ Gov’t, Military, Aerospace, ECM & 
EW Equipment 

□ Communications Equipment 
□ Components Mfrs. 
□ Labs & Consultants 
□ Other_ 

Return to: RF Design, 6300 S. Syracuse Way, Suite 650, Englewood, CO 80111, (303) 220-0600 or 1-800-525-9154. 
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ff featured technology 

High Speed A/D and D/A Conversion 
Basic Information About this Fast-Growing Technology 

By Gary A. Breed 
Editor 

With more analog electronic circuits 
reaching RF operating speeds, two signifi¬ 
cant results have been created. First, new 
methods of implementing radio circuits 
are available to the RF engineer; and se¬ 
cond, the traditional analog designer is 
faced with the need to use RF design 
methods in his or her work. This month, 
RF Design features one major part of this 
high speed revolution: the interface be¬ 
tween analog information and digital com¬ 
putational circuitry. 

How fast are today’s A/D and D/A cir¬ 
cuits operating? Depending on the 

number of bits of resolution, it could be 
10 MHz or over 1 GHz. There are GaAs 
comparators, or 1-bit analog-to-digital con¬ 
verters (ADCs), operating at over 1 GHz, 
and monolithic silicon 8-bit ADCs are 
available with sampling rates above 150 
MHz. Digital-to-analog converters (DACs) 
are easier to build than ADCs of the same 
resolution. GaAs technology has reached 
the point where an 8-bit DAC can be had 
with 1 GHz update rate. Silicon is faster, 
too, with 8-bit devices at 400 MHz, and 
10-bit parts close to that. 

Analog-to-Digital Conversion 
In simplest terms, an ADC captures a 

time-varying function in the “real world” 
and converts it to binary information for 
manipulation and processing using digital 
techniques. Limitations on speed (and ac¬ 
curacy) can be both internal, in the archi¬ 
tecture and fabrication of the ADC, and 
external, in the analog processing of the 
input signal or in the physical layout of the 
circuit. First, the internal considerations: 

Slower ADCs use either the successive 
approximation or integrating method of 
conversion. The former compares the in¬ 
put to a series of accurately-know binary 
fractions of full-scale, dividing the signal 
into smaller and smaller increments until 
the requisite number of bits is rep¬ 
resented. Integrating converters count 
pulses during a period proportional to the 
input. Since these types require multiple 
steps in the conversion process, they are 
relatively slow. 

High speed ADCs use either flash or 
serial conversion, along with pipelining or 
subranging techniques to further improve 

speed and accuracy. Flash converters are 
obvious in concept: a stack of compar¬ 
ators equal to the binary value of the out¬ 
put word. For example, 256 comparators 
are needed for an 8-bit ADC. The sequen¬ 
tial information of the comparators is con¬ 
verted to parallel binary form using inter¬ 
nal logic. Because the operation is essen¬ 
tially a one-step process, it can be used 
at very high conversion rates. The main 
drawbacks are the requirement for a large 
number of very accurate comparators, 
and a complex array of gates in the 
decoding logic. 

Serial ADCs are interesting in concept. 
The input is presented to a series of 
amplifiers which determine whether the 
signal is above or below one-half of full-
scale, then applying a gain of -2 if above 

despite the significant delay from begin¬ 
ning to end of each one. The principal 
limitation of this process is the required 
accuracy of the amplifier stages, which 
restricts its practical use to only a few bits. 
Subranging (Figure 1) is a process that 

can increase the accuracy (number of bits 
resolution) of a high speed ADC. Typical¬ 
ly, the signal is first presented to an 8-bit 
flash ADC, which has its output recon¬ 
structed using an 8-bit DAC. This output 
is then subtracted from the input signal, 
resulting in an error that is, in theory, 
equal to the unresolved detail of the 
original signal. This error is then digitized 
in a 5- or 6-bit flash ADC and combined 
with the previously determined 8 most 
significant bits (MSB) to create an ac¬ 
curate 12-bit output. At the highest speeds 

Figure 1. Basic subranging technique to improve resolution of high speed 
ADCs. 

the reference, or +2 if below. The follow¬ 
ing stage then applies the same rule to 
what is now two quarter segments of full-
scale, with 1/8, 1/16, etc., increments 
thereafter. A binary word representing the 
input is built from the high/low decision 
made at each stage. Although an n-bit 
conversion takes the time for propagation 
through n stages, the 1 or 0 decision of 
each stage can be latched and the next 
conversion begin before the preceding is 
finished. This process is called pipelining, 
and greatly increases the rate at which 
conversions come out of the pipeline, 

currently achieved by high-resolution 
ADCs, this is the method of choice. 

At this point, the basic function of ADCs 
has been introduced, but there is much 
more information that is necessary to 
select and use a particular device or 
assembly. Coding of the output needs to 
be selected to match the digital process¬ 
ing requirements. Binary, offset binary, 
BCD, or two’s complement are possible 
choices. Overrange output may be a 
necessary function, as well. Of course, 
compatibility with the logic family in use 
is a necessity, but even this choice is not 

RF Design 39 



always clear. Some devices can be used 
with 5 volt TTL logic, and with power 
supply and decoupling changes, also ac¬ 
commodate -5.2 ECL levels. It should be 
noted that, with ADCs and DACs, the term 
“bipolar” does not mean the fabrication 
method. Instead, it means that the input 
or output includes both positive and 
negative voltages. 

Performance specifications include the 
following: Absolute accuracy is the dif¬ 
ference between the theoretical and ac¬ 
tual input voltages required to produce a 
given digital output, usually specified at 
the midpoint of the input range. Relative 
accuracy, the deviation between the ac¬ 
tual analog input and a given output code, 
relative to full scale, is specified in frac¬ 
tions of a LSB, per cent, or in ppm. 
Linearity is a measure of deviation from 
an ideal straight line input-to-output re¬ 
sponse. Differential linearity is a measure 
of linearity from step to step, in fractions 
of a LSB. Quantizing uncertainty is in¬ 
herently ±1/2 LSB. Any additional quanti¬ 
zing errors should be specified for a 
device. Gain, conversion speed, common¬ 
mode rejection, and temperature coeffi¬ 
cient are self-explanatory. 

Digital-to-Analog Conversion 
Unlike ADCs, there is but one structure 

for all common DACs: a network of preci¬ 
sion resistors and switches (Figure 2). In 
addition, each particular device will have 
appropriate logic level inputs and internal 
drive circuitry for the switches, output 
amplifiers, and perhaps an on-board ref¬ 
erence voltage. The output of this design 
is current, requiring either a low im¬ 
pedance load, or an op amp to provide 
a voltage output. 
Many of the functional and perfor¬ 

mance specifications are either the same, 
or correspond to those for ADCs. One ex¬ 
ception is the multiplying DAC which uses 
a varying reference input to create an out¬ 
put that is the product of the digital code 
and the reference. Analog output speci¬ 
fications are also specific to a DAC, such 
as output current ratings and compliance 
voltage range, over which the current 
rating is valid. Other unique specs are 
output noise, capacitance, gain and 
offset. 

Finally, a particularly important perfor¬ 
mance area is glitch energy. Glitches are 
the switch transitions that occur whenever 
a change in input occurs, significant when 
several bits change state, such as at one-
half of full scale, when all bits change. 
These transitions can be propagated to 
the analog output where they contribute 
to the total noise. Many DACs employ de¬ 
glitchers, which are fast sample- and-hold 

circuits that delay updating the output 
level until the switches have settled. 

ADC and DAC High Speed Circuits 
Somewhere in the MHz range of fre¬ 

quencies, simple components begin to 
behave in a more complex fashion. The 
inductance of component leads becomes 
significant, stray capacitance becomes a 
part of all circuits, and every wire and cir¬ 
cuit board trace is a transmission line. 
Although these phenomena are second 
nature to an experienced RF engineer, not 
every designer called upon to implement 
a high speed circuit is well-versed in RF 
techniques. On the other hand, the RF 
engineer is not accustomed to dealing 
with the fast rise times of digital circuitry, 
or the number of possible crosstalk 
sources that a multi-bit digital bus pre¬ 
sents. 

At all speeds, the separation of digital 
and analog portions of systems involving 
ADCs and DACs is a problem. The close 
proximity of input and output within a 
monolithic device guarantees this. At high 
speed/frequency operation, several fac¬ 
tors compound the analog/digital cross-

This problem is common in all high speed 
digital work, but might be occasionally 
overlooked until the circuit doesn’t work. 
The digitization of high frequency 

analog signals in an ADC has some 
special difficulties. One is the “snapshot” 
time during which the signal is sampled. 
A fast-slewing waveform won’t stay con¬ 
stant long enough to assure that an ac¬ 
curate level has been seen by the ADC. 
The solution is a fast sample-and-hold cir¬ 
cuit which locks the input at fixed levels, 
grabbing another sample each cycle of 
the clock to provide a stable input to the 
ADC during its digitization computation. 
However, every addition to the complexi¬ 
ty of a circuit will further reduce its speed 
capability. 
Another high speed problem is true 

representation of the maximum band¬ 
width of the analog signal. Like a digital 
waveform, the input can be a complex 
signal containing harmonic energy, modu¬ 
lation sidebands, or multiple signals. 
Although it may have an easily identifiable 
fundamental frequency, the additional 
spectral content must be accommodated 
in the ADC if the signal is to be accurate-

Figure 2. Basic DAC configuration. 

talk problem. First, capacitive reactance 
decreases with frequency, so stray capa¬ 
citance couples greater energy between 
adjacent components. Also, the increas¬ 
ing inductive reactance of lead and traces 
increases the magnetic fields generated, 
and therefore the transformer-type coup¬ 
ling between circuit elements. The prob¬ 
lem is further compounded by the size¬ 
able harmonic energy contained in fast 
rise time digital signals. 
Another significant problem is time 

delay. All bits of a digital bus and all clock 
timing signals have to propagate through 
a circuit that, at high speed, can be a 
significant portion of a waveform’s period. 

ly represented in digital form. This is 
especially true in IF processing applica¬ 
tions, where microwave or mm-wave wide 
bandwidth signals are to be digitally 
analyzed. 

Summary 
High speed analog and digital circuitry 

requires both RF and digital engineering 
expertise. Whether these advanced tech¬ 
niques are used for RF, control or other 
applications, both aspects must be con¬ 
sidered. RF Design encourages readers 
to submit examples of the problems they 
have encountered in these circuits, and 
the methods used to solve them. HI 
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BROAD BAND NOISE SOURCES 
FOR SPACE, MILITARY AND 

COMMERCIAL APPLICATIONS... 
DC-50 GHZ

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 STAN DARD 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 STANDARD 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 

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

MOST ARE IN STOCK 

NOEt^on 
“NOISE IS OUR ONLY BUSINESS’ 

NOISE COM, INC. 
111 Moore St. 
Hackensack, N.J. 07601 
(201)488-4144 
TWX 91 0-380-81 98 
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IGH FREQUENCY 
NOISE MODULES... 

NSI NSA NSB Q BAND V BAND 

Input Power 28v, 20 MA Max. 
Noise Output Variation With Voltage 

.1 dB/% V 
Noise Output Variation with Temp 

.01 dB/°C 
Calibration Sheets Supplied With 
Each Unit 

■ Certificates Of Conformance Supplied With 
Each Unit 

■ Calibration Points Are Marked On 
Each Unit 

■ Noise Diode Hermetically Sealed 
■ High ENR Output 
■ BNC (f) DC In; N (m) RF Out 

Model Freq. Calibration 
Number (GHz) ENR (dB) Flatness Package Points 

RFN/30-10 010- 1.0 30Min ±1 u .010.500,1.00 
RFN/25L 1 0 - 2.0 30Min ±1 1 0,1.5.20 
RFN/25S 2.0 -4.0 30 Min ±1 s 1.0 
RFN/25C 4.0 - 8.0 30 Min ±1 q i । 

RFN/25X 8.0 -12.0 25 Min ±1 
RFN/25Kp 12.0 -18 0 25 Min ±1 NSA STEPS 

’Other packages, frequency ranges, outputs, inputs available. 
’Consult factory for more information. 

■ Call today for these and other products with similar savings... 
■ Custom designs welcome 

-■ micronctics inc. DC-95 GHz 

36 Oak Street • Norwood, NJ 07648 • (201) 767-1320 
TWX: 710-991-9603 • FAX: 201-767-6551 



DELIVERY 
FROM 
STOCK 

low FREQUENCY 
NOISE MODULES 

■ True White Symmetrical Gaussian 
Noise 

■ 5:1 Peak Factor (Voltage) 14 dB 
■ Ultra Compact Size .875" x .5" x .24" 
■ High Level Noise Output To 500 MHz 
■ Optional Supply Voltages Available 
« Noise Symmetry 95% Typ, 90% Min 

■ Peak Factor 5:1 Min (Voltage) 
■ Operating Temperature - 55°C to 85°C 
■ Temp. Coefficient .025 dB/°C Typ. 
■ Voltage Supply Sensitivity .4 dB/100 mV 
■ Maximum Storage Temperature - 62°C to 

150°C 
■ 15 Volt Operation 

OUTPUT CHARACTERISTICS-50 OHM LOAD 

Frequency Noise Ou,Pul Level
Model Range Flatness mV/band dBm/band dBm/Hz ENR(dB) 

NMA-2001 100Hz-100kHz ± 5 dB 5 15 8 -32 -82 91 0 
NMA-2002 100Hz-300kHz ± 5 dB 10 18 2 -27 -82 92 2 
NMA-2003 100Hz-1MHz ± .5 dB 10 10 0 -27 -87 87.0 
NMA-2004 100Hz-3MHz ± .5 dB 10 5.8 -27 -92 82 2 
NMA-2005 100HZ-10MHZ ± .5 dB 10 3.2 -27 -97 77.0 
NMA-2006 100Hz-30MHz ± 5 dB 5 .91 -33 -108 66.2 
NMA-2007 500Hz-100MHz ± 75dB 2.5 25 -39 -119 55.0 
NMA 2008 500Hz-300MHz ± 1 0 dB 4.4 .25 - 34 -119 55.0 
NMA-2009 500Hz-500MHz ±1.5 dB 5.6 .25 -32 -119 55.0 

Other Output Loads Available. 
■ Call today for these and other products with similar savings... 
■ Custom designs welcome 

4» micronctic^ inc, p^gh? 36 Oak Street • Norwood, NJ 07648 • (201) 767-1320 
TWX: 710-991-9603 • FAX: 201-767-6551 

Come see us at the RF Technology Expo ’88, Booth #529. 
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rf featured technology 

Monolithic DAC for 
RF Signal Processing 

By John Sylvan 
Analog Devices, Inc. 

The typical tradeoff in IC technology 
has always been speed for accuracy. In 
RF applications such as waveform gen¬ 
eration, frequency synthesis and analog-
to-digital conversion, monolithic digital-to-
analog converters have offered mega¬ 
hertz bandwidths, but at limited accuracy 
and resolution. Since many RF signal pro¬ 
cessing applications now demand 12-bit 
or better performance, designers require 
D/A converters that promise both high 
speed and high resolution. Process 
technology improvements now make this 
possible. 

The dominant high-speed D/A con¬ 
verter architecture uses a segmented 

ladder approach to produce a program¬ 
mable analog output. Although segmen¬ 
ted DACs typically have low glitch error 
and good differential nonlinearity, they 
suffer from poor integral nonlinearity. In 
addition, the decoding logic for the 
segmented DAC also adds an output 
delay, which many DACs do not include 
in their settling time specifications. A DAC 
employing an R-2R resistor ladder and 
scaled current sources, combined with 

on-chip laser trimming of resistors, can 
overcome these restrictions. 

Bandwidth limitations of the DACs also 
result from their high impedance levels, 
producing parasitic circuit capacitances. 
The solutions to this problem is to either 
rely on multichip hybrid designs or dielec¬ 
tric isolation fabrication technology. Both 
approaches add circuit complexity, 
adding cost to the final design. A com¬ 
plementary bipolar (CB) process tech¬ 
nology, which combines fast NPN and 
PNP transistors on a single IC substrate, 
can minimize circuit impedances, improv¬ 
ing bandwidth. In addition, laser trimming 
of on-chip resistors can ensure 12-bit 
linearity. 

Circuit Design 
Obtaining 12-bit performance at RF fre¬ 

quencies is a demanding task. High 
bandwidths make formerly negligible 
parasitic capacitances and inductances 
significant. Poor circuit design techniques 
can quickly degrade performance, render¬ 
ing a high-resolution D/A converter worth¬ 
less. Where tens of millamperes are in-

Die photo for the AD568 12-bit D/A converter. 

volved, fractions of an ohm of misplaced 
impedance can generate errors several 
least significant bits (LSBs) in magnitude. 
Careful attention must be paid to all cir¬ 
cuit factors. Proper RF techniques must 
be used in board design, device selection, 
supply bypassing and ground manage¬ 
ment. 

Separate reference, output and digital 
power grounds permit careful manage¬ 
ment of ground currents for low noise and 
high-speed settling performance. The 
multiple ground returns minimize chang¬ 
es in current flow in the analog signal 
paths, and ensure logic return currents 
are not summed into the analog signals. 
Still, it is important for designers to 
understand what signal and supply cur¬ 
rents are flowing in which grounds, and 
design their circuit accordingly. 

If used properly, ground planes perform 
a myriad of functions on high-speed cir¬ 
cuit boards: bypassing, shielding, and 
current transport. In mixed-signal designs, 
the digital and analog portions of the 
board should be distinct from one another. 
The analog ground plane should cover 
analog signal traces and the digital plane 
be confined to areas covering digital inter¬ 
connection. The ground planes should be 
connected at or near the DAC. Also, de¬ 
signers must ensure that the ground 
plane is uninterrupted over crucial signal 
paths. Wide runs or planes on power lines 
will provide a low series impedance power 
supply to the DAC as well as offering 
capacitive decoupling of the appropriate 
ground plane. 

Selection and placement of power 
supply bypass capacitors can be critical 
in a design. The dominant criteria is 
minimization of series resistance and in¬ 
ductance. Many capacitors will start to 
look inductive at 20 MHz and above. 
Ceramic and film-type capacitors general¬ 
ly feature lower series inductance than 
tantalum or electrolytic types. The 
capacitors should be installed with the 
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shortest possible leads to minimize lead 
series inductance. (Chip capacitors are 
the optimal choice in this respect.) In ad¬ 
dition, some series inductance between 
the DAC supply pins and the power supp¬ 
ly plane (ferrite bead) may help to filter out 
high-frequency power supply noise. 

Glitch Performance 

THRESHOLD 
CONTROl 

THRESHOLD 
COMMON 

LADDER 
COMMON 

ANALOG 
COMMON 

In many high-speed DAC circuits, glitch 
performance is a critical parameter. Glitch 
arises from two factors: digital feed-

Figure 1. Chip diagram of the AD568. 

through and data skew. 
When switching times exceed 10 MHz 

and precision surpasses 12-bits or more, 
interface issues are complex. No amount 
of design effort can perfectly isolate the 
analog portions of a DAC from the spec¬ 
tral components of digital input signals 
with 2 ns risetimes. Inevitably, high-
frequency components of the digital 
signals will find their way into analog 
nodes, producing digital feedthrough 
glitch. To reduce feedthrough, the design¬ 
er should omit on-board latches. This 
reduces the level of digital switching that 
occurs on the chip, and eliminates the 
need for a latch clock pulse. The trailing 

edge of this pulse typically produces a 
substantial glitch, even when the DAC is 
not changing codes. The on-board ref¬ 
erence also eliminates the need for a 
reference input pin, which typically is a 
culprit for digital noise finding its way to 
the analog portions of a chip. 

Data skew arises if the input bits are not 
changed simultaneously, or if DAC bits 
switch at different speeds. The DAC may 
momentarily take on an erroneous value, 
and will be especially troublesome at 
major carry points. (A major carry point 
may be a change in a single LSB, but re¬ 
quire the switching on or off of several 
most significant bit current sources.) 

Successive Approximation ADCs 
A key application for high-speed DACs 

is in successive approximation analog-to-
digital converters. When combined with 
high-speed logic and comparators, de¬ 
signers can use Analog Devices’ AD568 
(Figure 1) to build a 1 MHz, 12-bit ADC. 
The circuit in Figure 2 converts a 

negative input voltage to a current and 
brings it into a summing juunction with the 
DAC current. Two Schottky diodes, D1 
and D2, clamp the summing junction to 
limit its voltage excursion from ground. A 
discrete preamp circuit differentially amp¬ 
lifies the signal and passes it to a high-



speed comparator. The circuit latches the 
comparator output and feeds it back to 
the successive approximation register. 
The register is then clocked to generate 
the next set of codes for the DAC. 

To complete a 1 conversion in 12 
cycles, only 80 ns is available for each cy¬ 
cle. Since the Schottky diodes clamp the 
voltage of the summing junction, the DAC 
settling time approaches the current set¬ 
tling time of 35 ns, or half the budgeted 
time. Newer high-speed SAR chips, such 
as Zyrel’s ZR504, can keep up with this 
pace quite easily by cutting the logic 
overhead in half from older classic 2504 
SARs. 
A simple clock that runs at a constant 

rate with a 90 percent duty cycle suffices 
for medium performance designs. If 
designers require even better perfor¬ 
mance, they can implement a variable 
clock frequency. Since the DAC settles to 
smaller and smaller increments as the 
conversion progresses, the clock fre¬ 
quency can be increased. (It takes less 
time for a DAC to settle to ±1 LSB as the 
test bit size decreases.) 
When using the AD568 with a com-
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Figure 2. A 1 MHz, 12-bit ADC. 

parator, the comparator must respond to 
an overdrive of 250 (1 LSB) in less than 
25 ns. The LT1016 comparator has the 
necessary quick response, but requires 
at least 5 mV of overdrive to maintain this 
speed. The discrete preamplifier in the cir¬ 
cuit amplifies the summing-junction vol¬ 
tage to sufficiently overdrive the com¬ 
parator. Designers should exercise care 
in laying out the preamp/comparator block 

to avoid introducing comparator insta¬ 
bility with the preamplifier’s additional 
gain. 

About the Author 
John Sylvan is Technical Marketing 

Specialist at Analog Devices, Two 
Technology Way, Norwood, MA 02062. 
He can be reached by telephone at 
(617) 329-4700. 
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The RF Technology Expo 88 
Technical Program 
A Wide Variety of Topics Offers Something 
For Everyone. 

Under the direction of Program Chair¬ 
man Dr. Ulrich Rohde, the technical pro¬ 
gram for RF Technology Expo 88 repre¬ 
sents a marvelously diverse collection of 
interesting and timely RF topics. En¬ 
gineers should make their way to Ana¬ 
heim next month to take part in this ex¬ 
change of practical engineering ideas. 
With tutorials on power amplifiers, oscil¬ 
lators, propagation, and components, plus 
all the rest of the RF spectrum, every 
engineer will find information on his or her 
most important topic. 

Fundamentals of RF Circuit Design 
Les Besser, Besser Associates 

A One-Day Short Course: 
Tuesday, February 9, or 
Wednesday, February 10 
Once again, this popular course in RF 

design fundamentals is being offered to 
RF Technology Expo attendees. This 
course covers component behavior at 
radio frequencies, reviews the Smith 
chart, and presents basics of amplifier 
design using manual and CAD tech¬ 
niques. 
An additional fee of $130 is charged for 

this course, and advance registration is 
required. 

Wednesday — 
8:30 to 11:30 a.m. 
Session A-1 — RF Power 
Amplifier Tutorial 
Chair: Sam Klein 
Microwave Modules and Devices 

Causes and Cures to RF Power 
Amplifier Instability 
Peter Kwitkowski, Motorola 

Designers often ignore the effects of 
misterminating an RF power transistor at 
frequencies outside the band of interest. 
Included are problems and solutions. 

Practical Narrowband MOSFET VHF 
Power Amplifiers for Communications 

Dan Peters, Falcon Communications 
This paper will discuss three different 

power amplifiers. 50 W, 100 W and 250 
W units will be highlighted. 

Concept and Design of an 800 Watt 
UHF Power Amplifier 
Harald Wickenhaeuser, 
Rohde and Schwarz 
The amplifier mentioned above has a 

frequency range of 225 to 400 MHz. With 
800 W PEP and 300 FM power, this unit 
has stringent specs to suit its multipur¬ 
pose use. 

Session B-1 — Frequency 
Synthesis I 
Chair: Dr. Ulrich L. Rohde 
Compact Software, Inc. 

Designing Frequency Synthesizers 
Cornell Drentea, Honeywell 
The various synthesizer forms are 

discussed in this paper. Implementations 
mentioned include “direct brute force” 
with digital division of reference fre¬ 
quency, mixing of derivatives of the same 
reference frequency, mixing of two or 
more reference frequencies or combina¬ 
tions of the above. 

GaAs Phase/ 
Frequency Comparator Use 
Dan Gavin, Avantek 

RFI from Synthesizers 
Douglas J. Hughes, 
IIT Research Institute 
A synthesizer primer is the topic of this 

paper. 

Session C-1 — Data Transmission 
Chair: James Eagleson 
Alan Bradley RF ID Products 

Microwave Radio LANs Utilizing the 
Multi-point Distribution Radio Service 
(MDS) 
Bruce Ziemienski, City of Fresno 
An economical solution to data com¬ 

munications distribution is proposed 

through the 950 MHz band. FCC rules are 
discussed as well as the use of multiple 
addressing — a scheme that incorporates 
a central location that uses an omni¬ 
directional antenna to reach multiple 
remote locations. Useful definitions are 
included. 

A Frequency Agile BPSK Demodulator 
Richard Roberts, Harris Corp. 
This frequency synthesizer is em¬ 

bedded inside a Costa loop. 

High PRF GHz RF Pulse Modulator with 
High On/Off Ratio 
Seymour Rubin, SR Associates 

This modulator is used in an acousto¬ 
optic driver. It has a 1 ns pulse rise time 
and 25 dB extinction ratio. 

Wednesday — 
1:30 to 4:30 p.m. 
Session D-2 — Filter Design 
Chair: Tom Sporkmann 
Compact Software, Inc. 

Chebyshev and Butterworth Filter Gain 
and Delay Considerations 
Robert Kane, Motorola 
This paper is a discussion on delay 

distortion and equalization networks. 

Filter Design Techniques Using 
Personal Computers 
Michael Ferrand, Microlab/FXR 
An overview of filter design techniques 

using personal computers is presented. 

High Power Notch Filters 
Greg Kinnetz, Microwave Filter Co. 
The design, component fabrication 

techniques and measured results of high 
power notch filters for transmitter applica¬ 
tions is covered. 

Session E-2 — 
Frequency Synthesis II 
Chair: Earl W. McCune 
Digital RF Solutions Corp. 
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Operation of a Synthesizer Settling 
Time Test Fixture 
Larry Tichauer, Hughes Aircraft 
The paper starts with why a frequency 

synthesizer’s settling time value and con¬ 
sistency is important and must be 
measured. The application discussed is 
a frequency agile, fast hopped modulated 
communication system. A block diagram 
of the test system is shown and explained. 

Digital RF Synthesis: Theory and 
Application of a Booming Technology 
Greg Lowitz, Hewlett-Packard 
Combination of ECL logic and GaAs 

DAC technology leads to off-the-shelf 
digital RF synthesizers suited for applica¬ 
tions from radar/EW to communications 
and magnetic recording. A overview of 
digital synthesis theory and applications 
is provided. 

An ATE Software System for 
RF Module Testing 
J. C. Lunsford, Hughes Aircraft 
The primary intent of the system design 

discussed is to reduce time overhead 
associated with RF performance testing 
of spread spectrum communications 
system. 

Session F-2 — Testing, 
Instrumentation and Measurements 
Chair: Malcolm Levy 
Racal-Dana Instruments, Inc. 

High Frequency Text Fixturing 
for Microwave Hybrid Circuits 
and Leadless Devices 
John Logan, Inter-Logic Systems 
Two issues on high frequency test fix¬ 

turing are addressed: 1. The importance 
of testing at the earliest possible point in 
device fabrication and; 2. The increasing 
use of hybrid circuit technology and lead¬ 
less devices in microwave module fabrica¬ 
tion. 

Noise Parameter Measurements 
W. C. Mueller, Avantek 
Fmin , both the absolute value and 

angle of gamma optimum and Rn are the 
noise parameters determined using the 
proposed technique. Standard production 
test equipment is used. 

Synchronous Detector and Phase 
Noise Measurement System 
Jon GrosJean, Woodstock Engineering 
The design uses a Motorola C-QUAM 

AM stereo decoder integrated circuit to 
measure the noise of receiver's local os¬ 
cillators, other received signals or evalu¬ 
ate signal generators and oscillators for 
noise. 

Thursday — 
8:30 to 11:30 a.m. 
Session G-3 — Oscillator Tutorial 
Chair: Carl Erickson 
McCoy Electronics 

Practical Considerations in Specifying 
Hi-Stability Crystal Oscillators 
Glenn Kurzenknabe, Piezo Crystal Co. 

This paper is a tradeoff study between 
design and cost. Frequency stability, ag¬ 
ing, SSB phase noise, Allen variance, and 
environmental conditions are some of the 
performance criteria discussed. 

K Band Dielectric Resonator Oscillator 
Ching Ho, Collins Div., 
Rockwell International 
The paper features feedback type 

DRO’s designed with Super Compact. An 
HP 8510 was used to measure the dielec¬ 
tric resonator characteristics in a fixture 
that consisted of 50 ohm microstrip line 
and quartz spacer above an AT/Duroid 
substrate. 

Statistical Analysis of Phase Noise, 
Allan Variance, G Sensitivity and Aging 
Data of Crystals 
Robert Ziegler, Piezo Crystal Co. 
This paper shows the importance of 

statistics in analyzing data as it relates to 
manufacturing and specifying oscillators. 
The author does this by presenting a com¬ 
pilation of measurements involving hun¬ 
dreds of precision quartz crystal 
oscillators. 

Session H-3 — 
Phase-Locked Loops 

Improved Accuracy for PLL 
Transient Analysis 
David Badger, Wavetek RF Products 
The limitations of existing PLL transient 

analysis is studied. Also, a new phase 
detector model was developed and used 
to simulate frequency step response for 
two different PLL designs. 

Use of Pole-Zero Cancellation to 
Improve PLL Noise Performance 
David Badger, Wavetek RF Products 
A discussion of how a lowpass (pole) 

followed by a highpass (zero) circuit in¬ 
troduced between phase detector and 
VCO can reduce coarse steering, frac¬ 
tional division jitter correction and conse¬ 
quently the noise without affecting the 
overall transfer function is presented. 

A Phase Lock Loop That Works — 
Almost: Part 3 
Mike Black, Texas Instruments 

The pitfalls of PLL design that should 
be avoided are featured in this paper. 
Block diagrams, supporting math and 
response curves are shown. 

Session 1-3 — 
CAD/CAE Techniques 
Chair: Les Besser 
Besser Associates 

Microwave Harmonica 
Rowan Gilmore, Compact Software, Inc. 

This paper discusses a mainframe soft¬ 
ware routine that’s based on the harmonic 
balance simulation technique which ac¬ 
curately analyzes and optimizes HF 
through microwave non-linear techniques. 

Supercomputer Aided Designs for 
Viable Near-Future RF Systems 
Dr. P.S. Neelakanta, 
Univ, of South Alabama 

Specific areas where SuperCAD is 
needed in RF system development in¬ 
clude large structured conventional 
transmission lines, antennas and 
passive/active elements eg. MIMIC, 
monolithic phased arrays, high speed in¬ 
terconnection networks in high density IC 
packages, multi-layered microstrip struc¬ 
tures, electromagnetically active exotic 
surfaces and on-chip microwave metrol¬ 
ogy. Extended analytical techniques such 
as FFT, spectral domain approach, 
method of moments, double variation 
techniques and finite element/finite dif¬ 
ference time domain solutions will profit 
from Super CAD. 

A GaAs Pulse Modulator Design for 
RF Signal Generators 
Ted Dudziak, Wavetek RF Products 
This modulator was designed for use 

in the Model 2520 RF signal generator. 
CAD modelling is discussed together with 
the effects of the pulse modulator perfor¬ 
mance due to hybrid implementation. 

Thursday — 
1:30 to 4:30 p.m. 
Session J-4 — 
Radiowave Propagation Tutorial 

Radio Wave Propagation Tutorial 
Daniel R. Dorsey, Control Data Corp. 

This session consists of a discussion of 
basic principles and characterizations 
(Maxwell equations, ionospheric composi¬ 
tion, solar effects). This is followed by a 
discussion of HF propagation as well as 
various propagation prediction methods. 
The final section of this session covers 
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Runnerup Prize: The A-7550 Spectrum Analyzer from IFR, Inc. features 100 kHz to 1 GHz frequency coverage and microprocessor control that automatically selects and optimizes 
bandwidth, sweep rate, and slew rate of control functions. Single function keyboard entry and a menu driven display make operation easy and straightforward. 

The runner-up prize is only 
slightly less grand than... 

JUDGING CRITERIA 
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. 

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. 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. 

ENTRY RULES 
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. 

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. 

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 Kit* 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. .. 

t^fdesign 

6300 S. Syracuse Way 
Suite 650 
Englewood, CO 80111 
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from VHF through millimeter wave dif¬ 
ferences from HF, effects of the at¬ 
mosphere, special modes and a discus¬ 
sion on satellite communications. 

Session K-4 — RF Techniques 
Chair: Richard Davis, 
Harris Microwave Semiconductor 

Accuracy Considerations in 
RF Measurements 

Lorenzo Freschet, Hewlett-Packard 
A typical example in this paper con¬ 

siders a reflectometer setup. Discussion 
of potential measurement errors is 
included. 

Single-Chip 2 GBit/s Clock Recovery 
Subsystem for Digital Communications 
R.M. Hickling, GigaBit Logic 
A GaAs IC is used in PLL for microwave 

and fiber optic digital communication. The 

IC is characterized with respect to data 
eye sensitivity, acquisition stability and 
output jitter and contains both analog and 
digital components. 

Hidden Electronics Detection 
Michael Ferrand, Microlab/FXR 
A discussion of the history of electronic 

eavesdropping, “bugs” used, and 
methods as well as circuits for detection 
serve as the gist of this paper. 

Session L-4 — 
Specialized Components 
Chair: Joe White 
J F White Consulting 

A Glass Packaged Varactor as a Hi-
Reliability Device 
John Howe, Motorola 

This paper discusses the physical pro¬ 
perties and manufacturing methods used 
to obtain high performance. A case study 
using MIL-S-19500 screening require¬ 
ments to MIL-STD-750 test methods of an 
actual device lot is presented. 

PIN FET Primer 
Jack Koscinski, General Optronics 
These devices are used as optical 

receivers for fiber optic links. PIN FETs 
come in 14-pin DIP packages with the op¬ 
tical connection consisting of a fiber op¬ 
tic pigtail. The primer discusses noise 
performance, gain, dynamic range, band¬ 
width and test techniques. 

The Convoluted Loop Antenna 
Robert Hart, Harris Corp. 
The culmination of miniature transmit¬ 

ting and receiving loop research is the 
topic of this paper. The method discussed 
uses some interesting techniques to deal 
with the problem of high currents that ex¬ 
ist in an extremely low radiation resistance 
antenna. 

Friday — 
8:30 to 11:30 a.m. 
Session M-5 — 
RF Component Tutorial 
Chair: Gene Niemec 
Merrimac Industries, Inc. 

High Sensitivity Applications of Low 
Power Integrated Circuits 
Donald Anderson, Signetics 

Four separate IF strips that utilize a low 
power VHF mixer and low power IF strip 
developed around the Signetics NE602 
and NE604A are the topic of this paper. 
The resulting IF strips are reproducible 
and provide sensitivities less than 2 uV. 
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MIL SPEC 
CASCADABLE 
AMPLIFIERS 

with 
SUPERIOR 
PERFORMANCE 

A SAMPLE LISTING FOR YOUR REVIEW: 

10-250 GAIN N.F. P.O. I.P. 10-1200 GAIN N.F. P.O. I.P. 
MHz dB dB dBm dBm MHz dB dB dBm dBm 
AC381 24.0 2.7 16.0 27 AC1022 16.0 2.6 -1.5 10 
AC391 24.0 3.0 19.0 30 AC1063 16.0 3.0 5.0 15 
AC382 24.0 3.3 21.0 33 AC1012 16.0 3.2 9.0 21 
AC379 14.0 5.0 22.5 39 AC1264 26.0 3.0 8.0 20 0® 

AC1227 12.0 4.7 14.0 28 
5-500 GAIN N.F. P.O. I.P. AC1019 11.5 6.0 22.0 35 

i MHz dB dB dBm dBm 
AC503 15.0 3.0 4.0 16 0® AC1066 27.5 3.7 15.5 28 
AC505 15.0 3.5 9.0 21 AC1068 24.5 4.0 19.5 32 
AC555 15.0 3.8 12.5 25 AC1069 24.5 4.5 22.0 34 
AC577 16.5 4.2 16.5 30 AC1218 10.0 6.0 19.0 32 
AC558 11.5 5.2 19.5 35 AC1219 10.0 6.5 22.0 35 
AC559 11.5 5.7 22.5 38 
AC575 21.0 2.6 11.0 21 .3-2400 GAIN N.F. P.O. I.P. 
AC581 23.2 2.8 15.5 26 MHz dB dB dBm dBm 
AC582 23.2 3.3 20.5 33 AC2005 10.8 4.5 9.0 22 
AC524 31.5 3.0 8.5 20 AC2006 10.8 4.8 11.0 23 
AC525 31.5 3.2 11.5 23 AC2066 17.0 5.6 15.0 27 
AC556 28.5 3.5 14.5 27 AC2426 16.0 5.4 12.5 23 
AC519 28.0 4.2 22.5 36 AC2039 7.5 8.0 22.0 34 0®* 

Cougar Components TO-8 Amplifiers 
and Signal Processing products are de¬ 
signed and constructed for compliance 
with full hybrid military specifications. 

Come see us at the RF Technology Expo ’88, 
Booth #560. 
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Phase Shift Minimized Microstrip PIN 
Diode Attenuators 
Dr. Koryu Ishii, Marquette Univ. 
A discussion of available techniques to 

minimize spurious phase shift in wave¬ 
guide attenuators down to 0.1 degree per 
dB at 9 GHz is featured. 

Proper Application of Power Dividers — 
Understanding Power Relationships 
Robert S. Larkin, Janel Labs 
There are design subtleties that must 

be considered if divider full performance 
is to be achieved. Resistive, quadrature 
isolated, in-phase isolated and in-phase 
non-isolated dividers are discussed. Us¬ 
ing dividers as combiners will also be 
mentioned. 

Session N-5 — 
Analog Design Principles 

System Approach to Automatic 
Gain Control 
John Mohr, Magnavox 
The application of linear servo theory 

to the design of AGO loops is expanded 
to include the effects of fixed gain within 
an AGC loop and the effects of group 
delay in components within the loop. This 
theory is then applied to an audio com¬ 
pressor, receiver and transmitter ALC 
circuits. 

Design and Test Standardization for 
Cost Effective Hybrid Integrated 
Assemblies 
Stephan Van Fleteren, 
FEI Microwave, Inc. 

This paper is about an E/J band dual 
channel microwave integrated receiver 
that was developed using a modular fix-
turing test system which simplified and 
shortened the breadboarding process. 

Session 0-5 — Power Amplifiers II 
Chair: Tawna Wilsey 
Varian Associates, Inc. 

High Performance Narrow Pulse UHF 
Power Transmitter 
Steven Harrison, 
System Planning Corp. 

Detailed circuit approach to achieve 
stringent requirements is the feature of 
this paper. Fundamental and logical 
modular approach is used. 

Envelope Elimination and Restoration 
System Concepts 
Frederick Raab, 
Green Mountain Radio Research 

This technique is used for combining 
high efficiency non- linear RF amps with 
high efficiency audio amps to produce a 

high efficiency linear amplifier system. 
The effects of non-linearity and AM to PM 
conversion can be corrected through 
envelope feedback, polar feedback and 
cartesian feedback. The paper describes 
the EER system and provides a descrip¬ 
tion and simplified analysis of the three 
feedback techniques. 

Thermal Considerations 
In Amplifier Design 
Gregg A. Hollingsworth, Acrian, Inc. 
Thermal design considerations of die, 

package, baseplate and system heat ex¬ 
changer elements of RF power amplifiers 
are explored. 

Session P-5 — 
RFI/EMC Techniques 
Chair: Bruce Gabrielson 
Sachs/Freeman Associates 

Electronic Equipment 
Grounding Design 
John D.M. Osborne, 
Interference Control Technologies 

This paper addresses the topic of “pro¬ 
per” grounding for electronic equipment. 
Beginning with a description of the basic 
aspects of grounding, including a defini¬ 

tion of the term, the discussion moves for¬ 
ward through the fundamentals of bond¬ 
ing, earthing, and referencing. 

Testing Methods for RF 
Shielding Effectiveness 
Antonio Cardenas, 
Advanced Measurement Systems, Inc. 
The paper deals with MIL-STD-285, 

NSA65-6 and NSA73-2A. The testing 
methods described in those documents 
are highlighted. 

Microprocessor Interference 
to VHF Radios 
Daryl Gerke, Kimmel, Gerke & Assoc. 
The author highlights two case histories 

of microprocessor interference to VHF 
radios and discusses the problems and 
possible solutions. 

Next Generation Low Noise 
EMC Design 
Bruce Gabrielson, 
Sachs/Freeman Associates 

This paper reviews current information 
and examines new and emerging tech¬ 
nologies which may help engineers keep 
up with the increasing noise related 
issues. 

LOWEST PRICED, HIGHEST QUALITY ATTENUATORS - BNC $1 1.00 i 9EA, SMA $14.40 WEA 
AND TERMINATIONS - BNC $5.60 wea . SMA $5.60 ioea , MIL. HI-REL. NETWORKS 

RF Design 

UNIT PRICE (4) EFFECTIVE »15 84 

IX 4 Xi H . 

DC 4 2GH1 

DC 4 2GH1 
DC 2 OGHl 
DC 2 9GH1 

DC 1 OGHl 

OC 1 OGHt 
DC 5OO44H1 

250 50044 Mi 

DC 5OOMH1 

1 SUMIHl 

DC 50044 Hi 

5'00044 Hi 

» oena ior r 

iblCOm SYSTEMS INC. 305-994-1774 

932 CLINT MOORE ROAD. BOCA RATON. FL 33431 
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1 GHz RF Amplifier From National Semiconductor 

The LH4200 is a general purpose low 
noise, AC coupled, high frequency ampli¬ 
fier for applications in the 500 kHz to 1 
GHz range. It features a gallium arsenide 
input stage for high frequency perfor¬ 
mance and bipolar second and third 
stages for low output impedance. It is 
useful for a variety of applications in¬ 
cluding feedback, AGC amplifiers, and 
signal sources. The amplifier is internally 
bypassed for good high frequency perfor¬ 
mance, but should be bypassed externally 
with a large capacitor to prevent low fre¬ 
quency stability problems. 
The amplifier has three inputs: two high 

impedance gates for signal input, and a 
low impedance source for series mode 
feedback. Normally input 1 is used as the 
signal input while input 2 is used to con¬ 
trol the gain of the amplifier for these ap¬ 
plications using automatic gain control 
(AGC). Gain control ranges of over 60 dB 
are possible to 100 MHz. Input 2 is biased 
to +1.5 V for maximum gain and -2 V for 
minimum gain. Input 2 and feedback (Pin 
3) can be bypassed with 0.02 uF capa¬ 
citors for maximum gain. 
The second gate, input 2, may be used 

as a second isolated input for small signal 
operation. The open loop gain from this 
input is approximately 6 dB less than from 
input 1. When the FET is used as a feed¬ 
back amplifier, the third input is connected 
to the output with a suitable resistor to set 
the overall power gain. In this manner, 

voltage series feedback is used to 
establish the power gain and increase the 
input impedance. 
The LH4200 has a noise figure of 3 dB 

in a 50 ohm system, third order intercept 
point of +25 dBm, and a gain reduction 
of 60 dBm at 100 MHz. The power at the 

1 dB compression point is 14 dBm and 
nominal quiescent power is 450 mW. In 
100 piece quantities, the LH4200CD 
(commercial) is $54 and the LH4200D 
(military) is $66. National Semiconduc¬ 
tor Corp., Santa Clara, CA. Please cir¬ 
cle INFO/CARD #220. 

Anadigics Introduces a 3 GHz Laser Driver 
The ALD30010 is a 10 kHz to 3 GHz 

laser diode current modulator from Ana¬ 
digics. It requires a 0.6 Vp.p single-ended 
input signal and provides 35 mA of ad¬ 
justable modulation current to the laser 
diode. It can operate to 4.5 GHz as an 
analog current driver and up to 5 Gb/s in 
digital fiber optic systems. Also, it can be 
used as a wideband buffer amplifier 
through the use of its voltage-controlled 
gain and offset feature. 
The VSWR for this device is measured 

to be less than 2:1 and its voltage con¬ 
trolled modulation range is from 0 to 30 
mA. The third order intercept point occurs 
at 8 dBm while large signal rise and fall 
time ranges from a typical 80 ps to a max¬ 
imum of 100 ps. The laser driver's input 
return loss is typically 20 dB. However, this 
can drop to a minimum of 15 dB. The 
compression level is 1 dBm and the peak 
offset current is 70 mA (min). Anadigics, 
Inc., Warren, NJ. INFO/CARD #219. 
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Electrically Adjustable Capacitor 
Seiko Instruments introduces the Model 

S-8511A precision electrically adjustable 
capacitor (PEAC). The capacity of the 
PEAC can be adjusted by applying vol¬ 
tage pulses to the l/E terminal. Once set, 

the capacitance value of this MOS device 
is maintained and adjustments can be 
performed at any time. The capacitance 
value ranges from 9 pF to 30 pF (max). 
Seiko Instrument USA, Torrance, CA. 
INFO/CARD #218. 

ranges with minimum gains of 26.5 and 
23.5 dB, maximum noise figures of 2.2 
and 3.2 dB and minimum 1 dB com¬ 
pressed output powers of 14.5 and 18 
dBm respectively. These amplifiers, 
designated UTO-101, UTC-101, UTO-
102, and UTC-102 are intended for ap¬ 
plications requiring low noise figure, high 
gain and wide dynamic range, such as 
receiver IF stages. Avantek, Inc., Santa 
Clara, CA. INFO/CARD #216. 

Multiple Crystal Oscillators 
Series CA contains up to 16 inde¬ 

pendently BCD selectable crystal oscil¬ 
lators at frequencies to 200 MHz. Spur¬ 
ious outputs are better than 100 dBc and 
typical phase noise for the 100 MHz range 
output frequency is -115 dBc/Hz at 100 
Hz, -136 dBc/Hz at 1 kHz and -152 
dBc/Hz at 10 kHz. Options include im¬ 
proved phase noise, and field changeable 
crystals. Communication Techniques, 
Inc., Whippany, NJ. INFO/CARD #215. 

CATV Power Doubler Hybrids 
The BGD502 and BGD504 are Philips/ 

Amperex power doubler hybrids with 
operating bandwidths of 40-550 MHz and 
power gains at 550 MHz of 19.8 and 21.2 
dB respectively. Composite triple beat 

with n channel loading is typically 67 dB 
for the BGD502 and 66 dB for the 
BGD504. Typical noise figure at 550 MHz 
is 6.5 dB. These hybrids feature thin film 
chip and wire technology with all gold 
metallization. Amperex Electronic Corp., 
Slatersville, RI. INFO/CARD #217. 

Low Noise/High Gain Amplifiers 
Avantek introduces four thin film 

cascadable amplifiers covering the 10-
100 MHz and 20-150 MHz frequency 

Frequency Synthesizer 
The VDS-1700 frequency synthesizer 

from Sciteq combines direct digital syn¬ 
thesis with phase lock loop circuitry. 
The instrument has a frequency range of 
1200 to 1600 MHz with phase noise less 
than -80 dBc/Hz at 100 Hz. The switching 
speed is under 5 msecs. Options such as 
single or multi-channel chassis, IEEE-
488, and internal 10 MHz TCXO are avail¬ 
able. The standard VDS-1700 is priced 
under $2500. Sciteq Electronics, Inc., 
San Diego, CA. INFO/CARD #214. 

Amplified Noise Source 
The NC1110A amplified noise source 

has a frequency range of 100 kHz to 1500 
MHz with +13 dBm ± 2.5 dB of white 
Gaussian noise output into a 50 ohm load. 

The minimum crest factor is 5:1. The in¬ 
strument measures 6”x 2”x 1.1” and 
costs $990. Noise Com, Inc., Hacken¬ 
sack, NJ. INFO/CARD #213. 

Writing 
For 
RF Design 

Benefits 
Your special expertise can help 
educate and inform your fellow 
engineers, giving you recognition for 
your ability and achievements. 
Design examples, basic tutorials, and 
advanced techniques all are needed 
to serve our readers. We also pay an 
author’s honorarium (unless the ar¬ 
ticle promotes your company’s 
products). 

Subjects 
During 1988, we need to cover these 
specific areas of RF and high speed 
engineering: 

Audio Circuits 
Measurement Techniques 
Fast PLLs 
Microstrip Design 
Location Reporting 
Electromagnetics Modeling 
Modulation Methods 
Data Communications 
Oscillators 

Plus, we need a wide range of addi¬ 
tional topics — tell us what you are 
interested in. 

Author’s Guide 
Call or write us with your idea for 
an article. We will offer suggestions 
and send our Author’s Guide to help 
you prepare the article. We want you 
to take part, we won’t let you foil! 

ffdesign 
Gary Breed, Editor 
Mark Gomez, Asst. Editor 
RF Design 
6300 S. Syracuse Way, Suite 650 
Englewood, CO 80111 
(303) 220-0600 
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CRYSTEK rf products Continued 
The pulse of dependable 

communications 

New Product 
INTRODUCING 

o.c.c.o. 
Oven Controlled 

Crystal Oscillators 

9 GHz Prescalar 
CEL unveils the NEC UPG503B and 

UPG504B divide by 4 and divide by 2 
prescalars that are capable of operating 
up to 9 GHz. The operating range is from 
3 to 9 GHz and they feature a DC block¬ 
ing capacitor at the input. The devices are 
hermetically sealed in 8-pin ceramic flat 
packages. California Eastern Labora¬ 
tories, Inc., Santa Clara, CA. Please cir¬ 
cle INFO/CARD #212. 

ECL Compatible Oscillator 
The K1149 Series ECL compatible 

crystal clock oscillators introduced by 
Motorola operate from 40 MHz to 150 

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. 

MHz. They have an open emitter output 
which allows the user to select the load 
termination to optimize performance. The 
oscillators are enclosed in hermetically 
sealed metal packages and measure 
,82”x 52”x ,245‘(.345” for 125 to 150 MHz 
oscillators). Motorola, Inc., Components 
Div., Franklin Park, IL. Please circle 
INFO/CARD #211. 

Absorptive Linearized Attenuator 
The MA2694 from M/A-COM is a 

miniature voltage variable attenuator that 
incorporates a hybridized linearizer. The 
device occupies 0.75 cu-in and is offered 
with 40 dB or 60 dB dynamic range in 
standard or sub-octave bands from 2 to 
18 GHz. M/A-COM Components Group, 
Hudson, NH. INFO/CARD #210. 

150 W Amplifier 
Amplifier Research unveils an amplifier 

that operates from 10 kHz to 220 MHz 
with output power of 150 W (min). A blank¬ 
ing input is provided to accept blanking 
pulses from external broadband sources. 
Full bandwidth is instantly available 
without need for tuning or bandswitching. 
The amplifier is immune to load-mismatch 

• 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 - 3O’C 
to ♦ 85*C 

Aging < 2 p p M first 6 months 
< 1 p p M tor life 

Trim Range t 6 p p M minimum 

Fast Warm-Up < 1 minute from coW 

Current Drain (oven) < 50 mA st 25-C 

Oscillator Current - 30mAa 12VDC 

Output Level / Shape Per customer requirement 

Write or Call Us Today! 
TOLL FREE: 1-800-237-3061 

Crystek Corporation 
DIVISON OF WHITEHALL CORPORATION 

2351/71 Crystal Drive - Fort Myers. FL 33907 
P.O. Box 06135 - Fort Myers. FL 33906-6135 

(813) 936-2109 - TWX 510-951-7448 
FAXIMILE: 813/939-4226 

IDEAS. 
INFORMATION. 
INDISPENSABLE. 

RF Design Proceedings are packed with all the timely, vital information that was presented 
at our trade shows. You’ll find practical circuit design papers. . .papers on the leading 
edge of RF technology. . .papers you can't afford to be without. 

Each costs only $95 ($125 outside the U.S.) and our supply is limited. 

Fill out the order form below, attach payment and mail to: RF Design Proceedings, 6300 
S. Syracuse Way, Suite 650, Englewood, CO 80111. 

ORDER NOW! 

PLEASE SEND ME THE FOLLOWING PROCEEDINGS 
□ RF Expo East 1986 □ RF Technology Expo 86 
□ RF Expo East 1987 □ RF Technology Expo 87 
Each costs $95 ($125 outside the U.S.) 
I have enclosed $_ in total payment. 
□ Check enclosed 
□ Bill my: □ VI □ AE □ MC 

Card #_ Exp_ 

Name _ 

Company _ M/S_ 

Address_ 

City, State, ZIP _ 

Country (if other than U.S.) _ 

Signature _ 
* * PAYMENT MUST BE INCLUDED * * 
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Trimmer Capacitors 
from HF through 

Microwave. 

problems, suffering no damage, foldback 
or oscillation under any magnitude or 
phase of source and load impedance. It 
is priced at $10,000. Amplifier Research, 
Souderton, PA. INFO/CARD #209. 

Voltage to Frequency Conversion 
The AD652 synchronous voltage to fre¬ 

quency converter offers ± 0.005 percent 
maximum nonlinearity and an on-chip 
buffered +5 V reference. It operates up to 
a maximum full scale frequency of 2 MHz 
and can perform a 16-bit A/D conversion 
in 32.77 ms. The internal +5 V buffered 
reference can supply up to 10 mA to an 
external load such as a bridge transducer 
to provide direct sensor to digital conver¬ 
sion. In 100’s the AD652 is $6.95. Analog 
Devices, Norwood, MA. Please circle 
INFO/CARD #208. 

GaAs Demultiplexer 
MSC introduces the TDDX 1500A 

monolithic integrated serial to parallel 
data converter that can accept an ECL 
compatible high speed digital input of up 
to 1.5 gigabits/sec and demultiplex it into 
eight synchronous, ECL compatible out¬ 
put data streams. The device has a typical 
power dissipation of 1.8 W and output rise 
and fall times of 200 ps. It offers phase 
controlled divide by 8 clock and frame 
shift capability and comes in a 44-pin 
ceramic package measuring .65” square. 
Microwave Semiconductor Corp., Som¬ 
erset, NJ. INFO/CARD #207. 

Two-Phase Lock-In Amplifier 
The 5210 is a lock-in amplifier that uses 

forth-order filters and optimized gain 
distribution to achieve up to 130 dB S/N 

Sprague-Goodman 
has ’em all. 

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

SPRAGUE 
Gooomnn 

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 

Come see us at the RF Technology Expo '88, Booth #561. 
INFO/CARD 39 

Have You 
Seen Pages 

50-51? 
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! 

RF ENGINEERS 

Exceptional opportunity for engineer 
with 1-7 years experience in VHF/ 
UHF receiver/transmitter design look¬ 
ing to enter the fast-growing field of 
cellular radio. Prefer individual with 
BSEE/MSEE and in-depth experi¬ 
ence in one or more of the following 
areas: 

• low-noise amplifiers 
• UHF power amplifiers 
• modulator/demodulators 
• oscillators/VCOs 
• IF and audio circuits 

Successful candidate will work on 
contract at a major multinational elec¬ 
tronics corporation. US citizenship is 
required. For more information call 
Michael Koch collect at (201) 
386-2021. Principals only. 
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Any 
company 
canclaim 
to nave 
the most 
reliable 
gallium 
arsenide 
switches. 
Just ask 
them to 
prove it. 
At Plessey, we believe in 

delivering a product that has 
been tested, tested and 
tested again. So that you 
don’t have to order, order 
and order again. In fact, for 
Plessey, 8,(XX) hours of 
testing is only the beginning. 
Write us today for a full 
Summary Qualification 
Report. It will be all the 
proof you need. 

O PLESSEY 
PLESSEY Three-Five Group 

9630 Riduehaven Court 
San Dieso, CA 92123 (6191 571-7724 

I 

rf products Continued 
ratio. It can also be used as an indepen¬ 
dent oscillator, a frequency meter, a 
4-channel DC voltmeter, and a program¬ 
mable DC source. The operating fre¬ 
quency range is from 0.5 Hz to 120 kHz 
and the typical harmonic rejection is 80 
dB. EG&G Princeton Applied Research, 
Princeton, NJ. INFO/CARD #206. 

Sweep/Function Generators 
The Models 421 and 422 sweep/func-

tion generators provide front-panel selec¬ 
tion of sine, square and triangle waveform 
outputs. The 422 features a 6-digit LED 
display and can function as an internal/ 

external reading frequency counter to 
monitor circuit performance. Sweep fre¬ 
quencies have selectable start/stop ranges 
with 100:1 linear and 1000:1 logarithmic 
sweep ratios. These sweep ranges may 
be set at any two points within the 0.5 Hz 
to 5.0 MHz range. The 421 is priced at 
$535 while the 422 is $650. Simpson 
Electric Company, Elgin, IL. Please cir¬ 
cle INFO/CARD #205. 

Airborne/Portable GPS Receiver 
An airborne/portable GPS receiver that 

tracks NAVSTAR GPS satellites to provide 
precise time transfer and geographic 
positioning data is available from Datum. 
The unit can provide time transfer ac¬ 
curacy of better than 1 us at vehicle 
speeds up to 600 knots. An internal 
algorithmn automatically determines geo¬ 
graphical coordinates regardless of the 
unit’s location. The basic configuration for 
the Model 9390-5700 includes a corrected 
1-pps output, crystal oscillator, dedicated 
LED time of year display, LCD operation 
menu and status display, and external 
antenna/down converter assembly. Datum, 
Inc., Anaheim, CA. INFO/CARD #197. 

Air-Plate and Tubular Trimmers from Trim-Tronics are 
designed for stability and reliability. With our operating 
temperature range of -55°C to +125°C and a near zero TC, 
these miniature air dielectric variable capacitors feature High 
Q and are your ideal choice for RF to microwave frequency 
applications. 

• 2-Way Communications • Satellite Communications 
• Security Systems • Filter Tuning & Crystal Trimming 

AIR DIELECTRIC TRIMMERS ARE OUR ONLY BUSINESS 

0-rFRIM-TFRaNIEZS INEZ 
67 Albany Street. Cazenovia. New York 13035 

Tel: (315) 655-9528 TWX: 710-541-1530 
Outside USA and Canada contact Alfred Tronser. GmbH 7543 Engelsbrand, W-Germany 
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rf literature 
Test Equipment Reference Guide 

Technical specifications and prices for 
more than 4000 reconditioned test instru¬ 
ments, new instruments, coaxial compo¬ 
nents, waveguides and waveguide com¬ 
ponents, and a line of technical books is 
described in this book. Equipment cate¬ 
gories range from amplifiers and analyz¬ 
ers to microwave components and power 
supplies. Tucker Electronics Company, 
Garland, TX. INFO/CARD #184. 

Detector Products Catalog 
This catalog from M/A-COM outlines 

the company’s RF and microwave detec¬ 
tor product line from 100 MHz to 18.0 GHz. 
Standard products as well as custom 
capability designs, and matched parame¬ 
ters packaging are featured. M/A-COM 
Components Group, Hudson, NH. 
INFO/CARD #183. 

Foundry Design Guidelines 
Crystal Technology has introduced 

Foundry Design Guidelines, a step by 
step procedure with which customers can 
design their own I/O devices on lithium 
niobate. The guidelines provide a descrip¬ 
tion of the facility and services available 

in the foundry, a discussion of the generic 
processes required to fabricate I/O devic¬ 
es, a description of the specific device 
design procedures necessary to maintain 
compatibility with the foundry, a detailed 
discussion of mask design and fabrica¬ 
tion, a description of device evaluation 
and packaging, and a step by step proce¬ 
dure using the guidelines to design an ac¬ 
tual device. A refundable licensing fee is 
charged for the Foundry Design Guide¬ 
lines. More information can be obtained 
by circling the reader service number. 
Crystal Technology, Inc., Palo Alto, CA. 
INFO/CARD #182. 

Catalog Describes Signal 
Conditioning Filters 
The active and passive signal condi¬ 

tioning filters described in this catalog 
have a frequency range of 0.1 Hz to 500 
MHz. The catalog is broken down into a 
passive filter section and an active filter 
section. The filters described are band¬ 
pass, band reject and notch, lowpass, 
highpass, and programmable. The config¬ 
urations described include Butterworth, 
Chebyshev, Twin-T notch, LCR Notch, 
Anti-aliasing, fixed tuned notch, tunable 

The proof 
At Plessey, both DC and 

RF tests were performed 
every 1,000 hours, during an 
8,000 hour endurance test. 
With an ambient tempera¬ 
ture of 150°C and a gate 
voltage of —12V 

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 parts. 
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 

Switch * Freq. Bingo 

SPDT Chip 1 To 2GHz. 43 

SPDT T05 1 To 1GHZ. 44 

SPST T05 
Package 1 To 1GHz. 45 

SPST T05 
Package 2 To 1GHz. 46 

SPDT Switch 1.2 To 6GHz. 47 

SPDT Switch 2 To4GHz. 48 
SPDT Switch 2 To4GHz. 49 

SPST Switch 1 To 12GHz. 50 

Switch Array N/A 1 GHz 
to 5GHz. 51 

Switch Array N/A 2GHz 
to 5GHz. 52 

• 1 Reflective. 2 Non-reflective. Please 
circle appropriate "Bingo” Number on 
Reader Service Card. 

216-267-2233 1-800-COAXIAL 
Telex: 98-0630 

Service and Dependability.. .A Part of Every Product 

O PLESSEY 
PLESSEY Three-Five Group 

9630 Ridgehaven Court 
San Diego. CA 92123 (619) 571-7724 
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RF Design Come see us at the RF Technology Expo '88, Booth #321. 

Come see us at the RF Technology Expo ’88, 
Booths #359, 361. 



rf literature Continued 

RF/MICROWAVE 
DISTRIBUTION 

OVER 100,000 
PARTS IN STOCK 

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 

Loads 
Microwave 
Substrates 
Mixers 
MMIC Components 
Noise Suppressors 
Operational 
Amplifiers 
Oscillators 
Phase Detectors 
Power Dividers 
Power Splitters 
Semiconductors 
Step Attenuators 
SubAssemblies 
Sub-Systems 
Switches 
Terminations 
Track & Hold 
Amplifiers 
Transformers 
Transistors 
Variable 
Attenuators 
Video Amplifiers 

notch, and Bessel. TTE, Inc., Los Ange¬ 
les, CA. INFO/CARD #189. 

Brochure Describes Antenna 
Positioning Capabilities 
A range of capabilities for the design 

and development of microwave antenna 
positioning systems is described in a 
brochure from MDM. It highlights the 
design, manufacturing, and test capabili¬ 
ties, and features a dual axis gimbal com¬ 
pact two-axis antenna positioner. MDM, 
Inc., Chatsworth, CA. INFO/CARD #181. 

Signal Sources to 23 GHz 
Described in Catalog 

CTI has published a catalog providing 
product data and technical information on 
its line of RF/microwave sources and 
multipliers. The devices described in¬ 
clude: mechanically tunable phase locked 
signal sources, low phase noise FM 
modulatable sources, mechanically and 
voltage tunable cavity stabilized oscilla¬ 
tors, microwave frequency multipliers, 
single and multiple phase locked crystal 
oscillators, and 70/140 MHz wideband fre¬ 
quency modulators and demodulators. 
Also described are products such as the 

Model 100 
Switch Matrix 

NAME _ —— 

TITLE_ 

COMPANY _ 

ADDRESS_ _ 

CITY _ 

STATE_ ZIP CODE_ 

COUNTRY _ _ 

TELEPHONE _ 

□ Please send the catalogs checked. 
□ Please have a sales engineer call. 
□ I have immediate need. 
□ I want a free coffee cup. 

PENSTOCK 

is featured as a 2 x 16 switch matrix. 
Designed to provide both manual and 
computer control, this network is 
ideally suited for general purpose 
switching and actuation of external 
devices from DC to 50 MHz. Mount¬ 
ed on the back panel is the switch 
module. The module contains the relay 
type switches arranged as a 50 ohm 
impedance system. Each channel can 
switch up to 1 amp at 28 VDC. 

105 Fremont Ave., Los Altos, CA 94022 

(415| 948-6552 

408 Coles Circle 
Salisbury, Maryland 21801 

TWX: 710-864-9683 • FAX: 301-749-5725 
PHONE: 301-749-2424 
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COHO/local oscillator assembly. Techni¬ 
cal articles included describe phase 
locked microwave signal sources and 
techniques for measuring and interpreting 
short term frequency stability and tune-
up procedures for solid-state phase 
locked sources. Communication Tech¬ 
niques, Inc., Whippany, NJ. Please cir¬ 
cle INFO/CARD #180. 

Analog Dialogue 
Analog Dialogue is a journal on circuits, 

systems and software for signal process¬ 
ing. Volume 21-1 describes the AD693, a 
monolithic process control transmitter IC, 
the 2S81, resolver to digital converter, and 
the AD9002 150-megasample-per-second 
analog to digital converter. Analog De¬ 
vices, Norwood, MA. INFO/CARD #186. 

BAW Delay Devices Catalog 
This catalog describes bulk acoustic 

wave delay devices in a variety of pack¬ 
ages. These devices meet delay require¬ 
ments from UHF through Ku band with in¬ 
stantaneous broadband processing. They 
offer non-dispersive insertion delays from 
0.2 to 30 us. Teledyne Microwave, Moun¬ 
tain View, CA. INFO/CARD #185. 

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 frequencies 
• Absolute accuracy and stability 
• High Q on various base materials 
• Inductance values 10 nh to 100 mh 
• Excellent turnaround 

■VIIO OIL 
102 W.J. Clark Drive • P.O. Box 116 
Conway, AR 72032 • (501) 329-8254 
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Come see us at the RF Technology 

Expo ’88, Booth #249. 
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Take the 
guess out 

of rfi 
testing 

susceptibility. Then why mix 
and match the tools you’ll use to AR amplifiers give you optimum ized antennas, leveling 

You’ve decided not to 
take chances with rfi ■ high-quality test equipment throughout. 

So we also supply special-

test for it? 
Instead, you can equip your en¬ 

tire test loop with instruments from 
Amplifier Research that have 
been thoroughly tested and work 
well with our high-performance 
broadband rf amplifiers. 
From 1W to 10kW, 10 kHz to 

1,000 MHz, in 32 standard models, 

power, bandwidth, and versatility 
for your cw, sweep, and pulse 
requirements. Each model pro -
vides instantly available bandwidth 
without bandswitching or tuning, 
is completely immune to load 
mismatch, and won’t shut itself 
down when you may need it most 
But a high-quality test presumes 

preamplifiers, field sensor systems, 
fiber-optic telemetry links, TEM 
cells, matching transformers, and 
directional couplers. 
With this full-system approach, 

equipment variables are less likely 
to show up in your test results. 
It’ll pay you to talk with us about 
all your rfi test requirements. 

HmpiiFieR 
RB5GRRCH 

160 School House Road, Souderton, PA 18964-9990 USA 
Phone 215-723-8181 • TWX 510-661-6094 

Come see us at the RF Technology Expo '88, Booths #433, 435. 



COMMUNICATION 
DESIGN 

ENGINEERS 

Repeo, a manufacturer of two-way 
radio and data communication 
equipment, is seeking develop¬ 
ment engineers who enjoy being 
key individuals on innovative 
design projects. Repco products 
have been sold worldwide for 25 
years and include RF data and 
voice transmission equipment in 
the 30 to 960 MHz range. Current 
opportunities are: 

Senior RF Engineer — to de¬ 
sign frequency synthesized two-
way radio equipment for data 
transmission. 

Senior RF Power Engineer — 
for the development of 2 to 100 
watt amplifiers in the 30 to 960 
MHz range. 

Senior Development Engi¬ 
neer — with a broad base in 
analog, RF, and digital disciplines 
for end product design. 

Looking to be part of a small ag¬ 
gressive commercial company? 
Enjoy being immersed in circuit 
design work instead of paper 
work? You may be the individual 
we need. Please submit resume 
in confidence directly to: 

Engineering Department 
Repco Inc. 
2421 North Orange Blossom Trail 
Orlando, Florida 32804 

RF POWER AMPLIFIER 
ENGINEER 

Career opportunity for an individual with 
proven ability to create state-of-the-art, high 
power RF amplifier designs and carry through 
to production. BSEE and minimum 3-5 years 
relevant experience required. 
The self-motivated individual who fills this 
position will be responsible for designing a 
complete new line of laboratory RF induction 
furnaces in the 4 to 100 mHz frequency range. 

Since our founding in 1936, LECO® has been 
a leading force within the industries we serve. 
The research and development functions are 
performed at the Carl E. Schultz Technical 
Center which was opened in 1984. 

We are located in beautiful southwestern 
Michigan on Lake Michigan's shores in an 
area featuring excellent schools, community 
services, and recreational advantages. 

If you qualify for this position, send your 
resume in confidence to: 

Research Department 
ATTN: Larry S. O'Brien 
Leco Corporation 
3000 Lakeview Avenue 
St. Joseph, Ml 49085 

R^pco 
Equal Opportunity Employer 

M/EV.H 

DESIGNER 
BSEE and 6+ years experience in 
RF design. Must be willing to accept 
broad range of challenges in various 
areas of electronics. 

Current projects include low power, 
low noise FM transmitters and re¬ 
ceivers from 150 MHz to 2.0 GHz 
for broadcast application; Remote 
Control Systems and Voice Syn¬ 
thesis. 

Moseley, for over 25 years a leading 
producer of high-tech broadcast 
equipment, is a subsidiary of Flow 
General, Inc. Flow is a multi-national 
company involved in biomedical 
equipment, health record systems, 
artificial intelligence software, 
materials testing hardware, semi¬ 
conductor processing equipment 
and defense contracting. 

If you would like these challenges, 
send your resume to: 

Technical Recruiter 

MOSELEY ASSOCIATES, INC. 

1 1 1 Costilion Drive 
Goleta, CA 931 17 

Equal Opportunity Employer 
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Beam Lead PIN Diodes 
Discover small but rugged low 
inductance, low capacitance, fast 
switching Beam Lead PINs. 

Discover mechanically innovative, 
flexible beam design. 

Discover Frequency Sources 
Semiconductor applications and 
technical support. 

Discover a variety of product types 
available from stock. 

Discover useful and helpful information 
in our Data Sheet and Application Note 
on Mesa and Planar Beam Lead PINs 
NOW! 

Example of product availability: 

PART NO. GC4901 * GC4902* GC4801 * * GC4802* * 

Series Resis. 
RS (Ohms) 
MAX 

Switching 
Time 
TS (ns) TYP 

Mesa 

15 

Planar 
Others available upon request 

Discover Frequency Sources 
Semiconductor for all your semi¬ 
conductor diode requirements. 

SEMICONDUCTOR DIVISION 
A SUBSIDIARY OF LORAL CORPORATION 

16 Maple Road, Chelmsford, MA 01824 
(617)256-4113 ■ TWX (710) 343-6506 
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SAW Questions 
and Andersens. 

Bandpass filters: 

QUESTION: I have an application that 
requires filters. Why should I consider 
SAW devices? 

ANDERSEN: Want to eliminate tuning? 
Need very sharp passband skirts (i.e. low 
shape factor) with high close-in rejection? 
Low ripple? Phase that can be linear or 
non-linear, as you choose? Small size? 
Highly repeatable characteristics? These 
are the areas where SAW filters excel. If 

QUESTION: What about hybridizing? 

ANDERSEN: This may be a very smart 
move. With our in-house hybrid facility, we 
can deliver maximum performance in a 
minimum space. Buying a zero-loss SAW 
filter module or an entire hybridized An¬ 
dersen IF section may improve your system 
performance, reduce size, increase reliability 
and fully exploit the advantages of SAW 

any of these factors are important, you 
should be looking at SAW's. 

QUESTION: How expensive and 
how long will it take to get my filter? 

ANDERSEN: That depends on your 
specs. But we have hundreds of 
stock designs to choose from (we're 
the oldest SAW manufacturer), so 
it's very possible we already have 
one that meets your specs. If 
not, with our recent major staff 
increase we offer one of the 
largest groups of SAW design¬ 
ers of any U. S. company to 
meet your needs fast and 
at aggressive new pricing. 

technology. 

QUESTION: How do I get started? 

ANDERSEN: Just give us a call. We'll do 
everything we can to meet your needs. 
Or, if you simply want more information, 

send for Volume I of our comprehensive 
handbook on Acoustic Signal Processing. 

In it, you'll find the right Andersen to most 
of your SAW questions—and specs on the 

latest models. 
Write to Andersen Laboratories, 

1280 Blue Hills Avenue, 
Bloomfield, CT 06002. 
Or phone (203) 242-0761/ 
TWX 710 425 2390. 

©ANDERSEN LABORATORES 
A Subsidiary of ANDERSEN GROUP 

When it's a question of SAW, 
Andersen is the answer. 
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