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Microstrip Design Basics 
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Resistors .^Attenuators Terminations Service 

X Richardson 
V, Electronics, Ltd. 

OFF-THE-SHELF FROM 
RICHARDSON ELECTRONICS 

When you are designing with 
high power transistors, you 
need a RAT! 
The fact is, if the output stage of your amplifier 
has more than one transistor, you need at least two 
RATS (Resistors, Attenuators, and Terminations). 
And with power ranges of today’s technology well 
into the mulitkilowatt levels, the selection of high 
power passive products is more critical than ever. 
Acrian introduced high power RATS to the world 
more than 10 years ago, and we still manufacture 
the best resistors, attenuators and teminations on 
the market. 

ACRIAN RATS feature: 
• More watts/sqare inch dissipated 
• Lowest VSWR (1.25:1) 
• Standard resistor values at 50 and 100 Ohms 

• High-temperature brazing 

• Lowest thermal resistance 

• Hi-Rel screening available 

For the most reliable high power passive products 
call for Acrian RATS today at: 

/k Richardson 
xjz Electronics, Ltd. 

Richardson has more than twenty standard 
package styles for microstrip 
applications, both flanged and 
unflanged. 

JORIAN 

40W267 Keslinger Rd., LaFox, IL 60147 
(312) 232-6400 Toll Free (800) 323-1770 
East (800) 645-2322 West (800) 348-5580 
Northeast (617) 871-5162 Southeast (800) 348-5580 
Canada (800) 387-2280 
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PROBLEM 
Rf. SECTION 

PROBLEM PROBLEM 

INCOMING 

Poor yields due to “glass-to-metal 
seal” fractures, chips, and breaks. 

Final inspection of Surface Mount 
Components is impossible. 

Most Surface Mount Components 
are non-hermetic. 

SOLUTION 
ANZAC 

Surface Mount Components... 

feature a unique one-piece Kovar 
and ceramic package without 
glass to metal seals. 

SOLUTION 
ANZAC 

Surface Mount Components... 

have extended leads which allow 
for easy inspection of solder joints. 

SOLUTION 
ANZAC 

Surface Mount Components... 

are fully hermetic units, without 
the use of epoxy or glass. 

R J L 

MOS-158 
4L_ 

Adams E Russell 
Electronics 
ANZAC DIVISION 

Adams E Russell 
Electronics 
ANZAC DIVISION 

Adams E Russell 
Electronics 
ANZAC DIVISION 

Come see us at the IEEE-MTT-S 
International Microwave Symposium, 

Booths #1027-1034. 

For more information write 
or call: 

80 Cambridge St. 
Burlington, MA 01803 
(617) 273-3333 
FAX (617) 273-1921 

Look for us at Military Microwaves ’88, 
Booths #36-42. 
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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. 

Contact your IFR distributor or representative Á 
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,M (Vertical Raster Scan) CRT display ■ Single 
function keyboard entry • Menu driven display modes 
■ Automatic amplitude calibration ■ Selectable linear I 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 

*Optlonal Features Include: ■ Internal rechargeable 5 APH 
battery for truly portable operation • Internal tracking generator 
with 1 dB step attenuator ■ FM / AM / SSB receiver • IEEE-488 

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

**~ 

IFR SYSTEMS, INC. 
10200 West York Street / Wichita. Kansas 67215-8935 U.SA. 
316/ 522-4981 / TWX 910-741-6952 
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Cover Story 
. _ GaAs MMIC Switches for High Performance Applications 
' y GaAs technology has reached the level of maturity where standard products are available 

to the RF engineer, particularly in the area of switches. Tachonics Corporation’s line 
of switch modules, described in this article, includes models that handle up to 5 watts. 

— Raymond S. Pengelly, Amin Ezzedine and Barak Maoz 

Featured Technology Section 
0Q Principles of Microstrip Design 

This article takes the reader on a step-by-step review of the basic design equations 
for microstrip circuits. Examples are provided to demonstrate the calculation of 
characteristic impedance, electrical length, reactance, cross-coupling, and other essential 
microstripline design parameters. — Alam Tam 

Page 19 — GaAs MMIC Switches 38 
Microstrip Analysis and Design for Various Substrate Materials 
A computer program, based on equations developed by Sobol and Hammerstad, is 
presented to design and analyze microstrip transmission lines. The program is written 
in BASIC to allow its use on different personal computers. 

— D.R. Hertling and R.K. Feeney 

Page 29 — Microstrip Basics 

Page 64 — MMIC Multipliers 

43 
CAD Amplifier Matching with Microstrip Lines 
Microstrip design is applied to amplifier circuits in this article. The author reviews stub 
and transmission line matching, and provides a BASIC program which allows an engineer 
to try and choose from a wide variety of L-network matching networks.— Stanley Novak 

_q New Products at MTT-S 1988 
Highlights of new products to be unveiled in New York. 

„ MMIC Active Multipliers 
04 Simplicity and stability are attributes of MMIC amplifiers which can be used to advantage 

in VHF/UHF multiplier circuits. This note describes the performance of a 220 MHz to 
440 MHz doubler circuit. — Jerry Hinshaw 

__ Designer’s Notebook — Unequal Power Division With a 
Lumped Element Divider 
The author demonstrates how Wilkinson type lumped-element dividers can be used 
to divide the input power into output ports with unequal power ratios. 

— David Burgess 

__ RFI/EMC Corner — Fundamentals of 
Red/Black System Engineering 
TEMPEST requirements are often unfamiliar or midunderstood by engineers. The basic 
requirements of engineering for Red (secure) and Black (unclassified) data are explained 
in this article. — Mike Brooks 
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HIGH POWER 
2 Way Combiner 

rfeditorial_ 

In Search of 
Human Engineering 

1000 WATTS 
Model D2051 
Freq. Range 1-200 MHz 
Loss 0.5 dB 
Isolation 20 dB 

100 WATTS 
Model D1824 
Freq. Range 20-500 MHz 
Loss 0.5 dB 
Isolation 20 dB 

BROADBAND RF 
COMPONENTS 

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

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

By Gary A. Breed 
Editor 

Awhile back, my parents flew to Colo¬ 
rado from Illinois to pay a visit. Upon 

arrival, they got into their rental car, turned 
the key, and were greeted by a blaring 
radio, fans going full blast, and no idea 
how to shut them off! You see, this was 
one of those new models with a master 
computer system and a touch-screen 
video display — the highest of high tech. 
Yet, it wasn’t even possible to start the car 
and drive away without a lesson from the 
attendant. 

This scenario isn’t limited to a few fancy 
cars, either. Think about it: How many 
pieces of test equipment in your lab re¬ 
quired a thorough analysis of the instruc¬ 
tion manual (or a call to the factory) before 
you could make a routine measurement? 
How many hours did it take to become 
friendly with your favorite “user-friendly” 
computer program? 

It is extremely unproductive when the 
complexity of an engineer’s tools makes 
it difficult to perform his or her design 
tasks. It is even more disconcerting that 
a manager, who doesn’t use the equip¬ 
ment on a daily basis, might not be able 

to independently evaluate an engineer’s 
design procedures and test results! What 
is needed is attention to the operators’ 
needs, with the same priority that is given 
to features and performance. 
We need to get through this bottleneck 

of complexity. The power of computers 
and intelligent instruments has to be ac¬ 
cessible to the users. 
OK, so I’ve overstated the problem. 

There are plenty of straightforward in¬ 
struments and programs that are uncom¬ 
plicated in the way they operate. However, 
the clear trend is toward greater capability 
as microprocessors and memory become 
truly universal, and as personal com¬ 
puters become more powerful. This in¬ 
creased capability cannot be accessed by 
the normal front panel, where each con¬ 
trol has a specific function. It also means 
that the user cannot simply “read” the 
front panel to determine the machine’s 
operation. 

Fortunately, there are some beginning 
efforts under way to improve the situation. 
Software may incorporate mice, windows, 
and HELP keys, and can prompt the user 
for the data it needs. Some of these ideas 
are being incorporated into test and pro¬ 
duction equipment, via CRT or other 
means of text and graphic display. It is ob¬ 
vious that these are early efforts, with 
many different arrangements of “soft 
keys,” windows, pre-programmed setups, 
keypads and rotary dials. 

Despite my concern, I am certain that 
this bottleneck will be overcome. Over 
and over through history, new technology 
has taken some time to become accessi¬ 
ble to everyone who can benefit from it. 
For RF engineers to benefit from the com¬ 
puting power in software and test equip¬ 
ment, it has to become more accessible, 
and soon. 

WERLATONE INC. 

decades ahead 

6 

P.O. Box 47 
Brewster, NY 10509 
Tel: (914) 279-6187 
TWX 510-600-0747 
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Now the tiade bff b itwetÿi pe form mce| 
package and price is easier. Avantek has a 
package/die combination that offers the 
ideal solution to your overall system per¬ 
formance and cost goals. Our MODAMP™ 
series, DC to 6 GHz silicon MMIÓ wideband 
amplifiers, includes eleven different ampli¬ 
fier die types and nine package options. 
A total of tnore'than 70 different models: 
These. MM|C amplifiers are available with 
a wide spectrum of performance options 
to satisfy nearly every design need. .. ; 
Minimum noise figures as low as 2.8 dB, 
gains as high as 33 dB, and Pmb as high as 
29 dBm. 

I J- - - — j— 1— 1 
system design and cost, needs. Avantek s 
new Package “86” (85 mil surface mount 
plastic package) combines premium per¬ 
formance with low cost. Both Package “86” 
and the industiy standard SOT-143, are avail¬ 
able on tape and reel, making them ideal 
for low cost, high volume applications. For 
high reliability applications, such as space 
or military environments, we offer MODAMP 
MMICs in a range of hermetic metal/ceramic 
packages. MODAMP packages include: 

W' 

Sblein^ujiitjt^foj^ 
e Applicat ions 
pr(esen|ly pi 

I MMICs per 
be assured the MMICs you neéd wi 1 be 
available to Support yoiir voltime production 

'anti oduces more than 
month. Sò you can-|-

programs. And, all MODAMP MMICs are 
in stock at your local Avantek distributor. 
Fbr additional information, or the name 
and address of your local distributor, contact 
the regional sales office nearest you. 

Regional Sales Offices 

North America 
Eastern: (301)381-2600 
Centrai: (214)437-5694 
Western: (805)373-3870 

European: (44) 276-685753 

Packages — 
Low Cost to High Rei 

The MMIC performance you need is available 
in a range of packages to fit your overall 

• SOT-143 Plastic • micro-X Stripline 
• 4-Pac Plastic • 70 Mil Hermetic 
• 85-Mil Plastic • 100 Mil Hermetic 
• 85-Mil Plastic *200MilBeO 
Surface Mount • 230 Mil Flange 

0AVANTEK 
3175 Bowers Avenue 
Santa Clara, California 95054-3292 
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Advertising Services 
Mary Brussell 
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DR Devices 

• Waveguide Devices 
• Impedance Transformers 

Microwave Tuning Elements are a very cost-effective 
method for the precision tuning of microwave filters, oscillators 
and other resonant structures. 

Microwave tuning elements consist of a mounting bushing with 
an integral self-locking tuning rotor which may be tuned and 
re-tuned without locking nuts or jam screws. They are available 
in a wide variety of materials and configurations to meet 
individual requirements. 

Manufacturing Corporation 
Rockaway Valley Road, Boonton, New Jersey 07005 

201-334-2676 TWX 710-987-8367 FAX 201-334-2954 
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48 Hour Shipment for 100 Capacitors or Less. 
ATC is the industry leader for quality, rugged, reliable I IIFAlicrowioe Capacitors. 
Our new 01 IK-PICK™ System launches our 
commitment to be the leader in service 
and customer satisfaction. 
Al American Technical Ceramics, we know 
the importance of your deadline. 

At ATC, 
Deadlines Are Ao Joke. 

american technical ceramics corp. 
one norden lane, huntington station, n.y. 11746-2102 
516-271-9600 • twx 510-226-6993 • telex 221201 • fax 516-271-9615 

I Want More Information. Please send me 
ATC's 3-Ring Binder Product Catalog. 

NAME/TITI .E_ 

COMPANY_ 

ADDRESS_ 

CITY/STATE_ ZIP_ 

PHONE_ 

Mall to: 
Advertising Department 
American Technical Ceramics 
One Norden Lane 
Huntington Station. NY 11746-2102 

© 1988, American Technical Ceramics, Corp. 
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You don’t g 
With the NEW Wiltron RF lest System 

The new 1 to 2000 MHz Wiltron 6400 RF Analyzer. In a single, compact 
instrument, Wiltron brings you an affordable crystal-derived swept signal source, 
a scalar network analyzer, precision measurement components, and a display. 
Measure transmission, return loss, and absolute power. 

It’s a remarkable breakthrough. For far less than you would expect to pay, 
Wiltron gives you synthesizer-like performance over tbe entire 1 to 2000 MHz. 

The 6400 has resolution and accuracy 10 times better than anything in its 
price range. It offers complete GPIB programmability and a new standard in ease 

of operation. At twice the price, 
the 6400 would still be a bargain. 

Our engineers gained exceptional stability and accuracy by “locking” the fre¬ 
quency to a crystal marker at the beginning of every sweep. Because frequency is 
always on the mark, you wont waste time looking for traces that have drifted off the 
screen. You’ll have excellent repeatability of test data taken on very narrow band¬ 
width devices. Even if tests are made days apart. 



et the drift. 
Dynamic range is 71 dB (+ 16 to 

— 55 dBm). Use the Wiltron 6400 for the 
most demanding applications including 
TV tuner, cellular radios, filters, ampli¬ 
fiers, diplexers and DBS. For a permanent 
record, test data are plotted in graphical 
or tabular format on an optional ink¬ 
jet printer. 

The 6400 is a joy to use on the pro¬ 
duction line, in the laboratory, or out in 
the field. 

Autoscaling can be used to automat¬ 
ically select the optimum display for your 
device. The display is fully annotated to 

Specifications 
Signal Source 
Frequency Range: 

Model 6407: 1 to 1000 MHz 
Model 6409: 10 to 2000 MHz 

Frequency Accuracy: ± 100 kHz 
Frequency Resolution: 10 kHz 
Leveled Output Power Range: +12 dBm to +0.1 dBm 

Optional attenuator: + 10 dBm to - 70 dBm 
Harmonics: < - 30 dBc 
Nonharmonic spurious: < — 40 dBc 
Network Analyzer 
Dynamic Range: +16 dBm to -55 dBm 
Vertical Display Resolution: 0.003 dB maximum 
Horizontal Display Resolution: 101, 201, or 401 points. 
Normalization: 800 points, automatically interpolated for ranges 
less than full range. 
Markers: up to 8. 
SWR Autotesters 
Directivity: 40 dB 
Impedance: 50 or 75 ohms 
lest Port Connector: Type N or BNC 
RF Detectors 
Impedance: 50 or 75 ohms 
lest Port Connector: Type N or BNC 

Test Data on Friday, 10:15 AM: 
Ml Marker Frequency: 10472 MHz 
Passband Amplitude at Ml Marker: —4.82 dB 

lest Data on Wednesday, 3:30 PM: 
Ml Marker Frequency: 10472 MHz 
Passband Amplitude at Ml Marker: - 4.86 dB 

ensure accurate, confusion-free 
interpretation of test data. 

You get fast production test 
times since frequencies can be 
changed without recalibration. 
Go/no-go limit lines and up to 
eight markers, which can be set 
to test points of interest, make 

readings easier. Costly setup time is eliminated by storing up to nine front panel 
setups in memory. 

In addition to the 6400 s 17.8 cm (7 in.) display, there’s a composite video out¬ 
put which will drive a larger screen. Production people love it. And with a weight of 
only 16 kg (35 lb), the 6400 can be carried to the most inaccessible repeater station. 

Now in a single instrument, you get everything you need to make fast, accu¬ 
rate RF measurements. And you don’t get the drift. 

For more information, contact Wiltron, 490 Jarvis 
Drive, Morgan Hill, CA 95037'2809. Tel: (408) 778-2000. 

WILTRON 

INFO/CARD 10 
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K&L MICROWAVE. 
CRYSTAL 
FILTERS: 

WIDEBAND TO 
NARROWBAND 

K&L Microwave manufactures a complete selection of crystal filters from 500KHz to 
160MHz. From simple IF Chebyshev and Gaussian designs to complex custom filters, K&L 
can supply the filters you require. Complete in-house capabilities include the manufacture 
of crystals, laser-weld sealing, and complete environmental testing. Call K&L today to 
discuss your crystal filter requirements—wideband, narrowband, and everything in between! 

STANDARD 21.4MHz 
CHEBYSHEV 
IF. FILTERS 

21 4MHz Center Frequency 
6 Pole Chebyshev Response. Crystal LC 
Operating Temperature: 0e to - 65°C 
Pnnted Circuit Board mountable 

3dBBW 
(-10%) 

60dBBW 
(Max) 

Ins Loss 
(Max) 

Group Delay Variation 
70°oOfBW3 100°oO»BW3 

5 OK Hz 
10 OK Hz 
20 OK Hz 
50 OK Hz 

17 5KHz 
35 OK Hz 
70 0KHZ 
180KHz 

4 OdB 
3 OdB 
3 OdB 
3 OdB 

20pS 
lOpS 
5yS 
2pS 

50pS 
25pS 

12.5pS 
5 0uS 

Spurious 
Rejection 

70dB 
70dB 
70dB 
70dB 

lOOKHz 
200KHZ 
500KHz 
1MHz 

400KHz 
800KHZ 
2 0MHz 
4 0MHz 

6 OdB 
7 OdB 
12dB 
7 OdB 

IpS 
500nS 
200nS 
100nS 

2.5uS 
1 25pS 
500nS 
250nS 

2MHz 
4MHz 
5MHz 

2 0MHz 
16 0MHz 
20 0MHz 

6 OdB 
4 OdB 
3 OdB 

125nS 
63nS 
50nS 

70dB 
70dB 
70dB 

3dBBW 
(t 10%) 

60dBBW 
(Max) 

Ripple 
(Max) 

Ins. Loss 
i«CF 

VSWR 
Attenuation 

Ultimate 
Rejection 

Spurious 
Rejection 

3 2KHz 
5 OK Hz 
100KHz 
20 0KHz 
50 OK Hz 

95KHZ 
12 5KHZ 
25KHZ 
50KHZ 
125KHz 

0 5dB 
0 5dB 
1 OdB 
1 OdB 
1 OdB 

5dB 
5dB 
3dB 
3dB 
3dB 

1.7:1 
1.7:1 
1.5:1 
1.5:1 
15 1 

70dB 
70dB 
70dB 
70dB 
70dB 

70dB 
70dB 
70dB 
60dB 
60dB 

100KHz 
200KHZ 
300KHZ 
500KHZ 
1MHz 

250KHZ 
500KHZ 
750KHZ 
1 5MHz 
2.7MHz 

1 OdB 
1 OdB 
1 OdB 
1 OdB 
1 OdB 

3dB 
6dB 
8dB 
10dB 
10dB 

1.7:1 
20 1 
2.0:1 
2.0:1 
2.0:1 

70dB 
60dB 
60dB 
70dB 
70dB 

60dB 
55dB 
50dB 
70dB 
70dB 

2MHz 
4MHz 
5MHz 

5 4MHz 
10 6MHz 
13 0MHz 

1 OdB 
1 OdB 
1 OdB 

8dB 
8dB 
6dB 

1 7:1 
1.5:1 
1.5:1 

70dB 
70dB 
70dB 

70dB 
70dB 
70dB 
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K&L 
MICROWAVE INCORPORATED 

* ¡3 DOVER) TECHNOLOGIES COMPANY 

408 Coles Circle 
Salisbury, Maryland 21801 

TWX: 710-864-9683 
FAX: 301-749-5725 

PHONE: 301-749-2424 
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rf calendar 
July 5-7, 1988 
Military Microwaves ’88 
Wembley Conference Centre, 
London, England 
Information: P.G. Pinches, Microwave Ex¬ 
hibitions and Publishers Ltd., 90 Calverley 
Road, Tunbridge Wells, Kent TN1 2UN, 
England. Tel: (0892) 44027 

August 30-September 1, 1988 
10th Annual Quartz Devices 
Conference and Exposition 
Westin Crown Center, Kansas City, MO 
Information: Peter Walsh, Components 
Group, EIA, 2001 Eye St., N.W., Wash¬ 
ington, DC 20006. Tel: (202) 457-4930 

September 12-16, 1988 
10th Annual Antenna Measurements 
Techniques Association Meeting 
Atlanta Hilton and Tower Hotel 
Information: Becky Clark, 1988 AMTA 
Symposium, c/o Scientific-Atlanta, Inc., 
Mail Station ATL 28-I, P.O. Box 105027, 
Atlanta, GA 30348 

1988 RF & Microwave Symposia 
Hewlett-Packard Company 
September 19, 1988, Kansas City, MO 
September 21, 1988, Indianapolis, IN 

September 23, 1988, Chicago, IL 
October 4,5, 1988, Baltimore, MD 
October 11,12, 1988, Boston, MA 
Information: Contact local HP sales of¬ 
fices listed in the white pages of the 
telephone book. 

September 14-15, 1988 
Mountain States Electronic Expo 
Denver Merchandise Mart, Denver, CO 
Information: Dick Porter, Midland Exposi¬ 
tion Group, 4501 Wadsworth Blvd., Wheat 
Ridge, CO 80033. Tel: (303) 424-9024 

October 4-6, 1988 
Northcon ’88 
Seattle Center Colliseum, Seattle, WA 
Information: Electronic Conventions Man¬ 
agement, 8110 Airport Boulevard, Los 
Angeles, CA. Tel: (213) 772-2965 

October 25-27, 1988 
RF Expo East 88 
Philadelphia Civic Center, 
Philadelphia, PA 
Information: Linda Fortunato, Cardiff Pub¬ 
lishing, 6300 S.Syracuse Way, Suite 650, 
Englewood, CO 80110. Tel: (303) 220-0600; 
(800) 525-9154 

rflëtters 
A PPDF Correction 
Editor: 
The article, “A Programmable Pulse 

Driven Formatter”, featured in the April 
1988 issue, has an error I would like to 
correct. Figure 3, Return to One (R1), a 
PPDF mode, is not correct. Figure 3 is an 
exact duplication of Figure 2, and should 
be corrected to look like the oscilloscope 
photograph on page 30, Figure 8. 

I would like to take this opportunity to 
say I think that your magazine is an excel¬ 
lent source of new and exciting ideas in 
the RF engineering field. 

Norbert Rehm 
Regency Electronics, Inc. 
Indianapolis, IN 

Editor: 
The article “A Programmable Pulse 

Driven Formatter” appearing in the April 
1988 Featured Technology section indeed 
had an error that I would like to correct. 
The waveforms shown on page 26 should 
have been as shown below. 
Figure 2 was incorrectly called Figure 21, 
and Figure 3 duplicated the RZ wave¬ 
forms from Figure 2 instead of the correct 
R1 waveforms. 
The article looked great and we con¬ 

tinue to receive compliments on it from 
our customers. Thanks for all your help! 

Karl C. Zabel 
Harris Microwave Semiconductor 
Milpitas, CA 

DATA - 1 I- 1 I- * *-

cm, jnjnjTJTjnjnjTJTTinjn^^ 

Figure 1. Typical NRZ data output 
waveforms. 

Figure 2. Typical RZ data output 
waveforms. 

Figure 3. Typical R1 data output 
waveforms. 
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HIGH RELIABILITY 
SERIES 7101 

1.0Hz to 70.0 MHz 
TC VCXO 
TCXO 

LOW PROFILE 
24 PIN DIP 

1.40" X .80" X .36" 

Designed for Military, Aerospace 
and other HI-REL requirements 

STABILITY OPTIONS: 
±0.5 PPM 0to+50°C 
±1.0 PPM -40to+85°C 
±5.0 PPM -55to+105°C 

VC OPTIONS: 
±10 to ±200 PPM 

STABILITY AND VC OPTIONS 
MAY VARY ABOVE 22 MHz 

Spectrum is a leading supplier of 
Military and Aerospace Oscillators: 

M55310 QPL Oscillators 
Hybrid Logic Clocks 
TCXOs & TC/VCXOs 

OXCOs 
Custom Designs 

FOR MORE DETAILS 

PH: (805) 964-7791 
FAX: (805) 683-3481 

P .0. Box 948 
Goleta. CA 93116 
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courses 
The George Washington University 

Numerical Techniques in Electromagnetics: 
An Introduction 

July 25-28, 1988, Washington, DC 

Electromagnetic Interference and Control 
August 1-5, 1988, Washington, DC 

Electronic Warfare Systems: 
Technical and Operational Aspects 
August 1-5, 1988, Washington, DC 

Introduction to Modern Radar Technology 
August 8-10, 1988, Washington, DC 

Grounding, Bonding, Shielding and Transient Protection 
August 8-11, 1988, San Diego, CA 

Optical Fiber Communications 
August 8-12, 1988, San Diego, CA 
December 12-16, 1988, Orlando, FL 

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

Besser Associates 
Principles of RF Circuit Design: Theory and Application 

July 6-8, 1988, Santa Clara, CA 
July 25-27, 1988, College Park, MD 

Microwave Circuit Design I: Linear Circuits 
August 15-19, 1988, Baltimore, MD 

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

Information: Eva Koltai, Besser Associates, Inc., 3975 East Bay¬ 
shore Road, Palo Alto, CA 94303; Tel: (415) 969-3400 

UCLA Extension 
Microwave/Millimeter-Wave Monolithic Integrated Circuits 

July 18-20, 1988, Los Angeles, CA 

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

EEsof, Inc. 
Introduction to Microwave Computer Aided Engineering 
September 6-7, 1988, Westlake Village, CA 
November 7-8, 1988, Westlake Village, CA 

Introduction to Microwave Computer Aided 
Layout and Design 
September 8, 1988, Westlake Village, CA 
November 9, 1988, Westlake Village, CA 

Advanced CAE 
September 12-13, 1988, Westlake Village, CA 
November 14-15, 1988, Westlake Village, CA 

Advanced Microwave Computer Aided Layout and Design 
September 14, 1988, Westlake Village, CA 
November 16, 1988, Westlake Village, CA 

Nonlinear Circuit Design 
September 19-20, 1988, Westlake Village, CA 
November 21-22, 1988, Westlake Village, CA 

Information: Sandra Scoredos, EEsof, Inc., 5795 Lindero Canyon 
Road, Westlake Village, CA 91362. Tel: (818) 991-7530 

Integrated Computer Systems 
Advanced C Programming: Hands-On Workshop 

July 19-22, 1988, Boston, MA 
August 2-5, 1988, Washington, DC 
September 20-23, 1988, Los Angeles, CA 
September 27-30, 1988, Washington, DC 
October 25-28, 1988, Boston, MA 
November 15-18, 1988, San Francisco, CA 

Digital Signal Processing: Techniques and Applications 
August 30-September 2, 1988, Washington, DC 
September 13-16, 1988, San Diego, CA 
October 4-7, 1988, Boston, MA 
October 4-7, 1988, Toronto, Canada 
October 18-21, 1988, Los Angeles, CA 
November 1-4, 1988, Washington, DC 

Image Processing and Machine Vision 
July 26-29, 1988, Los Angeles, CA 
August 30-September 2, 1988, Boston, MA 
September 20-23, 1988, Washington, DC 
October 4-7, 1988, San Francisco, CA 
November 1-4, 1988, Los Angeles, 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 

Georgia Institute of Technology 
Microwave Antenna Measurements 

July 25-29, 1988, Atlanta, GA 

Techniques of Radar Reflectivity Measurement 
August 2-5, 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 
August 2-5, 1988, San Diego, CA 

Information: Ann Beekman, SCEEE, 1101 Massachusetts Ave., 
St. Cloud, FL 32796. Tel: (305) 892-6146 

R & B Enterprises 
The R & B EMI Training Institute 
August 8-19, 1988, Philadelphia, PA 

Information: Greg Gore, R & B Enterprises, 20 Clipper Road, 
West Conshohocken, PA 19428. Tel: (215) 825-1684 

Design & Evaluation, Inc. 
The Worst Case Circuit Analysis Training Seminar 
September 12-14, 1988, Boston, MA 
October 17-19, 1988, San Francisco, CA 

Information: Design & Evaluation, Inc., 1000 White Horse Road, 
Suite 304, Voorhees, NJ 08043. Tel: (609) 770-0800 

University Consortium for Continuing Education 
Modern Microwave Techniques 
September 26-29, 1988, Washington, DC 

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

New Microwave Laboratory at NJIT 
Two microwave companies have made 

contributions towards the creation of a 
microwave laboratory and curriculum at 
New Jersey Institute of Technology. The 
program is intended to increase the num¬ 
ber of degreed electrical engineers with 
microwave background for the state’s 
more than 60 microwave companies. 
Compact Software, Inc. of Paterson and 

Communication Techniques, Inc. of Whip-
pany each contributed $10,000 to support 
the laboratory which will be part of NJIT’s 
Center for Microwave and Lightwave En¬ 
gineering. The contributions will be used 
to provide microwave equipment and sup¬ 
plies for the laboratory. Other contribu-

tions of both cash and equipment have 
been promised from more than a dozen 
microwave equipment manufacturers 
throughout the New York metropolitan 
area. 
The incentive for establishing the 

microwave laboratory stems from the de¬ 
creasing number of microwave engineers 
produced every year by universities 
throughout the United States. According 
to Gerald Whitman, director of the Center 
for Microwave and Lightwave Engineering 
at NJIT, the number of graduates has not 
kept pace with the growth of the micro¬ 
wave industry, or the technological devel¬ 
opment. 

3 NEW CMOS 
NUMERICALLY 
CONTROLLED 
OSCILLATORS. 
From STel. 

THE LEADER. 

World Electronics Market to 
Reach $492 Billion in 1988 
The World Electronics Market is fore¬ 

cast to reach $492 billion (U.S.) in 1988 
according to a report published by BEP 
Data Services. This represents real 
growth, excluding inflation and exchange 
rate fluctuations, at a rate of 6 percent 
over 1987. The forecast calls for a growth 
of 4.9 percent in the United States which 
is higher than the 4.1 percent recorded in 
1987. However, the consumer electronics 
products market is forecast to drop by 
around 1 percent. The rate of growth for 
the U.S. electronic market as a whole will 
reduce to under 4 percent per annum over 

the 1989 to 1991 period. 
The report also indicates that Japan is 

projected to recover in 1988 with a real 
growth of 7.1 percent. The follows a poor 
year, by Japanese standards, in 1987 
where growth was 3.7 percent due to the 
dampening effects of the strong yen on 
the industry’s exports. The 14 other signifi¬ 
cant electronics markets outside Europe 
which BEP terms the “Rest of the World” 
consists mainly of Asia-Pacific, Brazil and 
South Africa. This market grew signifi¬ 
cantly in 1986 and 1987 with high exports 
of equipment from Asia-Pacific. However, 
the slowing market in the U.S.A, for con¬ 
sumer goods will adversely affect exports 

Market Growth Rates 
Constant Exchange Rates & Values 

I I US Japan í I Europe ESI RoW 
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NEW! 
The STEL-1 172B generates digital sine and 
cosine signals of very precise frequency. It 
is an improved version of the ST-1172A. 
Featuring: 
□ 50 MHz clock frequency! 
□ 32-bit frequency resolution! 
□ 10-bit on-chip phase look-up table! 
J 8-bit amplitude resolution! 
□ Spur levels below -55 dBc ! 
□ Both sine and cosine outputs. 

NEW! 
The STEL-1 173 generates digital sine or 
cosine signals with higher precision in EV¬ 
ERY respect than ever before! Featuring: 
□ 50 MHz clock frequency! 
□ 48-bit frequency resolution! 

That’s 0.18 pHertz at 50 MHz! 
□ 13-bit on-chip phase look-up table! 
□ 12-bit amplitude resolution! 
□ Spur levels as low as -70 dBc! 
□ Selectable sine or cosine output. 

NEW! 
The STEL-1 174 is a low-cost lower resolu¬ 
tion version of the STEL-1 173. Featuring: 
□ 50 MHz clock frequency! 
□ 16-bit frequency resolution 
□ 13-bit on-chip phase look-up table! 
□ 12-bit amplitude resolution! 
J Spur levels as low as -70 dBc! 
□ Selectable sine or cosine output. 
□ Lowest cost NCO available! 

STANFORD 
TELECOMMUNICATIONS 
2421 Mission College Blved. 
Santa Clara, CA 95054-1298 
Call or write to Patti Laakso 
Tel: (408)989-5684 
Telex: 910-339-9531 
Fax: (408)980-1066 
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TURNKEY RF Shielded 
Anechoic Chambers 

These chambers include RF shielded steel enclosures, penetrations, HVAC, electrical, fire detection and suppression (water & Halon) and a 
completely engineered RF anechoic interior. 

ENGINEERING - Rantec’s Engineering Staff consists of 
Architectural, Electrical, Mechanical and RF Engineers. These 
combined talents provide complete engineering design of state-
of-the-art products and facilities. 

MANUFACTURING - Rantec has two modern absorber 
manufacturing plants, one in California and one in Oklahoma. 
Advanced computer controlled NC manufacturing equipment 
allows the production of uniformly impregnated anechoic 
pyramid and wedge shaped material, as well as various geometric 
configurations for special applications. Waveguide vents, pipe 
penetrations, shielded doors and ‘telescoping’ fire sprinkler 
assemblies are several other products manufactured by Rantec. 
CONSTRUCTION AND INSTALLATION - Our highly trained 
field construction and installation crews are backed up by the 
best program management teams in the business. All schedul¬ 
ing and cost management is performed by skilled program 
managers utilizing the latest computer techniques. 

TESTING SERVICE - Rantec provides a complete service for 
certification of both shielded enclosures and anechoic cham¬ 
bers. Measurement capabilities include: 
• Shielding effectiveness testing from 30 Hz to 94 GHz at 

100dB isolation levels to DOD, NSA and IEEE standards. 
• Anechoic chamber reflection properties for antenna pattern 

measurements from 30 MHz to 94 GHz. 

• Chamber backscatter properties for radar cross-section measure¬ 
ments from 500 MHz to 35 GHz. 

• Chamber monostatic reflecting properties to determine chamber 
suitability for systems measurements, 500 MHz to 94 GHz. 

• Axial ratio and cross-polarization properties from 100 MHz to 94GHz. 
• FCC type site attenuation measurements using both discrete fre¬ 

quency dipole testing and swept frequency broadband antenna 
testing for determining suitability of measurement site to perform to 
FCC, VDE, and CISPR requirements. 

In summary, Rantec is the complete state-of-the-art source for turn-key 
RF Shielded Enclosures and Anechoic Chambers. 

Call or write today ... 

IAnechoic/EMI Systems 
7659 Alabama Avenue, Canoga Park California 91 304 

(818)704-6944 . Fax:(818)704-5717 EMERSON 

OTHER OFFICES: 
New York (516) 692-5200 / Washington D.C. (703) 920-7600 

Florida (407) 831-2800 / Tokyo 01 1-81-3-813-8061 
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rf news Continued 
for the Far East and the rate of market 
growth in these countries will fall to 7 per¬ 
cent in 1988 and down to 6 percent per 
annum in the subsequent three years. 
The Yearbook of World Electronics Data 

1988 costs $975 and can be obtained from 
BEP Data Services, P.O. Box 28, Luton 
LU2 OBL, England. 

W-J Receives $9M Order 
Watkins-Johnson Company has received 

an order worth over $9 million for the 
delivery of additional subsystem equip¬ 
ment for the Royal Australian Navy’s new 
construction submarine program. It in¬ 
cludes a significant amount of Australian 
industry involvement. The order was 
made under an existing contract with 
Rockwell Ship Systems Australia, Pty. 
Limited. 

Zenith Wins Cable Terminal 
Contract 

Zenith Electronics Corporation will be 
producing new cable terminals to provide 
customers with access to a wide variety 
of interactive services. This cable and 
telecommunications system is being 
launched in Canada and the United 
States. Under the agreement (valued at 
approximately $14 million Canadian), 
Zenith will manufacture an initial order of 
55,000 video terminals for Les Enterprises 
Videoway Ltee. The terminals will allow 
access to videotex data bases, teletext, 
electronic messaging, closed captioning 
and downloading of computer software 
via cable in addition to basic cable, pay-
TV, pay-per-view and interactive television 
services. Zenith expects to begin ship¬ 
ment by the end of 1988. 

MSC Expands Foundry Capabilities 
Microwave Semiconductor Corporation 

has supplemented its small signal gallium 
arsenide foundry service with large signal 
modelling and added two new high power 
processes. The new 300 mA/mm higher 
power process is added to the existing 
200 mA/mm small signal medium power 
process to allow design engineers to ex¬ 
tend the range of applications for GaAs 
MMICs to higher power levels of opera¬ 
tion with predictable results. 

TriQuint and HP to Integrate 
MMIC Foundry Library 

TriQuint Semiconductor announced 
that it has signed an agreement to incor¬ 
porate its MMIC library of foundry design 
models into Hewlett-Packard Company’s 
microwave CAE design system. The HP 
85150A microwave design system is a 
software package that provides schematic 
capture, simulation, chip layout, and 

RF Design 

overall project documentation. The Tri¬ 
Quint MMIC Library models are algorith¬ 
mic expressions that represents the elec¬ 
trical behavior of MMIC elements over a 
wide range of bias and operating frequen¬ 
cy. By providing access to these models 
within a CAE system, a designer can 
simulate the operation of a MMIC to be 
built in the TriQuint foundry before in¬ 
vesting in fabrication, packaging and 
evaluation of the actual device. 

In the agreement, TriQuint is responsi¬ 
ble for maintaining and further develop¬ 
ing the library. The current library works 
on with the HP microwave design system 
software to represent MMIC elements 
built in TriQuint’s HA 0.5 micron micro¬ 
wave and 1A general purpose IC pro¬ 
cesses. The LINMOD 3.2 library is priced 
at $995 and will be available in July from 
TriQuint. Telephone (503) 644-3535. 

Full Speed 
Ahead 

How do chip manufac¬ 
turers test their fastest 
circuits? With the fastest 
lateral DMOS FETs 
around, available from 
Topaz Semiconductor. How 
do we know? Because we 
invented them. 

From low-cost plastic discretes to high-performance 
military circuits, Topaz’s lateral DMOS products form 
a high-speed performance bridge between silicon and 
gallium arsenide. Applications run the spectrum 
from raster and laser drivers to phased-array radar. 

We offer the widest range of lateral DMOS 
products and packages on the market for high-speed 
analog and digital switching within conventional 
voltages. 

Call us for a data book on our complete 
product line. From DMOS FETs 
to digitally controlled attenuators, 
Topaz leads the way. 

SEMICONDUCTOR 

Topaz Semiconductor, 1971 N. Capitol Avenue, San Jose, CA 95132-3799 
TEL (408) 942-9100 TWX 910-338-0025 FAX (408) 942 1174 
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news Continued 
TIW Awarded Contract 
TIW Systems, Inc., of Sunnyvale, Calif., 

has been awarded a contract to upgrade 
the tracking and antenna control system 
at the matura earth station by the Trinidad 
and Tabago External Telecommunications 
Company Limited (TEXTEL). TIW will 
replace the existing tracking and anten¬ 
na control system with a microprocessor 
based satellite tracking drive system. 

Lockheed Awards Contract to W-J 
Lockheed Aeronautical Systems Group 

of Ontario, Calif., has awarded a $5.7 
million contract to Watkins-Johnson Com¬ 
pany. The contract calls for W-J to sup¬ 
ply products and technology to enhance 
existing wideband receiving systems with 
the addition of a direction-finding capabili¬ 
ty. Work on the contract will be conducted 
at W-J ’s San Jose facility. 

We can cut your 
UHF frequency source 

requirements down to size! 

Our SAW-stabilized frequency 
sources provide a unique solution to 
your demanding UHF and microwave 
system requirements. They can pack 
the performance of the finest cavity 
oscillator into a volume as small as 0.01 

Our SAW-stabilized frequency 
sources are being used in IFF/ATC 
systems, GPS receivers, radar and 
ECM systems, microwave digital 
radios, fiber-optic communications, 
and a host of other UHF, microwave 

18 

cubic inch. Their superb phase noise 
performance, excellent reliability, 
small size and low power consumption 
are made possible by our advanced 
UHF Quartz SAW technology. 
We cover applications from 100 

MHz to 6 GHz, and offer a wide 
range of options including voltage 
tuning, temperature compensation and 
integral frequency multiplication. We 
can provide testing and screening to a 
variety of MIL standards, plus MTBF 
calculations in accordance with 
MIL-HDBK-217E. 

and high-speed logic applications. 
Contact us with your next UHF 

frequency source requirement. You 
will find our engineering staff ready 
to provide you with a custom solution 
that is innovative, timely and 
cost-effective. 

RFM 
RF Monolithics, Inc. 

4441 Sigma Road • Dallas, Texas 75244 U.S.A. 
Phone: (214) 233-2903 • Fax: (214) 387-8148 

Telex: 463-0088 
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Noise Com Moves to Larger Facility 
Noise Com, a supplier of noise sources, 

automated noise generating equipment, 
digitally tuned VCOs and synthesizers, 
has moved to a larger facility at E. 64 
Midland Avenue, Paramus, NJ 07652. 
Their phone number is (201) 261-8797. 

Rantec Opens New 
Manufacturing Plant 
Rantec Anechoic/EMI Systems Group 

has opened a 94,000 square foot plant in 
Durant, Okla. The plant is equipped with 
absorber manufacturing equipment in¬ 
cluding two semi-automated impregnators 
and a computer controlled saw. 

Leader Announces New Facility 
Leader Instruments Corporation has 

announced the completion of a 10,000 
square foot facility in Cypress, Calif. The 
new building houses sales, service, and 
warehousing. 

ERA Launches Standards Program 
The Electronic Representatives Associ¬ 

ation (ERA) announced the launch of 
Commitment to Performance, a program 
to articulate the professional standards 
that customers and principals should ex¬ 
pect from manufacturers representatives 
in the electronics industry. A brochure that 
spells out the eight performance stan¬ 
dards that a principal can expect from a 
manufacturers’ representative, plus seven 
standards that customers can expect is 
available. 

Rockwell Opens European 
Design Center 

Rockwell has opened the Semiconduc¬ 
tor Products Division of Rockwell Interna¬ 
tional’s European remote design center in 
Sophia Antipolis, France. Initial activities 
for the design center include hardware 
and software enhancements of the divi¬ 
sion’s data and image, telephony, ISDN 
and local area network products to meet 
customer and European PTT specifica¬ 
tions. Computer design equipment loca¬ 
ted in the facility will be linked directly to 
the division’s research and development 
center in Newport Beach, Calif. The 
center is located at Les Taissounieres -
B.1, Route des Doulines, Sophia Antipolis, 
06560 Valbonne, France. 

Penstock Opens New Sales Offices 
Penstock has opened three new sales 

offices in Arizona, Colorado and Indiana. 
The new locations will cover southern 
Nevada and Arizona from the Tempe, 
Ariz., office; Colorado and Utah for the 
Englewood, Colo., office and Indiana and 
Ohio from the Indianapolis, Ind., office. 
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ff coyer story_ 

G a As Switch Modules For 
High Performance Applications 
By Raymond S. Pengelly, 
Amin Ezzeddine and Barak Maoz 
Tachonics Corporation 

GaAs MMIC technology and circuit 
design has matured to a point where a 
number of products are now available 
commercially. Until recently these pro¬ 
ducts have been single bare die or 
packaged single devices. Subsystem 
research and development centers have 
been building multi-chip modules for 
some time (ref. 1 and 2 for example), but 
there have been very few examples of 
such items being commercially available. 
This article describes a number of GaAs 
MMIC switches and the assembly of 
these parts into multi-chip modules built 
specifically as cost-effective products. 

A standard 1 micron in-house fabrica¬ 
tion technology is used to manufac¬ 

ture the MMICs described. The active 
devices, FETs and diodes, are produced 
using optimized selective implantation of 
Si resulting in planar circuits. Resistors 
are produced using either n or n-i- im¬ 
plants or TaN thin-films. Capacitors are 
produced using Si3N4 dielectric which is 
also used for FET and other component 
passivation. Crossovers of second-level 
over first-level metallization employ air¬ 
bridges. Following thinning, through-
GaAs vias are etched if necessary, the 3 
inch wafers being back metallized, DC 
tested and sawed. 
MESFETs are generally used as re¬ 

placements for PIN diodes in MMICs 
because the technology required to pro¬ 
duce high performance planar PIN diodes 
is less well understood and more difficult 
than that required for FETs. It is, therefore, 
also easier to integrate other functions on 
the same die, reducing fabrication com¬ 
plexity and increasing yields. Depletion 
mode FETs (normally “on”) are used 
where the FET is pinched-off to produce 
its high resistance state. The low re¬ 
sistance achieved in the “on” state of the 
FET is determined by a number of tech¬ 
nological factors including channel re¬ 
sistance, ohmic contact resistances and 
parasitic resistances between drain and 
source. 
The GaAs FET switch requires very lit¬ 

tle current and low voltage to control it, 
typically -5 to -8 volts (i.e., 2 volts or so 
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beyond pinch-off) at a few tens of micro¬ 
amps. The other major electrical advan¬ 
tage of the FET switch is its low video 
breakthrough from the control port (gate) 
to the RF line (drain and/or source). This 
results in the device having very low 
switching harmonics in the RF band. For 
example, atypical MESFET switch oper¬ 
ating at 10 MHz p.r.f. with 5 nsec, rise and 
fall-times will have a spectral noise con¬ 
tribution of -60 dBm at 200 MHz without 
any video filtering. The switch has also in¬ 
trinsically very fast switching speed, 
typically less than 2 nsec. The small size 
and relative ease of use of MMIC switches 
allows the replacement of PIN diode cir¬ 
cuits at frequencies up to 20 GHz in such 
applications as switched VCOs, chan¬ 
nelized receivers and phase shifters. The 
advantages and disadvantages of FETs 
versus PIN diodes used as switches are 
summarized in Table 1. 
The MESFET used as a switch is 

basically a voltage controlled resistor 

whose resistance value is determined by 
the voltage applied to the gate of the 
device. No intentional DC voltage needs 
to be applied to the drain or source of the 
FET as in an amplifier. Figure 1 shows a 
simple equivalent circuit of the FET switch 
in its low and high impedance states. 
When the FET is in its “on” state the in¬ 
sertion loss of the switch is mainly due to 
the drain-to-source resistance, Rds . A 
typical value for Rds is 3 ohms for a 1 
mm gate width FET having 1 pm gate 
length. In the “off” state the isolation is 
mainly determined by the corresponding 
Rds value only at low frequencies 
(typically 100K ohm) and, as frequency in¬ 
creases by the parasitic drain-to-source 
capacitance (Cds + 1/z[Cgs + Cgd, where 
the gate is assumed to be RF open¬ 
circuit). Typical values for this parasitic 
capacitance are 0.4 pF, leading to a reac¬ 
tance of 50 ohms at 8 GHz. In order to 
provide isolation at high frequencies 
either this capacitance has to be reson-

Figure 1. FET switch equivalent circuits. 

(b) High Resistance State 

Characteristic FETs PINs 
Insertion Loss Can be low Usually low 
Isolation Excellent Good 
Current consumption Very low - typ. 50 uA Medium - typ. 20 mA 
Operation to DC Very good Not possible 
Video breakthrough Very low without Only low with 

precautions precautions 
Power handling Up to 10 watts CW 100 watts but at 

lower speed 
Speed Very fast - 1 nsec. Fast - 10 nsec. 

Table 1. FETs versus PIN diodes. 
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ated with inductance leading to relatively 
narrow-band operation or incorporated in¬ 
to a filter/travelling-wave structure to pro¬ 
vide wider bandwidths. 
The high-isolation broadband switches 

designed by Tachonics employ both 
series and shunt FETs, but without using 
series or shunt tuning elements. The ef¬ 
fective source-drain capacitance of the 
shunt FETs is incorporated into a capa¬ 
citively loaded transmission line (Figure 
2). The addition of series FETs to each 
branch of the SPDT switch improves the 
low frequency isolation when they are 
biased to their high resistance states, 
while the shunt FETs biased to their low 
resistance states provide isolation at the 
higher frequencies. Many of these MMIC 
switches also contain switched 50 ohm 
loads at each throw such that the devices 
maintain a matched condition in both “on” 
and “off” states. These loads can op¬ 
tionally not be bonded to ground providing 
a switch with "open circuit” reflective 
VSWRs in the “off” state. 

Product Examples 
The TCSW-0400 SPDT switch operates 

over DC to 6 GHz and has been manufac¬ 
tured in volume production. This switch 
has an insertion loss of 0.8 dB at 4 GHz 
with a corresponding isolation of >35 dB 
and a 1 dB input compression point of 
>30 dBm. This switch has been used to 
produce a number of low frequency 
custom designs such as transfer switches 
and digital attenuators. 
The main electrical parameters of the 

complete family of switch devices are 
shown in Table 2. Figure 3 shows the cir¬ 
cuit diagram of the TCSW-0600 SPDT 

Figure 2. Switch using FETs in artificial transmission line. 

Figure 3. Circuit design of TCSW-0600 absorptive switch. 

Figure 4. Photograph of TCSW-1600 
SPDT switch with driver. 

Figure 5. Low loss, high power 
SPDT switch (TCSW-1300). 

RF POWER AMPLIFIERS 
for 

MILITARY & AIRCRAFT COMMUNICATIONS 
□ 30-80 MHz VHF Tactical FM 
□ 225-400 MHz UHF Satcom FM 

□ 116-152 MHz VHF Aircraft AM 
□ 225-400 MHz UHF Aircraft AM 

20 

RF Power Output levels from 25 to 200 Watts 
RF Input Power from .25 to 20 Watts 
Manpack, Mobile and Fixed Installation Configurations 
Automatic amplifier bypass circuitry for transceiver 
operation 
Broad band circuitry, no tuning or adjustment required 
Amplifiers compatible with any Transmitter or 
Transceiver operating in the listed frequency ranges 
12 and 28 Volt models available 

Milcom 
International Inc. 

10891 CAPITAL AVENUE, GARDEN GROVE, CALIFORNIA 92643 • 714-554-1710 
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1 

Figure 6. Switching noise spectra 
of TCSW-0500. 

Figure 7. GaAs FET MMIC switch 
operated from positive voltages. 

Figure 8. RF performance of posi¬ 
tive supply configuration. 

Figure 9(a). Insertion loss, isolation 
and return loss of TCSW-1301 SPDT 
switch. 

switch (3). The switch can be configured 
to be either absorptive or reflective allow¬ 
ing it to be used in multithrow switch ap¬ 
plications. The TCSW-0500 and 0600 
SPST and SPDT switches have been 
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FAST SWITCHING 
FREQ. SOURCES FOR: 
AUTOMATIC TEST 
COMMUNICATIONS 
NMR-MRI, ECM 
LOW JITTER TIMING 
SURVEILLANCE 
DOPPLER SYSTEMS 

DIRECT SYNTHESIS 
FROM 0.1-500 MHz 
ANY FREQUENCY 
ANY RESOLUTION 
(MHz to 0.1 Hz) 
micro-s SWITCHING 
DDS-VERSIONS (TLU) 
VERY LOW NOISE 
REMOTE: BCDorGPIB 

PTS s CONFIDENCE, 
QUALITY SYNTHESIZERS 
FOR OVER A DECADE 

FREQUENCY SYNTHESIZERS 

LITTLETON, MA (617) 486-3008 
FAX (617) 486-4495 
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used in a range of high isolation, fast 
switch modules operating up to 8 GHz. 
Options with GaAs on-board TTL drivers 
have also been dveloped. The TCSW-
1600 SPDT switch with driver is shown in 
Figure 4. Derivatives of the TCSW-0500 
through 0800 switch family are the TCSW-
5300 and 5400 devices, fully integrated 
SP3T and SP4T die operating over 8 GHz 
bandwidths. These latter switches are 
basically combinations of SPST switches. 
All were designed for both single and 
multi-die packaging and driver interfacing. 

Like PIN diode switches, MMIC coun¬ 
terparts can use both series and shunt 
FETs. In this case, drivers with comple¬ 
mentary control voltages are required to 
drive the series and shunt FETs in the cir¬ 
cuit. A number of drivers exist, such as 
the Teledyne TSC CMOS 420-430 series, 
Harris CMOS HI 5051, Maxim IH 5043 
and Impellimax GX 101 B2 circuits. In ad¬ 
dition to using such external drivers, 
Tachonics has also developed two in¬ 
tegrated driven switches (the TCSW-1500 
and 1600, SPST and SPDT), which incor¬ 
porate 1 volt threshold depletion mode 
gates on the same die as the RF switches. 

Features of MMIC Switches 
GaAs MMIC switches using MESFETs 

have a number of features which can be 
optimized during design. These features 
include power handling, switching speed 
and video breakthrough, all areas where 
similar attention has also been given to 
PIN diodes. 
Power Handling. The power handling 

capability of MESFET switches is depen¬ 
dent on a number of device variables 
such as saturated drain current (normal 
FET definition), pinch-off voltage, gate-to-
drain and gate-to-source breakdown vol¬ 
tages. These parameters are influenced 
by four major process dependent vari¬ 
ables: gate recess depth and width, total 
gate width, implantation profiles and gate-
to-drain and gate-to-source separations. 
In addition it is possible to enhance RF 
power handling by changing the working 
characteristic impedance, and by using 
a number of FETs in novel arrange¬ 
ments. The TCSW-0400 and TCSW-0600 
switches, for example, have 1 dB inser¬ 
tion loss compression input powers of 1 
and 2 watts CW, respectively. As fre¬ 
quency is decreased the devices are not 
able to handle so much CW power, par¬ 
ticularly as the frequency goes below 
1/nRg (Cgs + Cgd + 2Cds), where Rg is the 
resistance used in series with the gate of 
each FET. For example, a 1pm gate width 
FET having a 2k ohm gate resistor, the fre¬ 
quency at which RF power handling starts 
to degrade is approximately 250 MHz. 

Figure 9(b). Compression charac¬ 
teristics of TCSW-1301 at 3 GHz. 

Figure 10. Performance of transfer 
switch module. 

This knee frequency can be decreased by 
either increasing the gate width (at the ex¬ 
pense of switching speed and bandwidth) 
or increasing the value of Rg. 
Because switch power handling de¬ 

pends also on the instantaneous RF 
voltage across gate-to-drain and gate-to-
source it is usual that FETs will handle RF 
power until either the gate diode is 
forward-biased during the positive half¬ 
cycle or reaches breakdown in the nega¬ 
tive half-cycle. Thus, a careful com¬ 
promise has to be made with the quies¬ 
cent gate voltage that is applied in the 
“on” or “off” states (depending on 
whether the FET is in series or shunt). For 
a FET with a >16 volt (gate-to-
source/drain) breakdown voltage, a con¬ 
trol voltage of -8 volts will assure that the 
source/drain is able to handle approx¬ 
imately 8.7 volts or 16 volts when the gate 
is at -8 or 0 volts, respectively. In the 
simplest case of a series/shunt FET com¬ 
bination the switch is then able to handle 
approximately 162/100 watts or 2.5 watts. 
Tachonics has developed a 5 watt CW 

SPDT switch having a loss of <0.4 dB up 
to 2 GHz. In order to provide such power 
handling the switch incorporates FETs 
whose parameters have been optimized 
simultaneously by a combination of small 
and large signal analyses (Figure 5). 
Switching Speed and Video Break¬ 

through. The MESFET is intrinsically a 
fast switch where the channel is depleted 
of electrons, following the time constant 
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Figure 11. Isolation and insertion 
loss of very high isolation switch. 

Figure 12. SP4T switch module 
with driver. 

Figure 13. Schematic diagram of 
programmable gain module. 

Figure 14. A 16-bit switched 
attenuator. 

determined by the driving impedance of 
the gate source/drain and the total gate 
circuit capacitance. For a 1pm gate width 
FET the switching speed is approximate¬ 

ly 0.5 nsec assuming a 2K ohm resistor 
in series with the gate electrode. For ex¬ 
ample, the TCSW-0600 switch consists of 
5 devices per throw having a combined 
switching time of approximately 1.5 nsec. 
It is not only important to provide GaAs 
MMIC switches with inherently fast switch¬ 
ing speed but also to ensure that the time 
constants to the FETs in the switch are 
equal such that video breakthrough is 
minimized. Such design action also en¬ 
sures that the switching noise (spectral 
content of the video breakthrough) is 
minimized, a particularly important 
feature in maximizing dynamic range at 
low frequencies. 
An example of the switching noise 

spectra of a TCSW-0500 SPST switch 
driven at a 15 MHz PRF (50 percent duty 
cycle) with complimentary control pulses 
from a fast TTL driver having 5 nsec rise 
and fall times is shown in Figure 6. No 
special precautions were taken in reduc¬ 
ing the video breakthrough as would be 
the case for a PIN diode counterpart., 

Driving MMIC Switches from Positive 
Voltages. Many users need to use positive 
control voltages, usually for one or two 
reasons: either only positive supply rails 
are available, or they are more familiar 
with using positive voltages from their PIN 
diode experiences. 

Figure 7 shows a scheme where the 
TCSW-0400 SPDT switch is controlled 
with standard TTL logic levels. The shunt 
FETs are raised off ground using 120 pF 
chip capacitors while the RF switch 
elements use 30 pF chip blocking capa¬ 
citors. The sources of the shunt FETs are 
raised to a positive voltage equal to the 
absolute value of the control voltage (e.g., 
+5 or 8 volts). The RF performance of 
such a switch arrangement is shown in 
Figure 8. The switch operates well from 
250 MHz to its upper design limit, but 
operation to DC is not possible. 

Applications 
High Power Switches. Commercially 

available MMIC switches have typically 
had 1 dB compression points in the V2 to 
1 watt CW region. The switch shown in 
Figure 5 was specifically designed for 
higher power applications. Gate widths 
were chosen to handle the required peak 
RF currents, where the structure of the 
FETs was optimized for high breakdown 
voltage. The switch was also designed for 
low loss in the DC to 3 GHz frequency 
band, enabling its application in L- and S-
band active array radar transmit/receive 
applications. The two throws of the switch 
can be bonded differently allowing high 
power switching on the transmit throw and 
high isolation (lower power) on the receive 

PRODUCTS 

EXCELLENT PERF/PRICE 
2-YEAR WARRANTY 
25,000 h MTBF 
8-YEAR FLAT RATE 
SERVICE CHARGE 
REALISTIC FIRST COST 

TRACK RECORD 
FIRST IN OEM 
SYNTHESIZERS 
SUPPLYING THE 
INDUSTRY FROM 
BLUE CHIPS TO 
START-UPS 
SINCE 1975 

SERVICE 
FAST, COURTEOUS 
AND DEPENDABLE: 
THE PTS WAY 

FREQUENCY SYNTHESIZERS 

LITTLETON, MA (617) 486-3008 
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throw. Figure 9(a) shows the small-signal 
performance of the switch in the receive 
and transmit throws indicating an inser¬ 
tion loss for the die itself of 0.35 dB at L 
band. In the transmit throw the power 
handling is indicated by Figure 9(b) 
where a 1 dB compression point of 5 watts 
CW is shown. 

Switch Modules. A range of switch 
modules has been built using combina¬ 
tions of TCSW-0400 through 0800 switch 
die and various drivers (CMOS, TTL, ECL) 
in a variety of packages. For low frequen¬ 
cies (<2 GHz) requiring medium isolations 
(>30 dB) low cost glass-to-metal seal flat¬ 
packs can be employed. Figure 10 shows 
the main results of a transfer switch used 
at radar IFs up to 1 GHz, driven by two 
CMOS drivers in a 14 lead flatpack. In¬ 
sertion loss was <1.6 dB with a minimum 
isolation of 53 dB at 200 MHz. Total 
switching time including driver delay time 
was 70 nsec. The complete unit measures 
only 0.375 inches square by 0.11 inches 
deep. 

Isolations in excess of 70 dB or so re¬ 
quire special attention to be paid to both 
the RF and control circuits. Figure 11 
shows the insertion loss and isolation of 
a unit which contains three packaged 
switches integrated onto a single micro¬ 
strip carrier. In order to retain high isola¬ 
tion the three switches are not only 
housed in separated compartments but 
special attention was also paid to minimiz¬ 
ing RF leakage through the control ports 
via the driver circuitry. 
As discussed previously, SPST 

switches are often used to produce 
multithrow units. Figure 12 shows an ex¬ 
ample of a matched SP4T using 4 TCSW-
0700 SPST switch die for operation to 8 
GHz. This same unit can also be used as 
an SP3T switch where all the ports are 
matched even in the "all-off” state. In this 
unit four CMOS drivers are used with a 
single -12 volt rail. The module size is 
0.625 inches square by 0.13 inches deep. 

Table 3 summarizes some of the per¬ 
formance features of Tachonics MMIC 
switch modules. 
Programmable Gain. MMIC switches 

and amplifiers have also been combined 
with chip attenuators to produce program¬ 
mable gain modules. Figure 13 shows the 
schematic of such a unit operating over 
the 500 MHz to 4 GHz frequency range. 
In this particular unit, five TCSW-0400 
SPDT die were combined with a single 
TCWL-0100 50 MHz to 4 GHz amplifier die 
allowing +10, -10 and -30 dB gains to be 
chosen from port 1 to port 3 or the full 
gain of 10 dB from port 2 to port 3. Return 
loss is better than 13 dB on both inputs 
and the output under all gain conditions. 

1 dB 
Frequency Insertion Isolation Input 

Model Range, Loss, dB dB Maximum Power 
Number GHz @ f 1 & f2 @ f 1 & f2 On Off dBm 

0400 DC-6 0.6/1 .0 70/30 <1.5 Refl. 30 
0401 DC-5 0.8/1 .5 70/27 <1.5 Refl. 30 
0402 DC-6 0.8/1 .4 65/27 <1.7 Refl. 30 
0700 DC-18 0.8/1 .7 55/34 <1.6 <2.0 31 
0800 DC-18 1. 1/2.2 63/34 <1.9 <2.5 31 
0502 DC-8 0.7/1 .4 63/45 <1.5 <1.5 31 
0602 DC-8 1.0/1 .8 66/40 <1.5 <1.5 31 
0720 DC-18 1. 1/3.2 52/35 <2 <2 31 
0820 DC-18 1.5/3.0 60/30 <1.9 <3.0 31 
1301 DC-3 0.20/0.45 70/40 <1.2 <1.4 37 
1607 DC-8 1.0/1 .8 66/40 <1.5 <1.5 31 
(note) 

Notes: 
f1 is 45 MHz for 04xx and 1301. 
f2 is 3 GHz for 1301. 
f2 is 6 GHz for 0400, 5 GHz for 0401 and 6 GHz for 0402. 
f1 is 1 GHz for 0502, 0602 and 1607; 8 GHz for 07XX and 08XX. 
f2 is 8 GHz for 05XX, 0602 and 1607; 18 GHz for 07XX and 08XX. 
TCSW-1607 is a SPDT switch with integrated GaAs TTL driver. 

Table 2. Summary of performance of Tachonics GaAs MMIC switches. 

Product No. TCSW-0140 TCSW-0240 TCSW-1141 TCSW-1241 TCSW-14XX 

TYPE SPST SPDT SPST SPDT SP4T 
Non-reflective Non-reflective Non-reflective Non-reflective Non-reflective 
Undriven Undriven Driven Driven Driven 

Isolation 70 dB min. 70 dB min. 70 dB min. 70 dB min. 50 dB min. 

Insertion Loss 2 dB max. 2 dB max. 2 dB max. 2 dB max. 2.5 dB max. 

Rise/Fall Time 2 nS max. 2 nS max. 8 nS max. 8 nS max. 100 nS max. 
5 nS typ. 5 nS typ. 

Rep. Rate 200 MHz 
max. 200 MHz 

max. 15 MHz max. 15 MHz max. 4 MHz max. 

Package Style TC40 Drop In TC40 Drop In TC41 Drop In TC41 Drop In 

Prototypes 
Ready By Available Available Available Available 6/30/88 

Table 3. Performance characteristics of Tachonics switch modules. 

Switched Attenuators. Figure 14 shows 
the circuit schematic for a 4 bit switched 
attenuator covering DC to 3 GHz employ¬ 
ing eight TCSW-1300 SPDT die together 
with four thin-film chip T-attenuators pro¬ 
viding 1 through 15 dB attenuation. The 
phase of each attenuator bit is held con¬ 
stant by equalizing the electrical length 
between the “straight-through” path and 
the attenuator pads. Using the TCSW-
1300 low-loss SPDT die results in an in¬ 
sertion loss per bit of as low as 0.7 dB, 
leading to a 3.0 dB insertion loss for the 
complete four-bit attenuator. 

Conclusions 
This article has described the operation 

and application of a number of GaAs 
MMIC FET-based switch die and modules. 
Information on the characteristics and 
control of such devices has shown that 
such switches have now reached a rela¬ 
tively mature status. MMIC FET switches 
have a number of advantages over PIN 
diodes, particularly in respect to low video 
breakthrough, conveniently high isola¬ 

tions per chip and the ability to be intrin¬ 
sically matched while operating with very 
low drive currents. 

The authors would like to thank a 
number of their colleagues who have 
made significant contributions to the work 
described above. They include: D. Brant, 
J. Faguet, R. Makkay, and the wafer fabri¬ 
cation, assembly and test teams. 
For more information on the GaAs 

MMIC switch modules described in this 
article, circle INFO/CARD #190. 0 
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Solving shielding problems can be a snap 
inrlviirvinnl Cnnri*! líirxo f 

Simply drill or punch holes 
into the mounting surface, and 
snap-in Instrument Specialties’ 
new Snap-tite1" RF-shielding gaskets! 

They’re especially useful when 
design considerations preclude 

the use of our adhesive-backed 
Sticky Fingers® 

That's all it takes to provide you with highest elec¬ 
trical conductivity, maximum shielding, and tre¬ 
mendous holding power! This new design is 
particularly advantageous where spring pressure 
alone is not adequate to keep the gasket mounted 
securely. 
Another method of handling a similar problem is 
to use our new Grip-tite™ strips. They employ 
unique, sharp lances to "bite” into a door flange or 
other surface, preventing accidental dislodgement 
while preserving electrical conductivity.. .and 
shielding effectiveness. 
Finally, when forces are moderate, Instrument 
Specialties’ regular Clip-tite™ Shielding Strips 
have enough gripping power to hold. ..and shield. 

No matter what your problem, there’s an Instrument 
Specialties beryllium copper shielding strip to meet 
your needs. To help determine the exact strip best for 
you, call or write us at Dept. RF-48. 
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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 



NEED BROAD-BAND COAXIAL RELAYS? 
FROM 2 TO 24 THROW, MATRIX HAS THE ANSWER 

Our versatile 7000 series of 
coaxial relays have band-widths 
from DC up to 800 MHz. They’re 
available from 2 to 24 throw. 
And by using our 9000 series 
cross-straps, switching matrices 
of any size can be configured. 
Why have Matrix broad-band 

relays become the industry 
standard? Because we construct 
them of precision machined 
anodized aluminum alloy, all 
signal shield paths are silver 
plated, and basic switch ele¬ 
ments are hermetically sealed 
in nitrogen filled gas envelopes 
with rhodium plated contacts to 
insure non-stick operation. 

The end result is extremely 
low crosstalk, EMI and VSWR. 
Another plus, all switchpoints 
are individually field replaceable. 
The units are plug compatible 

with Matrix 6100A and 1600 
Series Logic Modules for com¬ 
patibility with RS-232, RS-422 
and IEEE-488 Interface busses 
as well as 16 bit parallel. 

Non-blocking Matrix configu¬ 
ration may be easily assembled 

MATRIX 
SYSTEMS CORPORATION 

5177 NORTH DOUGLAS FIR ROAD 
CALABASAS. CALIFORNIA 91302 

using our self-terminating relays 
and 5100A series power dividers. 
Built-in Video/RF amplifiers 
allow zero insertion loss designs. 
So if you’re looking for broad¬ 

band relays, it pays to deal with 
Matrix. After all, we’ve been 
designing state-of-the-art reed 
relay and semiconductor switch¬ 
ing systems for over 18 years. 
Our customers include gov¬ 

ernment agencies, defense 
contractors, the TV industry, 
ATE and telecommunications 
companies— and more. 
Phone: 818-992-6776 
TWX: 910-494-4975 
FAX: 818-992-8521 
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MORE EMI/RFI PROTECTION -FOR LESS 

Save up to 31 % 
on your next 
shielded enclosure. 

Lindgren Modular Shielding Systems are 
assembled, tested and guaranteed to 
meet specifications before they are shipped. 

Modular Screen Room 

New, wider shielding panels offer two big advan¬ 
tages: Lower cost and greater reliability. 

Eight inches added to the width of Lindgren’s stan¬ 
dard modular panels gives you 44% more floor 
space and reduces the square foot cost from 22% to 
31%. Fewer seams mean more dependable per¬ 
formance. 

Panels Size Sq. Ft. $/Sq. Ft. 

Standard Rooms 30 1O'x2O' 200 $84.15 
NEW 
Wide Panel Rooms 30 12'x24' 288 $60.84 

Difference +88 -$23.31 
(44%) (27.7%) 

These double electrically 
isolated, high 
performance 
shielding sys¬ 
tems can easily 
be assembled by 
two people with 
basic mechanical 
skills. A simple 
clamping techni¬ 
que assures 
maximum performance 
through repeated take 
down and reassembly. 

Modular Solid Shield Room 

We’re ready to help you meet your shielding needs 
with a lower cost modular system and the same high 
quality you’ve come to expect from Lindgren. 

Based on Model 30 copper screen construction (including door, 
air vents, finished floor panels in ready to assemble kit form), 
F.O.B. Factory. Prices subject to change without notice. 

Optional Accessories: 
Filters, Waveguide Feedthrus, Fiber Optics, 
Emergency Exits, Permanent Ramps and Flush 
Floors (with low-rise thresholds). 

Call us for more information and applications 
assistance. 

1228 Capitol Drive 
Addison, Illinois 60101 
312-628-9100 
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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 
manufacture VSB filters for 
systems M, BG, I, J and D/K 
as well as a complete line 
of Satellite Receiver filters 
at 70 and 610 MHz in all 
standard bandwidths. 

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

■ Delay lines with fractional bandwidths 
greater than 50%. 

■ Hybrid and RC. 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. 
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rf featured technology_ 

Principles of Microstrip Design 

By Alam Tam 
American Microwave Technology 

Microstrip is becoming a more important and popular transmis¬ 
sion media for use in the RF and microwave industry, based upon 
its electrical, cost, size, manufacturability and reproducibility per¬ 
formance. All RF, microwave and high speed digital circuit 
designers should become familiar with microstrip design techni¬ 
ques to better their job skills. This microstrip design tutorial will 
enhance your understanding of the advantages, electrical 
characteristics and physical properties through practical applica¬ 
tions, specific equations, useful tables and design examples. 

Microstrip is a transmission line which carries the RF signal 
from one point to another with a unique characteristic im¬ 

pedance. The characteristic impedance is determined by the 
selected w/h ratio, plus the board or substrate material used. The 
physical cross-sectional construction of a microstrip above the 
dielectric medium is shown in Figure 1. The high frequency 
energy will produce a skin effect on the microstrip conductor. 
The current density around the conductor is then concentrated 
on a sheet where a skin thickness deep on the surface will be 
exposed to the electric field. 
The transverse electric (TE) mode defines that a transmission 

have magnetic field components in the direction of energy flow 
yet the electric field is everywhere transverse. On the other hand, 
transverse magnetic (TM) mode defines that the transmission 
have the electric field components in the direction of energy flow 
yet the magnetic field is everywhere transverse. They are referred 
to as “higher order” modes for microwave transmission. 
As a practical recommendation, the physical separation be¬ 

tween the metallic cover and the actual microstrips on the 
substrate should be at least 10 times the substrate thickness. 
To avoid the higher waveguide mode excitation within the 
enclosure, the physical width of the housing in which the 
microstrip are situated, should not be more than one half of the 
free space wavelength at the operating frequency. 

Microstrip design has proven to be a very mature technology. 
It provides wide operating bandwidth, good miniaturization, 
tremendous weight reduction, satisfactory thermal character¬ 
istics, reasonable RF power handling, ease of component integra¬ 
tion and mass production. It is being widely used in many military 
and spaceborne programs. Historically, the reliability perfor¬ 
mance of microstrip designs has been successful, as predicted. 

Review of Fundamental Transmission Line Equations 
Since the electric and magnetic field lines and the ground 

plane are not entirely contained in the substrate as shown in 
Figure 2, the propagating mode along the microstrip is not purely 
transverse electromagnetic (TEM) but quasi-TEM. Assuming it 
is quasi-TEM, the phase velocity in the microstrip is given by: 

Vp = C//ë^ (1) 

The wavelength in the microstrip line is given by: 
Ag = Vp/f (2a) 

Where, Àg = = C/f/Ë^ (2b) 

Àg = microstrip wavelength 
Ão = electrical wavelength in the free air 

RF Design 

The characteristic impedance of the transmission line is also 
given by: 

Zo = 1 / VP(C), where C = 3 x 108 m/s (3) 

Determination of Characteristic Impedance (Zo) 
The Wheeler and Schneider formulas shall be considered 

because they provide accuracy better than 2 percent. 
For w/h < 1, 

60 
Zo = _ In (8h/We + .25We/h), where: (4a) 

V G eW

eeH = + -^^[(1+12h/We)-°5+0.04(1-We/h)2] (4b) 
2 2 

For w/h > 1, 

377 
Zo = -- -- (5a) 

[We/h + 1.393 + 0.667 ln(WB/h + 1.444)] 

t 2he
We = W + — (In — -+ 1) Effective microstrip width (5b) 

n t 

he = h - (2t) Effective thickness of the substrate (5c) 

€.+1 Gr-1 
ee„ = - +- [(1+12h/We)-05] Effective dielectric constant 

2 2 (5d) 

Example #1: What is the characteristic impedance of an 
80 mil wide microstripline on a 1/32” thick Teflon 
fiberglass board with a dielectric constant of 2.55? 

ee„ = 1.78 + 0.775 (0.425) = 2.1 
We = 80 + 2 = 82 mil 

he = 31 - 2(1.4) = 28 mil 
@t = 1.4 mil thickness for 1 oz. copper clad material 

We/h=82/31=2.65, which is greater than 1 in this case: 

377 
Thus, Zo [82/31 +1 393+0.667 In (82/31+1.444)] 

377 
=- = 52 Ohms 
7.22 

An alternate solution can be achieved by using the graphical 
design approach, referring to Figure 3. Draw a vertical line start¬ 
ing at w/h = 2.65 axis until it intercepts with the e = 2.55 curve. 
At the same point, make a line in parallel with the w/h axis until 
it reaches the vertical Zo axis. Therefore, the new characteristic 
impedance can be easily found and the result should be fairly 
close to that calculated in Example #1. 

Electrical length of an inductive microstrip is determined by: 

Lx Vp 

Zo 
(6) 
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Figure 1. Cross-sectional view of 
microstrip. 

Figure 4. (a) shorted stub; (b) open 
stub. 

Figure 2. E and H field distribution. 
Figure 3. Characteristic impedance 
vs. w/h ratio. 

Figure 5. Electrical length (I) and Zo 
relationships: (a) inductor; (b) 
capacitor. 

Example #2: What is the electrical length of a 5 mil wide 
microstrip on an Alumina substrate with inductance of 15 
nH? 
First of all, the given information is listed as below: 

G, = 9.8; h = 25 mil w/t = .75 mil 

Using Equations 5b, 5c and 5d, We = 6 mil, he = 23.5 mil and 
Ge() = 6.0 can be calculated. 

60 60 
For w/h < 1, Zo = . In (8h/We+.25 We/h) = -= x 

In (8 x 25/6 + .25 x 6/25)=86 ohms 

Lx V. 15x109x0.41x3x1010
therefore, I = —- = - -

Zo 86 

= 2.15 cm or 0.85 in. 

Open and Shorted Circuit Reactances 
Usually, the open and short circuit types of microstriplines are 

called stubs and they are often used as DC feeding elements 
and distributed elements for microwave active and passive cir¬ 
cuit designs. The shorted stub behaves like an inductor and it 
normally has high characteristic impedance. On the other hand, 
the open stub behaves like a capacitor and it has very low 
characteristic impedance. Practically speaking, the electrical 
lengths of the shorted and open stubs are directly related to the 
effective wavelengths at the specific operating frequency. 

Propagation Delay of a Microstrip 
The propagation delay normally has nothing to do with the 

characteristic impedance of a microstrip, and is described by: 

tpd = \Z 0.475G, + 0.67 nsec/ft. (10) 

Example #4: What is the propagation delay of a foot long 
microstrip on a G-10 fiberglass epoxy board which has a 
dielectric constant of 4.8? 

tpd = \/ 0.475Gr + 0.67 nsec/ft. x 1 ft. = y0.475(4.8) + 0.67 
= 1.75 nanoseconds. 

Zsc = XL = +j Zo tan0 (ohm) (7a) 
It becomes an inductive reactance. 

Zoc = Xc=-j Zo cote (Ohm) (8a) 
It becomes capacitance reactance. 

e = tan-’ (XL/Zo) (7b) 

e = cot-’ (Xc/Zo) (8b) 

e = 2nl/Àg (9a) 

i = (9b) 

Physical and Electrical Properties 
f. Conductor and Dielectric Losses — There are two major 

dissipative losses in any microstrip design. Dielectric loss nor¬ 
mally is inversely proportional to the sheet resistivity (Rs) of the 
substrate. For a well-defined characteristic impedance, the con¬ 
ductor loss decreases inversely with the substrate thickness and 
increases with the square root of the frequency. 
For Conductor Loss: 

oc = 8.68 Rs / Zo x w @w/h > 1, dB/cm (11a) 

ac = 23.4 y f(GHz) x e dB/in (11b) 

ac = attenuation coefficient 

e = conductor resistivity in Ohm/cm, assuming that there is no 
sheet roughness on substrate 

For dielectric loss: 

od = 2.56f(GHz) (1.2^)(tand) dB/in (12) 

tan d = loss tangent of a dielectric material 

Rs = y ”1(hz)MC (13) 

Example #3: What will be the electrical length of a 
microstrip if its reactance equals the characteristic 
impedance? 

Since e = tan-’(XL/Zo) = tan-’ (1) = 45° or Àg / 8. 

Likewise, 0 = Cot-’ (Xc/Zo) = Cot-’ (1) = 45° or Àg I 8. 

Then, XL < 90 Ohms, Xc > 30 Ohms are suggested for prac¬ 
tical circuit application. 

Rs = surface skin resistivity in Ohm per unit square 

o = conductor conductivity in mho/meter = 1 I q 

M = permeability of the free space (4x nx10~7 Henry/meter) 

Surface roughness will increase the conductor loss. Conduc¬ 
tor losses usually greatly exceed dielectric losses for most 
microstrip lines, especially on alumina or sapphire substrates. 
However, semiconductor substrates with either silicon or gallium 
arsenide material result in much higher dielectric losses than 
conductor losses. 
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(b) odd mode wave excitation in the coupled microstrip lines. of coupled microstrip lines. 

Example #6: What are the conductor and dielectric losses 
of a 21 mil wide 50 ohm microstrip on a Duroid 6010 board 
operating at 10 GHz assuming no sheet roughness? 

Given: p=2x10_6 ohm/cm, €ef((10 GHz)=7.0, tan<5=12x1O 4 in; 

ac = 23.4 \/f(GHz)x e = 23.4 710(2x10’6) = 0.105 dB/in. 

ad = 2.56f(GHz) 
(SerXO-l) (1.2’«4)(tand) 

= 2.56(10) 
(7.03 - 1) 

(1.2)2 94(1 2x1O’4) = 0.12 dB/in. 

= ac + ad = 0.105 + 0.12 — 0.23 dB/in. 

2. Radiation Loss — Microstrip is actually an asymmetric 
transmission line structure and it is often used in unshielded or 
poorly shielded circuits where the radiation energy is free either 
to propagate away or to induce current flow. This will result in 
power loss. Discontinuities such as an open end, step change, 
bend or corner will radiate to some extent. For lower dielectric 
constant substrates, radiation loss is significant at higher 
characteristic impedance levels. For higher dielectric constant 
substrates, radiation becomes significant until low characteristic 
impedance levels are reached. Therefore, special care by the 
circuit designer to reduce radiation from microstrip circuits is 
highly recommended. Radiation resistance of open circuited 
microstrip is given by: 

In order to improve the crosstalk or isolation in high speed digital 
systems, the coupled microstrips should have high characteristic 
impedances and reasonable separation, within space limitation 
on the board. The mutual inductance and capacitance between 
two lines are used to determine the crosstalk coefficient. For¬ 
ward crosstalk (Kb) is normally smaller than the backward 
crosstalk on microstrip except for very long lines (>5 feet). For¬ 
ward crosstalk does not exist at all microstrips since they are 
made with a homogenous medium so that the inductively and 
capacitively induced currents cancel. The backward crosstalk 
coefficient for various types of microstrip line on a G-10 fiberglass 
epoxy board is given by: 

Kb = (1/4^) X (Lm/Zo + Cm X Zo) 

Lm = inductive coupling 

Cm = capacitive coupling 

Example #7: What will be the resistive radiation loss of 
a 50 ohm microstrip on a Duroid 6010 board operating at 
10 GHz? 

Given: GeH = 6.8, h = 0.0635 cm; Ao = 3 cm. 

For high speed digital board designs, keep in mind that it is ad¬ 
vantageous to have smooth, rounded line edges, constant line 
widths and minimum lead length for the terminating resistors. 

Example #8: What is the backward crosstalk constant be¬ 
tween two microstrips with 80 mil spacing on a 60 mil thick 
fiberglass epoxy G-10 board? 

Using the graphical design approach by referring to Figure 
8, draw a vertical line starting at s=50 mil Line Spacing Axis 
until it intercepts with h=59 mil curve. At the same point, make 
a horizontal line to the Kb axis. Therefore, the backward 
crosstalk constant or coefficient is found to be 0.06 as shown, 
the other line (passive line) would have a coupled signal of 
6 percent of the amplitude from the active line in a direction 
opposite to that of the driving signal. The reflection coefficient 
in this case will be twice as much, or 12 percent. 

C = 20 log 
Zoe - Zoo 

Zoe + Zoo 
(15) 

Zo2 = Zoe X Zoo 

/1 + IOc/20 
Zoe = Zo /-

V 1 - IQc/20 

= 1.58 dB. 

/1 - IOc/20 
Zoo = Zo /-

V 1 + IOc/20 

(16) 

(17a) 

(17b) 

3. Surface Wave Propagating Loss — Surface Wave energy, 
trapped underneath the surface of the substrate dielectric 
medium, will be propagated away in the form of a range of TE 
and radial TM modes. As operating frequency increases, the sur¬ 
face wave conductance becomes an important loss element. 

4. Parasitic Coupling — This primarily includes parallel 
microstrip resonator or line coupling, which will cause signal 
cross-talk and fringing capacitance. The electric and magnetic 
field line distribution of a quasi-TEM coupled microstrip is shown 
in Figure 6 and a cross-sectional view of a typical coupled 
microstrip is shown in Figure 7. The most important electrical 
characteristics depend on the coupling factor, odd mode and 
even mode characteristic impedances. The physical spacing bet¬ 
ween the parallel coupled microstrips can then be determined. 

C = Coupling factor 

Zoe = Even mode characteristic impedance 

Zoo = Odd mode characteristic impedance 

Age = 300 X Zoe / f(GHz) x Zo1e (18a) 

Ago = 300 x Zoo / f(GHz) x Zo1o. (18b) 

Àge = Even mode wavelength 

Àgo = Odd mode wavelength 

Zoe is due to the microstrips being at the same potential and 
carrying equal currents in the same direction. Zoo is due to the 
microstrip being at equal but opposite potential and carrying 
equal current in opposite direction. 
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Figure 8. Backward crosstalk on -
G-10 board. Figure 9. The Bryant and Weiss curves for (a) e = 1 and (b) e = 9. 

Example #9: What should be the width, spacing and 
length for a 10 dB coupler design using all 50 ohm 
microstrip on a 40 mil thick substrate @ 4 GHz? 

/1 + IO020 11 + 10 10/2° 
Zoe = Zo /- = 50/- = 69.5 ohm 

\/ 1 - IQc/20 \l i - ioio/2° 

Il - 1QC/20 ¡i _ 1010/20 
Zoo = Zo /- = 50/- = 36 ohm 

V1 + IO020 V1 + 10 10/20

Zo2 = Zoe X Zoo = 69.5 x 36 = 50 ohm (To doublecheck the 
Zo and it agrees) 

Using the Bryant and Weiss curve in Figure 9b, draw two 
horizontal lines, one for Zoe and one for Zoo until these two 
lines intercept with the same s/h ratio. In this case, the s/h 
ratio is found to be 0.25, then the w/h ratio of 0.87 can be easily 
located graphically. Secondly, move on to the figure 9a using 
similar approach, the Zo1e and Zo1o will be equal to 185 ohm 
and 75 ohm respectively. 

Age = 300 X Zoe / f(GHz) x Zo1e = 28 mm or 1.11 in. 
Àg0 = 300 x Zoo /f(GHz) x Zo1o = 36 mm or 1.42 in. 

The spacing = s/h x h = 0.25 x 40 mil = 10 mil 

The width = w/h x h = 0.87 x 40 mil = 35 mil 

Since most of the coupler designs use a quarter wavelength 
approach, the length should be the average of the even and 
odd mode wavelength divided by 4. The answer for that will 
be 8 mm or 0.32 in. 

5. Dispersion Effect — At higher frequencies, the effective 
dielectric constant and the characteristic impedance of a 
microstrip line begins to change and makes the conductor disper¬ 
sive. In simple words, high impedance transmission lines on thin¬ 
ner substrates are less dispersive. The effect of dispersion on 
characteristic impedance can be generally neglected. Disper¬ 
sive effects raise the effective dielectric constant slightly as fre¬ 
quency is increased. 

Getsinger’s expression for Dispersion is: 

ë^f) = ë, - ër - Serf 

1 + G(f / fp)2

fp = Zo/(8n he) 

G = 0.6 + 0.009ZO 

(19a) 

(19b) 

(19c) 

and, f is in GHz and h = Substrate thickness (cm). 
fp = the cutoff frequency of next higher order propagation mode. 

For fp » f, 

ë^D = (19d) 

Example #10: What is the effective dielectric constant of 
a 50 ohm microstrip on a 25 mil thick Duroid 6010 board 
operating at 10 GHz and the eetf(0) = 6.80 and he = 0.056 
cm? 

By considering the dispersive effect because of the 
operating frequency, 

fp = Zo/(8n he) = 50 / 8 H X (0.056 cm) = 35.6 GHz 

G = 0.6 + 0.009ZO = 0.6 + 0.009(50) = 1.05 

er - eeH 10.2 - 6.8 
Self 0 = er -- -- — =10.2- - ] =7.06 
_ 1 + G(f / fp)2_ 1 + 1.05(10/35.6)2_ 

An alternate solution uses the graphical design approach, refer¬ 
ring to Figure 10. The same answer as calculated in Example 
#9 can be found. 

6. Discontinuities — Any distributed circuits whether in 
waveguide, coaxial lines, or other types of propagation structure 
must inherently contain discontinuities. Although such discon¬ 
tinuities give very small amount of capacitances and inductances, 
the reactances of these become extremely important at higher 
microwave frequencies (above 10 GHz). Discontinuity effects and 
radiation loss are directly related. There are eight categories 
under discontinuities which are tabulated and shown in Table 1. 
Z Higher Order Modes Limitation — The maximum frequency 

of operation in a microstrip line is limited by the excitation of 
spurious modes in the form of surface waves and transverse 
resonances. Surface waves are TM and TE modes which pro¬ 
pagate across a dielectric substrate with the ground plane at the 
bottom. The frequency at which the extensive coupling will oc¬ 
cur between the quasi-TEM microtripline mode and the lowest-
order surface wave TM mode is defined as: 

c n-
Ft (TEM1)=- /- tan-1(ër) (20a) 

2nh Gr—1 

if e, is greater than 10, 

10.6 
ft (TEM) = - (GHz), where h is in cm (20b) 

h V ë. 
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Figure 10. Effective dielectric con¬ 
stant vs. w/h ratio. 

tXTEMI) *.(TE) UTEM2) «TE) 
h - 25 mil 52.3 GHz 39 GHz 83 GHz 53 GHz 

Table 2. Cutoff frequencies for 
higher-order modes. 

Mater, *1 

Relative 
Dielectric 
Constant 

Loss 
Tangent 

(" 10 4 in ) 

Coethcient 
Of Expansion 
(■ 10 ‘re» 

Thermal 
Conductivity 
ÍWVXI 

Thickness 
M.ls 

Max 
Usable 

Frequency 
(GHs) 

995% 
Alumina 98 1 60 25 1530 8-16 
995% 
BeO 87 3 57 250 10-30 10-20 

RT/Duroid 
5870 28 5 5-20 28 5-30 12-25 

RT/Duroid 
8006* 60 12 20 4 10-30 10-20 

RT/Duroid 
6010* 105 12 20 .4 15-30 8-16 
Glass 
Epoxy 
G-10 

52 250 10-15 3 8-30 2-4 

Polyimide 34 75 54 5 7-30 4-10 

Table 1. Discontinuities. 

NoN * denotes soft board 

Table 3. Common substrate charac¬ 
teristics. 

The cutoff frequency decreases when either the substrate 
thickness or dielectric constant is increased. The lowest order 
TE surface wave mode has a lower cutoff frequency. 

ft(TE) = 
10.75 

h /C 
(GHz) @ w=h (23c) 

7.5 
fc(TE) = 1 (GHz) for wide microstripline (21) 

In summary, the first order TE mode may be excited at a fre¬ 
quency of about 0.71f|(TEM1) and ft (TEM2) is about 1.5ft(TEM1); 

C /2 3n 
f,(TEM2) = - /- -

2nh VG-1 4 
(22) 

Thus, the lowest order TM surface wave defines the upper limit 
of operating frequency for microstriplines. 

For sufficiently wide microstriplines, a TE mode may exist 
which also couples strongly to the microstripline mode. At the 
cutoff frequency, the equivalent circuit is a resonant transmis¬ 
sion line with length (w+2d) where d accounts for fringing 
capacitance and is of the order of 0.2h. 

^TE 
w+2d =- — 2 /ë; 

30 
ft(TE) = -=-

/ë; (2w + ,8h) 

(23a) 

(23b) 

Thus, this frequency is approximately same as ft(TEM1). 

8. Quality Factor (O) — Although the microstrip line would ap¬ 
pear to be an excellent choice for high Q resonant circuits, it is 
also limited by the radiation losses for low dielectric constant 
substrates, plus the surface wave coupling, depending on the 
characteristic impedance of the microstrip line. Notice that the 
thinner substrates allow higher frequencies to be used due to 
the surface wave modes, causing serious degradation of the Q 
factor, especially at the lower operating frequencies. However, 
a Q-factor of a couple of hundred above X band is still feasible 
on a standard 25 mil thick alumina substrate. 
The rule of thumb for microstrip design: Q is inversely pro¬ 

portional to the thickness of the substrate. 

8.68 Rs
ac = - [1 - (w/4h)2]{1 + h/w + h/wn[ln (2h/t) - t/h]} 

2nZo h 

dB/unit length (24a) 

Qc = 4,780 h f(GHz), h is in cm, for a copper conductor.(24b) 

With the consideration of the dispersion effect, the unloaded Q 
(Qu) can be expressed: 
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1 1 1 1 Anía.+aj+a.) — = — + — + — = ° c Ü̂L (25) 
Qu Qc Qd Qr 8.686n/€^ 

The Qc, Qd, Qr are the quality factors corresponding to conduc¬ 
tor, dielectric and radiation losses respectively. 

Finally, the circuit Quality factor Qo can be defined as: 

1 1 1 + »d) 
- = - + - = - (26) 
Qo Qc Qd W ̂eff 
This is due to the fact that the radiation losses are higher than 
the conductor and dielectric losses at higher frequencies. 

aa = 27.3 

Qd 

/eeH-i 

\ €-1 

27.3 

€r

^eff 

tan <f 

^9 
dB/unit length (27) 

®d 

(28) 

Q, = — 
480n 

Zo(f) 

^eff(f)+1\_ I)2
_2(Gef)(f))3® 

^erflf) 1

^eff(f)- 1 

Zo(f) —Zo (GeW(0) / ^eff(f))^2

(29a) 

(29b) 

Example #11: What is the circuit Qc and Qu of a 50 ohm 
copper microstrip on a Du raid 6010 board with loss tan¬ 
gent of 12 X 10 6 in. and no sheet roughness at 10 GHz? 

Given: Gr=10.2, Geff(0)=6.8, €6(I(q=7.06, h=0.0635 cm. 

Computer-Aided Design Approach Considerations 
With the rapid software and computer hardware development, 

RF and microwave circuit designers can take advantage of the 
most popular CAD software, such as SUPER COMPACT® from 
Compact Software and Touchstone™ from EEsof. They not only 
save time but also improve the design accuracy. The CAD soft¬ 
ware provides powerful circuit optimization and fine tune 
capabilities with a high degree of accuracy for the designers and 
it can be operated in any personal computers (i.e. IBM/XT/AT or 
compatible) for convenience. In addition, the CAD programs can 
generate artworks and associated documentation for any active 
and passive microstrip design, especially when the operating 
frequency reaches greater than 10 GHz; There are so many 
variables to consider for the microstrip design that even a senior 
circuit designer will have a rough time if he wants to do it manual¬ 
ly. Due to its lower cost, user-friendliness, technical performance 
and flexibility, the RF and microwave CAD system will eventually 
become a practical and cost-effective long-term solution for 
microstrip design. 

Conclusion 
There are quite a number of figures and tables readily 

available, providing important information for effective microstrip 
designs. Specifically, Table 3 can enhance your working knowl¬ 
edge about the electrical and physical characteristics of different 
types of substrates before the hardware subassembly process 
is implemented. This article also includes many practical sug¬ 
gestions besides the illustrative microstrip design examples 
which will benefit the new microstrip designers in particular. 
Finally, the list of technical papers and references should assist 
any microstrip designer who is interested in advanced reading 
and research. H 

Qc=4,780 h\/f(GHz) = 4780(0.0635 cm) /ÎÔ = 959. 

*d = 27.3 

= 27.3 

Qd = 27.3 / 

1 _ 1 

Qo ’ Qc +

Qo = 285. 

12 X 10-6 in.\ 
— - ] = 0.067 dB/Àg-

0.46 in. I a

ad = 27.3 / 0.067 = 406. 

1 

Qd 

1 1 

959 406 

Zo(f) = Zo (e^o, / e^’« = 50 (6.8 / 7.06)1® = 49 ohm 

Qr = -
480n 

Zo(f) 

(€eif(t)-1)2 

(^eftro)372

49 

1+1 

1-1 <l 

480n 
' (7.06-1)2

_ 2(7.06)3® 
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49 
= 197 

0.676 (0.368) 

1 _ 1 1 1 

Qu " Qc + Qd + O; 

Qu = 116.5 

1 

959 

1 1 

4Õ6 + ̂197 

About the Author 
Alam Tam is system engineering manager at American 

Microwave Technology, Inc., 1127 S. Placentia Ave., Fuller¬ 
ton, CA 92631. He can be reached by telephone at (714) 
680-4936. 

34 June 1988 



When Critical Operations Depend on Reliable Parts... 

Some use M-pulse Microwave Diodes. Some Don’t. 
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Wet etching, dry etching, diffusion and high vacuum contact metallization 
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products at our own facility . Process methods specific to M-pulse 
Microwave result in low loss device characteristics at high frequency 
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Instantly Predict 
Receiver Performance 
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Allows receiving 
systems to be inter¬ 
actively created and 
modified. Predicts 

receiver performance 
including the effects of 
AGC, added discrete 
and broadband noise, 

CW and noise jamming 
and numerous 

modulation formats. 

Stage-by-stage and overall 
system graphic outputs include: 

• Predetection signal-to-
noise ratio 

• Postdetection signal-to-
noise ratio 

• Bit error rate for digital 
modulation 

• AGC voltage 
• Signal level 
• Noise density 

CommView provides plotter¬ 
quality graphics via standard 
dot matrix printers. 

Hardware Requirements: 

IBM PC/XT/AT or PS/2 and 
compatibles 

512K RAM minimum 

8087/80287/80387 recommended 
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DOS 2.1+ or OS/2 DOS 
compatibility window 

VGA, EGA, CGA or Hercules 
Graphics 
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rf featured technology_ 

Microstrip Analysis and Design 
for Various Substrate Materials 

By DR. Hertling and R.K. Feeney 
Georgia Institute of Technology 

As the frequency of operation of an RF 
circuit increases to several hundred MHz 
or beyond, it becomes increasingly dif¬ 
ficult to realize lumped inductors and 
capacitors. Fortunately, transmission line 
structures can be made to duplicate the 
function of lumped elements and also to 
generate additional circuit elements that 
are not possible with inductors or capaci¬ 
tors. A strip conductor separated from a 
ground plane by a dielectric material (a 
double-sided printed circuit board) forms 
a microstrip transmission line system. 
Even when not intentionally used as cir¬ 
cuit elements, microstrip transmission 
lines are always present whenever double¬ 
sided printed circuit board is employed. 
Even digital designers should be aware 
of the transmission line properties of 
traces on double-sided printed circuit 
board. This article presents a computer 
program in BASIC which provides infor¬ 
mation needed to design or analyze 
microstrip transmission lines. 

The cross section of a typical microstrip 
transmission line together with ap¬ 

plicable dimensions is shown in Figure 1. 
The analysis of wave propagation on this 
structure is not as simple as for coaxial 
cables or open-wire transmission lines. 
The microstrip transmission line is disper¬ 
sive and cannot be described by a sim¬ 
ple TEM mode. However, because of its 
practical importance, the microstrip 
transmission line has been extensively 
analyzed. Initial work was done by 
Wheeler(1) using conformal analysis to 
develop a set of descriptive equations. 
The equations so obtained are not very 
convenient for general engineering use 
and, consequently, considerable effort 
has been devoted to obtaining semi-
empirical equations that are sufficiently 
accurate for routine engineering analysis 
and design. Several of these semi-
empirical equations claim accuracy of 1 
percent or better which is good enough 
for most design applications. Since sev¬ 
eral sets of equations exist, the choice of 
which to use is often a matter of prefer¬ 
ence of the designer. The program pre¬ 

sented in this paper gives the user the 
choice of two sets of equations. One set 
was developed by Sobol (2) and the other 
set by Hammerstad (3). The authors have 
found both sets to be quite satisfactory. 
There is very good agreement between 
two sets of equations and for users who 
prefer a different set of equations, a 
subroutine using the preferred set can be 
inserted in place of a given subroutine or 
added as an additional subroutine. 
When the program is executed, it 

prompts the user to choose one of five 
commands. The first command prints a 
table of characteristic impedances and 
velocity factors for specified board proper¬ 
ties and a user-specified range of strip¬ 
widths. The second command is for ana¬ 
lysis; it determines the characteristic im¬ 
pedance and normalized length of a 
microstrip line of arbitrary dimensions. 
The third command is used to design 
microstrip lines of specified characteristic 
impedance and normalized length. It 
calculates the required line width to give 
a desired characteristic impedance and 
the physical length in mils of microstrip 
lines at a specified frequency. Both the 
synthesis and analysis commands have 
sub-menus which prompt the user for ap¬ 
propriate inputs. The fourth command 
allows changing board parameters and 
the choice of equations. Finally, the last 
command ends the program. 

Examples of Program Use 
Two examples that make use of the pro¬ 

gram are presented. The first example 
prints a summary for 60 mil thick, two-
ounce copper, Teflon-glass circuit board. 
The second example determines the 
dimensions of a 2.5 GHz Butterworth filter 
made on gold-alumina substrate. 

Example One — For this example, the 
program will be used to create a summary 
sheet for 60-mil, two ounce, Teflon-glass 
circuit board material. On an 81/2 by 11 
sheet, approximately 50 line widths can 
be summarized. A listing from 20 mils to 
1 inch in steps of 20 mils covers most 
design applications and gives, at a 

Figure 1. Dimensions of microstrip 
transmission line. 

glance, a good idea of the variation in 
characteristic impedance and velocity fac¬ 
tor over this range of microstrip widths. 
For finer resolution, the user can simply 
request smaller steps over a particular 
range of widths. 
Upon execution of the program, the 

user is prompted to enter the material 
type, dielectric thickness, metal thickness, 
and relative dielectric constant. Length 
and width dimensions used in this pro¬ 
gram are in mils. These material para¬ 
meters are retained in memory and need 
not be entered again during execution of 
the program. The user should enter 
TEFLON-GLASS, 60, 2.7, and 2.55 re¬ 
spectively. The computer then displays: 

ENTER 1-LENGTHS IN DEGREES; 2 — 
LENGTHS IN WAVELENGHTS 

Enter 1 for lengths in degrees even 
though this will not actually be used in Ex¬ 
ample 1. Next, 

ENTER — 1 FOR SOBOL’S OR — 2 FOR 
HAMMERSTAD’s EQUATIONS 

Enter 1 for Sobol’s equations; the pro¬ 
gram then displays the following menu: 
plays the following menu: 

1 — PRINT A SUMMARY SHEET OF ZO 
AND VF FOR A RANGE OF WIDTHS 
2 — ANALYZE (PHYSICAL TO ELEC¬ 
TRICAL PARAMETERS) 
3 — DESIGN (ELECTRICAL TO PHY¬ 
SICAL PARAMETERS) 
4 — CHANGE INITIAL PARAMETERS 
5 — EXIT THE PROGRAM 
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10 REM  . BBaa. a a a aaa aaa aa aaa aaa aa a a aaaaaa sa aaa aaa asa ,,,,,, 
so ”EM » MICROSTRIP DATA PROGRAM a 
30 REM I D. R. HERTLING AND R. K. FEENEY 10/30/87 • 
40 REM ** a a a a a a a a a a a a a aa a a a a s s aa a a a a a a aa a a a aa aa a a a a a a a a a a a a a a a a aaa a asa a aa a a a a a 50 PI-4aATN(l) 
60 C-3E*10/2.54 
70 print . . . 
BO PRINT 
90 INPUT "MATERIAL TYPE ‘.TYPE* 
100 PRINT 
110 INPUT "ENTER - DIELECTRIC THICKNESS (MILS) ",H 
120 PRINT 
130 INPUT "ENTER - METAL THICKNESS (MILS) ",T 
140 PRINT 
ISO INPUT "ENTER - RELATIVE DIELECTRIC CONSTANT “,ER 
160 PRINT 
170 INPUT "ENTER 1 - LENGTHS IN DEGREES I 2 - LENGTHS IN WAVELENGTHS “ ,F1 
180 IF Fl-1 THEN L6-"DEGREES" ELSE L6-"HAVELENGTHS “ 
140 PRINT 
200 INPUT "ENTER - 1 FOR SOBOL’S OR - 2 FOR HAMMERSTAD’S EQUATIONS “,EON 
210 IF EON - 1 THEN EO*--SOBOL ’8" ELSE EQ*-“ HÄMMERSTAD ’6“ 
220 PRINT 
230 print -aaaaaaaaaaaaaatsaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa-
240 PRINT 
2S0 PRINT "1 - PRINT A SUMMARY SHEET OF ZO AND VF FOR A RANGE OF WIDTHS" 
260 PRINT "2 - ANALYZE (PHYSICAL TO ELECTRICAL PARAMETERS)" 
270 PRINT "3 - DESIGN (ELECTRICAL TO PHYSICAL PARAMETERS )-
2B0 PRINT "4 - CHANGE INITIAL PARAMETERS" 
2*0 PRINT "5 - QUIT" 
300 PRINT 
310 print . . -
320 PRINT 
330 INPUT -ENTER COMMAND ",CMD 
340 PRINT 
350 ON CMD GOSUB 370.610.1010,70.1710 
360 GOTO 220 
370 REM SUMMARY SHEET OF ZO AND VF 
380 PRINT 
3*0 INPUT -ENTER - WIDTH INCREMENT (MILS) ”,WINC 
400 PRINT 
410 INPUT "ENTER - NUMBER OF CALCULATIONS ".NCALC 
420 PRINT 
430 LPRINT «LPRINT 
440 LPRINT "MICROSTRIP DATA FOR ".TYPE*.“ USING ".EQ*." EQUATIONS" 
450 LPRINT 
460 LPRINT USING "DIELECTRIC THICKNESS (MILS) •••.••" |H 
470 LPRINT 
480 LPRINT USING "METAL THICKNESS (MILS) 66. ••"iT 
4*0 LPRINT 
500 LPRINT USING "DIELECTRIC CONSTANT 8.66" |ER 
510 LPRINT «LPRINT 
520 LPRINT "WIDTH (MILS) IMPEDANCE VELOCITY FACTOR" 
530 LPRINT 
540 W-0 
550 FOR 1-1 TO NCALC 
560 W-W.wINC 
570 ON EON GOSUB 14*0.15*0 
5B0 LPRINT USING " •••• •••*.•• ।W, RO .VF 
5*0 NEXT I 
600 RETURN 
610 REM ZO AND VF FOR A GIVEN WIDTH 
620 INPUT "ENTER THE WIDTH (MILS) ",W 
630 ON EON GOSUB 14*0.15*0 
640 PRINT 
650 PRINT  . a aaa«aa aaaa aaa a a a aaaa aaaa a aaa aa a a a«« aaa aaa a a a a a -
660 PRINT 
670 PRINT -MICROSTRIP DATA FOR “.TYPE*." USING "*E0*.- EQUATIONS" 
680 PRINT 
6*0 PRINT USING "FOR W .•••••.• MILS ZO -••*•.*• OHMS AND VF - •.■**- iw, RO, VF 
700 PRINT 
710 PRINT . . . 
720 PRINT 
730 PRINT "1 - RETURN TO MAIN MENU" 
740 PRINT -2 - CALCULATE ELECTRICAL LINE LENGTHS" 
750 PRINT 
760 PRINT "(S8((a((((88(S((((8a(S(8S8(((a(((S((((8((8((8(88((8((((S(8((8(((S8(* 
770 PRINT 
780 INPUT "ENTER COMMAND ",CMD2 
7*0 IF CMD2-1 THEN RETURN 
BOO PRINT 
810 INPUT "ENTER THE FREQUENCY (MHZ) ”.F 
820 PRINT 
830 PRINT -((((((( aa ((((((((((sts(S(((((t(a(((aa((((a(((aa((((((aaa naiinaHi 
840 PRINT 
850 PRINT "ELECTRICAL LENGTHS ARE IN "*L8 
BöO PRINT 
670 INPUT "ENTER PHYSICAL LENGTH (MILS) - (0 TO QUIT) ",PL 
8B0 IF PL-0 THEN RETURN 
8*0 LAMBDA-VF8C/F/1000 

*00 IF Fl-1 THEN EL-3608PL/LAHBDA ELSE EL-PL/LAMBDA 
*10 PRINT 
*20 PRINT "(((((((88(((8(((888S88(88(88888Sa8((((((((8(8888((((8((((8((S(a(888-
*30 PRINT 
*40 IF Fl-1 THEN GOTO *70 
*50 PRINT USING "FOR A LINE •••••.* MILS LONG "|PL| 
*60 PRINT USING "THE ELECTRICAL LENGTH 16 ••.••6 -.L* I EL I GOTO **0 
*70 PRINT USING “FOR A LINE •■■•6.* MILS LONG "|PL| 
*B0 PRINT USING "THE ELECTRICAL LENGTH IS ••••*.• ".L*|EL 
**0 PRINTiPRlNT 
1OO0 GOTO 870 
1010 REM ZO AND VF FOR A GIVEN WIDTH 
1020 INPUT "ENTER DESIRED ZO ",ZO 
1030 PRINT 
1040 INPUT “ENTER THE FREQUENCY IN MHZ ",F 
1050 GOSUB 1420 
1060 PRINT 
1070 PRINT "8888888888 . . . 8(888888888888888888888" 
1080 PRINT 
10*0 PRINT -MICROSTRIP DATA FOR ".TYPE*." USING “«EQ*»“ EQUATIONS" 
1100 PRINT 
1110 LAHBDA-VF8C/F/1000 
1120 PRINT USING "FOR ZO - •••*.•• OHMS THE WIDTH • •••*.• MILB“|ZC.W 
1130 PRINT 
1140 PRINT USING "AT ••••.*• MHZ A WAVELENGTH IS ••••*.• MILS“ |F -LAMBDA 
1150 PRINT 
1160 PRINT *88888(((8888((8888(8888(((88S888888(88(88(888(888a888(a((888(888(88-
1170 PRINT 
1180 PRINT "1 - RETURN TO MAIN MENU-
1190 PRINT -2 - CALCULATE PHYSICAL LINE LENGThS" 
1200 PRINT 

1210 PRINT . . . . . 88888888888888888888888" 
1220 PRINT 
1230 INPUT -ENTER COMMAND “,CMD1 
1240 IF CMD1-1 THEN RETURN 
1250 PRINT 
1260 PRINT -8888S88S68(((888(8(88(8888((88888888S8a8S(S888S888(8S888SB88(8(88S(-
1270 PRINT 
1280 PRINT "ELECTRICAL LENGTHS ARE IN “*L* 
12*0 PRINT 
1300 INPUT "ENTER DESIRED ELECTRICAL LENGTH (0 TO QUIT) -,EL 
1310 IF EL-0 THEN RETURN 
1320 IF Fl-1 THEN LENGTh-lAMBDABEL/360 ELSE LENGTH—LAMBDA8EL 
1330 PRINT 
1340 IF Fl-1 THEN BOTO 1370 
1350 PRINT USING "FOR A LINE *••*.•• ".L**" LONG" «EL I 
1360 PRINT USING “ THE LENGTH IS •*•••-• MILS" |LENGTH i GOTO 13*0 
1370 PRINT USING "FOR A LINE •••••.• -.L*." LONG’iEL) 
1380 PRINT USING " THE LENGTH IS •••••-• MIL9"|LENGTH 
13*0 PRINT 
1400 PRINT 
1410 GOTO 1300 
1420 REM NEWTON-RAPHSON ROUTINE 
1430 Xl-10iDX-.001 
1440 W-XliON EON GOSUB 14*0 ,15*0« Yl-RO-ZO 
1450 W— X1.DX10N EON GOSUB 14*0 .15*0 «Y2-R0-Z0 
1460 X2—Xl-DXS Yl/ (Y2-Y1 ) 
1470 IF ABS(X2-X1) <-.01 THEN RETURN 
1480 XI-X2IG0T0 1440 
14*0 REM MICROSTRIP SUBROUTINE (SOBOL) 
1500 IF w/H <.05 OR W/H >20 THEN GOTO 1720 
1510 WEFF—W.T/PI 8(LOG(28H/T )♦! ) 
1520 A-377/SQR(ER )SH/wEFF 
1530 RO-A/( 1»1.7358ER~( -7.2400016-02)8 (WEFF/H)~(-. 636) ) 
1540 IF (WEFF/H) <- .6 THEN GOTO 1570 
1550 VF-1/ (SOR (!♦ .638 (ER-1 )8(WEFF/H )“. 1255 )) 
1560 GOTO 1560 
1570 VF-1/ (SQR(1..6B (ER-1) 8(WEFF/H) -.02*7) ) 
1580 RETURN 
15*0 REM MICROSTRIP SUBROUTINE (HAMMERSTAD) 
1600 IF W/H <.05 OR W/H >20 THEN GOTO 1720 
1610 IF W/H > .16 THEN WEFF—W»T /PI 8(LOG(28H/T )*1 )«GOTO 1630 
1620 WEFF-W.T/PI 8(LOG( 4SPI SW/T )♦! ) 
1630 IF W/H >1 THEN GOTO 1670 
1640 EEF- (ER»1 )/2* (ER-1 )/2S ((1/SOR (1.128H/W6FF ))*.04a (1-WEFF/H)*2) 
1650 VF-1/SQR (EEF ) 
1660 R0-60/SQR(EEF )BLOG (88H/WEFF.WEFF/HZ4 )i RETURN 
1670 EEF- (ER.l )/2*( ER-1 )/2a (1/ (SQR(1«12sh/wEFF ))) 
1680 VF-1 /SQR (EEF ) 
16*0 RO-377/SQR(EEF )/(WEFF/H*! .3*3*2/3BL0G(WEFF /H.l .444 )) 
1700 RETURN 
1710 STOP 
1720 REM ERROR TRAP SUBROUTINE 
1730 PRINTiPRlNT “888ERR0R CONDI TIONi a a -
1740 PRINT «PRINT -W/H RATIO OUT OF RANGE" 
1750 PRINTiPRlNT USING “W/H - ••• .666—— -|W/H 
1760 PRINTiPRlNT "EQUATIONS ACCURATE FOR .05 < W/H < 20” 
1770 GOTO 220 
1780 END 

MICROWAVE AND RF POWER CERAMIC PACKAGING 
HIGHEST QUALITY CO-FIRED ALUMINA AND BERYLLIA 
PACKAGES REQUIRING RELIABILITY AND HERMETICITY 

• RF POWER TRANSISTORS 

• MMICs AND GaAs FETs 

• SMALL SIGNAL BIPOLARS 

CABOT ELECTRONIC CERAMICS, INC. 
RIEC PRODUCTS 25 LARK INDUSTRIAL PARKWAY GREENVILLE. RHODE ISLAND 02828 TEL: 401-949-2000 

FAX: 401-949-4285 
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TUSONIX 
If you’re looking for an economical source 

for Custom Filter Assemblies 

Tusonix’ expertise can reduce your costs 
with improved PPM quality and yield 

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

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

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

For this example choose command 1. 
The program prompts for the width incre¬ 
ment in mils and the number of desired 
calculations. Enter 20 and 50 respective¬ 
ly as prompted. This specifies calcula¬ 
tions from 20 mils to 1 inch in 20 mil in¬ 
crements. The computer prints the output 
shown in Table 2 and when finished, the 
above menu is again displayed. If desired, 
the user can again choose command 
number 1 and print a summary with a dif¬ 
ferent width increment and number of 
points without reentering the board 
parameters. 

Example Two — Figure 2 is a lumped 
element prototype of a 50-ohm*Butter-
worth low-pass filter with a cutoff fre¬ 
quency of 2.5 GHz. The microstrip equi¬ 
valent of this filter is shown in Figure 3. 
This filter is to be constructed on a gold-
alumina substrate with a dielectric 
thickness of 25 mils, metal thickness of 
0.1 mils, and relative dielectric constant 
of 9.9. Since a different material is being 
used choose command 4 to change in¬ 
itial parameters. When prompted, enter 
GOLD-ALUMINA, 25, 0.1, and 9.9 respec¬ 
tively. For this example, specify normal¬ 
ized line lengths in degrees and choose 
Sobol’s equations. After these initial 
parameters have been chosen, the main 
menu is displayed. In order to design the 
required microstrip sections, use com¬ 
mand 3 from the main menu. First design 
50-ohm lines which will be used as line 
stretchers on both the input and output 
sides of the filter. When the computer 
prompts for the desired ZO and the 
design frequency in MHz, enter 50 and 
2500 respectively. The program uses a 
Newton-Raphson routine to iteratively 
solve for the line width. This routine 
typically takes 5 to 10 iterations and, 
depending on computer speed, can take 
several seconds. Finally, the program 
calculates the wavelength in inches. For 
the above input, the computer displays 
the following: 

MICROSTRIP DATA FOR GOLD-ALU¬ 
MINA USING SOBOL’S EQUATIONS 

FOR ZO = 50.00 OHMS THE WIDTH = 
23.3 MILS 

AT 2500.00 MHZ A WAVELENGTH IS 
1844.0 MILS 

The computer then displays the design 
sub-menu shown below. 

1 — RETURN TO MAIN MENU 
2 — CALCULATE PHYSICAL LINE 

LENGTHS (MILS) 
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Since the physical line lengths of the 
50-ohm sections do not matter, choose 
command 1 to return to the main menu. 
The user can now select command 1, 2, 
or 3 without reentering the board para¬ 
meters. To design the following microstrip 
lines, again choose command 3. Then to 
design the 78 ohm lines at 2500 MHz, 
enter 78 and 2500. The computer displays 
the following: 

MICROSTRIP DATA FOR GOLD-ALU¬ 
MINA USING SOBOL’S EQUATIONS 

FOR ZO = 78 OHMS THE WIDTH = 7.7 
MILS 

AT 2500 MHZ A WAVELENGTH IS 1903.3 
MILS 

When the design sub-menu is displayed 
choose command 2 in order to design 
physical lengths. When prompted, enter 
the 52.2 degree electrical length. The 
physical length is then displayed. 

FOR A LINE 52.2 DEGREES LONG THE 
PHYSICAL LENGTH IS 276.0 MILS 

To return to the main menu, enter a line 
length of zero. Next, to design the 15 ohm 
line select the design command from the 
main menu again, and enter 15 and 2500 
for ZO and the frequency. By selecting 
command 2 in the design sub-menu, the 
user can find the electrical length of the 
30.4 degree line. This line is 150.2 mils 
wide and 140.8 mils long. The dimensions 
of the completed filter are shown in Figure 
4. 

Comparison of 
Microstrip Equations 
Some users may wish to remove the 

option of selecting equations and use one 
of the given or a user-defined subroutine. 
This can be easily done by removing the 
prompt at line 200 and substituting a 
statement setting the variable EQN to 1 
or 2 (or 3 if a new subroutine is added). 
If a subroutine is added, its line number 
must be added to the ON EQN GOSUB 
statement in line 570. The program will 
then always use the prescribed set of 
equations. 

Both given sets of equations are ac¬ 
curate for width to dielectric thickness 
ratios (W/H) between 0.05 and 20. If a W/H 
ratio out of this range is specified by the 
user or results from the Newton-Raphson 
routine, an error trap alerts the user. W/H 
ratios out of the allowable range are 
usually caused by specifying transmis¬ 
sion lines of either very large or very small 
characteristic impedances. An error mes-
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Figure 3. Microstrip equivalent in normalized dimensions. 

With 
Cougar Components 
Cascadable Amplifiers 

Model frequency 
Range 
(MHz) 

Gain 
(dB) 

N.F. 
(dB) 

Typ. Min. Typ. Max. 

Power 
Output 
(dBm) 

I.P. 
(dBm) 

D.C. 1 

Typ. Volts 1 mA J 

HIGH POWER SUPPL Y EFFICIENCY—LOW NOISE—HIGH REVERSE ISOLA TION 

AC380 
AC381 
AC391 
AC581 
AC582 

10-250 
10-250 
10-250 
20-500 
20-500 

25.0 
24.0 
24.0 
23.0 
23.0 

24.0 
23.0 
23.0 
21.5 
21.5 

1.7 
2.7 
3.0 
2.8 
3.3 

2.3 
3.3 
3.5 
3.7 
4.2 

7.0' 
15.0* 
18.0" 
14.0" 
19.0+ 

21 
27 
31 
28 
33 

15 
15 
15 
15 
15 

17

27

37

27
47

HIGH GAIN: > 25 dB 

AC524 
AC556 
AC1066 
AC1264 
AC1526 

5-500 
5-500 
10-1000 
10-1200 
10-1500 

31.5 
28.5 
27.5 
26.0 
21.5 

30.0 
27.0 
26.5 
24.5 
20.0 

3.0 
3.5 
3.7 
3.3 
5.0 

4.0 
4.5 
4.5 
4.0 
5.5 

7.5 
13.0 
14.5 
7.0 
14.0 

20 
27.5 
28 
21 
28 

15 
15 
15 
15 
15 

35 
65 
65 
34 
65 

POWER OUTPUT: 100 Milliwatts, + 20 dBm Min. 

AC379 
AC559 
AC519 
AC1019 
AC1069 
AC1219 
AC1529 
AC1569 

5-300 
5-500 
5-500 
10-1000 
10-1000 
10-1200 
10-1500 
200-1500 

14.0 
11.5 
28.0 
11.5 
24.5 
10.0 
9.0 
17.0 

13.0 
10.0 
26.5 
10.5 
24.0 
9.0 
8.5 
16.0 

5.0 
5.7 
4.2 
6.5 
4.5 
6.5 
8.0 
6.0 

6.0 
6.5 
5.0 
8.0 
5.5 
8.5 
9.0 
7.0 

20.0 
20.0 
20.5 
20.5 
20.5 
20.5 
20.5 
19.0 

38 
38 
36 
35 
34 
35 
32 
33 

IS 
15 
15 
15 
15 
15 
15 
15 

88 
88 

127
90 
127 
90 
90 
130 

ULTRA BROAD BANDWIDTH: .! TO 2000 MHz Typ.. Or 10 TO 2400 MHz 

AC2023 
AC2006 
AC2056 
AC2046 
AC2017 
AC2066 
AC2039 
AC2069 
AC2366 
AC2426 

5-2000 
.3-2000 
10-2000 
10-2000 
1-2000 

10-2000 
10-2000 
200-2000 
10-2300 
10-2400 

12.7 
10.8 
20.0 
20.5 
9.0 
17.0 
7.5 
15.0 
16.0 
16.0 

12.0 
10.0 
18.5 
19.5 
8.0 

16.0 
6.8 

14.0 
15.0 
15.0 

3.2 
4.8 
4.0 
4.5 
6.5 
5.6 
8.0 
6.5 
5.4 
5.4 

4.0 
5.8 
5.0 
5.5 
8.0 
6.7 
9.5 
7.5 
6.2 
6.7 

2.5 
10.0 
8.0 
13.0 
14.0 
14.0* 
20.0 
19.0 
13.0 
11.5 

15 
24 
21 
25 
28 
27 
34 
32 
27 
23 

15 
15 
5 
15 
15 
15 
15 
15 
15 
15 

14 
35 
34 
58 
44 
65 
90 
130 
65 

JU 

Also available are high performance 
TO-8 gain control modules. 

All Cougar Components products are 
manufactured using materials and 
processes which meet or exceed 
MIL-STD-883 requirements. 

NOTES: “ 1.0 dB less below 30 MHz. t 1.5 dB less below 40 MHz. • 1.0 dB less below 500 MHz. 
STOCK GGUMSCW 

265-S Sobrante Way, Sunnyvale, CA 94086 
(408) 720-8112 FAX (408) 720-1599 
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150.2 

276.0 

sage is printed on the screen followed by 
the W/H ratio and the allowable range. 
The program then returns to the main 
menu and, since the initial data is re¬ 
tained, the user can select a command 
without reentering the substrate para¬ 
meters. 

Figure 4. Microstrip equivalent with dimensions in mils. 
Conclusions 

Microstrip transmission lines are very 
important in modern RF design. Pre¬ 
sented here is a simple, easy-to-use pro¬ 
gram that does both design and analysis 
of microstrip elements. The program may 
easily be changed to accommodate any 
desired microstrip impedance function. To 
receive a copy of the program on an IBM 
formatted diskette, send $5.00 to the 
authors to cover shipping and han-
dling. 

Available in frequencies of 5MHz to 2 GHz, 
single and multi-stage TO-8, T0-12 and 4 pin 
DIP packages; standard and custom cas¬ 
caded assemblies with varying gain, NF and 
power output options and a variety of 
connectors. 

CUSTOM RF AMPLIFIER ASSEMBLIES ... to 
meet your specific need, backed by the 
engineering skill, manufacturing facilities and 
quality assurance experience to meet your ex¬ 
act specifications and requirements. 

QUALITY ASSURANCE ... All Vector RF 
Amplifiers are designed and manufactured 
under a quality system which complies with 
MIL-Q-9858A. 
Aydin Vector ... providing you advanc¬ 
ed technology and resources for standard 
and custom hybrid amplifiers, switches, 
attenuators and RF subassemblies. 
To obtain a free detailed brochure call or 
write: 
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rf featured technology 

CAD Amplifier Matching 
With Microstrip Lines 
By Dr. Stanley Novak 
Polytechnic University 

In lumped element matching circuits, 
the simplest network with two elements 
is an L-matching network. This network 
offers a maximum of four solutions. In 
contrast, equivalent matching networks 
realized with two transmission lines (also 
in L- configuration) provides virtually an 
infinite number of solutions, particularly 
if the designer is not limited to one trans¬ 
mission line impedance. The variety of 
solutions includes a combination of open/ 
shorted stubs at the input and output, or 
line-stub networks at the input combined 
with quarter-wave transformers and stubs 
at the output, or vice versa. To reduce the 
number of circuit options, computer analy¬ 
sis with one limitation on the line-stub 
match and one on transformer-stub match 
should be introduced. For practical pur¬ 
poses, only stub lengths below 90 and 
180 degrees are considered. 

The computer program presented here 
allows the designer to choose from a 

variety of solutions. The input parameters 

Figure 1a. Line-stub matching. 

for the program are input and output im¬ 
pedances of a transistor (represented by 
a two-port network), frequency and a 
characteristic impedance of a connected 
(main) transmission line. The program 
operates as a self-contained unit, and was 
developed as an extension to the program 
for amplifier design published in reference 
(1). It operates on the CBM 64 as well as 
the HP 9000 series computer. Note that 
the variables defined for the CBM com¬ 
puter are not tolerated in HP BASIC, and 
therefore the non-dimensioned variables 
are changed to double variables (i.e. R to 
RR, I to II etc.). 

Matching with Stubs and Lines 
This is a viable alternative to lumped 

element matching networks. A combina¬ 
tion of both methods is sometimes used, 
usually by replacing capacitive stubs by 
capacitors. Transmission line matching is 
particularly attractive at frequencies when 
the magnitudes of lumped elements be¬ 
come too small for reliable and easy 
realization. The equivalent of a lumped 
element matching network with two pure 
reactances is a transmission line network 
with two lengths of lossless lines. The 
series lines represent series reactances 
and shunt lines (stub) represent parallel 
reactances. In the first case the series 
transmission line is connected to the in¬ 
put terminals of the transistor. 

At the point where the real part of the 
input admittance of the line (with selected 
characteristic impedance) is equal to the 
admittance of the connected (main) line, 
another line is added in parallel (stub) to 
cancel the susceptance to complete the 
matching. The susceptance may be real-

¡zed by open or shorted stub, which in 
general can have any value of character¬ 
istic impedance. However, in this case the 
computer limits the choice to the same 
value as the series line. A similar ap¬ 
proach is used at the transistor output. 

In the second case, the designer has 
to determine the input admittance of the 
transistor and add directly to the input ter¬ 
minal length of the open or shorted line 

Figure 1b. Transformer-stub 
matching. 

RF Design 

Figure 2. Electrical length versus 
susceptance. 

Figure 3. Flowchart for the micro¬ 
strip match program. 
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Solve Your 

Control 

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:' 



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 E3-78:' or circle the 
Reader Service Number. 
(If interested in Precision 
Stampings, also ask for 
Catalog I6.) 

Control 

The Symmetrical Slotted Shielding (S’) series is perfect for slid-

JÎ INSTRUMENT SPECIALTIES CO., INC. 
I DELAWARE WATER GAR PA 18327-0136 

Telephone: 717-424-8510 
TWX: 510-671-4526 • FAX: 717-424-6213 

ing drawers and door enclosures, where frequent opening and 
closing occurs. 

Specialists in interference control since 1944 
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10 REM MICROSTRIP DESIGN. S NOVAK. OCT 19*6 
II PRINT'MICROSTRIF-LINE MATCH DESIGN' 
12 READ TS.F.RS.XS.RL.XL 
13 PI-3 141 59265» 
14 Z0-3C 
IS DIM V(9LR<9LK9LM(9LA(9) 
16 PRIST T».-FREQUENCY-".F/IOOO<XXrMHZ-."ZO-".ZO."OHMS 
It E- 100V 
19 PRINT-INPUT IMP (RS.XSXRS.XS 
20 PRINT-OUTPUT IMP (RL.XLXRL.XL 
21 GOTO 2700 

) REM COMPL SO DIVIDE. 
1'60 D-R2*R2-I2*I2 
1770 R-RI’R2.II’I2)/D 
1710 I-<II*R2 RI,I2>, D 
1790 RETURN 
1*70 REM RECT.TO POLAR . . .. 
1910 MíD-SQRIRUPRUHIUrilJ» 
1920 A(JM<r(SSN(KJ)>*<MJH») 
1930 IF RUHO THEN 1930 
1940 A(J>-ATN(I(J) R(J»«1«O/PI*A(J)*(I-SGN(R(J>» 
1930 RETURN 

: REM CALC DISTRIBUTED ELEMENTS •. 
2710 INPUT-MATCH STUB-LINE OR QUARTER WAVE TRANSFORMERTJL/QF.O 
2720 IF CS--L- THEN PRINTSTUB AND LINE MATCH'; 
2730 IF CS-'Q' THEN PRINT-QUARTER W TRANSE AND STUB MATCH'. 
2735 PRINT* AT FREQUENCY";F/IOOOOOV;"MHZ" 
2740 IF CS--L' THEN BS-'LINE" 
2750 IF CS-’Q" THEN B5-TRF ' 
2760 DIM T(4) 
2’70 REM GL-REAL PART OF TERM IMPEDANCE (LINE-SOOHMf* 
27|O GL-I/ZO 
2790 YO-I/ZO 
2*00 R(9)-RLI(9>-XL 
2110 R(i)-RSK*>-XS 
2*40 ZI-ZO 
2*50 FOR J-« TO 9 
2*60 IF J.* THEN PRINT*INPUT 
2*70 IF 3-9 THEN PRINKOUTPUT •••••• 
2**0 INPUfOPEN OR SHORTED STUBTfO/SF.DS 
2*90 IF DS-'O' THEN G$-"OPEN-
2900 IF DS--S- THEN G$-"SHORTED* 
2910 IF CS-'Q' THEN 3350 
2920 REM CALC NEW REFL.COEFF . •• 
2930 R1-RU3-Z0JI—KJ) 
2950 R2-R(J)*ZO:I2—l(J) 
2970 GOSUB 1750 
29*0 R(J>-R:I(J>-I 
3000 GOSUB 1900 
3 0 REM CALC B STUB ••••••••••••••••••••••••••••••••• 

3020 BM M( J )*M( J )•( Y0*GL )•( Y0+GL H Y0-GL )•( Y0-GL »/( I -M( J )‘M( J » 
3030 IF B<0 THEN PRINT'NO SOLUTION FOR Z0--;Z0;-OHMS' 
3040 IF B<0 THEN 3270 
3050 B-SQR(B) 
3060 REM CALCSTUB . . 
3070 IF DS-“S' THEN B— B 
30*0 BL-ATN(-YO/B)*I*O/PI 
3090 IF BL<0 AND CS-'L' THEN BL-90*BL 
3100 IF BL<0 AND CS-'Q" THEN BL-90-BL 
3110 T(J-7)-BL/360 
3120 IF CS-'Q' THEN 3400 
3130 AA-A(J) 
3140 REMCALC.LINE ••••••••••••••••••••••••••••••••••• 
3150 RI-Y0-GL:ll—B 
3170 R2-YO*GL.T2-B 
3190 GOSUB 1750 
3200 R(J>-R:I(J>-I 
3220 GOSUB 1900 
3230 AA-(A(J)-AA)/2 
3240 IF AA<0 THEN AA-AA*lt0 
3250 T(J-5)-AA/360 
3260 GOTO 3450 
3270 NEXT J 
32*0 INPUT-NEW LINE IMPEDANCE OR REPEAT CALCULATIONSTfY/NF.ES 
3290 IF ES-'N- THEN 3610 
33OC INPUTENTER LINE IMPEDANCE IN OHMS (IF REPEAT PRESS ENTERIZO 
3310 FOR J-l TO 4:T(J)-O:NEXT 1 
3340 GOTO 2790 
3350 REM SER PAR CONVERSION. 
3360 UMKJ)/R(J»*<I(J)/R(J» 
3370 R l-R(J)*( I *U) 
33*0 B-U/(I(J)M*U» 
3390 GOTO 3060 
3400 REM QUARTER-WAVE TRANSFORMER •••••••••••••••••••• 
3410 V(J)-SQR(RI/GL) 
3420 ZI-V(J) 
3430 T(J-5)-.25 

3450 REM PRINT RESULTS ••••••••••••••••••••••••••••••• 
3460 PRINT BS;' LENGHT-';INT(T(J-5)*E) E,'LAMBDA O'. 
3470 PRINT ".EL.LENGHT-";INT( AA»E)/E.'DEG .IMPEDANCE-';INT(Z I ’E I E.'OHMS' 
34*0 PRINT GS;' STUB-';INT(T(J-7)»E) E.'LAMBDA 0"; 
3490 PRINT '.EL LENGHT-';INT(BL*E)/E.-DEG,IMPEDANCE-';Z0;'OHMS' 
3500 IF J-» THEN HS-GS 
3510 GOTO 3270 
3520 REM CALC.M1CROSTR1P WIDTH. 
3530 DE-EXP(Z0*SQR( I ♦ERI/424)- 1 
3540 NE-**SQR(DE*((7»(4, ER )). 11)M( IM 1ER)) *1)) 
3550 W-H*NE DE 
3560 REM CALC.EFF DIEL CONSTANT •••••••••••••••••••••• 

3570 EFM(ER*I)/2>M(ER-I 3/2)^ I, (SQR( IM IO*H)/W))> 
35*0 REM LAMBDA FREE SPACE-LM.IN SUBSTRATE-LG. 
3590 LG-IO*LM/SQR(EF) 
3600 RETURN 
3610 PRINTPRINT-ENTER SUBSTRATE PARAMETERS' 
3630 INPUT-SUBSTRATE REL DIELCONSTSTANTT.ER 
3640 INPUT-SUBSTRATE THICKNESS (MMf.H 
3650 LM-3E»l0/F 
3660 GOSUB 3520 
3670 PRINT 
36*0 PRINT-PARAMETERS FOR MICROSTRIP LINES ̂ F/IOOOOOV.'MHZ CENTER FREQUENCY' 
3690 PRINT-SUBSTRATE THICKNESS-'.H.IMMp 
3’00 PRINT-SUBSTRATE REL DIEL.CONST -';ER 
3710 PRINT-LINEWIDTH FOR^.ZO/OHMS-MNTfW’L ) E;1MMF 
3720 PRINT HS." STUB-IN LENGHT-";INT(T(I)*LG*E) E;1MMF 
3730 PRINT GS.' STUB-OUT LENGHT--;INT(T<2)*LG*E)/E;"|MMF 
3740 IF CS-"Q’ THEN 37*0 
3750 PRINT BS.’ LENGHT-IN.'INT(T(3rLG’E)/E;-|MMr 
3760 PRINT BS.' LENGHT-OUT-";INT(T(4)*LG’E)/E.fMM)-
3770 GOTO 3*40 
37*0 Z0- INT(V(»)) 
3790 GOSUB 3520 
3*00 PRINT-LINEWIDTH FOR TRF.IN ";ZO.-OHMS--.1NT( W*E)/E.1MMF.-LENGHT-".INT1T(3 
(•LG^E) E.1MMF 
3*10 Z0-INT(V(9>) 
3*20 GOSUB 3520 
3*30 PRINT-LINEWIDTH FOR TRF.OUT ";Z0;"OHMS-";INT(W*E)/E;"|MMr.-LENGHT-";INT(T( 
3PLG,E)/E.1MMF 
3*40 PRINT 
3*50 Z0-I/GL 
3*60 GOSUB 3520 
3*70 PRINTLINEWIDTH FOR MAINLINE'.ZO.-OHMS-";INT(W*E)/E."|MMF 
3**0 PRINT-CIRCUIT CONFIGURATION •••••••••••••••••••••-
3*90 PRINTrIF CS-'Q' THEN I960 
3900 PRINT-GEN •S*»* LINE •••• TRANS •••• LINE •••S’ LOAD-
3910 PRINT T T* 
3920 PRINT* U U" 
3930 PRINK B B' 
3940 PRINT* '.HS;' ";GS 
3950 GOTO 4100 
3960 PRINT-GEN ••••• TRF TRANS »SM TRF ••••• LOAD" 
3970 PRINT" T 
39*0 PRINT" U 
3990 PRINT B 
3995 PRINT ";HS;" 
4000 REM TRANSISTOR DATA STORAGE •••••••••••••• 
4010 REM 2N3570.750E6.90t33.-l99029.l46t56.-l63.0959 
4020 DATA MRF57I.IE9.2 .««7.56,17371,-73.95 
4100 END 

NEW! for PC USERS 
ENHANCE PRODUCTIVITY and SAVE TIME 

or YOUR MONEY BACK! 
S/FILSYN® is the most powerful, user-friendly, rugged and stable program in existence for filter design. 
Modules are available for the synthesis, design and 
analysis of passive LC, active RC, digital and micro¬ 
wave filters. Software modules also include crystal 
filters, switched-capacitor filters, delay equalizers, 
delay lines and impedance matching networks. Both 
infinite and finite-impulse-response digital filters 
are available. 

• SAVES TIME AND EFFORT — from specification to 
production 

• PROVIDES MORE OPTIONS — design filters and 
structures not available from any other program 

• UNIQUE FEATURES — predistortion for dissipative 
effects, arbitrary terminations including open or 

short (for multiplexer design), complex transmission 
zeros, specified transfer functions and more 

• PRE AND POST PROCESSORS — obtain true, 
optimal design and physical dimensions for micro¬ 
wave structures 

• BATCH FILES — simplify repeated and popular 
design types by an order of magnitude 

• READS AND WRITES FILES — simplify repeated 
data input and provide linkage to other popular 
programs — other files can be generated for 
documentation purposes 

• APPLICATION NOTES and detailed examples 
included in easy-to-read manual 

1353 Sarita Way • Santa Clara, CA • 95051-3238 408/554-1469 
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How to keep high-speed 
from becoming half-fast. 

By maximizing throughput and minimizing 
propagation delay, NEC’s new GaAs digital 
logic ICs give you the extra speed your fiber 

High-speed designs require high¬ 
speed parts, and NEC's ICs can 
deliver up to 5 Gb/s. 

optic, instrumentation and 
communications designs 
demand. 

They're twice as fast as 
first generation GaAs logic 
devices, and up to five 
times faster than equiva¬ 
lent ECL circuits. Their low 

Check these other advantages: 
□ Compatible with ECL power supply and 

logic levels 
□ Wide-bandwidth: 

from nearly DC 
to well over 3 GHz 

□ MIL-STD-883 ther¬ 
mal and mechanical 
reliability 

Available in 16- and 20-pin 
packages as well as in chip form. 

power dissipation makes them more reliable. 
And they’re available at very competitive prices. 

NEC’s Growing Family of HIGH-SPEED GaAs ICs 

PART NO. PRODUCT DESCRIPTION PROPAGATION 
DELAY (Ty p.) 

OPERATING 
SPEED (Typ.) 

UPG700B Master Slave D-Type Flip Flop 400 ps 3.2 GHz 

UPG701B Master Slave T-Type Flip Flop 400 ps 4.5 GHz 

UPG7O2B 3-lnput NOR/OR 400 ps 3.0GHz 

UPG703B Four Stage Ripple Counter 500 ps 2.5GHz 

UPG704B-I5 4:1 Multiplexer 800 ps 1.5 GHz 

UPG704B-20 4:1 Multiplexer 800 ps 2.0GHz 

HPG704B-25 4:1 Multiplexer 800 ps 2.5GHz 

UPG7O5B-I5 1:4 DeMultiplexer 800 ps 1.5GHz 

UPG705B-20 1:4 DeMultiplexer 800 ps 2.0GHz 

(IPG705B-25 1:4 DeMultiplexer 800 ps 2.5GHz 

UPG706B-I High Speed Flip Flop 400 ps 4.0 Gbps 

UPG706B-2 High Speed Flip Flop 400 ps 4.0 Gbps 

UPG7O7B laser Diode Driver 400 ps 3.0 GHz 

NEC 

□ Operates over extended temperature range 
□ Suitable for space applications 
□ Evaluation Kits and Prototyping Boards available 
□ Most parts shipped immediately from local stock 
We have the parts, a fully equipped engineering 
facility, and the experienced applications support 
it takes to give your designs that competitive edge. 

NEC technology and quality—and CEL service. 
It’s a powerful team. Put it to work for you. 
FREE DATA 
FOR DESIGNERS 
For app notes, data sheets, 
specification brochure, 
and information on our 
new IC Evaluation Kits 
and Prototyping Boards, 
call, write, or circle the 
number below. 

California Eastern Laboratories 

CEL, 3260 Jay Street. Santa Clara, CA 95054; (408) 988-3500 n Los Angeles. CA (213) 645-0985 n Bellevue, WA (206) 455-1101 n Scottsdale, AZ (602) 945-1381 or 941-3927 
Richardson, TX (214) 4.37-5487 □ Burr Ridge, II. (312) 655-0089 n Cockeysville, MI) (301) 667-1310 □ Peabody. MA (617) 535-2885 n Hackensack, NJ (201) 487-1155 or 487-1160 

Palm Bay, FL (305) 727-8045 □ Norcross, GA (404) 446-7300 n Nepean, Ontario, Canada (613) 726-0626 n Europe, NEC Electronics GmbH 0211/650301 
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(stub). This cancels the reactive part of 
the admittance and uses a series line 
quarter-wave transformer to convert the 
remaining resistive part to the character¬ 
istic impedance of the connecting trans¬ 
mission line (which is 50 ohms in most 
cases). This is repeated at the output and 
both cases are illustrated in Figure 1. 
The only limitation on matching line im¬ 

pedances is the substrate material, which 
gives the practical boundaries on the 
realizable width of the lines. The excep¬ 

tion is the quarterwave transformer whose 
impedance is given by the real part of the 
transistor input/output impedances and 
impedance of connected transmission 
line. 

In the case of stubs, use of either the 
open or shorted configuration is deter¬ 
mined by circuit requirements such as 
biasing. When circuit size is a considera¬ 
tion, the selection of stub configuration is 
usually critical since one method may 
have a shorter stub over another. Note 

SOFTWARE for PCs 
• Fast interactive optimization and 

tuning of your circuits. 
• Easy to learn and use. 
• Reasonably priced. 
• Runs on any IBM or com¬ 

patible with 384K, DOS 
2.0 or later and a parallel 
printer port. Coprocessor 
recommended. 

that adding half wavelengths to the calcu¬ 
lated value will change an open stub to 
a shorted stub and vice versa. 

Calculations of Stub Impedances 
For short sections of lines, the designer 

can assume that the losses could be 
neglected and the results from lossless 
analysis of transmission lines can be 
used. In this case, operating with parallel 
stub elements, the admittance of the open 
and shorted stub is: 

Yos = j Yo tanö (1) 

Yss = -j Yo cote (2) 

Note that the resulting values are pure 
susceptances, and the only difference 
between tan and -cot functions is 90 
degrees or n/2 radians. This is reflected 
in equation 3; 

tan (90 + 0) = -cote (3) 

If open capacitive stubs shorter than 90 
degrees with a positive sign for suscep¬ 
tance are desired and a negative value for 
e is obtained, the designer has to add 90 
degrees to obtain the desired solution. In 

=FILTER .  -
Circuit Busters has released version 1.2 of -FILTER =, which 
synthesizes an extensive variety of LC filters. Features include: 

• 16 different lowpass, highpass, bandpass and bandstop filters, including elliptic fil¬ 
ters and the minimum inductance zig-zag filter. 

• Butterworth, Chebyshev, Cauer-Chebyshev, Bessel, Gaussian transitional, minimum 
phase error and other transfer functions. 

• Determines required order for Butterworth, Chebyshev and Cauer-Chebyshev filters. 
• Automatically writes = SuperStar = circuit files. = SuperStar = may be used to com¬ 

pute and display the response, test tolerance effects, optimize or tune the filter. 
• Automatically sets defaults to last entered values for quick and easy operation. 
• Manual includes examples of techniques for creating special filters, new and unique 

lowpass prototypes and arithmetically symmetric filters. 
• = FILTER = is only $595, and only $295 for = SuperStar = owners. 

ETF9000 — MICRO-S 
Test Fixture 

Other Circuit Busters programs: 
• = SuperStar = : General purpose circuit simulation & optimization. 
• = TLINE = : Analyze and synthesize 7 different transmission lines. 

For free brochures with specifications, call or write: 

The ETF9000 is a unique high-speed 
socketed test fixture allowing evaluation of 
MMICs up to 12 GHz and beyond. The fix¬ 
ture will accommodate TriQuint’s Micro-S 
packaged devices. The ETF9000's socket ar¬ 
rangement significantly eases the task of 
evaluation and characterization of MMICs. 
The ETF9000 is $490.00 and is available 
from TriQuint Semiconductor, Beaverton, 
OR. (503) 641-4227. 

CIRCUIT BUSTERS 

1750 Mountain Glen Stone Mountain, GA 30087 (404) 923 9999 
INFO/CARD 34 

Come see us at the MTT-S Show, Booth #1216. 

TriQuint 
SEMICONDUCTOR 

A TEKTRONIX COMPANY 
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the case of shorted (inductive) stubs, 
shorter than 90 degrees with negative 
susceptance value, 90 degrees may have 
to be added to 0 if necessary. This is done 
automatically in the program. 
The relationship between the functions 

for open and shorted stubs is shown in 
Figure 2. From Figure 2 note that useful 
areas for realization of stubs is below 60 
degrees of electrical length at the fre¬ 
quency of design, (or below n/3 radians 
or .167 lambda free space). Impedance 
above this value rises too rapidly for reli¬ 
able realization. This limit should be taken 
as a guidance when determining which 
computed value is suitable for realization 
of practical matching networks. 
The angle 0 in the equations actually 

represents the following relationship: 

0 = (JI = 2nl/A (rad) (4) I 

or 

0 = pi = 360I/À (degrees) (4a) 

tance is negative, from (2); 

Yss = -jBss = "J Yocot0 

or 

tan0 = Y^B« 

from which, 

Plss = 0 = tan-' (Yo/B^) 

in degrees or radians depending on the 
conversion used. For open stubs shorter 

(5) than 90 degrees the value of susceptance 
needs to be positive and, 

(6) Ym = jBM = jY0 tan0 (8) 

or 

(7) tan0 = (Bos/Yo) (9) 

Note that equation 7 gives the value of pi leading to, 

Small Signal Bipolars: 
For high performance 
at low cost, no one 
has a wider selection. 

From this, for known susceptances the re¬ 
quired length I can be calculated using (1) 
and (2) respectively. Considering that for 
shorted stubs (<90 degrees) the suscep-

All our bipolars, including our super-
inexpensive tape and reel devices, are 
fabricated using the same technology 

TQ9111 — 1-8 GHz 
MMIC Amplifier 

The TQ9111 is a general purpose cascadable 
gain block designed for applications in 
broadband microwave systems. It is available 
in both die and packaged form. 

* Gain (typical) 8 dB 
* Pout @1 dB compression: +18 dB 
* Reverse isolation: 23 dB 
* Two tone third order 

Intercept point: +28 dBm 

The TQ911 packaged/die is $1O6.OO/$38.OO 
(Qty. 100); TriQuint Semiconductor, Beaver¬ 
ton, OR, (503) 641-4227. 

as our Space Grade devices. 
So if you need gain as 

high as 25 dB, noise figure 
lower than 1 dB, and fre¬ 
quencies all the way to 
10 GHz, give us a call. 

We’ll work with you engi-
neer-to-engineer to insure 
you get top performance— 
at a great price. And in most 

cases we can ship in 48 hours. 
NEC technology and quality— and 

CEL service. It’s a powerful combina¬ 
tion. Put it to work for you. 
FREE DATA FOR 
DESIGNERS 
For a full line Small 
Signal Bipolars 
specifications brochure, 
call, write or circle the 
number below. 

TriQuint & 
SEMICONDUCTOR 

A TEKTRONIX COMPANY 

NEC 
INFO/CARD 36 
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California Eastern Laboratories 
3260 Jay Street, Santa Clara, CA 95054 (408) 988-3500 
Western (408) 988-3500 Eastern (301) 667-1310 
Canada (613) 726-0626 
Europe NEC Electronics GmbH 0211/650.301 

© 1987 California Eastern laboratories 
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ßl„ = tan-' (Bos/Yo) (10)

From equation 7 the length of the shorted 
stub becomes; 

lM = V2n tan-’(Y0/Bss) (11) 

and from equation 10 for open stub; 

los = À/2n tan-’^os/Yo) (12) 

The wavelength can be obtained from fre¬ 
quency of design by the following; 

À = 3.108/f (13) 

which when substituted into equations 11 

and 12 gives the required stub lengths in 
free space. To calculate lengths of micro¬ 
strip lines the designer should evaluate 
the effective dielectric constant of the 
lines and correct the free space wave¬ 
length for each case using the equations 
below; 

Im = (14) 

This concludes the stub design. 

Quarter-Wave Transformers 
When designing with quarter-wave 

transformers, first convert input (output) 
impedance of the transistor to its parallel 

PERFORMANCE 
ATTENUATORS 

admittance equivalent circuit. The re-> 
quired matching susceptance may be 
capacitive or inductive, and can be real¬ 
ized by open or shorted stub. For exam¬ 
ple, to realize inductive susceptance (Fig¬ 
ure 2), open stub lengths in the 90 < 0 < 
180 degrees range are used and com¬ 
pared with inductive shorted stubs in the 
0 < 0 < 90 degrees region which provide 
for the same match. In the case of 
capacitive susceptance the situation is 
reversed. Therefore, matching stubs 
longer than 90 degrees are sometimes 
necessary. Fortunately, due to sym¬ 
metrical character of the tan0 and -cot0 
functions similar solutions are obtained by 
trigonometry manipulation. 

Note that capacitive stubs are some¬ 
times preferred to lumped capacitance, in 
the form of chip capacitor or by some 
tunable version. The required value is 
then determined from the susceptance 
as; 

C = B/(2nf) 
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Let Kay make a difference. from DC to 2GHz 
Kay Elemetrics Corp, offers 

a complete line of Programmable, 
In-Line and Continuously Variable 
Attenuators. We can supply you with 
the right model to fit your application. 
Listed below are some typical 
Attenuator models. 

Model Imped- Atten. 
No. anee Freq. Range Range Steps 

1/4450 50Q DC-lOOOMHz 0-16.5dB.ldB 
4480 500 DC- 1500MHz 0-63dB IdB 
4450 500 DC- 1500MHz 0-127dB IdB 
4457 750 DC-lOOOMHz 0-127dB IdB 

839 500 DC-2000MHZ O-lOldB IdB 
860 500 DC-1500MHz 0-132dB IdB 

KAY 
Kay Elemetrics Corp 

For a complete catalog and price 
list or to place an order call Vernon Hixson 
at (201) 227-2000, ext. 104. 

12 Maple Avenue 
Pine Brook, NJ 07058 USA 

Tel. (201) 227-2000 
TWX: 710-734-4347 
FAX: (201) 227-7760 

INFO/CARD 38 
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Microstrip Lengths and Width 
Calculations 
When the evaluation of free space 

lengths and impedances of the lines is 
completed, the next step is the selection 
of dielectric substrate material for the final 
realization of the circuit. After the material 
is selected, the lengths and widths of the 

TQ9141 — 1-8 GHz MMIC 
Active Power Divider 

The TQ9141 is a general purpose cascadable 
active power divider providing both in-phase 
power division and gain. It is available in 
both die and packaged form. 
* Gain (typical) 2 dB 
* Pout @1 dB compression: +14 dB 
* Reverse isolation: 25 dB 
* Amplitude balance: ±0.5 dB 
* Phase balance: ±5 Deg. 

The TQ9141 packaged/die is $121.00/$52.00 
(Qty. 100); TriQuint Semiconductor, Beaver¬ 
ton, OR (503) 641-4227. 

TriQuint & 
SEMICONDUCTOR 

A TEKTRONIX COMPANY 

INFO/CARD 39 
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■■Mines and stubs may be evaluated. This 
■is done using Wheeler’s [2] equations, 

assuming for simplification zero thickness 
of the conductive layer. Then from the 
chosen material parameters and known 
lengths and impedances of the lines, 
each line is evaluated for the required 
length and width. Width is determined by 
characteristic impedance of the line and 
applicable effective dielectric constant. 

Using substrates that have a permitivity 
range of two to ten, the line impedance 
has to be maintained between 20 and 150 
ohms since lines below this range are too 
wide and lines above this range are too 
narrow to be reliably etched on the sub¬ 
strate. When designing with quarter wave 
transformers, impedance generally ex¬ 
ceeds this range. In such cases a solu¬ 
tion is to calculate intermediate impe- ■ 
dance as a square of the input and out¬ 
put impedances, and use two transform¬ 
ers in series. 
The bandwidth of amplifiers designed 

by using only two matching elements is 
usually restricted to about 10 percent. In 
case where this is unsatisfactory it is 
possible to use analysis programs with 
optimization facilities that extend band¬ 
width. Obviously this is achieved by re¬ 
duction of the overall gain. 

Program Logistics 
The program is based on a short review 

of basic principles used in matching cir¬ 
cuits with transmission lines. Further in¬ 
formation is detailed in references 3,4 and 
5. Processing of entry data is shown in 
Figure 3. 

After loading the input and output impe¬ 
dances and operating frequency of the 
transistor, the program designs a match¬ 
ing network. After the operator selects the 
type of network desired (line and stub or 
transformer and stub), the program finds 
the data for input network, selects the stub 
for output network, and displays the re¬ 

sults. Calculations are done for the stan¬ 
dard 50 ohm environment. However, the 
operator is offered a choice of impedance' 
values for matching lines. The operator 
can also repeat calculations for the same 
impedance while changing requirements 
for stubs. If a new impedance is selected, 
the calculations are repeated with a new 
selection of stubs. After a satisfactory 
solution is obtained, the user may exit by 
refusing a new value of Zo. The program 
is then redirected to the final evaluation 
of widths and lengths of lines in the 
selected substrate environment. 
The final configuration of the circuit is 

New! 
2.8 GHz Prescalers... 
in Silicon! 

MODEL FREQUENCY ^CC la 
DIVISION 
RATIO 

UPB58I 0.5-2.8GHZ 5V 30mA 2 

UPB582 0.5-2.8GHz 5V 45mA 4 

UPB584 0.5-2.5GHZ 5V 18mA 2 

UPB585 0.5-2. 5Ghz 5V 26mA 4 

UPB587 0.05-IGHz 2.2to35V 5.5mA 2,4,8 

By directly synthesizing frequencies up 
to 2.8GHz our new low priced prescalers 
help you simplify your designs, minimize 

the number of components, and 
reduce board space. 

What does your application 
call for? Low cost plastic pack¬ 
ages? Chips or ceramic packages 
that can be MIL or Space 
screened? I/w voltage devices for 
battery powered designs? 

TQ9151/2 — 1-10 GHz 
Monolithic SPDT Switch 
The TQ9151/2 are fast, broadband microwave 
SPDT switches. The TQ9151 has integral 
TTL drivers and the TQ9152 can be driven 
directly. They are available in both die and 
packaged form. 
♦ “On” Insertion loss: 1.5 dB 
* “Off isolation (1 GHz) 45 dB 

(10 GHz) 25 dB 
* Switching speed: (TQ9151/2) <3 ns 
* Maximum RF input power +20 dBm 

The TQ9151/2 packaged/die are $96.00/ 
$33.00 (Qty. 100); TriQuint Semiconductor, 
Beaverton, OR, (503) 641-4227. 

Call today. We’ll work with you engineer-
to-engineer to see that you get the parts 
you need, at a price that's right. And in 
most cases, we can ship directly from stock. 

NEC technology and quality—and CEL 
service. It’s a powerful combination. Put it 
to work for you. 

FREE DATA FOR 
DESIGNERS 

For data sheets and 
a full line Si MM1C 
specifications 
brochure, call, 
write or circle the number below. 

TriQuint H 
SEMICONDUCTOR 

A TEKTRONIX COMPANY 

NEC 
INFO/CARD 40 

California Eastern laboratories 
3260 Jay Street, Santa Clara, CA 95054 (408) 988-3500 
Western (408) 988-3500 Eastern (301) 667-1310 

Canada (613) 726-0626 
Europe NEC Electronics GmbH 0211/650301 

C 19X8 California Eastern laboratories 

RF Design 
INFO/CARD 41 

Come see us at the MTT-S. Show, Booth #307. 
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Trimmer Ca 
from HF 

Microwave 

itors 

The World’s 
Broadest Line. 

For high quality and ready availability, 
phone (516) 746-1385 today. 

SPRAGUE 
Gooomon 

Sprague-Goodman Electronics, Inc./An Affiliate of the Sprague Electric Company 
134 FULTON AVENUE, GARDEN CITY PARK, NY 11040-5395 

TEL: 516-746-1385 • TELEX 14-4533 • TWX: 510-600-2415 • FAX: 516-746-1396 

INFO/CARD 67 Come see us at the MTT-S Show, Booth #1137, 

When you 
need TTL Clock 

Oscillators 

or quality Crystals 

call 800-333-9825 

Comclok Inc. 
Cal Crystal Lab., Inc. 
FAX 714-491-9825 

INFO/CARD 42 

Table 1. MRF 571 at 1000 MHz with 
50 ohm lines. 

displayed together with the selected stub 
elements. In cases where quarterwave 
transformer and stub matching is selec¬ 
ted, the values of transformers impedan¬ 
ces and line parameters are shown to¬ 
gether with linewidth of the mainline 
microstrip (50 ohm). Examples are illus-

I trated in Tables 1 and 2. 
Note that in some cases the match of 

two transmission line networks is not 
realizable. When this happens, the com¬ 
puter displays a message indicating that 
for chosen characteristic impedance Zo, 

I a solution is not available. 

Conclusion 
The program presented above offers 

significant time savings for the design of 
narrow band amplifier matching circuits. 
When used on computers with graphic 
facilities, simple adaptation provides for 
graphic display of all available combina¬ 
tions for match within a chosen range of 
line impedances. 

References 
1. S. Novak, “Computer Enhanced 

Amplifier Design,” RF Design, Feb. 87, pp. 
97-109. 

2. H.A. Wheeler, “Transmission Line 
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Table 2. MRF 571 using 20 ohm 
lines and 100 ohm stubs. 

6. S. Novak, “Amplifier Matching with 
Transmission Lines,” 1987 International 
Symposium/Brazil. 

About the Author 
Dr. Stanley Novak is industry profes¬ 

sor, director EE Laboratories at Poly¬ 
technic University, 333 Jay Street, 
Brooklyn, NY 11201. He can be reached 
by telephone at (718) 260-3476. 

TQ9161 — 1-10 GHz 
Monolithic Variable 

Attenuator 
The TQ9161 is a voltage controlled variable 
absorptive attenuator designed for gain com-
pensation/control and leveling loop applica¬ 
tions. It is available in both die and pack¬ 
aged form. 

* Insertion loss: 2 dB 
* Attenuation range: (1 GHz) 15 dB 

(10 GHz) 12 dB 
* Response time (10-90%): <50 ns 
* Maximum RF input power +20 dBm 

The TQ9161 packaged/die is S111.00/S43.00 
(Qty. 100); TriQuint Semiconductor, Beaver¬ 
ton. OR (503) 641-4227. 

TriQuint & 
SEMICONDUCTOR 

A TEKTRONIX COMPANY 

INFO/CARD 43 
Come see us at the MTT-S Show, Booth #1120. 

Hear the Difference! 
NCMO™ (Numerically Controlled Modulated Oscillator) 
(15-25 MHz input) DRFS™ -2250 (30-40 MHz input) DRFS™ -3250 

_ — 

Both the DRFS™ 2250 and 3250 NCMO™ families provide 
cost-effective, low noise (60dB spurious rejection pictured above) signal 
generation to the RF communications industry. The NCMO™ devices 
display rapid frequency hopping characteristics and fine resolution while 
reflecting the stability of the crystal input. Each device features 24 bit direct 
parallel, 8 bit bus, or quadrature clocked serial input. 

The NCMO™ utilizes 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 the 
revolutionary NCMO™ product lines phone DRFS™ today: 

Telephone 408/727-5995 
Outside California 800/782-6266 

Santa Clara, California 95054-3209 

INFO/CARD 44 
NCMO and DRFS are Trademarks of The Digital RF Solutions Corporation 

Patent Pending 

©1987 DRFS 
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Ask someone else to build 
a SAW oscillator this advanced, 
and you’ll get a lot of static. 
There’s only one place you 
can get SAW technology this 
advanced. 

Raytheon. 
Advancements like noise 

levels lower than anyone else 
offers at frequencies from 200 
MHz to beyond 2 GHz, superior 
aging characteristics (1 ppm per 
year) thanks to our exclusive all¬ 
quartz package technology, and 
operation with excellent stability 
over a wide temperature range. 

In fact, Raytheon SAW oscil¬ 
lators increase the performance 
of your radar, communications or 
ECM system better than any 
other oscillator — while saving 
space, reducing complexity and 
simplifying your filtering job. 

Best yet, they can be custom 
designed for your application by 
Raytheon, a Fortune 100 com¬ 
pany that offers a range of SAW 
device technology including: 

SAW resonators, dispersive, 
non-dispersive and phase coded 
delay lines and SAW bandpass 
filters. 

For more information, includ¬ 
ing an oscillator design guide 
slide rule, contact Raytheon 
Company, Special Microwave 
Devices Operation, Bearfoot 
Road, Northborough MA 01 532. 
Or call 1-617-393-7300, ext. 351 . 

Raytheon SAW devices. 
They can make a huge difference 
in your system’s performance. Raytheon 

Where quality starts with fundamentals. 
INFO/CARD 31 

Come see us at the MTT-S Show, Booth #870. 



PURE POWER... 
from the oscillator that cuts the competition down to size! 

The new 1110 Audio Oscillator from Boonton delivers a 
crushing +31 dBm into 50 ohms, +29 dBm into 150 ohms, 
and +25 dBm into 600 ohms. . . plenty of power to meet 
professional audio headroom requirements. And all this 
power comes with ultra-low distortion, typically .001%, 
perfect for demanding digital audio requirements. You can 
also perform linear or logarithmic sweeps of frequency or 
level to determine the response and dynamic range of your 
device. 

But most important the model 1110 can improve your com¬ 
petitiveness: 

■ With its fast frequency and level switching. Automatic 
testing throughput is increased. 

■ With panel setups stored in memory. Redundant tests 
are duplicated quickly and consistently. 

■ With test repeatability. Interdepartment measurements 
are consistent. 

■ And with a very attractive price. 

Standard Features: 

■ Frequency range from 10 Hz to 150 kHz. 

■ One output port with selectable 50, 150, and 600 ohm 
impedance, floating or single-ended output. 

■ Programmable level from 10 gV to 16 V open-circuited. 

■ Level displayed as open-circuited, terminated, or 
relative to a reference. 

■ Non-volatile storage of 99 complete panel setups. 

■ Full function IEEE-488 bus interface, standard. 

For immediate action, call or circle the appropriate 
response number. 

BOONTON 
Boonton Electronics Corp. 
791 Route 10, Randolph, NJ, 07869 
Telephone (201) 584-1077 
Fax (201) 584-3037 

Come see us at the MTT-S Show, Booth #914. 
Signal Generators ■ Modulation Analyzers ■ RF Power Meters ■ RF Millivoltmeters ■ Capacitance Meters and Bridges ■ Audio Test Instruments 

PLEASE CIRCLE INFO/CARD 106 FOR DEMO. PLEASE CIRCLE INFO/CARD 107 FOR LITERATURE. 



Imagine an oscillator... 
Custom designed to meet your exact needs; featuring unbeatable electrical performance, space¬ 
miser packaging, highly competitive pricing, and QPL-supplier quality. An array of oscillators, from 
hybrid TCXO's and VCXO's to high frequency ECL clocks to MIL-0-5531 0 devices to low phase noise 
ovens are available from Reeves-Hoffman. 

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

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

hybrid substrate, hybrid pack¬ 
age, and quality assurance 

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

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

REEVES-HOFFMAN 
DIVISION DYNAMICS CORPORATION OF AMERICA 

Reeves-Hoffman, 400 W. North Street, Carlisle, PA 17013 USA • Phone 717-243-5929 
FAX 717-243-0079 

INFO/CARD 46 Come see us at the MTT-S Show, Booth #418. 



Silicon Chip Capacitors. 
With 1/2 The Insertion Loss 

Of Ceramic Chips 
And 5 Times The 

Temperature Stability 

+ 10 “I 

•8 — 

6-

°/o 
CAPACITANCE 
CHANGE 

M/A-COM’S MNS Chip Capacitors 
exhibit lower loss and higher capacitance 
per unit area than ceramic “chip” 
capacitors. MNS capacitance values up to 
150 pF are offered in .020" X.020" outlines. 
That is less than half the area required for 
similar values in high dielectric ceramic 
chips. M/A-COM’s 180 ppm/°C temperature 
coefficient results in capacitance stability 
five times better than that for ceramic types 
of similar size and capacitance. 

1 pF to 600pF available today! 

-75 -25 0 25 \50 200 
TEMPERATURE°C 

-4 — 

-6 — 

8 — 

-10—1 

M/A-COM'S .020" sq. MNS CHIP 

CERAMIC .020" sq. CHIP 

Capacitance Change for 20 pF Capacitors 
M/A-COM’S MNS VS. Ceramic 

For more information, call or write 
M/A-COM Semiconductor Operations 
South Avenue, Burlington, MA 01803 

Tel. (617) 272-3000 ext 3808 

1 

TWX 710-332-6789 
TELEX 94-9464 
FAX (617) 272-0925 
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Insertion Loss of 20 pF Capacitors 
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in SMB and SMC connectors 

OUR CUSTOMERS THINK WE'RE # 1 
Actually, we're not. In sheer volume, everyone 
knows Sealectro is, and we're second. But our 
customers rate us number one in service, quality, 
and delivery. 

This isn't just an idle claim. In fifteen years, we have 
grown to be number two by delivering millions of 
SMB and SMC connectors a year to thousands 
of satisfied customers — on time and with near 
zero rejects. 

What does this mean for you? It means we can help 
make things easier for you by shipping you high 
quality SMB and SMC connectors in large or small 
quantities, on time and at a reasonable price. Our 
nationwide distributor network makes it easy to get 
immediate delivery on standard parts. 

SEE US AT THE MTT-S SHOW- BOOTH 1337 

Call or write for our 172-page catalogue which 
contains our full line of SMB and SMC connectors 
(including over 100 MIL-C-39012 QPL items), along 
with our SMA, 7000 microminiature, 75 ohm, and 
SLB series connectors. A cross-reference to all 
other major manufacturers and complete assembly 
instructions make the AEP Blue Book a valuable 
reference guide. 

Find out why the biggest isn't necessarily the best. 
For same-day attention to your needs, call your 
local AEP distributor or: 

APPLIED ENGINEERING PRODUCTS 
P.O. Box A-D, Amity Station 

New Haven, CT 06525 
203/387-5282 
FAX 203/387-7832 

INFO/CARD 48 
Come see us at the MTT-S Show, Booth #1337. 



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

New Products at MTT-S 1988 
New York Show Spotlights RF and Microwave Offerings 

Anixter 
Wilmington, MA 
617/657-8870 

California Microsystems 
Simi Valley, CA 
805/522-9977 
C. H. P. S. 
Fairfield, NJ 
201/882-0997 

Electronic Resources 
Sunnyvale, CA 
408/745-1420 
Microwave Distributors 
Commack, NY 
516/543-4771 
National Connectronics 
Dallas, TX 
214/788-2477 

Pyttronics 
Montgomeryville, PA 
215/643-2850 
Savage, MD 
301/953-9650 
Resco 
Beltsville, MD 
301/937-9100 
Baltimore, MD 
301/529-0500 

Restart 
Copiague, NY 
516/842-1500 
Southeastern Electronics 
Ft. Lauderdale, FL 
305/563-4131 

Spirit Electronics 
Scottsdale, AZ 
602/998-1533 

Toggle Switch Attenuators 
Kay Elemetrics 
A line of toggle switch attenuators utiliz¬ 

ing surface mount technology will be intro¬ 
duced. The devices feature a 3 watt power 
rating with a frequency range of up to 3 
GHz. These attenuators are useful for test 
calibration. Kay Elemetrics Corp., Pine 
Brook, NJ. INFO/CARD #206. 

Tuned Filters and Multicouplers 
K&L Microwave 
K&L will be showing a line of digitally 

and manually tuned filters and multicou¬ 
plers including a 225-400 MHz frequency 
agile hopping multiplexer. The filters can 
be tuned in two modes; the normal mode 
and active mode. The normal mode 
directs the filters to frequencies previously 
selected through a frequency manage¬ 
ment system utilizing digitally controlled 
stepping motors. In the active mode, in¬ 
dividual filters hop in a 12 MHz band 
about the frequency selected from the 
normal mode. The multicoupler handles 
30 watts average with peak specification 
of 120 watts or 50 watts CW. K&L Micro¬ 
wave, Inc., Salisbury, MD. Please circle 
INFO/CARD #205. 

GaAs Switch 
Daico Industries 
The P/N DS0602 is a low current, 

broadband, GaAs FET SPDT switch with 
a frequency range of 5 to 2000 MHz and 
VSWR of 1.5:1. The device draws 150 
microamps and switches in 26 ns. From 
5 to 20 MHz, the isolation is 55 dB. Other 
features include internal 50 ohm termina¬ 
tion and 4 ns transition time. Daico In¬ 
dustries, Inc., Compton, CA. Please cir¬ 
cle INFO/CARD #204. 

Cascadable Amplifiers 
Cougar Components 
Models AC380 and AC580 are thin film 

cascadable amplifiers that operate from 

10 to 250 MHz and 10 to 500 MHz, re¬ 
spectively. Typical gain is 25 dB on the 
380 and 23 dB on the 580. Noise figure 
ranges from 1.7 dB to 2.2 dB depending 
on the model. Operating current at 15 V 
is 17 mA on the 380 and 18 mA on the 
580. The amplifiers are packaged in 4-pin 
TO-8 packages. Cougar Components, 
Sunnyvale, CA. INFO/CARD #203. 

Tuning Sticks 
American Technical Ceramics 
ATC unveils a tuning stick — a device 

that makes on-board capacitor value 
selections. It consists of an ATC 100 
Series Superchip® radial wire leaded 
capacitor labeled with its specific value 
and attached to a non-conductive holder. 
The values range from 0.1 pF to 1000 pF 
and price is $49.95 per kit. American 
Technical Ceramics, Huntington Sta¬ 
tion, NY. INFO/CARD #202. 

MMIC Design Workstation 
EEsof 
The MMIC Workstation™ is a broad¬ 

based computer-aided tool that is de¬ 
signed for use with Apollo and Sun plat¬ 
forms. The workstation allows users to 

APPLIED 
ENGINEERING 
PRODUCTS 

P.O. BOX A-D, Amity Station 
1475 Whalley Avenue 
New Haven, CT 06525 

203/387-5282 
FAX 203/387-7832 

RF Design 
INFO/CARD 49 

perform schematic capture, linear and 
non-linear simulation, full-custom layout, 
and design verification. EEsof, Inc., 
Westlake Village, CA. INFO/CARD #201. 

Digital Receiver System 
Steinbrecher 
ACCUVERTER™ is a digital receiver 

system that converts RF signals into 
digital words while preserving more than 
96 dB of available spurious-free dynamic 
range without the use of AGC. It serves 

59 



as an interface between RF signals and 
digital signal processing. Steinbrecher 
Corp., Woburn, MA. INFO/CARD #200. 

Wideband Power Divider 
Merrimac 
Merrimac Industries unveils the 

PDM-27-10G power divider with a frequen¬ 
cy range of 1.5 to 18 GHz. It measures 
1.79" X 1.0” X 0.4” and costs $550 in small 
quantities. 

The Tacan coupler system is a high 
power sub-system designed to monitor 
the forward and reflected power of a 
Tacan radar transmitted signal. Two 
detected outputs for each direction are 
provided. The system measures 15,000 
watts peak over the 960 to 1215 MHz 
range. Coupling is within 0.2 dB and direc¬ 
tivity is at least 20 dB over the whole 
band Merrimac Industries, Inc., West 
Caldwell, NJ. INFO/CARD #199. 

PBW Discriminator 
Aydin Vector 
The Aydin Vector MMD-91 airborne dis¬ 

criminator is used to convert FM multi¬ 
plexed subcarrier signals to the original 
channel information. It features circuits for 
the input bandpass filter, pulse averaging 

L/S-BAND 
POWER 
FETs 

Fujitsu’s L/S-band family of power 
FETs is designed for optimum 
performance in the frequency 
ranges of 1 to 3 GHz. They provide 
stable, repeatable, ultra-reliable 
class A and A/B performance time 
after time. Their well behaved 
S-parameters make broad or 
narrow band matching a snap. For full information call 
408-562-1550 or circle the reader service card. 

Typical L/S-Band Performance 

detection circuit and output lowpass filter. 
Specifications include ±7.5 percent devia¬ 
tion for the I RIG PBW signals and stabili¬ 
ty of ±1.0 percent. Aydin Vector Division, 
Newtown, PA. INFO/CARD #198. 

Triax Connectors 
AMP Inc. 
These miniature and subminiature triax 

connectors offer termination to both cable 
and printed circuit boards. They use crimp 
technology for easy assembly, reduced 
rejects and lower applied costs. Perfor¬ 
mance is rated to 500 MHz with good 
EMI/RFI shielding characteristics. AMP 
Inc., Harrisburg, PA. INFO/CARD #197. 

Instrumentation Amplifier 
Hewlett-Packard 
HP introduces a 100 kHz to 3 GHz in¬ 

strumentation amplifier with 25 dB gain 
and 20 dBm output power. Output power 
is adjustable over a +2 dBm to +20 dBm 
range. With built-in internal leveling, out¬ 
put flatness is held to ±1.5 dB over the full 
band. The HP 8347A is priced at $3,950. 

Device Freq. (GHz) P,dB (dBm) G,dB (dB) 

FLL101ME 2.3 29.5 13.5 

FLL171ME 2.3 32.5 12.5 

FLL351ME 2.3 35.5 11.5 

FLL50ME 2.3 36.0 10.0 

FLL100ME 2.3 39.0 8.0 

FLL200IB-1 1.5 42.5 13.0 

FLL200IB-2 2.3 42.5 11.0 

FUJITSU 
FUJITSU 
MICROELECTRONICS, INC. 

Microwave and Optoelectronics Division 
3330 Scott Boulevard, Santa Clara, CA 95054-3197 • (408) 562-1000 
TELEX: 278868 FMMO UR, FAX: (408) 727-3194 

60 INFO/CARD 50 
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The HP 5371A is an instrument de¬ 
signed to analyze and characterize time¬ 
varying signals to 500 MHz. It allows 
users to understand the dynamics of fre¬ 
quency, phase, time interval and jitter of 
complex signals. Hewlett-Packard Com¬ 
pany, Palo Alto, CA. INFO/CARD #196. 
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NO'S^M 
“NOISE IS OUR ONLY BUSINESS’’ 

Broad Band 
Noise Sources 

For Space, Military and Commercial Applications 

DC-SO GHz 

Chips and 
Diodes 

•Glass »Ceramic »Beam-Lead 
• Hermetically Sealed • MIL-STD-202 
•Audio *VHF «UHF «RF »MW ‘MM 

Broad Band 
Amplified 
Modules 

PLUG-IN, DUAL-IN-LINE 
24 or 14 PIN, 150mv out 

Broad Band 
Precision, 
Calibrated 
Coaxial 

SMA, N, TNC Output 
Connectors 

TYPICAL STAN DARD MODELS 
NC 100 Series 
NC 200 Series 
NC 300 Series 
NC 400 Series 

up to 3 MHz 
upto 500 MHz 
upto 11 GHz 
upto 50 GHz 

ALL ARE IN STOCK 

Drop In 
Modules 
For Bite 

Self energized in TO-8 
Ideal for self testing of receivers 

50 ohms, 30 dB ENR min, 
35 dB ENR typ. 

TYPICAL STAN DARD MODELS 
NC2101 
NC2102 
NC2103 
NC2104 
NC2105 
NC2106 
NC 2201 
NC 2301 

upto 20 kHz 
upto 100 kHz 
up to 500 kHz 
upto 1 MHz 
upto 10 MHz 
upto 20 MHz 
upto 100 MHz 
up to 300 MHz 

MOSTAREINSTOCK 

HIGH-OUTPUT: 
+ lOdBM, 50 ohms 
SMA or BNC output 

TYPICAL STAN DARD MODELS 

NC501 
NC 502 
NC 503 
NC 504 
NC 505 
NC506 

upto 500 MHz 
upto 1 GHz 
up to 2 GHz 
up to 3 GHz 
up to 4 GHz 
up to 5 GHz 

TYPICAL STAN DARD MODELS 

NC1101A 
NC 1107A 
NC 1108A 
NC1109A 
NC 1110A 

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

ALL ARE IN STOCK 

Other frequency ranges 
and output levels available 
MOSTAREINSTOCK 

»• 

A 

TYPICAL STAN DARD MODELS 

NC3100 
Series 

NC 3200 
Series 

upto 18 GHz 
15.5 dB ENR, 
noise figure 
meter compatible 

upto 18 GHz 
30-35 dB ENR, 
high noise 
output 

NOIS^ 
“NOISE IS OUR ONLY BUSINESS” 

NOISE COM, INC. 
E. 64 Midland Ave. 
Paramus, NJ 07652 
PHONE (201) 261-8797 

FAX (201) 261-8339 

TWX 910-380-8198 



NOIS^ 
“NOISE IS OUR ONLY BUSINESS’’ 

Broad Band 
Noise Sources 

For Space, Military and Commercial Applications 

DC-5O 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 Rei Products 

HYBRID FOR SPACE QUALIFIED 
AMPLIFIED MODULES 

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

TYPICAL STAN DARD MODELS 
NC5100 
Series up to 50 GHz 

15.5 dB ENR, 
noise figure 
meter 
compatible 

NC 5200 
Series up to 50 GHz 

21-25 dB ENR, 
high noise output 

NC 5300 
Series up to 50 GHz 

21-25 dB ENR, 
high noise output 

TYPICAL STAN DARD MODELS 

NC6101 
NC6107 
NC6108 
NC6109 
NC6110 
NC 6111 
NC 6218 

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 
up to 18 GHz 

Other standard models available 
MOST ARE IN STOCK 

DC COUPLED 
AMPLIFIED MODULES 

■ 1 volt output into 50 ohms 
■ DC-100 kHz 
■ Low offset voltage 
■ Compact 
■ DC-4 MHz 

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

For More 
Information 
And Quick 
Response Call: 

GARY SIMONYAN 
at 201-488-4144 
<_ _ 

TYPICAL STAN DARD MODELS 
NC7101 
NC7107 
NC7108 
NC7109 
NC7110 
NC7111 
NC 7218 

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 
upto 18 GHz 

OPTIONAL: Remote variable 
filters, signal input combiner, 
75 ohms output, marker input. 

Other standard models available 
MOST ARE IN STOCK 

“NOISE IS OUR ONLY BUSINESS” 

NOISE COM, INC. 
E. 64 Midland Ave. 
Paramus, NJ 07652 
PHONE (201) 261-8797 

FAX (201) 261-8339 

TWX 910-380-8198 



Demodulator Source 
CTI 
Series-DMOD is a 70 or 140 MHz wide¬ 

band, low phase noise FM demodulator 
source. One percent linearity is maintain¬ 
ed for deviations to 20 MHz while frequen¬ 
cy response is better than 0.5 dB and NPR 

Hermetic Packages 
Coors Ceramics 
Coors Ceramics introduces a line of 

hermetic packages for microwave, fiber 
optic, power and hybrid applications. Ap¬ 
plicable technologies include matched 
seal and compression seal glass-
to-metal packaging utilizing F-15 alloy 
and stainless steel. Coors Ceramic 
Company, Golden, CO. Please circle 
INFO/CARD #192. 

Internally Terminated Switches 
The S-50-005 is a PIN diode RF switch 

with integral TTL drivers. It has a frequen¬ 
cy range of 10 to 500 MHz and insertion 
loss is 1.3 dB (max) from 10 to 300 MHz. 
Isolation from 10 to 100 MHz is 50 dB and 
VSWR is measured at 1.4:1. Input power 
for 1 dB compression is +3 dBm while 
switching speed is 20 us. JFW Indus¬ 
tries, Inc., Indianapolis, IN. Please cir¬ 
cle INFO/CARD #187. 

LMI makes 
RF1/EMI filter 

exceeds 60 dB. Phase noise at 1 kHz is 
-70 dBc/Hz. Communications Tech¬ 
niques, Inc., Whippany, NJ. Please cir¬ 
cle INFO/CARD #193. 

SAW Oscillators 
Andersen Laboratories 
Andersen unveils a line of SAW oscilla¬ 

tors that operate up to 2.4 GHz. The fre¬ 
quency determining elements are fabrica¬ 
ted on quartz substrates for optimum 
stability. The specifications include a car¬ 
rier frequency range of 1.2 GHz to 2.4 
GHz, output power of 13 dBm ±2 dB, 
spurious outputs at -60 dBc max. and 
SSB phase noise of -90 dBc/Hz max. at 
1 kHz offset. Andersen Laboratories, 
Inc., Bloomfield, CT. INFO/CARD #191. 

GaAs Chip Set 
Anadigics 

This GaAs chip set is intended for appli¬ 
cations in excess of 2 Gbit/sec and con¬ 
sists of the ALD30010 laser driver, the 
ATA30010 transimpedance amplifier, and 
the ACP10010 0.5 ns decision circuit. 
Anadigics, Warren, NJ. Please circle 
INFO/CARD #195. 

Automated Tuner 
Maury Microwave 
A 3.5 mm automated tuner covering the 

4 to 26.5 GHz range will be introduced for 
use with the Maury automated tuner 
system (ATS). The tuner can be controlled 
via the GPIB ATS controller. Maury Micro¬ 
wave Corp., Cucamonga, CA. Please 
circle INFO/CARD #194. 

• Lectroline" power line filters meet 
MIL F 15733 and interface with all ULand 
NEC approved equipment. UL 1283 approval 

pending. 

• Wall- and Floor mounted Lectroline 
power line filter panels. 

• Filters and power factor coils available 
for standard 60 Hz and 400 Hz power systems. 

• Communication and control line 
filters. 

• Lectroline signal line filter panels. 
• Custom filters to your specs to comply 
with MIL STD 461/2/3, FCC, VDE and other 
regs. 

• Common mode filters. 

Reliability —an LMI advantage. 
All Lectroline power line filters are supplied 
with internal bleeder discharge resistors per 
UL 478-1967 and NEC 460 4. 

Oil leakage is virtually eliminated by hermetically 

sealing both the oil impregnated capacitors and 
the external case. 

Other LMI advantages include ventilation 
screens in high current Lectroline filters (to 
UL 1283), use of wiring wells to isolate input 
and output wiring, and internal filter wiring at 
1000 circular mils per ampere, minimum. 
Assembly of all electrical wiring, terminal strips 
and cabling is performed with UL approved 
devices. 

For most RF1/EM1 suppression 
applications. 
LMI filters and filter panels are now widely used 
in shielded rooms and cabinets, ground support 
equipment, computer rooms, hospital 
diagnostic facilities, electrical and electronic 
equipment, and communication centers. Write 
or call the LMI Application Engineering 
Department for additional information. 

Nationwide Representatives 

RF Design 

LectroMagnetics, Inc. 
Specialists in electromagnetic shielding and compatibility 

6056 West Jefferson Blvd., Los Angeles. CA 90016 • (213) 8709383,Toll Free (800) 325-9814 U. S.A. • (800)325 9815-CA 

INFO/CARD 51 63 



ff design feature 

MMIC Active Multipliers 
Frequency Doubler Uses Inexpensive, Stable Devices. 

By Jerry Hinshaw 

This article describes a practical, in¬ 
expensive and unconditionally stable fre¬ 
quency multiplier design suitable for a 
wide range of VHF through low microwave 
applications. A single silicon MMIC stage 
provides conversion gain as a doubler. 
Several stages may be cascaded to pro¬ 
vide a binary multiplication factor, with the 
output signal at a useful level. Good spec¬ 
tral purity and fair tuning range are addi¬ 
tional positive features of this approach. 

The idea which led to the construction 
of this circuit was the discovery that 

the second harmonic output of a moder¬ 
ately driven MMIC amplifier is at or above 
the input level. This suggested that the 
device can be used as a unity gain 
doubler. The MMIC devices are uncondi¬ 
tionally stable, so an output filter cannot 
drive the MMIC into oscillation. There are 
no tuned idlers to restrict bandwidth, so 
the multiplier has the same bandwidth as 
the output filter, up to the theoretical 50 
percent. (Maximum bandwidth of a single¬ 
output multiplier is 1/N, where N is the 
multiplication ratio. At greater bandwidths, 
other harmonics will appear at the out¬ 
put.) 
By contrast, earlier methods of har¬ 

monic multiplication have some short¬ 
comings. Instability, tuning difficulties, 
temperature problems, cost, losses, and 
complexity are some of the difficulties 
faced by designers of transistor or diode 
multipliers. MMIC stages, with their stabili¬ 
ty and broadband gain, minimize or elim¬ 
inate these problems. The only real short¬ 
coming of today’s MMIC blocks is that 
their resistive biasing and feedback 
schemes result in moderate power con¬ 
sumption. Except for battery-powered 
equipment, the power requirements are 
not too restrictive. To fully appreciate the 
appeal of this MMIC design, let us review 
several other methods of frequency multi¬ 
plication. 
One comparable method uses step re¬ 

covery diodes (SRDs). These have been 
common for a quarter-century, and for 
many years were one of the best, if not 
only, solid-state methods of producing 
moderate power at microwave frequen¬ 
cies. In an SRD multiplier, energy is 
stored, usually in a small inductor, then 
“dumped” into a resonant output circuit 

Figure 1. Schematic diagram of the prototype doubler. 

Input 

Figure 2. Component layout sketch. 

Device_ Quantity_ Cost_ 
Amplifier MMIC 1 0.99 
Helical Filter 1 3.10 
Chip Capacitors 3 0.36 
Resistor 1 0.11 
Inductor 1 0.27 (optional) 
Circuit Board_ —_ 0.40 (at $1 per in2) 

TOTAL $5.23 

Table 1. Cost estimates for double circuit, in 100 quantity. 

in a small fraction of an RF cycle by the 
fast-switching diode. The rapid transition 
from open to conduction creates an out¬ 
put rich in harmonics. An output filter 
selects one of the harmonics and rejects 
the others. 
An SRD multiplier has few parts, and 

can have fairly low losses, but never gain. 
Disadvantages include a specialized, and 
therefore expensive, diode. Matching the 
input and output can be tricky, especial¬ 
ly in applications where moderate band¬ 

width and operation over a wide tempera¬ 
ture range are required. The output spec¬ 
trum “breaks up” into undesired har¬ 
monics as the port impedance of the 
diode shifts with changes in RF drive and 
temperature. In short, tuning and stabiliz¬ 
ing an SRD multiplier can be a major 
headache. 
A second method of frequency multi¬ 

plication in the lower microwave region is 
the operation of a transistor stage as 
a nonlinear amplifier with the input 
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tuned to the fundamental and the output 
matched at the second (or higher) har¬ 
monic. The transistor is usually biased as 
a Class C amplifier, so the input signal 
drives the device through the highly non¬ 
linear region of the device’s l-V junction 
response near the origin. This produces 
an output rich in harmonics. The trans¬ 
istor provides gain, and the harmonic 
power level can be as great or greater 
than the fundamental drive power, as with 
the MMIC. 

However, a single discrete transistor 
stage will often be unstable, especially 
with the reactive terminations needed to 
filter the undesired harmonics. As with the 
SRD, a transistor multiplier can produce 
oscillatory spurious outputs at certain 
drive levels, especially as temperature 
changes shift the operating point and alter 
the junction characteristics. The need for 
tuned input and output networks adds to 
the size and cost of such multipliers, and 
they have never been especially popular. 

The basic multiplier has one active 
component, a filter, three capacitors and 
one resistor, as shown in Figure 1. An in¬ 
put signal applied to the MMIC amplifier 
produces an output at the input frequency 
as well as the second harmonic. At the 
output, a filter tuned to twice the input fre¬ 
quency passes the second harmonic 
energy and reflects the fundamental (x1) 
signal back into the MMIC, where it may 
contribute to more distortion. (The x2 out¬ 

put is, after all, really just desired 
distortion.) 
The output frequency of the test circuit 

was chosen to utilize a 440 MHz band¬ 
pass filter that was on hand. This filter, 
manufactured by Toko, is small and in¬ 
expensive, but has very good skirt selec¬ 
tivity and only about 2 dB passband loss. 
It seemed a good candidate for combin¬ 
ing with a MMIC. Thus, the test circuit 
doubles a 220 MHz input to a 440 MHz 

High-Performance 
RF Amplifiers in Standard 

or Custom Designs 

Figure 3. 1:1 artwork master for 
test board. 
Compared to these two methods, the 

MMIC doubler design has some real ad¬ 
vantages. The MMIC gain block is very 
small, and its stable characteristics mean 
that a production circuit can give re¬ 
peatable performance with minimal ad¬ 
justment. the circuit will operate reliably 
over the full operating temperature range 
with only small variations in output power 
and without spurious generation. The 
variation in output power versus tempera¬ 
ture seems even smaller for MMIC stages 
with high drive levels, probably because 
the saturation characteristics vary less 
than the small-signal gain as temperature 
changes. 

Circuit Description 
To test this MMIC design idea, I built a 

simple VHF multiplier stage. This circuit 
used a readily available helical resonator 
filter at the output to select the desired 
second harmonic. The result was a low-
cost, small doubler stage which per¬ 
formed as expected. This test circuit is 
representative of typical applications in 
the VHF and UHF range. 

FREQUENCY MHz 

Janel's high dynamic range RF amplifiers are available in standard 
or custom designs, in the frequency range of one to 2000 MHz 
and power up to 25 watts. CaAs FET, Power Mos FET, and Bipolar 
devices are utilized in quadrature, push-pull, ferrite isolated, or 
feed-forward designs. 

■ Two-tear Warranty 
■ High Performance Guaranteed 

■ Fast, On-Time Delivery 
■ Mil-Spec Capabilities 

Also available: more than 50 models of standard power dividers. 

Call or write today for a free catalog! 
(503) 757-TI34 ■ FAX: (503) 757-7415 

Design & Manufacture of Quality RF Equipment since 1969 

JANEL LABORATORIES, INC. 
35890 Eastgate Circle • Corvallis, OR 97333 

RF Design 
INFO/CARD 52 

65 



Packaged Switches from stock... your choice $28.95 

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

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

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

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

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

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

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

Adams F3 Russell 
Electronics 
ANZAC DIVISION 

INFO/CARD 4 
Come see us at the MTT-S Show, Booth #1027. 

80 CAMBRIDGE ST., BURLINGTON, MA 01803, (617)273-3333 TWX 710-332-0258 FAX (617) 273-1921 TELEX 200155 



Come 
where the 
power 

is. 

Figure 4. Output frequency spec¬ 
trum plot. 

Figure 5. Output bandwidth plot. 

output. No attempt was made to reduce 
the size of this prototype, but the total area 
occupied by the components is small. The 
filter used is small, but even smaller filters 
using ceramic-loaded resonators are 
available. 
The multiplier was hastily built on a 

hand-cut board. A simple layout (Figures 
2 and 3) was drawn at 2:1 scale, reduced 
to 1:1 and used to guide a hobby knife 
blade in scoring the copper on one side 
of a 1/16 inch glass-epoxy PC board. After 
scoring, the copper is easily peeled away 
to leave isolated microstripline traces. The 
other side of the board is left undisturbed 
as a ground plane. Several eyelets cou¬ 
ple the top and bottom ground planes to¬ 
gether in areas needing a good ground, 
such as near the MMIC leads and the 
filter connections. Details of the construc¬ 
tion are painfully visible in the photo¬ 
graphs, Figures 6 and 7. 

Test Results 
The prototype doubler tests were sim¬ 

ple and pleasing. The MMIC bias was nor¬ 
mal, about 4.5 volts at the output lead and 
17 milliamperes current. A test signal at 

220 MHz immediately produced a strong 
output at 440 MHz, with undesired har¬ 
monics well attenuated. These data are 
presented in Figure 4, which shows the 
output frequency spectrum for a constant 
power 220 MHz input. The 220 MHz fun¬ 
damental is over 30 dB below the second 
harmonic output, with other products 
lower yet. The other low level products 
shown are due to leakage from a 110 MHz 
crystal oscillator that was part of the test 
setup. No tuning of the filter was neces¬ 
sary, as the factory preset adjustments put-
it on frequency. 
The output power varies with input 

power, but above -5 dBm drive level there 
is little change. This indicates that the 
saturation level for harmonic output is fair¬ 
ly constant, a desirable characteristic for 
easier cascading of several stages. 
The doubler circuit has a fairly narrow 

bandwidth, as shown in Figure 5. This is 
as expected from the sharp helical reson¬ 
ator filter alone, with no significant band¬ 
width shrinkage that might be attributed 
to the MMIC stage. No instabilities were 
observed as the input frequency was 
swept. For a narrow-band application, this 

Broadband sensitive RF millivolt meter. 
Model RF-801 

800-327-9308/305-777-1440 
FAX: 305/777-1447 
TELEX: 362837 (HELPER UD) 

• 20 kHz to 1.6 GHz frequency 
• 300 u/V to 100V range 
• 3 dB accuracy at 1.6 GHz 
• Loading of less than 2 pf 
• $675 complete with probe 
• Immediate delivery 

Helper Instruments Company 
131 Tomahawk Drive 
Indian Harbour Beach, FL 32937 

Broadband capability from some very 
powerful amplifiers. Power from one 
watt to ten kilowatts. Frequencies 
from 10 kHz to 1 GHz. Gain that's flat 
and reliable. 

For example, our Model 2000L, 
shown above, delivers 2000 watts 
minimum cw saturated power over a 
bandwidth of 10 kHz to 220 MHz. In 
pulse mode you can almost double 
that rated output. 
We rate most of our amplifiers by 

minimum power— users can be cer¬ 
tain that their 10-watt or 2000-watt 
amplifier will always deliver af least 
its rated output at any point in its 
frequency band. 
AR amplifiers are unconditionally 

stable, immune even to worst-case 
load mismatch without damage or 
shutdown. The full bandwidth is in¬ 
stantly available—there's no need 
for tuning or bandswitching. 
Send for our booklet, “Your guide 

to broadband power amplifiers.” 

RmPLIFIBR 
RBSBRRCH 

INFO/CARD 54 
RF Design 

160 School House Road 
Souderton, PA 18964-9990 USA 

Phone 215-723-8181 
TWX 510-661-6094 

8288 
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Figure 6. Photo of prototype 
doubler — topside. 

Figure 7. Photo of prototype 
doubler — underside. 

Innovation 

YOUR EMI 
PROBLEMS ARE 
ONE OF A KIND. 

SO ARE 
OUR SOLUTIONS. 

No two electronic products are 
quite the same. Neither are the 
environments in which they work. 

That’s why no two solutions to 
EMI problems are quite the same 
either. Sanders understands that. 
We've been solving interference 
problems for more than 2 decades; 
more than 10,000 last year alone. 

At Sanders you can count on 
total service —from design con¬ 
sulting to manufacturing. Sanders 
Electromagnetic Compatibility 
Engineering Group uses advanced 
computer modeling to ensure your 
product meets all FCC standards 
and MIL specs before hardware 
development. Sanders EMI facilities 

INFO/CARD 56 

can complete the most complex 
tests, often in four days or less; 
simple tests in less than two days. 
Sanders also is expert at designing 
custom filters to meet your exacting 
size, weight and environmental 
constraints. 

Call or write Sanders Associates, 
Inc., EMC Dept., C.S. 2004, NCA 
1-6268, Nashua, NH 03061-2004; 
(603) 885-4961; TWX: 710 228-
1894, TELEX: 094-3430. You'll find 
our service is a perfect match for 
your EMI problem: both are one 
of a kind. 

^^Sanders 
A Lockheed Company 

response produces maximum rejection of 
undesired harmonics. For a broader 
bandwidth use, a filter with wider band¬ 
width is needed. The input frequency can 
then vary to create a range of output 
frequencies. 

Applications 
There are many potential applications 

for this MMIC doubler design. In general, 
it can be used whenever low cost, small 
size, stability and moderate bandwidth are 
required, and where the moderate power 
supply drain is not a problem. 
As an example, VHF and UHF local os¬ 

cillator (LO) chains for mobile radios can 
be built with this technique, using cas¬ 
caded doublers. Narrowband stages are 
ideal for single-frequency LOs, since they 
maximize the spectral purity of the final 
output. For a cascade of several doublers, 
the input drive power should be relative¬ 
ly strong, so the output level of each stage 
is saturated. 

For multiple frequency use, a low-
frequency synthesizer could drive a 
cascade of wider-band doublers. At pre¬ 
sent, low- cost synthesizer components 
work up to about 1 GHz. Above this, 
MMIC doublers could easily increase the 
range to 2 to 4 GHz. For example, a syn¬ 
thesizer covering 732.5-737.5 MHz can be 
doubled to 1465-1475 MHz. This signal 
can then be used to downconvert the 
1535-1545 MHz mobile satellite band to 
a fixed 70 MHz IF for demodulation. 
The lower synthesis frequency can be 
achieved at lower cost and lower power 
consumption than it would directly at 
L-band. Phase noise at the output of the 
doubler will, of course, be increased by 
the familiar 20 log N (dB), where N is the 
multiplication ratio. However, this de¬ 
gradation would probably be seen in a 
practical synthesizer, as well. For narrow¬ 
band voice and data applications, the 
MMIC design will certainly suffice. 
The range of potential uses for silicon 

MMIC multipliers seems wide, and should 
remain so even as GaAs devices become 
more available. The cost of silicon MMICs 
will doubtless remain below that of GaAs 
for some time. The simplicity of this 
design, and its ease of production, is an 
improvement over earlier frequency multi¬ 
plication schemes. H 

About the Author 
Jerry Hinshaw is a senior staff engi¬ 

neer at Bendix Communications Divi¬ 
sion, 1300 E. Joppa Road, Towson, 
MD 21204. This article is his 1987 RF 
Design Awards contest entry. 
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Unequal Power Division with a 
Lumped Element Divider 

By David H. Burgess 
Honeywell, Inc. 

The Wilkinson power divider is widely known and many varia¬ 
tions are used in microwave systems today (1). Its most useful 
characteristics are good impedance matching at each port and 
high isolation between output ports. This device, usually im¬ 
plemented using transmission lines, can also be realized with 
lumped elements, making it useful for VHF applications (2). For 
some applications, an unequal power split between the two out¬ 
put ports is desirable. Such a design is described for hybrid 
Wilkinson power dividers by Parad and Moynihan (3). This paper 
discusses the design of a lumped element version of an une¬ 
qual split power divider. 

The design equations for the Wilkinson power divider are 
derived in terms of the power split ratio, k, the characteristic 

impedance, Zo, and the center frequency, w. The proposed cir¬ 
cuit is shown in Figure 1. A sample design is verified by com¬ 
puter simulation using Touchstone™ and the measured 
response of a prototype circuit is presented. 
By forming the equivalent circuit shown in Figure 2, the cir¬ 

cuit can be analyzed by employing the method of even and odd 
mode analysis outlined by Reed and Wheeler (4). To achieve a 
power splitting ratio of 

Power out Port 2 >
Power out Port 3 

k times the level from port 1 to port 2. This results in 

Z =^^Z *•12 K 

Z,3 = KZ12 = (1 + K) Zo

22 = 4 

z3 = kz0

where Zo is the input impedance looking into port 1. Z12 and Z)3 

were calculated from the requirements that Z12 in parallel with 
Z13 equals Zo and Z13 = kZ12 . Note also that the output im¬ 
pedance of port 3 is no longer Zo and must be transformed 
back if desired. 

For the odd mode, equal voltages of opposite phase are ap¬ 
plied to ports 2 and 3 resulting in a virtual ground along the line 
of symmetry. From this, the simplified circuit of Figure 3 can be 
drawn. At the design center frequency, a>0, each port should be 
matched. 

So from figure 3a R' = Zo (1) 

the impedance level from port 1 to port 3 is constrained to be 

Figure 1. Wilkinson power divider. 

Figure 2. Equivalent circuit. 
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and from Figure 3b 

. _ 1_ 
œ oL2 —  p 

Also from Figure 2 

and substituting (1) and (3) 

or 

R” = KZ0 (3) 

(4) 

R = R’ + R” 

R = Zo + KZ0

R = (K + 1) Zo

Similarly from Figure 4b 

(—L-
\K + 1 

Y<>/K = jœ0C3 +. i— 

\K + 1 

1 
j<v0L2

1 
j<^0*-2 

which yields a>0L2 = — = V K(K + 1)Z0 coou, (6) 

In the even mode, voltages of equal amplitude and phase are 
applied to ports 2 and 3. This results in an open circuit along 
the line of symmetry and the simplified equivalent circuits are 
given in Figure 4. Again, the ports should be matched at a>0. 

Using equations (1) through (6), each component can now be 
solved for in terms of k, œo, and Zo. The resulting design equa¬ 
tions are summarized below. 

R = (K + 1)Z0

From Figure 4a Touchstone (TM> - Ver (1.30-Jun- 18-05 > - Ser <15858-1768- 1OOO> 
FOWDIV.ckt 01-01-80 00:lll50 

(— \K + 1 
Yo = ja>0C2 + —j<— 

\K + 1 

1 
j<v0Li 

1 

j“oL1 

FREQ-MHZ 

where Y, 
1 

0 Z 

which after sufficient manipulation yields 

“oLi = p . Cl>0Vi 

30.0000 
35.0000 
40. 0000 
45.0000 
50.0000 
55.0000 
60.0000 
65.0000 
70. 0000 
75.0000 
80.0000 
85.0000 
90.0000 

DBCS11] 
PD 

-13.510 
-14.459 
-15.607 
-17. 147 
-19.531 -24.244 
-69.657 
-21.364 
-14.005 
-9.409 
-6.234 -4.064 
-2.638 

DBES22J 
PD 

-23.240 
-21.980 
-20. 902 
-20.907 
-22.381 
-26.676 
-67.799 
-23.694 
-16. 506 
-12.053 
-8.957 
-6.798 
-5.323 

DB 13331 
PD 

-9.931 
-10.943 
-12.383 
-14.425 
-17.486 
-22.993 
-57.694 
-21.362 
-14. 452 
-10.093 
-7.006 
-4.833 
-3. 357 

DBCS21 1 
PD 

-1.961 
—1.877 
-1.828 
-1.800 
-1.783 -1.769 
-1.761 
-1.781 
-1.889 
-2.177 
-2. 742 
-3.623 
-4.770 

DBC831 3 
PD 

-5. Ill 
-5. 142 
-5. 101 
-5.013 
-4.907 
-4.813 
-4.771 
-4.837 
-5.094 
-5.646 
-6.587 
-7.938 
-9.630 

DBES32D 
PD 

-9.375 
-10.908 
-12.730 
-15.069 
-18.416 
-24.289 
-70.756 
-24.087 
18.275 

-15.247 
“13.632 
-12.992 
-13.049 

Zo (5) Figure 7. Touchstone™ results. 

GAIN EQUALIZERS 
ADJUSTABLE OR FIXED CONFIGURATIONS 

BALL BEARING DRIVE AND CONTACT 

FREQUENCY AND AMPLITUDE TUNABLE 

SYSTEM OR TWT APPLICATIONS 

HARMONIC PHASE ENHANCERS 

jV/\ / INN0WAVE I INNOVATION IN MICROWAVE PRODUCTS 

15555 Concord Circle, Morgan Hill, CA 95037 ■ TEL 408-779-1529 TLX 750539 FAX 408-779-1501 
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RETURN LOSS INSERTION LOSS 

Figure 8. Return loss versus frequency. Figure 9. Insertion loss versus frequency. 

r - 1
°1 / K œoZo

, _ Zq 
L’ 7 K œ0

l2 = /k(k + nZo/uo 

K _ 1 
K + 1 coqZo 

°3 + 1)Z0

(8) 

O) 

(10) 

(11) 

(12) 

A4 

An alternate circuit is shown in Figure 5. A similar analysis results 
in the design equations given below. 

R = (K + 1)Z0

- E 
Cl a>oyK Zo

i_ 5°_ 
Ll «A 

2 œ0(K + 1)Z0

Computer Simulation 
A power divider was designed using equations (7) through (12) 

with k = 2 and f0 = 60 MHz. Additionally, a 100 ohm to 50 ohm 
“L” matching network was added to port 3. By choosing a match¬ 
ing network with a shunt capacitor followed by a series inductor, 
the shunt capacitor can be combined with C3, thereby requiring 
the addition of only one component to match port 3 to 50 ohms. 
The calculated circuit values are displayed in Figure 6. 

At 60 MHz all three ports should be closely matched to 50 
ohms, and ports 2 and 3 should be well isolated. The calculated 
values for S2i and S31 are -1.76 dB and -4.77 dB, respectively. 
The circuit was simulated on Touchstone and the printout is listed 
in Figure 7. Considering that only three significant figures were 
retained for the component values, the results are essentially 
exact, which they should be if the design equations are valid. 
The fact that this power divider is constructed of low pass type 
structures is clearly seen in the frequency response displayed 
by the computer simulation. Note that the high end performance 
degrades much more rapidly than the low end. 

ISOLATORS AND CIRCULATORS 
■ FULL MIL-SPEC UNITS: 6 TO 18 GHz 

■ DROP-INS 

■ MICROSTRIP CHIP 

■ MULTI-OCTAVE 

■ OPTIMIZED STANDARD BANDS TO 21 GHz 

|\/\/ INNOWAVE 
I INNOVATION IN MICROWAVE PRODUCTS 

15555 Concord Circle, Morgan Hill, CA 95037 ■ TEL 408-779-1529 TLX 750539 FAX 408-779-1501 
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The finest quality O Precision made 

Surface Mountable 
Ceramic Chip 
Capacitors 

for microwave & high voltage applications. 

- ♦ Beta Caps 
Single layer capacitors for use in 
broad band frequencies up through 
50 GHz. 

Ultra-Q Ji_ 
Miniature multilayer capacitors 
approved to MIL-C-55681 B and MIL-
C11272C; BP & BG characteristics. 

_ i^High Voltage 
Ceramic capacitors approved to MIL-
C-55681 B/6; BP & BX characteris¬ 
tics, working voltages to 4KV. 

Stable-K C_ 
Multilayer ceramic capacitors for use 

in hybrid circuits; BP &BX characteristics. 

e Republic Electronics Corp. Ceramic Capacitors for over 35 years 

176 East 7th Street, Paterson, NJ 07524 
(201) 279-0300 • FAX: 201-345-1937 
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Figure 10. Isolation versus frequency. 

Test Results 
A prototype power divider was constructed using standard 

capacitor and resistor values and hand-wound toroidal induc¬ 
tors. The prototype circuit was measured on a network analyzer. 
Figure 8 shows the return loss at each port to be in excess of 
14 dB (VSWR of 1.5:1) up to 69 MHz. The measured transmis¬ 
sion loss at 50 MHz from port 1 to port 2 was 1.9 dB and the 
loss from port 1 to port 3 was 4.9 dB. This is in close agreement 
with the results of the computer simulation which did not take 
into account component losses due to finite Q’s. Note the 3 dB 
difference, or 2 to 1 ratio, between S2t and S31 . Finally, the isola¬ 
tion between ports 2 and 3, shown in Figure 10, was greater than 
20 dB from 55 to 69 MHz, giving the device a useful bandwidth 
greater than 20 percent. 

I LOWEST PRICED, HIGHEST QUALITY ATTENUATORS -BNC $1 1-OO V9EA, SMA$14.4Oioea 
1- AND TERMINATIONS - BNC $5.60 idea . SMA $5.60 1OEA . MIL. HI-REL. NETWORKS 

“«Xi«' Imp«a«nc« Freguency UNIT PRICE (4) EFFECT! 
NumbwiJl Ohm* (Power Wi Rang* BNC TNC N SMA 

F IBM Atténua tor* 1 to 20 dB 
AT 50(31 50 1 5W DC 1 5GHI 14 00 20 00 20.00 18 00 
AT-51 SO ( 5W) DC 1 KHi 1100 15 00 15 00 14 00 
AT « SO(1W) 0C15CH! 14 50 20 50 20 50 1 9 SC 
AT 53 50 1 25W) OC 3 OGHl 14 00 17 00 - 15 00 
AT-54 50 ( 25W) OC 4 2GH1 - - _ 18 00 
AT 55 5O| 25WI OC 4 2OH1 - - - 14 40 
ATTSorATBO 75 or 83 ( 5W) DC t SGMl (75OMMI) 1150 20 00 20 00 18 00 

Detector Mixr Zero 8la* Schottky 
CO-51.75 50.75 014 2GM1 54 00 - _ 54 00 
051 51 50 01-4 2GH1 - _ - MOO 

NT 50/75 SOto 75 OC 1 SGMl to SO 10 SO 19 SO 17 50 
PT 5aO3 SO to 93 OC 1 OOMi 13 OO 19 50 19 50 17 50 

Termination* 
CT 5O(3> SO ( SW) DC 4 2OHI 11 50 15 00 15.00 17 50 

50 ( SW) 0C 4 2GMr 950 12 00 10 50 9 SO 
SO(1W) OC 2 SO Mr 10 SO 15 00 15.00 13 00 

CT -S3/M 50 1 SWI DC 4 2OMr 5 8Ono*i- - 5 80 
CT« DC 2 0GM r 14 00 15 00 15 00 17 50 

75(25W) DC 2 SO Hr 10 50 15 00 15 00 13 00 
CT-93 93 1 25W| DC 2 5GHr 13 00 15 00 - 19 00 

Mismatched Termination* 1 05 1 to 3 1 Open Circuit. Short Circuit 
30 DC 3 OOM 1 4550 4550 4550 4550 

MT 75 75 DC 1 OGHt - - 45 50 

Feed thru Termination* (hunt r**i*tor 
FT5O 50 OC 1 OGHt 10 50 19 50 19 90 17 50 

79 OC 5O0M Hi 10 90 19 90 19 90 17 90 
FT9° »3 OC ISOMMr 13 00 1950 19 90 17 90 
Directional Coupler 30 dB 
DC 900 SO 25a5O0MHi 90 00 - 84 00 -

VE 9 15-88 
UHF 

— 

15 90 

19 90 
19.90 

PC 

12 00 

RO or CCI OOO 1000I1000PF) OC 1 SGHi 12 00 18 00 18 00 17 00 
Adaptor* 
CA SO (N to SMAi 50 DC 4 2GHi 13.00 13.00 13 00 13 00 
Inductive Decoupler* eerie* 1 nouctor 
LD-A15 0 17uH DC SOOMHi 12 00 18 00 18 00 17 00 
LD8A8 8 BuH DC SSMHi 12 00 18 00 18 00 17 00 
FUed Attenuator Seta 3 a to and HR « nJ»«. 
AT 5aSET (3) 
AT-S1-SET 

0 DC 1 9GH1 80 00 84 00 84 00 78 00 
K> DC 1 SO Ml 48 00 84 00 84 00 80 00 - -

TC12M SO ’ Vm25MH, 84 00 - 87 00 87 00 
TC 125-4 50 1 5-125MH1 87 00 - 81 50 81 50 
Reelatlvo Power Divider* 3. 4 ano 9 porta 
AC 3 50 SO DC 2 OGHl 84 00 04 00 - 84 00 - -
AC -4 SO 50 DC 5OOMH1 84 00 84 00 - 84 00 
AC 8 SO 50 DC SOOMHr - _ - 84 90 -
AC 3 75 4 75 79 DC 500MH1 84 00 84 00 - 84 00 - -
Double BalancM Muer* 

2“^ ï z z 

RF Fuae 1/8Amp and 1/tSAmp 
FL»O 90 DC 1 SO Ml 12 00 18 00 49 90 17 00 
Fl- 79 79 OC 1 9GH1 12 00 18 00 - 17 00 - -

NOTE 11 Critical parameter* fully taatM and guaranteed F at) nt atad from MU Spec High-Rei reaiator* 
Schottky diodea Mu Spec plated parta and connector* In nickel, »liver and gold 2) Soo catalog for complete Mod« 
Number Specify connector *e>a* Special* available 3) Calibration marked on label of unit 41 Prtea aubleet tn <-n.ne* ia*u 

/") 4 Send for Free Catalog on your Letterhead. .A 

&lcom SYSTEMS INC 305-994-1774 
932 CLINT MOORE ROAD. BOCA RATON. FL 33431 \|/ 

A 
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MICA RF CAPACITORS 
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VACUUM CAPACITORS 
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SURCOM ASSOCIATES, INC. 
2215 Faraday Avenue, Suite A 
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TRACKING GENERATORS 
FOR HP8556, HP8558, AND HP8590 
SPECTRUM ANALYZERS 

Summary 
Equations which allow the design of lumped element power 

dividers with arbitrary power splitting ratios while preserving 
matched conditions at each port and high isolation between the 
output ports have been presented. 
These equations were verified by computer simulation and 

were used to build a prototype circuit that performed in close 
agreement with theory. 
The author wishes to thank Dennis Francis for his assistance 

in constructing and testing the prototype circuit. 
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NEW! 
AVCOM's 
MTG SERIES 

Increase the power and utility of your HP-8566, HP-8558, HP-8590 
or other spectrum analyzer with AVCOM's new Microwave Track¬ 
ing Generator series. Test and align filters and amplifiers quickly 
and precisely! 

The MTG-8566A (for the HP-8566) uses a phase locked cavity 
oscillator referenced to an ovenized crystal oscillator for excep¬ 
tional frequency stability; the MTG-8558A (for the HP-8558) and 
MTG-8590A (for the HP-8590) have a high-stability cavity oscillator. 
A tracking peak adjustment is located on the front panel. IF feed-
through (at 2050 MHz or 3621.4 MHz) is typically less than -65 
dBm; tracked signal response is typically + - 1.8 dB. 

Prices for the AVCOM MTG's begin at $1435. A 100 dB attenuator 
(in 1 dB steps) is optional. Portable and rackmount versions are 
available. Delivery stock to three weeks. AVCOM manufactures 
tracking generators for other spectrum analyzers, contact AVCOM 
with your requirements. 

ALSO FROM AVCOM: Low-cost, high-performance microwave 
oscillators (YIG, cavity, VCO, phase locked), filters, isolators (4 
GHz), multipliers, etc. Fast delivery times for custom orders. 

About the Author 
David H. Burgess is senior project engineer at Honeywell, 

Inc., Sperry Commercial Flight Systems Division, RO. Box 
52029, Phoenix, AZ 85072. 
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Terms and specifications subject to change without notice 

INFO/CARD 61 

Even at 500 volts, it's cool. 
With a Comparative Tracking Index of 500+ 

volts, you won’t find another laminate which offers 
you the reliability and safety of Glasteel Industrial 
Laminate’s MC3/PC. 

And because MC3/PC boasts a lower, more stable 
dielectric constant and dissipation factor, it’s ideal for 
the frequency sensitive applications prevalent in con¬ 
sumer electronics. 

So call Glasteel 
Industrial Laminates 
today for more infor¬ 
mation about Glasteel’s 
MC3/PC. 

Then find out for 
yourself why this cool per 
former is such a hot item. 

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

279 Commerce Ave. 

Glasteel industrial Laminates 
A Division of the Alpha Corporation 

Collierville, TN 38017 (901)853-5070 
FAX #(901 >853-8664 
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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. 

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

Antenna kits that meet your specifications of high quality and 
frequency response, and that are also responsive to your demands 
of portability and easy use. A.H. Systems offers nine different kits 
that fill the bill. Each comes in a single, lightweight case. Just one kit 
can contain all the antennas, probes and cables to perform E-Field 
1 KHz-18GHz, H-Field 20Hz-50KHz and conducted 20Hz-100MHz 
testing. Antenna factor calibrations are provided with each antenna. 

accessories. 

AH Systems 
9710 Cozycroft Ave 
Chatsworth, CA 9131 1 
Tel: 81 8 998-0223 
Telex: 182 640WKVG Fax #: 818 998-6892 

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 

Log reriooic SAS-200/560 per MIL-STD-461 Loop ■ Emission 

SAS-200/530 ?50 “oMHz Broadband* Dipole SAS-200/561 per MIL-STD-461 Loop - Radiat.ng 
SAS-200 540 20- 300 MHz Biconical BCP-2O0/51O 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 SYSTEMS 
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Fundamentals of Red/Black 
System Engineering 
Basic Information on TEMPEST Requirements 

By Michael L. Brooks 
Litton Data Systems 

For a secure communications program, 
the task of system engineering includes 
describing the overall TEMPEST engi¬ 
neering requirements. Within the context 
of this task is the requirement to define 
the Red/Black system engineering meth¬ 
odology. This article provides the funda¬ 
mental concepts for determining this 
methodology in order to illustrate the 
necessity of a front-end Red/Black engi¬ 
neering definition for a TEMPEST system 
design. 

To achieve a successful Red/Black-
engineering design, system engineers 

must have the necessary background to 
enable them to define Red/Black engi¬ 
neering tasks for a secure communica¬ 
tions, or TEMPEST, program. Unfortu¬ 
nately, Red/Black engineering is over¬ 
looked by many engineers due to their 
lack of understanding of the applicable 
TEMPEST requirements and the conse¬ 
quent tasks required in determining the 
Red/Black system engineering methodo¬ 
logy. This aspect of system engineering 
is important for national security and mis¬ 
sion success of military programs. This 
implies the necessity of increasing the 
understanding of system engineers (and 
technical managers) in the Red/Black 
design process. 
The basic units of a secure communi¬ 

cations, or TEMPEST, system are the 
Black and Red equipment types. The 
Black equipment are those which process 
data not containing any classified (na¬ 
tional security sensitive) information, 
whereas Red equipment processes data 
with classified content. By definition, a 
TEMPEST system will include both Black 
and Red equipment types. (However, one 
possible exception is a satellite system 
which may be defined totally as Red, with 
only its space environment defined as 
Black.) 
By definition, the transfer of Red data 

between Red and Black units is not per¬ 

missible. However, Black and Red units 
cannot be connected directly, because 
some type of interface is required be¬ 
tween these equipment to prevent the in¬ 
advertent transfer of classified informa¬ 
tion. The Red/Black interface contains the 
necessary circuitry (such as filters and 
isolation devices) and the required mech¬ 
anical design techniques (such as shield¬ 
ing and low-impedance bonds) to prevent 
this illegal transfer of data. The reference 
provides a complete discussion of the 
Red/Black interface and related terms. 
This Red/Black interface is separate 

from the Red and Black units (assuming 
that these units are existing designs, 
which were not originally engineered with 
Red/Black constraints, and are not modi¬ 
fiable), and serve a single purpose of 
achieving directional Black-to-Red infor¬ 
mation transfer. The exception to this 
single-purpose function are encryption 
devices, which serve a dual role as Red/ 
Black interfaces. First, these devices en¬ 
crypt the Red signals and convert them 
into Black signals, and also de-encrypt in¬ 
coming Black (encrypted-Red) signals 
and convert these back into the plain-text 
Red format. Second, the encryption de¬ 
vice provides the required Red/Black 
separation and isolation needed to pre¬ 
vent the coupling of the plain-text Red 
signals onto the encrypted-Red or other 
Black lines. 

Table 1 is an interconnection matrix in¬ 
dicating the different possibilities for the 
transfer of Red and Black data within a 
system. Note that while Red-to-Red and 

From: To: Red Unit Black Unit 

Red Data 
@ Red Unit OK No 

Black Data 
@ Red Unit OK OK,? 

Black Data 
@ Black Unit OK,? OK 

Table 1. Red/black interconnection 
matrix. 

Black-to-Black signal transfers are accep¬ 
table, the transfer of Black data between 
Black and Red units may be accomplished 
only via a Red/Black interface (“OK,?”). 
In some cases, Red-to-Red signal inter¬ 
connection may not be permitted if these 
distinct Red signals have been given dif¬ 
ferent classification levels. Of course, the 
transfer of Red data to a Black unit is not 
permitted. 

Ground Rules 
Table 2 lists the ground rules for Red/ 

Black system engineering. The system 
engineer must be able and willing to pay 
the price to ensure a satisfactory and 
complete TEMPEST system design for 
the secure communications program. In¬ 
cluded in this price for a successful 
design is the requirement for the system 
engineer to acquire a thorough under¬ 
standing of the program, TEMPEST re¬ 
quirements and their implications to the 
Red/Black engineering methodology. 
Then, an understanding of the functional 
operation of each equipment unit or sub¬ 
system in the system must be obtained in 
order for the system engineer to differen¬ 
tiate between the Red and Black signals 
and equipment types. 
Armed with this background in system 

operation, Red signal flow patterns and 
equipment designations, the system engi¬ 
neer is then able to determine if the con¬ 
ceptual or preliminary system design is 
adequate for providing a sufficient num¬ 
ber of Red/Black interfaces. If a sufficient 
number of these interfaces is not provided 
in the system, then it is imperative that the 
system engineer work with the program 
office personnel and electical and mech¬ 
anical design engineers to ensure that an 
adequate number of Red/Black interfaces 
is included in the design. 

It is necessary for the system engi¬ 
neer to enlist the assistant of a program 
TEMPEST engineer to educate these in¬ 
dividuals, as well as himself or herself, in 
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Drop-in 
NE710 

replacements 
for . 

companies 
with severe 

wait 
problems. 

Most people tend to think 
of the NE710 as the standard 
FET of the industry, par¬ 
ticularly when it comes to 
broadband military ampli¬ 
fiers. But what many fail to 
realize is that oftentimes 
you have to wait for your 
parts. That's why it's crucial 
that you have a second 
source for gallium arsenide 
FETs. And that's precisely 
where Plessey comes in. We 
designed our P35-1140s to 
be drop-in replacements for 
NE710s. 'Ybu'll find that 
Plessey FETs give you 
improved handling and 
higher yield. So, call today. 
And lose wait now. 

A PLESSEY 
PLESSEY Three-Five Group 

9630 Ridgehaven Court 
San Diego. CA 92123 (619) 571-7724 

Plessey Plessey Three-Five Group and 
the Plessey symbol are registered trade¬ 
marks of the Plessey Company plc. 

TEMPEST terminology and in the require¬ 
ments for Red/Black interfaces and their 
electrical/mechanical design constraints. 
The requirements for these interfaces 
must be sufficiently detailed for the elec¬ 
trical and mechanical engineers, so that 
they will be capable of implementing the 
correct design methodology at each dif¬ 
ferent interface. 

After the Red/Black engineering method¬ 
ology is established for the system, the 
system engineer must be willing to main¬ 
tain a constant interaction with these 
engineers to ensure that the TEMPEST 

system requirements are completely 
understood. Finally, the system engineer 
must coordinate all aspects of the system 
design with the program TEMPEST engi¬ 
neer to avoid conflicting design methodo¬ 
logies, and utilize him or her as a tech¬ 
nical resource to verify the accuracy and 
completeness of the TEMPEST system 
design. 

Conclusion 
The system engineer has an important 

role in the TEMPEST design process for 
a secure communications system. Not on-

1. Understand the TEMPEST system requirements. 
2. Analyze the system architecture for Red and Black signal flow. 
3. Differentiate between the Red and Black equipment types. 
4. Determine if a sufficient number of Red/Black interfaces are provided in the 

system. 
5. Clarify the Red/Black interface design constraints to the equipment electrical 

and mechanical engineers. 
6. Follow-up the system engineering design tasks with interactions with all 

engineers to ensure a satisfactory design. 
7. Coordinate the system design approach with the program TEMPEST engineer 

to avoid conflicting design methodologies and to verify the accuracy and com¬ 
pleteness of the design. 

Table 2. Red/black system engineering groundrules. 

Quartz Crystals 
AT Cut Fundamentals 

to 500 MHz 
• TC typical of AT resonators 
• Hi Q - low insertion loss 
• Eliminates saw devices 
and expensive NRE costs 

• SPC and CAM 

Innovative Frequency 
Control Products, Inc. 

P.O. BOX 300 
PLAINFIELD, PA 17081 

717 258-5425 
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ly must he or she obtain a good under¬ 
standing of the Red/Black design require¬ 
ments and their implications to the system 
design, but must also be willing to assist 
the program TEMPEST engineer in edu¬ 
cating those involved in the design pro¬ 
cess to ensure that all engineers and 
managers appreciate these implications 
and the methods of their implementation. 
Complete and sufficient TEMPEST sys¬ 
tem designs that will satisfy the program 
requirements are imperative to ensure 
mission success and the maintenance of 
national security. 0 
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RF Design Proceedings are packed with all the time¬ 
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shows. You'll find practical circuit design 
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Do Birds Fly? 
Plessey 3-5’s P35-114O is 

a drop-in replacement for 
the NE710. If you're looking 
for a second source for 
FETs, call us first. 

They do at Henry Radio. 
Because when we receive your 
order for any Bird product it flies 
out of our warehouse in just 24 
hours. 
And don’t expect us to say we’re 
out of stock on the products you 
need, because Henry Radio is 
one of the nation’s largest 
distributors of Bird equipment. 
Our large inventory includes a 
vast selection of the most popular 
Bird equipment, including 
wattmeters, elements, loads and 
accessories. So if you’re looking 
for a hard-to-find Bird product, 
call Henry Radio. 

Type Wrformance Bingo 

P35-1140 L NF1.5 dB 
typ 1.8 dB 
max, AG 9.5 
dB typ at 
12 GHz. Vox 
3v Ids 10 mA 

99 

P35-1140M Same 100 
P35-114O H Output 

power @ 1 
dB compres¬ 
sion Pt. 17 
dBm typ. 
VDS4VIDS 
50 mA 

101 

For opto applications: 

P35-1105 M Igs less than 
80 nA @ 
Vgs=—5v. 

102 

HENRY RADIO 
a half-century of reliability in communications. 

2050 S. Bundy Drive, Los Angeles, CA 90025; TOLL FREE: 1-800-421-6631; 
in California call 213-820-1234; FAX: 1-213-826-7790 

Available in die. HPAC 70 or Micro X 
packages. Screening to Mil Std 883 C or 
equivalent. Please circle appropriate “Bingo" 
Number on Reader Service Card. 

c PLESSEY 
PLESSEY Three-Five Group 

9630 Ridgehaven Court 
San Diego, CA 92123 (619) 571-7724 

Plessey Plessey Three-Five Group and 
the Plessey symbol are registered trade¬ 
marks of the Plessey Company plc. 

INFO/CARD 66 
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■ Catalog Products With RF Up To 4 GHz 
■ Standard 10%, 30% And Octave Bandwidths 
■ Custom Frequency And Balance Versions Available 
■ Meri-Pac '' Or Flatpack For Low Profile/Small Size 

fed Merrimac 
41 Fairfield Place, West Caldwell, NJ 07006 
Phone (201) 575-1300 • Telex: 6853128 

INFO/CARD 68 
Come see us at the MTT-S Show, Booth #1352. 



DIGITALLY COMPENSATED 
CRYSTAL OSCILLATORS 

• Greater Stability than TCXO'S 
• Less Power Drain than OCXO'S 
• Better Aging than 

Most Oscillators 

® (Ay ® 

BLILEY D9A Digitally Compensated Crystal Oscillator 

Frequency: 

Frequency 
Stability: 
Aging: 

Output: 
Frequency 
Adjustment: 
Power Supply: 

5 MHz or 10 MHz standard; 10 KHz to 20 MHz optional 

±5 X IO“8 0°C to +60°C 
3 X 10_,/day standard: 1 X 10_’/day optional 

High Speed CMOS standard; Sine Wave and TTL optional 

±3 X IO-6 minimum by multi-turn trimmer 

+15 Vdc ±10%, 30 mA typical 
Fixed voltage between +12 Vdc and +24 Vdc optional 

Designed for aerospace, defense and commercial applications, the D9A uses advanced digital 
technology to enhance the freguency stability of premium quartz crystals. You get additional 
latitude to design circuits that have improved frequency stability, and use less power. 
From Bliley — the oscillator people who grow their own quartz and make their own 

crystals. 

Our vertical capabilities give you the assurance edge. 

Cyrstal Oscillators • Quartz Crystals • Free Catalog 

First Name in Frequency Control 

BLILEY ELECTRIC COMPANY 
2545 West Grandview Blvd. 
P. O. Box 3428, Erie, PA 16508 
(814)838-3571 TWX 510-696-6886 
FAX 814-833-2712 

INFO/CARD 14 
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Rogers Introduces a 
RT/duroid® 5880 glass microfiber rein¬ 

forced PTFE composite is designed for 
stripline and microstrip circuit applica¬ 
tions. It contains glass reinforcing micro¬ 
fibers which are randomly oriented to 
maximize benefits of fiber reinforcement 
in final circuit applications. Normally sup¬ 
plied as a laminate with electrodeposited 
copper, the material composites can be 
clad with rolled copper foil if required. 
Cladding with aluminum, copper or brass 
plate is also available. 
This laminate has a thickness of 

0.0035” and is useful in applications re¬ 
quiring a low loss laminate. This includes 
antenna covers, innerlayers in three-layer 
couplers, and suspended substrates such 
as those in high-Q filters. 
The dielectric constant is 2.20 ±0.02 at 

10 GHz and dissipation factor is 0.0009 
at 10 GHz. Other thicknesses available 
range from 0.005” to 0.375”. Rogers Cor¬ 
poration, Chandler, AZ. Please circle 
INFO/CARD #188. 

PTFE Composite 

Microstrip Line Width vs. Dielectric Thickness for RT/duroid 5880 
1 oz Copper, 0.0035” through 0.062” Dielectric Thickness 

Wideband Noise Generator 
Calnet introduces the Model CNM-2000 

noise generator module that produces 
true white Gaussian noise from 10 kHz to 

500 MHz into a 50 ohm load. It uses shot 
and thermal noise as its source. In single 
quantities, the unit is priced at $149. 
Calnet Electronics Inc., Kanata, On¬ 
tario. Canada. INFO/CARD #186. 

RF/Microwave Prototyping Boards 
RF Prototype Systems introduces proto¬ 

type boards for evaluation and verification 
purposes. The boards are double sided 

and have plated thru holes. The LPF1 is 
a general filter that accommodates filters 
with up to seven sections including low-
pass, highpass and narrow bandpass. 
The GBI, another board, is a gain block 
layout that provides a 50 ohm intercon¬ 
nection and DC bias for MMIC amplifiers. 
For evaluating TO-8 voltage controlled 
oscillators and amplifiers, the TO81 board 
with holes for SMA connectors and power 
supply decoupling components is avail¬ 
able. In single quantities, the price ranges 
from $4.50 to $9.75 depending on the 
board. RF Prototype Systems, San 
Diego, CA. INFO/CARD #185. 

Log-Periodic Antenna 
Model AT1100 log-periodic antenna pro¬ 

vides power gain over an isotropic of 6.5 
dB (min). Gain flatness is 1.0 dB while 

VSWR is 1.8:1 (max) and bandwidth is 100 
to 1000 MHz. The antenna is 68 inches 
from front to back and costs $2,800. Amp¬ 
lifier Research, Souderton, PA. Please 
circle INFO/CARD #184. 

Voltage Controlled Oscillator 
This TO-8 oscillator is available for fre¬ 

quencies from 100 MHz to 6000 MHz. 
Wideband (octave range) and narrowband 
(±10 percent of center frequency) units 
with an optional buffer stage are available. 

Frequency variation over the -55°C to 
+85°C is typically ±0.075 percent for the 
narrowband and ±0.15 percent for the 
wideband units. Micropac Industries, 
Inc., Garland, TX. INFO/CARD #183. 

Tracking Generators 
Avcom introduces the MTG-8566A 

microwave tracking generator which is 
designed to be utilized with the HP 
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WlRELINE gives you more design flexibility, greater 
power handling capability, and less loss. You get the 
handling characteristics of wire with the performance 
of a machined hybrid. 

8566A. The MTG-8566A has a phase 
locked cavity oscillator referenced to an 
ovenized crystal oscillator. IF feedthrough 
at 2050 MHz or 3621.4 MHz is under -65 
dBm with a tracked signal response of 
±1.8 dB. A 100 dB attenuator is optional. 
Prices for the MTG series begin at $1,435. 
Avcom, Richmond, VA. Please circle 
INFO/CARD #182. 

Logarithmic Amplifier 
The AD9521 is a 7 to 250 MHz, 4.7 dB 

noise figure logarithmic amplifier. Voltage 
gain range for this amplifier is flat to 1.2 
dB from 30 to 160 MHz. Typical applica¬ 
tions include radar signal receivers, elec¬ 
tronic countermeasures, sonar equipment 
and miniaturized log strips. Analog De¬ 
vices, Norwood, MA. INFO/CARD #181. 

TV Receiver Chip 
LM1822 is a video IF amplifier/PLL 

detector system which contains all the 
functions needed for video IF signal pro¬ 
cessing for TV receivers and cable con¬ 
verter equipment. It incorporates a five 
stage gain controlled IF amplifier, a phase 

WIRELINE 

OFFERS 
THESE KEY 
FEATURES 

PLUS THESE 
ADVANTAGES 

RF SWITCH 

Model A64 Is an ultra wide band 
PIN diode solid state switch for trans-
fering both low and high level signals 
with negligible distortion, high isola¬ 
tion, and minimum loss. 

Switch Type: SPOT 

Freq. Range: 1-500 MHz 

Loss: .5 dB max. 

Isolation: -60 dB min 0 300 MHz 

VSWR: 1.3:1 max. (1.1:1 max. 5-500 MHz) 

Quantity and O.E.M. pricing 

_ _ _ / 

WIDE BAND ENGINEERING COMPANY. INC. 

P.O. Box 21652. Phoenix, AZ 45036 U.S.A. 

Telephone (602) 254-1570 

An octave band 
hybrid 

HC2 & JC2 3 dB + .72 - .6 
1850 

f2/fi = 2.0 L(inches) = 

A narrow band 
hybrid 

HC1 & JC1 3 dB + .32 - .25 
1850 

f2/fi = 1.25 L(inches) = c
'MHz 

A directional 
coupler 

A 2" length is a 10 ± 1 dB coupler 
from 175-229 MHz 

Low VSWR 1.2 MAX. 

Good isolation 20 dB MIN. 

Low insertion loss 0.3 dB MAX 

Handles average 
power 

HCP 100 Watts/JCP 200 Watts 

Handles peak 
power 

2000 Watts 

Can be used 
up to 5 GHz 

Much higher if you’re careful 

High rel product Used in communications satellites 

It's easy to use Use a razor blade and thermal 
strippers 

You can bend it HCP min. t radius of curvature .15" 
JCP min. t radius of curvature .30" 

You can buy it 
in bulk 

Comes in 5 foot lengths 

You can buy it cut 
and trimmed 

Minimum length .5" 

It’s inexpensive Call us for quotation 

We’ll send you a 
free sample 

Send us your requirement 

Call or write today for your copy of our Designers Guide to WIRELINE 
and WIREPAC — and ask for Sage's handy slide rule calculator for use 
with TEM couplers and hybrids. 

® 

SAGE WIRELINE: 

WHEN YOU 
NEED TO BEND 
A LITTLE FOR = 
YOUR BEST SOLUTION. 

¿sage 
LABORATORIES. INC. 

11 Huron Drive / Natick, MA 01760-1314 
Tel: (617) 653-0844 / TWX: 710 346 0390 
FAX: (617) 653-5671 

RF Design 
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Issues A Flat Challenge: 

Taconic’sTLY-5 series is uniquely 
manufactured to produce a more uniform 
PTFE/glass ratio and a flatter profile than 
any other woven dielectric substrate. This 
guarantees uniform dielectric constant 
and predictable performance at high 
frequencies. We challenge any other 
manufacturer to surpass our dielectrics 

across the board 
and board to board. 

Taconic also delivers superior 
mechanical properties. Our precision 
matrix of woven glass fibers is much more 
dimensionally stable than non-woven 
RT/duroid' 5870/5880. Taconic endures 
the heat cycling and vibration that are 
apt to cause non-wovens to fail under 
extreme conditions. 

Taconic Offers Even 
Tighter Tolerances 
• Dielectric constants available from 2.15 
(even lower for custom products) 

• Dielectric constant tolerances as low 
as ±.01 

• Dissipation factors as low as .00075 
at 10 GHz 

Processing Benefit: 
No Double-Etching 

Unlike RT/duroid, Taconic’sTLY-5 
series stands up to the chemicals and 
heat of the etching process with minimal 
shrinkage. With no need for double¬ 
etching, processing is simplified. 

A Flat Comparison 

Dielectric Constant 

Dissipation Factor 

TACON1C 
TLY-5* 

RT/duroid 
5880 

2 2 ± .02 2.2 ± .02 

.0009 .0009 

Coefficient of Thermal Expansion 

Test Method ASTMD-3386 
Conditions 15°-35°C 
Units mm/M 
Dimensions 
X 

Z 

0.6 
0.6 
2.8 

0.9 
1.8 
6.9 

Dimensional Change 
After Etch 

Units in/in .00005 NA (.001**) 

‘ Meets Mil P-13949G 
‘ ‘ Industry-accepted value for non-woven materials 
Data not published by Rogers Corporation 

• RT/duroid is a Registered Trademark of Rogers Corporation . 

Tue TAmMir noTinM' 



Delivers Better Dielectric 
Across The Board. 

Export Department, P.O. Box 1896, New Haven, CT 06508 
(203)288-1638 TELEX: 963487 FAX: (203) 287-8099 

INTERNATIONAL STOCKING DISTRIBUTORS □ CANADA (203) 288 1638 
□ GERMANY (AUSTRIA/SWITZERLAND) (040) 524.00.04 □ FRANCE(1)34.61.11.84 
□ UK (0536) 63440 □ ITALY (02) 67.00.441 □ NORWAY (02) 65.44.20 
□ SWEDEN (08) 754 74.20 □ ISRAEL (052) 574111 □ JAPAN (03) 279-0547 

TACONIC 
Microwave 

Dielectrics 

Division 

Taconic Plastics, Ltd., Petersburg, NY 12138 

Call toll free (800) 833-1805 



rfproducts Continued 
locked loop synchronous detector with 
white spot noise inversion, an AFC detec¬ 
tor and gated AGC. The device accepts 
IF input signals from SAW filters. In quan¬ 
tities of 100, the IC is priced at $2.95 each. 
GE Solid State, Somerville, NJ. Please 
circle INFO/CARD #180. 

Small Signal Transistor 
MRF0211 is a low noise, high gain, 

small signal transistor packaged in a four 

lead surface mount SOT-143 package. The 
current gain bandwidth is 5.5 GHz and 
collector base capacitance is 0.7 pF while 
collector-emitter breakdown voltage is 15 
volts (min). The 1 GHz noise figure is 
specified at 1.8 dB. Motorola, Inc., 
Phoenix, AZ. INFO/CARD #178. 

84 

World Class Specs.. . 
EFG-3 E-Field Generating 
Antenna converts rf power 
to E-field 

Alternate location of Sensor 
with EFG-3 edges extended 

Up to 8 EFS-1 s provide 
indication and voltage 
proportional to field strength 

Tunable Notch Filters 
Microwave Filter Company unveils the 

6367 Series of tunable notch filters for 30 
to 900 MHz which cover an approximate 

i 2:1 frequency range with an adjustable 3 
dB bandwidth. Units are available with 50 
ohm BNC connectors or 75 ohm F con¬ 
nectors . The price ranges from $139 to 
$179 depending on the frequency range 
required. Microwave Filter Company, 
Inc., East Syracuse, NY. Please circle 
INFO/CARD #179. 

Nonconducting dolly allows 
positioning and orientation 
of EFG-3 antenna 

convert EFS-1 output 
9 to frequency modulated 
I signal 

Numerically Controlled Oscillator 
Stanford Telecommunications introdu¬ 

ces the Model STEL-1172B CMOS nu¬ 
merically controlled oscillator. The device 
generates digitized sine and cosine func¬ 
tions and can be used in conjunction with 
a D/A converter in analog signal genera¬ 
tion and digital signal processing applica¬ 
tions. It outputs a phase continuous signal 

Dummy load 
absorbs 
unradiated 
power 

Object 
under 
test 

Typical aet-up using 
standard IFI system 
modules for automatic 
constant-field radiated 
immunity testing 

Nonconductive fiberoptic 
links convey field strength 
information to control circuitry 

Leveling amplifier, optically 
transmitted information from 
LMTs is compared and used to 
control amplifier gain and 
maintain constant field 

... Require World Class Test Equipment 
IFI didn 't write the specs. IFI perfected the means of testing to them. 

All immunity problems aren’t easily solved. Your problems, however, are 
reduced to workable terms by putting your requirements in the hands of IFI 
We have solutions looking for problems. 

Send for our data package, or call us for an immediate response. 

EQUIPMENT LEASING PLAN NOW AVAILABLE 

INSTRUMENTS FOR INDUSTRY 
731 UNION PARKWAY, RONKONKOMA, NY 11779 

TEL. 516-467-8400 ■ FAX 516-467-8558 ■ TELEX 510-222-0876 

INFO/CARD 75 

which can be continuously switched be¬ 
tween frequencies in a microsecond. 
Other features include a 50 MHz clock fre¬ 
quency, 32-bit frequency resolution, -55 
dB spur levels, 8-bit sine and cosine out¬ 
puts or 12-bit phase output and a micro¬ 
processor bus interface. The STEL-1172A 
is packaged in a 40-pin DIP and costs 
$225 when purchased in quantities above 
100. Stanford Telecommunications, 
Inc., Santa Clara, CA. INFO/CARD #177. 

Dual-Channel Millivoltmeter 
Model URV5 is a dual-channel millivolt¬ 

meter which measures high impedance 
RF voltages from 20 kHz to 1 GHz, thru-
line coaxial voltages from 9 kHz to 2 GHz, 
power levels from 1 MHz to 18 GHz (50 
or 75 ohm), and DC voltages up to 400 
V. The instrument has probes and sensors 
which are automatically sensed for the 
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Signetics 
Audio Compandors ... 

When audio dynamic 
range, s/n ratio, 

or modulation index 
are critical. 

proper display of results. Each channel 
can be displayed separately, as the ratio 
of one channel to the other, or referred to 
any reference. A separate analog display 
allows interpretation of measurement 
trends. The cost is $3960 less probes and 
sensors. Rohde & Schwarz, Inc., Lan¬ 
ham, MD. INFO/CARD #176. 

Calibrated Attenuator Set 
RLC Electronics unveils a precision 

type N calibrated attenuator set. Model 

A-18-C-N consists of four (3, 6, 10 and 20 
dB) fixed attenuators designed to meet 
the requirements of MIL-A-3933. The aver¬ 
age power rating is 2 watts with 500 watts 
peak. The complete set is available for 
$360. RLC Electronics, Inc., Mt. Kisco, 
NY. INFO/CARD #175. 

Hi-Rel Preamplifiers 
Model MLA24M is a hi-rel preamplifier 

that covers from 5 MHz to 1000 MHz with 
a 3 dB noise figure, linear power output 

CAE for 
Analog Circuit Designers 

RF Design 

ï 

NE570/571 
General Purpose Compandor 

• 110dB dynamic range 
• Compress/Expand/Automatic level control 
• Temperature compensated 
• Built-in op amps 
• Only 3.2mA typical supply current 

NE572 
High Performance Compandor 

• 110dB dynamic range 
• Independent attack and recovery time 
• Low output noise: 6/xV typical 
• Temperature compensated 
• Very low distortion 
(0.05% typical at 1kHz) 

NE575 Low Voltage Compandor 
• Operates to 1.8V 
• Fully specified at 5V 
• Two built-in op amps in each channel 
• 6000 drive capability 
• 0.13% typical THD 
• Only 4mA supply current at 5V 

IK 
- PLUS: 
• OPTIMIZATION 

• 98 NODES 
• TIME DOMAIN 
• GROUP DELAY 
• RELATIVE PHASE 
• NEGATIVE COMPONENTS 

• COMPONENT SENSITIVITY 

• OUTPUT WAVEFORM for any INPUT 
• IMPROVED ALGORITHMS 
• COMPATIBLE WITH HP DATA FILES 

• INTEGRATED with FFT and 
MEASUREMENTS with HPIB >.,4,,, 

• 6 YEAR TRACK RECORD 

• 30 DAY TRIAL WM 

ALSO: FFT WAVEFORM ANALYSIS 

• 4 TIMES FASTER THAN HP 
• INTEGRATED into ONE FILE 

THREE INTEGRATED MODULES: 
ACCAP 

AC Circurl Analysis with OPTIMIZATION 

S-WAVE 

FFT Waveform Analysis tor Time Domain 

PLOTFT 

Time Domain Data Acquisition 

5950 00 

5950 00 

5950 00 

COMTRAN" INTEGRATED SOFTWARE 
FROM 

jensen transformers 
INCORPORATED 

10735 Burbank Boulevard • North Hollywood, California 91601 
FAX (818)763-4574 • TELEX 6502919207 MCI UW • PHONE (213)876-0059 

Contact Deane Jensen • Closed Fridays 

INFO/CARD 76 

RF 
Systems Solutions 

Call 800/227-1817, ext. 900 
for the number of your local 

Signetics sales office 

Signetics 
a division of 

North American Philips Corporation 

INFO/CARD 77 



AMITRON 
American Micro-Tronix Inc. 

85 Flagship Drive 
North Andover, MA 01845 
(617) 686-1882 

rf products Continued 

MICROWAVE 
CHIP ATTENUATORS 

STANDARD CHIP 
CONFIGURATION: 

Amp-xx.xdB-01 

of 18 dBm and a gain of 20 dB. The device 
features an aluminum case with female 
SMA connectors and two mounting holes. 
Lightning, static and reverse polarity pro¬ 
tection is included. Wi-Comm Elec¬ 
tronics, Inc., Masssena, NY. Please cir¬ 
cle INFO/CARD #174. 

Audio Interface Assembly 
Neulink has developed an interface 

assembly to process audio information for 
either speech or data. The data unit can 

transmit or receive 700 to 2400 baud man-
chester coded data, while the speech unit 
is optimized for passing speech signals. 
The units are available with Neulink’s 450 
to 470 MHz or 928 to 960 MHz RF links 
and interface through a standard 15-pin 
“D” style connector. Centronics, San 
Diego, CA. INFO/CARD #173. 

Most values in 1 dB steps to 
15 dB generally in stock. 

ATTENUATION/FREQUENCY 
RESPONSE: 

Switch Module 
FPS1N is a switch module designed for 

switch mode, pulsed and low frequency 
RF applications. It produces a voltage 
slew rate of 200 kV/us and a current slew 
rate of 10,000 A/us. The switch is designed 
for DC to 1 MHz power conversion, as a 
driver for image intensifiers, Impatt 

23dB Il-pad Attenuation 

lllllll 
lllllll 
lllllll 
lllllll 

III lllllllll 
III I llllllll 
III I llllllll 
III lllllllll 

Frequency (GHz) 18 

TYPICAL RETURN LOSS: 

Measure Up With Coaxial Dynamics 
Model 83500 Digital Wattmeter 
The “Generation Gap" is filled with the “new" EXPEDITOR, the 
microprocessor based R.F. AnaDigit System. 
The EXPEDITOR power computer. . .you make the demands, it fills 
the requirements. 
• Programmable forward AND reflected 
power ranges. 

• Can be used with the elements you 
now have. 

• Compatible with all Coaxial Dynamics 
line sizes and power ranges. 

• 18 scales from 100 mW to 50 kW. 
Contact us for your nearest authorized 
Coaxial Dynamics representative or 
distributor in our world-wide sales 
network. 

2 548 2 3 dB 

DC. lo 12 6Hz > 20dB > 20dB 

12 GHz to 20 6Hz > I MB > 2048 

AMITRON has manufactured “PI” Pads up to 
45 dB. High power balanced attenuators, 4 
watts average handling power capability 
available. 

AMITRON also manufactures thick film chip 
resistors — as well as custom circuits — for RF, 
Analog and Digital applications. 

COAXIAL 
DYNAMICS, INC. 
15210 Industrial Parkway 
Cleveland, Ohio 44135 
216-267-2233 1-800-COAXIAL 
Telex: 98-0630 

Service and Dependability.. .A Part of Every Product 

INFO/CARD 78 INFO/CARD 79 
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Low Power IF 
Integrated Circuits ... 

diodes, laser diodes, acoustic trans¬ 
ducers, TWT and planar triode grid 
drivers, and as a lab pulse generator. 
Directed Energy, Inc., Fort Collins, CO. 
INFO/CARD #172. 

Variable Active Attenuator 
Janel Labs introduces two variable at¬ 

tenuators using PIN diode circuitry with 
power capability to +23 dBm and max¬ 
imum VSWR of 2.0:1. Models AT882 and 
AT883 provide attenuation of 2.0 dB to 30 
dB over 5 to 500 MHz and 2.7 dB to 20 
dB over 500 to 1000 MHz. In single quan¬ 
tities, the attenuators are $62. Janel 
Laboratories, Inc., Corvallis, OR. Please 
circle INFO/CARD #170. 

RF Vector Voltmeter 
The HP 8508A is an RF vector volt¬ 

meter useful for RF voltage and phase 
measurements. The standard version 
comes with two high impedance probes 
and operates from 100 kHz to 1 GHz while 
the optional version has two 50 ohm type 
N inputs with a 300 kHz to 2 GHz range. 
With either input channel, the instrument 
can directly read voltage or power. By con¬ 
necting the second input elsewhere in the 

High performance 
AND 

low power 

circuit under test, gain or loss and phase 
difference between the two nodes can be 
measured. Signals as low as 10 micro¬ 
volts (-87 dBm) can be measured and 
dynamic range is 90 dB. The basic volt¬ 
meter costs $5,500. Hewlett-Packard 
Company, Palo Alto, CA. Please circle 
INFO/CARD #171. 

Notch Filter 
Model 6165 from Microwave Filter Com¬ 

pany is a notch filter that eliminates broad¬ 
band transmitter sideband interference to 
VHF receivers at the same site. The notch 
frequency is 47.005 with a minimum depth 

Measure Up With Coaxial Dynamics 
Model 7510 Frequency Counter/Wattmeter 
This 2-in-1 laboratory/portable, compact, dual function digital frequency 
counter/wattmeter makes frequency and power readings easy. 
The optional battery pack converts Model 7510 to a portable field service 
instrument. The frequency counter measuring range is 10 Hz to 1.25 GHz. 
The wattmeter power measuring range is 100 mW to 5 kW over 2 to 
1,000 MHz, determined by standard elements ordered separately. 
Contact us for your nearest 
authorized Coaxial Dynamics 
representative or 
distributor in 
our world-wide 
sales network. 

NE602/612 VHF Mixer/Osc 
• HFA/HF/UHF mixing with 2.5mA current 
• 18dB conversion gain at 45MHz 
• 4.6dB noise figure at 45MHz 
• Built-in oscillator to 200MHz 
★ Mil-Spec available 

NE604A/614 FM IF Strip 

• 0.27^7 sensitivity from 
matched load at 455kHz 

• 0.4gV sensitivity with 10.7MHz 
(narrow-band) 

• Two-stage 90dB limiting amps with 
low phase shift 

• 90dB log signal strength indicator 
• Quadrature detector for narrow or 
wide-band IF 

• 3.0mA supply current 
★ Mil-Spec available 

NE605 FM IF System 
• NE602/604 functions combined 
• 5.5mA supply current 
• Excellent compact performance 

COAXIAL 
DYNAMICS, INC. 
15210 Industrial Parkway 
Cleveland, Ohio 44135 
216-267-2233 1-800-COAXIAL 
Telex: 98-0630 

RF 
Systems Solutions 

Call 800/227-1817, ext. 900 
for the number of your local 

Signetics sales office 

Service and Dependability.. .A Part of Every Product 

Signetics 
a division of 

North American Philips Corporation 
INFO/CARD 80 
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rf products Continued 
of 112 dB and insertion loss of 0.5 dB 
(max) at 49.595 MHz. At this frequency, 
power handling is 10 kW CW while im¬ 
pedance is 50 ohms. Price is $8,680. 
Microwave Filter Company, East Syra¬ 
cuse, NY. INFO/CARD #170. 

8-Bit A/D Has 180 MHz Bandwidth 
A monolithic 8-bit flash analog to digital 

converter that provides typical word rates 
of 100 MHz with TTL compatible digital 
outputs is available from Analog Devices. 

The AD9012 has a minimum encoding 
rate of 75 MHz, while its 180 MHz band¬ 
width allows sampling of signals beyond 
the Nyquist rate. The input capacitance 
is 16 pF, signal to noise ratio is greater 
than 46 dB, and harmonic suppression is 
54 dB from DC to 1.23 MHz. Applications 
for this converter include radar, digital 
oscilloscopes, digital radio, and electronic 
warfare systems. Pricing begins at $70 in 
100-piece quantities. Analog Devices, 
Norwood, MA. INFO/CARD #169. 

now from Amphenol . . . 

complete line of 
mini-UHF connectors 

Two-Way Power Divider 
PDM-02S-4G is a stripline power divi¬ 

der covering multi-octaves. The amplitude 
balance is 0.2 dB max., phase balance is 
2° and insertion loss is 0.9 dB. Output port 
isolation is 17 dB over the 0.5 to 7.5 GHz 
frequency range. In small quantities, the 
power divider is $995. Merrimac Indus¬ 
tries, Inc., West Caldwell, NJ. Please 
circle INFO/CARD #168. 

Coax Stripper 
This coaxial cable stripping machine 

strips coaxial, fiber-optic, semi-rigid, tri¬ 
axial and concentric multiple pair. It ac¬ 
cepts cable ranging in size from 0.040” 
to 0.450” o.d. Price is $1495. Western 
Electronic Products Co., San Fran¬ 
cisco, CA. INFO/CARD #167. 

SPST RF Switch 
SWTF1101 is a miniaturized thick film 

switch packaged in a 8-pin header. The 
frequency range is 50 MHz to 1 GHz, 
VSWR is less than 1.5:1, and isolation is 
greater than 40 dB. When measured be¬ 
tween 50 percent logic input to 90 percent 
or 10 percent RF output, switching speed 
is less than 100 ns. KDI Electronics, 
Whippany, NJ. INFO/CARD #166. 

Example from RF Notes 4, Network Analysis 

Designed for use in cellular mobile telephone systems. 
■ Low-cost, lightweight coaxial interconnections with high RF 

performance 
■ Crimp-crimp termination with RG-58 or Belden 9258 cables 
■ 3/8-24 threaded coupling 
■ 1.25 VSWR maximum through 2.5 GHz 

Contact: OEM Sales & Service (203) 743-9272 

Amphenol® 
company © 1988 Amphenol Corp. 

RF/Microwave Operations 

Danbury. CT 06810 

RF Notes 4 (NETWORK ANALYSIS) is the 
latest addition to the very popular Etron design 
assistant programs for the IBM PC. These pro¬ 
grams can save time and money in analog design 
problems, are fully menu driven, error trapped, 
and user selectable color or monochrome. 

• RF Notes 1 — Filter & Resonant circuit 
design, Cross-Product evaluation, Basic stripline 
and Microstrip design, and more. Price is 
$85.00. 

• RF Notes 2 — Impedance Matching Net¬ 
works, Inductors, Pads, and more. Price is 
$95.00. 

• RF Notes 3 — Filter design for Butterworth 
($135.00), Bessel ($135.00), and Chebyshev 
($149.00). responses. In 3 Volumes. 

• RF Notes 4 — Design and Analyze R, L, 
C and Transmission Line Networks. Save and 
retrieve schematics. Tabular and graphic outputs. 
Price is $179.00. 

Etron RF Enterprises, P.O. Box 4042 
Diamond Bar, CA 91765. 

714-594-8741 
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High Frequency 
Amplifiers ... 

Video Shift Registers 
NSC unveils the DP8515V-350 and 

DP8516V-350 video shift registers that 
feature a parallel load rate of 30 MHz and 
maximum shift rate of 350 MHz. Both de¬ 
vices are parallel-in, serial-out 16-bit units 
that can act as two 8-bit shift registers 
through a tap at the eighth bit. They 
operate from a single ±5 V power supply 
and feature four 16-bit words of FIFO buf¬ 
fer, essential for high-speed multiple 
board graphics systems. In 100-unit quan¬ 

tities, the price is $33 each. National 
Semiconductor Corp., Santa Clara, CA. 
INFO/CARD #165. 

Analog to Digital Conversion 
System 

Plessey Semiconductors announces 
the availability of a single chip analog to 
digital conversion system. Designated the 
SP94308, the device offers an 8-bit resolu¬ 
tion at an 18 MHz sampling rate, with a 
minimum analog bandwidth of 6 MHz 

Hybrid performance at 
monolithic prices. 

Programmable 
Attenuators 

NE5204/5205 Wide-band Amp 

• -3 dB bandwidths to 600 MHz 
• 20 dB fixed gain block 
• Input/Output impedances matched 

to 50 or 750 
• Noise figure: 6 dB (50S2). 4.8 dB (75Q) 
• No external components 
• Mil-Spec available 

NE5539 RF Op Amp 
• 350 MHz unity gain bandwidth 
• 600 V/gs slew rate 
• 48 MHz full power bandwidth 
• Open loop gain: 52 dB 
• Mil-Spec available 

NE5212 Transimpedance Amplifier 
• 14 kO differential transresistance 
• - 3 dB bandwidth to 100 MHz 
• Low noise: 2.5 pA/VHz 
• Single 5 V supply 
• Mil-Spec available 

RF 
Systems Solutions 

RF Design 

50P-136 
Single Supply Programmable 

TTL Control Logic 
20-400 MHz 

0-127 dB in 1 dB steps 

50AP-002 
Analog Programmable 

10-500 MHz 
0-30 DB Continuously Variable 

Call 800/227-181 7, ext 900 
for the number of your local 

Signetics sales office 

50P-076 
Wideband Programmable 

DC-1000 MHz 
0-127 dB in 1 dB stops 

50AP-OO8 
PCB Mount 

Analog Programmable 
50-500 MHz 

0-40 DB Continously Variable 

JFW Industries. Inc. 
5134 Commerce Square Drive 

Indianapolis, Indiana 46237 
(317) 887-1340 

Signetics 
a division of 

North American Philips Corporation 

INFO/CARD 84 
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PEHSTOEK 
RF/MICROWAVE DISTRIBUTION 

Can your 
current supplier 
pass this test? 

... LEAD TIME 
_ on over 200,000 
NO Parts in Stock 

rf products Continued 

NO 

... MINIMUM 
ORDER 

COD, Check, Cash, 
Will Call, VISA, 

YES MasterCard, 
Open Account (OAC) 

Passive Components 
DC-50 GHz 

YES over 3,000 types 

Active Components 
DC-26.5 GHz 

YES over 3,000 types 

Product Types: 
Commercial, 

YES Industrial/Military 

without preceding sample and hold cir¬ 
cuit. When conversion of luma or full com¬ 
posite video signals is required, the 
device can digitize both PAL and NTSC 
standards. It is packaged in 28-pin plastic 
DIPs and costs $12.24 each in quantities 
of 1,000. Plessey Semiconductors North 
America, Irvine, CA. INFO/CARD #164. 

Time Interval Counter 
The SR620 is a reciprocal interpolating 

counter-time with a 4 ps single shot reso¬ 
lution for time intervals and 11 digits of 
resolution for frequency. It can measure 
time interval, period, phase, pulse width, 
risetime, falltime, and frequency to 1.3 
GHz. Options include a high stability 
ovenized crystal time base and PC con¬ 
trol software. Price for the SR620 is 
$3,850. Stanford Research Systems, 
Inc., Sunnyvale, CA. INFO/CARD #163. 

High Speed Op Amps 
CLC205 and CLC206 are high speed 

op amps that feature -3 dB bandwidths 
of 170 MHz and 180 MHz, respectively. 
The 205 has harmonic distortion of -57 
dB (20 MHz), slew rate of 2400 V/us, and 
settling time of 22 ns to 0.1 percent. The 

206 features -3 dB large signal band¬ 
width of 70 MHz (20 Vp.p), harmonic 
distortion of -59 dB (20 MHz), 3400 V/us 
slew rate and settling time to 0.1 percent 
of 19 ns. Cost ranges from $72 to $177 in 
single quantities depending on package 
purchased. Comlinear Corp., Fort Col¬ 
lins, CO. INFO/CARD #191. 

Remote Transfer Switch 
RLC introduces the Model SR-TC-R-

D-40 remote transfer switch that operates 
from DC to 40 GHz. VSWR ranges from 
1.3 to 2.0, insertion loss goes from 0.25 
dB to 1.0 dB and isolation goes from 45 
dB to 70 dB depending on frequency 
range. Prices start at $525 in unit quan¬ 
tities. RLC Electronics, Inc., Mt. Kisco, 
NY. INFO/CARD #190. 

PBW Discriminator 
The MMD-91 airborne discriminator is 

used to convert FM multiplexed subcar¬ 
rier signals to the original channel infor¬ 
mation. Specifications include ±7.5 per¬ 
cent deviation for IRIG PBW signals and 
stability of ±1.0 percent for full scale out¬ 
put. Aydin Vector Division, Newtown, 
PA. INFO/CARD #189. 

We want to earn your 
business! Give us a 

YES call ‘ 

Penstock has added 
over 11 new lines and 

YES two new locations to 
better serve you. 

Attached is my 
business card. Send 

vrc me your new line card. T to 

1,239,580 
Filters 

Locations: 
Penstock Canada 
133 W. 5th Ave., #144 
Vancouver, B.C. 
V5Y3X1 
Phone: 604-662-3475 
FAX: 206-451-9418 

Penstock East 
180 North Street 
Teterboro, NJ 07608 
Phone: 201-288-7313 
FAX: 201-288-1124 

Penstock Northwest 
10800 N.E. 8th St.,#800 
Bellevue, WA 98004 
Phone: 206-454-2371 
FAX: 206-451-9418 
Portland, Oregon 
Phone: 206-454-2371 

Penstock 
Desert States 

Waltronics Sales 
2111 E. Broadway Rd., 

Suite 5 
Temple, AZ 85282 

Phone: 800-255-6788 

Penstock Midwest 
1250 West N.W. Hwy 

Palatine, IL 60067 
Phone: 312-934-3700 
FAX: 312-934-3748 

Penstock 
Rocky Mountain 

9940 E. Costillo Ave., 
Suite 2 

Englewood, CO 80012 
Phone: 303-792-0777 

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, 
Buttenworth, Cheby¬ 
shev designs □ Call 
or write for free 
catalog today 

Penstock California/lnternational 
(US Export Agents) 

520 Mercury Drive 
Sunnyvale, CA 94086-4018 

Phone: 408-730-0300 
FAX: 408-730-4782 

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

designs 
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ff software 

Receiver Simulation Program 
CommView 1.0 allows receiver cas¬ 

cades to be created and simulated while 
including the effects of excess broadband 
and discrete noise at each stage. Comm-
View also accepts broadband and CW 
jammer inputs and calculates the associ¬ 
ated performance degradation. It allows 
the user to sweep the input signal level 
and provides AGC voltage, S/No, S/N, 
Eb/Ng, E^N and bit error rate versus in¬ 
put level. Signal power, noise density, 
S/No, and S/N are provided stage by 
stage. Eb/N0, Eb/N and bit error rate can 
be determined for AM, FM, FSK, PSK, 
and QAM. Webb Laboratories, North 
Lake, Wl. INFO/CARD #169. 

Circuit Simulation Software 
ECA-2 from Tatum Labs is now avail¬ 

able for the Apple Macintosh. This analog 
circuit simulator features AC, DC, tran¬ 
sient, Fourier, temperature, Worst-case, 
and Monte-Carlo analyses. The software 
has the capability to plot graphics as the 
points are being computed in real time. 
This package is priced at $675 and a free 
demo disk is available. Tatum Labs, Inc., 
Ann Arbor, Ml. INFO/CARD #209. 

Active Filter Design Package 
PMSS Active Filter Design Tools 2.0 

features on screen design and compo¬ 
nent selection with the results shown in 
Bode plots and comparisons of specific 
components to ideal situations. Highpass, 
lowpasss, bandpass, Butterworth, Cheby¬ 
shev, Bessel, and elliptic filters are sup¬ 
ported in the 1 to 50 kHz range. Seven 
different slope options are available in the 
Chebyshev mode and filters with up to six 
poles can be designed. This IBM compati¬ 
ble software is available for $55. Power 
Mountain Software Systems, Cora, 
Wyoming. INFO/CARD #208. 

Communications and System 
Simulator 
TESS™ is a general purpose com¬ 

munications and system simulator for the 
IBM PC and compatibles. The simulator 
handles systems that contain filters, mix¬ 
ers and VCOs as well as digital logic. A 
library of over fifty devices is featured. 
With MODGEN™, a companion pack¬ 
age, engineers can modify or add models 
with a few lines of code. TESS is $495 and 
MODGEN is $245. Tesoft, Roswell, GA. 
INFO/CARD #207. 

Hearing Aid. 
To complement our High Performance Absorbing Mate¬ 
rials, Advanced ElectroMagnetics, Inc. has added a new 
dimension in material testing facilities. 

Depth. 
Already AEMI has 
quiet, bi-static, arch 
type, rectangular and 
tapered chambers, as 
well as a transmission 
tunnel. 
Now all of these are 
more efficient. We've 
cut our background 
noise by 60 db! This 

AEMIs HP-9000 Computer combined 
with our HP-8410B Vector Network 
Analyzer and Sweeper System derives 
dielectric constants. 

was accomplished by adding a 250 MHz to 18 GHz syn¬ 
thesized signal generator driven by our HP-9000 com¬ 
puter. This computer is coupled to a unique analysis 
program that allows us to cut background noise. 
Now you'll know exactly what to expect from our High 
Performance Absorber Materials. 
Call or write today for complete details. 

Advanced 
Electromagnetics, Inc. 
P.O. BOX W ■ SANTEE, CA 92071-0618, USA 
(STS) 449-9498 ■ FAX: (STS) 449-1553 
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PRECISION 
CRYSTAL 

OSCILLATORS 
Frequency Range: 

8-200 MHZ 
Frequency Stability: 

LESS THAN 1 P.P.M. 
From — 30° C to 35° C 
Aging: < 2 p p M for 6 months 

< 1 p p M for life 

Trim Range: 16 p p.M minimum 

Fast Wann Up: < 1 minute from cold 

Current Drain (Oven) < 50 mA @ 25°C 

Oscillator Current: < 30 mA @ 12 VDC 

Output Level/Shape: Per Customer requirement 

HIGH PERFORMANCE 
LOW POWER 
LOW DRIFT 
LOW COST 

CUSTOM DESIGN CAPABILITY 
Crystek’s innovative engineering group has 
in-house capability of circuit develop-
ment/artwork using computer aided 
design. (CAD/CAM) 

This great flexibility allows Crystek to create 
custom made oscillators to any special cus¬ 
tomer requirement or specification. 
Semi-automated manufacturing methods 
(surface mount technology) and 100% test¬ 
ing guarantees consistent and uncomprom¬ 
ised quality of our product. 
Fast turn-around for prototype samples and 
production quantities at economical prices. 

Write or Call Us Today! 

Toll Free: 1-800-237-3061 

CRYSTEK 
CORPORATION 

DIVISION OF WHITEHALL CORPORATION 

2351/2371 Crystal Drive/Ft. Myers, FL 
33907 

P.O. Box 06135 
Ft. Myers, FL 33906-6135 

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

Brochure Details Test Instruments 
The listings in the brochure include 

specifications on oscilloscopes, adapters 
and calibrators for oscilloscopes, IC 
testers, digital testers, probes, multime¬ 
ters, function generators, pulse genera¬ 
tors, multifunction counters, power sup¬ 
plies, video testers, stereo generators, and 
components testers. A section on acces¬ 
sories is also included together with sum¬ 
mary comparison charts and selected 

product applications. B&K-Precision, 
Chicago, IL. INFO/CARD #219. 

Low Power MOS Catalog 
Siliconix has published a low power 

MOS catalog detailing its line of N-
channel enhancement mode, P-channel 
enhancement mode and N-channel de¬ 
pletion mode devices. The parameters 
listed are product summary, absolute 
maximum ratings, thermal resistance 

Tomorrow. 
Today. 

Communications Engineering 
Professionals 

II Morrow Inc., the world's leading manufacturers of LORAN and commu¬ 
nication equipment for land, sea and air, is now a wholly owned subsidiary 
of United Parcel Service, the nations leading small package carrier. This 
pooling of resources has enhanced our ability to bring ideas to market 
quickly and to stay at the forefront of emerging technologies within the 
communications industry. We are actively seeking professionals in the 
following areas who possess the expertise to help us meet the global 
demand for optimizing travel safety and efficiency. 

Mobile Communications Project Leader 
You will be responsible for heading the development of advanced mobile 
communication systems. Includes conceptual formulation, trade-off stud¬ 
ies, systems architecture development, advanced methods for high speed 
data transmission, fading channel communications, digital signal process¬ 
ing and hardware implementation. Requires a PhD in Communications and 
5+ years of relevant experience in the mobile industry, or an MSEE with 10 
years experience. 

Will work on narrow band radio technology involving design for produc¬ 
tion of an ACSB narrow band radio data link. Requires a BSEE and 3+ 
years mid-frequency (1-700MHZ) radio experience, including PLL's and 
transmitter design. 

ADDITIONAL OPPORTUNITIES IN RF & COMMUNICATIONS 
SYSTEMS ENGINEERING ARE ALSO A VAILABLE 

Located one hour south of Portland in the spectacular Pacific Northwest, 
you’ll enjoy a quality of life that includes a relatively low cost of living, year-
round outdoor activities and excellent schooling. We offer an excellent com¬ 
pensation package and significant growth potential. Send your resume 
in confidence to: II Morrow Inc., Recruiting Dept., P.O. Box 13549, 
Salem, OR 97309. 

î‘MORROW 
A UNITED PARCEL SERVICE COMPANY 

An Equal Opportunity Employer. 

ratings, electrical characteristics, and 
source-drain diode ratings and character¬ 
istics. Siliconix, Inc., Santa Clara, CA. 
INFO/CARD #220. 

Dielectric Resonator Catalog 
and Guide 
A Designer's Guide to Microwave Di¬ 

electric Ceramics contains a detailed 
design and application note with illustra¬ 
tions and references as well as five new 
dielectric products. The products range 
from dielectric materials in various con¬ 
figurations to tuning screws, bonding 
adhesives and a TC. tuning kit. A selec¬ 
tion of characteristics and specifications 
together with performance examples are 
featured. Trans-Tech, Inc., subsidiary of 
Alpha Industries, Inc., Woburn, MA. 
INFO/CARD #218. 

Analog IC Catalog on Disk 
Precision Monolithics has introduced a 

data disk catalog covering its line of 
analog signal conditioning and data con¬ 
version ICs. The Precision Decision 

catalog is user friendly, menu driven and 
can be run on IBM PC compatible ma¬ 
chines. It can be used as a design tool 
for pinpointing the optimum device for 
specific applications. The selection pro¬ 
cess is based on a parametric spec 
search. The resulting list includes data 
such as package options and pricing. 
Competitive cross-referencing is also ac¬ 
cessible. Precision Monolithics, Inc., 
Santa Clara, CA. INFO/CARD #217. 

Signal Conditioning Filter Catalog 
Volume 31 of the Active and Passive 

Signal Conditioning Filter Catalog is avail¬ 
able from TTE. The filters listed include 
both passive and active in various config¬ 
urations such as Butterworth, Chebyshev, 
Subminiature, TTE, anti-aliasing and 
various notch forms. Filter specification 
worksheets together with a glossary of 
terms, filter test procedure, and cross 

I reference numbers are included. TTE, 
Inc., West Los Angeles, CA. Please cir¬ 
cle INFO/CARD #216. 

Application Note on Temperature 
Rise Calculations for Circuit Boards 
A report from Rogers Corp, provides 

formulas to estimate temperature rise of 
conductor traces built in microstrip or 
stripline on RT/duroid. It reviews simplify¬ 
ing assumptions which should be taken 
into account when doing temperature rise 
estimations. A calculation for current 
heating in a bias line and another for RF 
resistive heating in a microstrip transmis¬ 
sion line is provided. Rogers Corpora¬ 
tion, Chandler, AZ. INFO/CARD #215. 
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Powerful Concept to Completion Task Oriented Design Utilities for the RF or 

Coaxial Connector Catalog 
Applied Engineering Products is offer¬ 

ing its 1988 Subminiature Coaxial Con¬ 
nectors and Cable Assemblies catalog for 
military and OEM use. It depicts the com¬ 
pany’s product line together with dimen¬ 
sions, specifications, cross referencing, 
assembly tooling, assembly instruction 
and plating options. Applied Engineer¬ 
ing Products, New Haven, CT. Please 
circle INFO/CARD #214. 

Microwave Counters Brochure 
The brochure describes the 2440 

Series of microwave counters form Mar¬ 
coni. The specifications together with 
features and available accessories are 
listed. The frequencies supported start at 
0.1 Hz and extend to 26.5 GHz depending 
on the specific model. Marconi Instru¬ 
ments, Allendale, NJ. INFO/CARD #213. 

Short Form Catalog Lists Military 
Connectors 

U.S. Components is offering a short¬ 
form catalog that lists standard PC con¬ 
nectors, special design PC connectors, 
standard rack and panel connectors, and 
special rack and panel connectors. An in¬ 
troduction to the various connectors is 
featured. U.S. Components, Inc., Bo¬ 
hemia, NY. INFO/CARD #212. 

Engineering Reference Guide 
This wall chart showcases an engineer¬ 

ing reference guide for high precision data 
acquisition. A data converter’s resolution 
is presented in terms of LSB weight, parts 
per million, percent of full scale range and 
a voltage reading. The chart also details 
Datel's high speed and precision compo¬ 
nent product line. Products shown include 
D/A converters, A/D converters, sample-
and-hold devices and operational ampli¬ 
fiers. Brief descriptions of available 
technical and product literature are also 
provided. Datei, Inc., Mansfield, MA. 
INFO/CARD #211. 

Medium Power Amplifiers Featured 
in Brochure 
A brochure describing low noise, 

medium power, DC to microwave ampli¬ 
fiers is available from Trontech. Specific 
types featured include silicon and GaAs 
FET low noise amplifiers, medium and 
high power RF and microwave amplifiers, 
ultra-wide band low noise and medium 
power amplifiers. Frequency response, 
gain flatness, noise figure, output power, 
saturated output, gain compression, 
power requirement, input power and case 
style specifications are given where ap¬ 
propriate. Trontech, Inc., Neptune, NJ. 
INFO/CARD #168. 

RF Design 

Microwave Circuit Design Engineer. 
• SmithMatch™ Interactive on-screen impedance match network analysis/design 

• OptiMatch™ Single-ended or complex interstage match network optimization 
• Sceptre™ Frequency domain circuit analysis of active or passive circuits 

• MSthp+™ Single/coupled microstrip, stripline, suspended substrate line 
• Utilities*™ Dozens of great utility programs! Fano, coils, L-Match, pads, etc 

Established 1984 

$295. 
$295. 
$195. 
$195. 
$95. 

** Requires IBM PC,XT,AT,PS/2 or true compatible with color graphics 

MICROWAVE SOFTWARE 
25258 CABOT ROAD, SUITE 261 ® 

aaaaaa 
LAGUNA HILLS, CA 92653 M7T special 

All five programs 
(714)831-5687 only $795. 

We invite your request, on company or institutional 
letterhead, for our FREE demonstration diskette. 

INFO/CARD 93 

RF & Microwave 
Filters 100 KHz to 15 GHz 
If you have a filter problem 
we’ll provide the solution! 
For Military, Communication 
or Space Application 

Lumped Element 
Helical Resonator 
Coaxial 
Waveguide 
Low Power 
High Power 
Fixed Tuned 
Va liable 

Give us a caff or send us your 
specifications— we’ll do the rest. 

LORCH ELECTRONICS CORP 
105 CEDAR LANE, ENGLEWOOD. NJ 07631 
(201) 563-8282 TWX: 710-331-8718 
A Subsidiary of Vernitron Corporation 
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RF FUNDAMENTALS PUT A NEW MARKETING REP ON YOUR TEAMI 
USE REPRINTS FROM RF DESIGN MAGAZINE 

Now available as a Video Training Course 

Nationally known trainer Les Besser presents this highly suc¬ 
cessful RF course in six, one-hour video segments. This is 
the updated version of the course already taken by hundreds 
of engineers at the RF Expos in Anaheim and Boston. Lesson 
segments include: 

RF Concepts, Lumped Component Models. 

Resonant Circuits and Filters. 

Transmission Line Fundamentals. 

Impedance Matching Techniques. 

The Smith Chart and its Applications. 

Small-signal Amplifier Design with S-Parameters. 

Full course, complete with textbook (C. Bowick, “RF Circuit 
Design") and study notes, $995. Individual lesson segments 

For 3 cost efficient way to reach your customers — and 
potential customers — reprints are the way to go 

WHY REPRINTS? 

• Advance consumer & industry awareness 
• Focus attention to your products & services 
• Explain what your company does 
• Positions your company as an industry leader 

Order your reprints now Let a low cost solution solve a 
high-cost problem 

For further Information on how to order your reprints, 
call Kathl Walsh at (303) 220-0600. 

Associates, Inc. 
3975 East Bayshore Road • Palo Alto, CA 94303 • (415) 969-3400 

WANT TO EXPORT? 
Bellsonics offers an effective, low cost approach 

to firms wishing to enter the export market or 
increase export activities. We only manage a few 

accounts simultaneously which allows us to 
monitor their sales, quite often, more effectively 

than an in-house department. Bellsonics was one 

of 6 U.S. companies featured in export success 
articles in the 20 July 187 issue of Business 
America. May we assist you in your export efforts? 

For more information contact Richard Bellis at 
Bellsonics Inc., 24602 Raymond Way, Ste. 8, 
El Toro, CA 92630*9953 TeL 714/581*8101 
Tlx. 756183. 
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MILITARY 
MICROWAVES 88 

MM88 Conference and Exhibition, the sixth in the bi-annual series, focuses on the 
Research, Development and Applications of Microwave Technology in the military 
environment. Due to the continuing expansion of the Event, MM88 has been re-located 
to the Wembley Conference Centre - its new Exhibition Hall provides extra space for 
Exhibitors in a modern setting, and large Conference Halls for the presentation of the 
90-plus technical papers. 
workshop. The Event will be preceded by a Workshop - “Signature 
Management and Materials” on 4th July 
conference topics will include EW Systems, ECM/ESM, Communi¬ 

cations, Radar, IR Systems, Antennas, Printed and Conformal Antennas, MM-Waves, Phased and Adaptive Arrays, Solid 
State Sources, Active Devices (monolithic), Active Devices (hybrid), Signal Processing and Thrget Signature Control. 
exhibition coverage will include Materials and Accessories, Passive Components, Solid State 
Components, Tbst Instruments and Equipment, Antennas, Sub Systems and Systems. 
book of abstracts now available from the organizers, on request. 
exhibition details, including floor plan, available from the organizers, 
Microwave Exhibitions and Publishers Limited 
90 Calverley Road, Umbridge Wells, Kent TNI 2UN, England 
Telephone: 0892 44027. Iblex: 95604 MEPNCL. Fax: 0892 41023 

mmGW 
Photographs courtesy of: Neville Catley Associates, TRH Pictures/Royal Navy, GEC Marconi. 

WEMBLEY CONFERENCE CENT 
LONDON • ENGLAND • 5 • 6 • 7 JUL 
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Why buy three 
when one will do? 

The one: 
A WJ-6830 series ed oscillator. 

Now you can cover the entire 4 to 18 GHz 
frequency range with a single YIG-tuned 
oscillator. WJ-6830 series devices produce 

+15 dBm of output power across that range, and 
they’re delivered in 1.5-inch-diameter (3.8 cm) 
packages. 

If your design requires extremely broadband 
microwave performance, but you’re working within 
severe space and weight limitations, a WJ-6830 
series oscillator can be the one for you. 

WJ-6830 Typical Performance 

4.0 6.0 8.0 10.0 12.0 14.0 16.0 18.0 
FREQUENCY (GHz) 

For complete information on the WJ-6830 series of YIG oscillators, contact the 
Watkins-Johnson Field Sales Office in your area, or telephone Ferrimagnetic Devices 
Applications Engineering in Palo Alto, California, at (415) 493-4141, ext. 2252. uuJ WATKINS-JOHNSON 

Watkins-Johnson—U.SA: • California. Palo Alto (415) 4930466; Orange (714) 634-1811 • Florida. Fort Walton Beach (904) 8634191 • Georgia. Atlanta (404) 458-9907 • Illinois. Palatine (312) 991-0291 

' Massachusats. Lexington (617) 861-1580. Texas. Dallas (214) 247-1761 • United Kingdom Dedworth Rd.. Oakley Green. Windsor. Berkshire SL44LH »Tel (07535) 
69241 » Cable. WJUKW-WINDSOR • Telex: 847578» Germany. Federal Republic of: Keterloher Strasse 90. 8000 Muenchen 40 • Tel: (089) 3597038 • Cable: WJDBM-MUENCHEN • Telex: 509401 ; Deutsch¬ 

herrenstrasse 46. 5300 Bonn2»Tel: (228) 332091» Telex: (886) 9522 • Cable: WJBN BONN • Italy: Piazza G. Marconi 25, 00144 Roma-EUR • Tel: 5924554 or 591 25 15» Cable: WJ ROM I • Telex 612278 
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Come see us at the MTT-S Show, Booth #1217. 




